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IMPORTANTI

The compounds of almost all rare elements are poisons. Arsenic,
mercury, and beryllium compounds, all heavy metals, organic sol-
vents, and potassium cyanide are- especially dangerous and should
therefore be handled with special care.

The students must strictly follow the general safety regulatmns
for the analytical laboratory.

Spent solutions of the rare elements and other expensive wastes
should be collected and the valuable elements recovered from them.
The recovery of the rare elements from wastes before their disposal
is even more important from the viewpoint of the environmental
protection:

PREFACE

This book is intended for chemical students engnged in the detailed
study of the chemistry of the rare elements. It has been written in
compliance with the curriculum of the chemical faculty of the
Moscow University.

The study of this course can only be useful if the student is ac~
quainted with the theory of photometric, polsrographie, potentio-
metric and other ana]yhcal methods,

The Procedures in this book are always preceded by brief descrip-
tions of the elements for which they are intended.

There are a great many methods for the analysis of the rare
elements but only the simplest of them, characterized by lngb
selectivity, rapidity and reliability, and requiring novexpensive
reagenis are described in this manual. The suggested methods have
proved effective in industrial and resesrch laboratories. Unfortu-
nately, such methods have ot been devised for some rare elements
or for their manalysis in some objects.

Except in special cases, the handbook does mot describe how to
prepare solutions of the reagents used in the analysis (mainly because
of simplicity), but if any difficulty arises, the student can consult



the book by P. P. Korostelev Preparing Solutions for Chemical
Analysits, Nauka, Moscow, 1964, in Russian. The necessary infor-
mation on the organic reagents widely used in the analytical chem-
istry of the rare elements can be found in the book by A. I. Lazarev
_Organic Reagents in the Analysis of Metals, Metallurgia, Moscow,
"1980, 232 pages.

Each chapter is supplemented with bibliography to help the
student in his' independent reading. Moreover, the first chapter
contains a special list of selected readings wh_ich will be of special
use for the student,

The handbook does not describe the methods to analyze noble
gases gnd the metals of the platinum group. Nor does it describe
the spectral, radioactivation, flame photometric and some other
methods, because there are special manuals on these subjects. More-
over, the spectral methods for the determination of the rare and
common elements do not significantly difier from each other.

Maay constants used in this book are cited from the comprehensive
Handbook of Analytical Chemisiry edited by Louis Meites, McGraw—
"Hiill Book Company, 1963.

The optical methods of analysis are described in the book Trace
Analysis. Spectroscopic Methods for Elements, edited by Winefordner,
Wiley Interscience Publication, 1978.

The theoretical part of this handbook and the analytical charac-
teristics of the rare elements are writfen by A. I. Busev. The methods
for the determination of vanadium, niobium, tantalum, tungsten,
rthenium, gallium, indium, thallium, germanium, seslenium and
tellurium are described by V. G. Tiptsova, and the methods for
lithium, rubidium, cesium, beryllium, scandium, yttrium, lanthan-
um, cerium and the lanthanides, thorium, uranium, titanium, zir-
conium, molybdenum aed bismuth are described by V. M. Ivanov.

The authors are glad to take the opportunity to express their
deep gratitude to M. A. Semenova and A. N. Buseva, and also to
A. A. Rosinkin, the translator of the book, for their useful coopera-
tion and invaluable aid in preparing the manuscript for the press.
The authors will also gladly accept all suggestions from their readers.
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Rare Elements in Modern Industry
and Geochemistry

The term ‘rare elements' covers a graup of about 70 elements of
the periodic system. Some of them are indeed rare while others
occur widely in nature. By ‘rare’ we understand those elements
which have come into common use only recently (or relatively
recently) and in a certain sense are new (or relatively new) elements
in industry.

In this book the following elements will be considered as rare:

metals

(1) light elements, Li, Rb, Cs and Be;

(2) lanthanides, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Th, Dy, Ho,

Er, Tm, Yb, Lu, Sc and Y;

(3) scattered elements, Ga, In, Tl, Ge, Hi, and Re;

(4) refractory elements, Ti, Zr, Hf, V, Nb, Ta, Mo, W and Re;

{5) radioactive elements, Ra, Po, Ac, Tk, Pa, U, Np, Pu, Am,

Cm, and other fransuranic elements;

(6) minor elements, Bi; A

(7) noble elements, Pt, Ru, Os, Rh, Ir, Pd, Au and Ag;

~ nonmetals

1) B, Se, Te; )

(2) inert (noble) gases, He, Ne, Ar, Kr, Xo.

The composition of the lithosphere is given in Table 1. 1t shows
that some rare elements are quite abundanf in the earth's crust.
For example, titanium, which is normally ascribed to the group of
rare elements, stands tenth in the list of the most abundang ele-
ments of the earth’s crust, and lithium is nineteenth. At the same
time, the amount of some well and long known elements (mercury,
arsenic, cadmium, lead, tin) in the earth’s crust is small,

In geochemistry, many chemical elements are caiied rare becauso
they occur in nature in small quentities. Some scattered elements
(thenium, radium, polonium and others) which do not form minerals
but occur only as impurities in minerals and ores of other elements
are placed in the group of ‘geochemically rare’-elements.

The occurrence of chemical elements in extraterrestrial objects
of our galaxy and on the Earth generally depends on the stability
of atomic nuclei in the depths of stars. This stability decreases
sharply with increasing periodic number up to 28;-and then decreases
gradually. The comparatively infrequent cccurrence of light ele-
ments is due to the large diameter of their nuclei, protons, neutrons,
and other particles; while the low levels of the heavy metals (thori-
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Mean Chemical Composition of the Outer 10 Miles

of the Lithosphere (without the ocean)*
After A. P. Vinogradov

Table 1

Lithogphere composition

Lithosphere composition

Radon

Element Element
atomic % mess % - afomic % mass %
Oxygen 58.0 47.2 Praseo- 931075 7> 10-4
Silicon 20.0Q 27.6 dyrium
Aluminium 6.6 8.80 Samarium gx¢10-¢ T4 {tad)
Hydrogen 3.0 0.15 Thorium £ 4 Uall By 104
Sodium 2.4 2.84 Molybdegum 7x10-¢ 310
Iron 2.0 5.10 Dyaprosium 54078 | 4.5 104
Calcium 2.0 3.6 Erbium 5% 40-8 G104
Magnesium 2.0 2.40 Hafnjum 5x10-% | 3.2x10-¢
Potagsium 1. 2.6 Bromine 4dx10-% 1.6 104
Titanium 2.9%i0™1 6x{07! | Ytterbium I x40 3xi0re
Carbon 1.5x10~% 110~ || Thalliuvm 3x10-5 Ixi10-4
Barium 5.7x10-3 5%10-% {§ Uranium 2x10-% 3104
Phosphotus 5% i0-? 8x40~? {Tantalum | 1.8%405 2w 10-%
Manganese | 3.2x10°% 9¢10~? | Europium 1.8x10® | 1.2x10-4
Sulphur 3.0x102 5x¢10-2 | Selenium 1.5 405 8108
Floorine 1.8%102 2.7%410% j Holmiom 1.9x 105 1.3x10~%
Chlorine 2.6%107% | 4.5%10~% | Tungsten 1x10-2 P10
Nitrogen 2.5x10% 11073 § Lutetium 1105 13104
Lithium 1.9x10¢ 8.5x10~% || Terbium 1 x10-5 1.5x108
Strontium 1xi08 4402 | Thulium 8x 109 By10-5
Chromium By¢10-3 2103 [ Cadmium 7.6x10-¢ 5% 10~6
Rubidium Tw10-2 3.1 x10* | Antimony Swi0-e Ax 10—
Vanadium 61079 1.5x10~2 ) Iodine ' 1574 i) 3x A0
Zirconium 4x107% | 2x107? | Bismuth 1,7x10-0 2x 405
Copper 3.8x10 1x 10?2 | Silver 1.6 10~¢ 110
Nickal -3.2x1072 . 810 |[Indium 1.5x 10~ 1108
Zinc 1.5x10? 5x10~* jMercury Tx 107 7 A0-e
Cobalt 1.5x10~2 3x{i0~* | Osmium 5x 107 5% 10-8
Beryllium 1.2x107? 8% 104 [ Palladium 1.6x10-1 {x10-+
Tin Txi0—+ - 4310~ || Tellurium 1.3x10-7 110-#
Yttrium B0+ .| 2.8x%10~% |Ruthenium {x10-7 5xA0-?
Boron By10-+ 3104 | Platinum 5x10-8 5x 10~
Coerium 6x10-% | 4.5x10°% || Gold 5108 5% 107
Gallium - 4xiQ-+ 1.5x10~* |Rhodium f.7x10-2 {x10-7
Noodymiam | 3.5¢10-¢ | 2.5%10% {Iridium B.ox 0-* ix10-*
Scandium Ixi0-4 | - "8x10~* |Rhenium 8.5 10-* 1x10-7
Laonthanum | 2.5x10-¢ | 1. 8x{0~* |Radium 9x {01t 1x 1010
Germanium 210~ T i+ |} Protacti- 8x 1012 ixig-e
Niobium 2x10-4 1x10-3 nium )
Lead {.6x10-4 1.6x107 || Actinium 5% 10-18 B¢ 10-10
" Arsenic . 1.5x 104 -5X10-% | Polonium 2310715 A0t
Gadolinium | - 110 1x10-%" | Plutonium T 1x40-18
Cesium 9.9%10°% X101, Sxi0-17 Tx10~1

' '-“-'_l'he figurea tor hellum, argon, nedd, krypton, xenon are not trustworthy.
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um, uranium, transuranic clements) is due to alpha-decay and spon-
taneous fission of their nuclei. '

The advances in the technology of rare elements and their increased
output gradually decrease the number of elements which would
normally be considered rare. Many researchers no longer regard
titanium as a rare metal since it is now produced in great quantities.
Moreover, titanium is one of the most abundant elements in the
earth’s crust. This example suggests that many elements which are
now called rare will not he considered such in future.

The production of some rare metals and their compounds (zirconi-
um, titanium, niobium, germanium, indium, gallium, lithium,
cerium, and others, hydrides, borides, iodides, carbides, and many
alloys) has increased greatly in the past two decades, Modern industry
produces rare metals and their compounds of very high purity (ultra-
high purity) for the nuclear, semiconductor, and metallurgical
industries (uranium, thorium, zirconium, etc.).

Many rare elements have valuable and unique properties.

THE ROLE OF THE ANALYTICAL CHEMISTRY
OF RARE ELEMENTS

The properties and compesition of substaiices containing rare
elements {ores, minerals, alloys, etc.} are quite varied. Analytical
methods are widely used fo check the composition of raw materials,
to control various processes, to check the finished products, and
to reveal new sources of rare elements, The analytical chemistry of
rare elements plays an important role in geochemistry. For example,
the differentiation in rock of rare elements having similar properties
such as niobium and tantalum, zirconium and hafnium, tungsten
and molybdenum, sulphur and selenium, rubidium and thallinm,
aluminium and gallium, nickel and cobalt, radium and cadmium,
etc., is essential before -accurate geochemical conclusions can be
hoped for.

Traces of some rare elements (molybdenum, vanadium, ete.)
are important in biochemical processes.

The nuclear, semiconductor and metallurgical industries require
high purity nuclear fuel, construction materials, and semiconductor -
substances. For example, pure zirconium is one of the best con-
struction materials for nuclear reactors but even very small admix-
tures of hafnium make it unfit for the purpose. The semiconductor
properties, for example, of germaviym and silicon, show only in
the purest samples. Germanium can contain no more than one atom
of another element per ten billion germanium atoms. Even greater
purity is required for silicon. .

High purity materials are required in the electronics industry
iz the manufacture of oscilloscopes, computers, ridar apparatus,
etc). Titanium of very high purity is required for ihe manufacture
of cathode-ray tubes and other evacuated apparatus. Thermo- and
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photoelectric cethodes and cathode-luminophores are produced from
titanium, nickel, iron, tungsten, molybdenum, tantalum and niohi-
um of very hlgh punty

These few examples clearly illustrate the great importance of
analytical methods able to show up the smallest impurities. It is
impossible to obtain high purity materials unless production pro-
cesses are provided with analytical controls at each important stage

QUANTITATIVE METHODS IN THE ANALYTICAL CHEMISTRY
OF RARE ELEMENTS

The reagents used in the analysis of rare elements are classified
as group, selective, and specific reagents.

Group reagents give a similar reaction for many ions and are
therefore used to isolate groups of elements from a composite mixture.
Metal ions (cations) are often classified according to the action of
group reagents.

Selective reagents give similar reactions for only a fewions. For
example, hydrogen peroxide (in a sulphurie acid solution) forms
coloured soluble compounds only with the ion of titanium (IV)
and with vanadate and molybdate.

Specific reagents react only with one ion, There are no specific
reagents for the ions of rare elements, But if special conditions are
-provided, group reagents can be made more selective. To that end,
the interfering ions are bound in stable complexes. For example, the
ferric ion interferes with the dstection by hydrogen peroxide of
tetravalent titanium (an orange compound is formed) because it
colours the solution yellow. If moderate quantities of phosphoric
acid are added to the solution, the ferric ion can be turned into colour-
less complexes which will no longer interfere. There are also other
methods to make reagents more selective.

Rare elements contained in a system as simple substances or their
compounds are determined by different methods, for example, by
measuring the mass, volume, density, absorption and transmission
of light (infra-red, visible, ultra-violet, X-rays), light scattering,
etc. The most important quantitative methods are classified in
Table 2.

Methods based on the linear dependence of the elementconcen-
tration on the measured physical value are of great practical impor-
tance. These include the gravimetric, titrimetric, spectral, some
spectrophotometric methods, and others. In many of these methods,
the dependence is linear only for a limited range of concentration.
Take, for example, spectral methods of determinations where the
linear dependence of the element concentration on the intensity
of the analytical spectral lines is limited. For many photometric
methods, the dependence between the concentration of the sought
substance and the absorption of the solution is directly proportional -
(the Bouguer Lambert-Beer law). The quantity of radioactive iso-
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Table 2

Classification of the ‘Main Quantitative Methods

Mcasured variahle

Method

T

Mrasurable mass®

Mass

Volume

Density

Absorption of I-R radia-
tion

Absorption and emission
of visible, U-Y¥, and
X-rays. Light diffusion

Relractive index

Polarization plane rola-
tion

Diffusion curren! in re-
duetion wor oxidation
on clectirodes

Amount of electricity
uted in electrode re-
action

Electrode potential

Electrical conductivity
Electric strength
Radioactivity

Gravimetric {electro-gra-
vimetiric included}

Mass-syectral
Titrimetric

Gas-volumetric

Determination by preci-
pitate volume

Densiiretric
I-R speciroscopy
Spectral

Nuclear absorption spec-
troscopy. ¥Flame photo-
metry.

X-ray spectral method:

Photometric (colorimet-
ric, speclrophotometric.
turbidimetric, rephe-
lometric)

Luminescence and
Tescence methods

Refractometric

Polarimetric

fluo-~

Srectropolarimetric
Polarograplric

Coulonietric

| Potentiometric

Conductometric
Ditto
Radioactivation

* The tollowing quantltative ronges are accepted:

Method
Mass, g

Macro-method
U

Micro-method
104

Macro- and micro-quanti-
" ties !

Micro- and ultra-micro-
quantities

Macro- and micro-quan-
tities

Ditto

Macro-, miero-, and ultra-
micro-quantities

Macro-quantities

Ditto

Semi-micre- and ¥ micro-
quantities

Macro- and semi-micro-
quantities

Semi-micro- and micro-
quaniities

Micre-gquantities

Alacra-quantities
Ditto

Dilto
Semi-micro, and micro-
quantities

Micro- and ultra-micro-
quantities

Macro- and micro-quan-
tities

Ditto

Macro-juaniities

Micro- and ultra-micro-
nuantities

Ultra-miciodethnd
t0-0

2
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topes formed by irradiation with a curcent of neutrons in radicactiv-
ation methods is proportional to the number of pulses per second.

The guantities which are dealt with in semi-microchemical analysis
are ten times smalier than in macroanalysis, and ten times larger
than in microanalysis. But there exists no commonly accepted clas-
sification of analytical methods by size of sample or content of the
desired element.

The most important methods in the analysis of rare elements are
the gravimetric, mass-speciral, titrimetric, spectral, X-ray spectral,
photometric, polarographic and radioactivation methods. But others
are also used wherever necessary. _

Gravimetric methods are based on measuring mass, They make
use of the law of mass conservation in chemical reactions. Using
appropriate reactions, the desired chemical element is reduced, or
converted into a compound of known composition with the desired
properties. It contains the sought element in the same proportion
as it is contained in the original sample. Since the composition of
the compound is known, it is vasy to calculate the content of the
element in the sample. All gravimetric determinations musi meet
some special requirements: the composition of the weighing form
should correspond to the chemical formula, the weighing form should
be stable to washing, drying, weighing, etc. Gravimetric methods
are used for the analysis of rare elements when high accuracy is
required, but they take a lot of time. They are commonly used to
determine beryllium in ores, zirconium in its concentrates and
alloys, thorium in fungsten and other objects, nichium and tantalum
in some materials, molybdenum in alloys and concentrates, tungsten
in ferrotungsten, rhenium in tungsten alloys, ete.

Titrimetric methods nsually employ oxidation-reduction reactions,
precipitation reactions and the formation of complex compounds.
Compiexometric methods are of particularly great importance.

More trustworthy results are obtained with methods based on
stoichiometric reactions which proceed practically to the end at
sufficiently high velocities,

Indicators are used to establish the point of equivalence. If suitable
rhemical indicators are not available, the. point of equivalence is
located by various instruments. The concentration of the sought
elemgnt sharply decreases and the concentration of the reagent
sharp y increases as the point of eguivalence is approached. At the
same Lime, the electrode potential, the conductivity of the solution,
and the diffusion current or absorption sharply change as well,
These changes can be measured instrumentally and used to detect
the point of equivalence during titration. Sometimes the changes
in radioactivity, freezing point, density, refractive index, surface’
tension, or viscosity are also used. The most important instrumental
ruethods for determining the point of equivalence are potentio-
metric. and amperomeiric, The amperometric method is used to
lueate the point of equivalenr: in precipitation reactions, in com-
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plexation, and in oxidation-reduction reactions. The method is
used for the determination of small quantities of substances in dilute
solutions {0.01-0.0001 mole/litre).

The conductometric and high-frequency titration methods are
not important in the analytical chemistry of rare elements.

Titrimetric methods are highly selective compared with many
gravimetric methods, and they take less time, but the results are
less accurate. Sometimes, to increase the acecuracy of determination,
the volumes of solutions are not measured, but the solutions are
weighed instead.

We shall list here the most commonly used titrimetric methods:
the ferriperiodate method for the determination of lithium in silicate
ores; the arsenate methed for the determination of beryllium in
minerals, concentrates, and alloys; the determination of titanium
in ferrotitanium and titanium-nickel alloys; the determination of
germaninm in industrial concentrates; the determination of vana-
dium in alloys; the determination of molybdenum in alloys and
concentrates; the determination of selenium and tellurium in ore
and metallurgical products; the potentiometiric determination of
rhenium in alloys, etc. The complexometric determination of gallium,
indium, thallinm, scandium, thorium, zirconium and some other
elements is also widely wused.

Sometimes, the quantity of the substance sought is determined
by the volume of the precipitate. This method is very important in
ultra- micro-analyms for example, of transuranic elements, when
the precipitate is scarce and is difficult to isolate and welgh The
volume of the precipitate is measured through a microscope. If the
volume and the density of the precipitate are known, its mass can
be calculated.

The most popular electrochemlcal method is polarog'raphy with
a mercury-dropping electrode or with a platinum wire micro-elec-
trode. The method is used in theoretical research as well as for prac-
tical and rapid analysis. The polarographic method is used to deter-
mine indium in polymetallic ores and in the products of its con-
version, titanium and germanium in various materials, and nrichium
in tantalum and in tantalum-containing materials. The method is
also used to determine molyhdenum, selenium and tellurium. Oscillo-
graphic polarography is used to determine, for example, niobium
in its alloys with tantalnm and ytterbium in the presence of er-
bium.

The coulometric method is very sensitive and accurate. It is sue-
cessfully used to determine uranium and some other elements.

Photometric methods are based on the measurement of light
absorption in solutions in the visible or UV region of the spectrum
{colorimetry, spectrcphotometry) or in suspensions (turbidimetry)
or of light scattering in suspensions (nephelometry). Measuring the
ahsorption of a solution on a spectrophotometer is usmally th-:
concluding stage of the determination. Before the determination
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begins, the sought component is usually separated from the accom-
panying elements by precipitation, distillation, extraction, or
electrolysis. The analyst usually chooses the most selective method
suitable for a particular case, the one involving the least number of
stages so that the risk of contamination (introduced with the rea-
gents) is minimized. This is especially important in the determi-
nation of very small quantities of elements.

Spectrophotometric methods are used to determine traces of ele-
ments in various industrial materials, e.g. in semiconductors, metals
and their alloys. Photometric methods are used to determine small
quantities of many rare elements, such as beryllium in tungsten and
its alloys; gallium, indium, thallium, rare earths, and germanium
in various objects; titanium in rock, ores, alloys, tungsten and
zircontum; thorium in rock, in zirconium and other materials:
zirconium in different materials, vanadium in ore, minerals, alloys,
steels, and zirconium; niobium in rock and minersls; tantalum in
zirconinm, hafmium and nicbium; bismuth in molybdenum: molyb-
denum in titanium alloys, in steel and mineral raw materials;
selesium and tellurium in ores and minerals; rhenium in molybdenum
products and alloys with tantalum or tungsten. In order to determine
large quantities of rare elements to a high degree of accuracy, differ-
ential spectrophotometry is used. Titanium, tantalum and rhenium
are suecessfully determined by this method.

X-ray spectroscopy is highly selective but of comparatively low
sensitivity (quantities over 0.1 per cent only are detectable). The
method is used f{o determine elements having similar chemical
properties, such as niobium and tantalum, zirconium and hafnium,
or rare earth elements.

Ordinary spectral analysis is based on the capacity of atoms to
emil certain wavelengths in conditions of constant excitation. The
arrangement of lines in the spectrum indicates the presence of a
sought element in the given material, while the intensity of the
lines is indicative of its concentration.

The spectral method is used for determining lithium, beryllium,
scandium and rare earth elements, gallium, indium, thallinm, ger-
maninm, zirconium, hafnium, niochium and tantalum in rock, con-
centration products, and alloys.

Flame photometry is used to determine lithium, rubidium, cesium,
strontium in rock and minerals, lanthanum, europium, ytterbium
and vttrium in rare earth oxides; indiam, gallium and thallium
in concentrates and intermediates.

In the nuclear-absorption method (absorption flame photometry)
the solution is sprayed in a flame and the absorption of the radiation
from a standard source by the atoms of the sought element is measured.
The method can be used to determine elements which are present
in the flame as free atoms. The sensitivity of this method is higher
than that of ordinary flame pho-ometry. Moreover, the nuclear-
absorption method c¢an be used to determine elements which cannot
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be determined by ordinary flame photometry (e.g. selenium, telluri-
um, bismuth). The methed has been widely used since 1955.

Methods based on measuring the radicactivity of elements with
natursl radioactivity (radium, radon, uranium, thorium, potassium,
rubidium, samarium ete.) can be used for the determination of these
elements or the products of their radioactive decay in a state of
equilibrium with the original elements (after their separation).
The method is effectively used for the determination of thorium in
ores, minerals, rock and soils. Artificial radioactive isotopes of
various elements (labelled atoms) are used to conirel the separation
of substances by precipitation, extraction, adsorption, electrolysis,
and other methods, as well as for the determination of the solubility
of salts, the completeness of precipitation, for the study of adsorption,
co-precipitation and extraction, and for the determination of the
stability of complex compounds. Dilution with radioactive isotopes
is also used. This method can determine 0.001-0.3 per cent of lithium
in rock, 0.002-0.02 per cent of rubidinum in granite, diabase and
Ssa water. '

Impurities in various materials can be detected by the formation
of radioactive isotopes during their bombardment mainly with
neutrons (radioactivation method). This method is not susceptible
to contamination by extraneous elements. The method can be used
to determine, to an accuracy of less than 10¢ per cent, the elements
for which artificial radioisotopes can be prepared.

The radioactivation method is used to determine impurities in
<hemical compounds, metals, and alloys, to contral the purity of
materials used in nuclear reactors, to determine lithium and rubidi-
um in rock, beryllium in mineral raw materials and the products of
hydrometallurgy and to determine rare earth elements. The sen-
sitivity of radioactivation snalysis increases with the intensity of
the activating current of neutrons. Whei the intensity of irradiation
is 5 X 10" neutrons per square centimeter per second, 1 X 104 pg
of manganese, rhenium, irridium, samarium, suropium, holminm,
and lutetium can be determined. ' '

As a rule, the sensitivity of activation analysis is betier than
that of spectrophotometric, spectrographic, amperomstric or chemical
methods based on the use of coloured reactions. Compare the sen
-sitivity of determination of indium by various methods:

!

Method Limit of detectior
] . . of indlum, pg/ml
Radieactivation:
neutron current 10 sq.cm X st 5% 10
seutron current 109 sq.cm X s-i 1 > 10+
Spectral analysis (excitation in a spark with a eopper olectrode} i
Flame photomatry t
Most sensitive chemical reactions (with 8-guinolinol) 0.2

Amperometrie titration 100



Many reagents are not sufhciently selective, and therefore methods
of separation based on different properties of compounds of rare
elements are of great importance in the analytical chemistry of these
elements, Individual elements of groups are separated by these
methods, in which the elements are transferred into another phase
by precipitation, distillation, or extraction. The isolation of an
element (or a group of similar elements) by precipitation as spar-
ingly soluble compounds is one of the most popular technigues.
Precipitation of many accompanying ions can be precluded by con-
verting them into stable complex ions.

Sometimes, when an element is separated by precipitation, it
can trap other substances in the precipitate and hold them firmly.
This is known as conjugated precipitation or co-precipitation. It
interferes with the quantitative separation of elements. The dis-
solution of the washed precipitate with subsequent precipitation
does not slways give pure precipitate. But this method is still used
to isolate traces of elements. An effective method for the separation
of traces of some elements by co-precipitation with organic sub-
stances has been developed.

Electrolysis can also be used for the selective isolation from
solution of a desired element in the free form or as an oxide. Small
quantities of some metals are separated by internal electrolysis.

When elements are separated by solvent extraction, an aqueous
solution of the sought element is shaken with a suitable solvent
immiscible with water. If one of the substances is well soluble in
the organic solvent, it passes into the organic phase, but part of it
still remains in the agueous sclution. Repeated extraction ensures
more complete separation. This method is used to separate ferric
ions from the ions of aluminium, bismuth, calcium, cadmium,
chromium, cobalt, lead, manganese, nickel, osmium, palladium,
titanium, wanium (extraction with ether from hydrochloric acid
solution). Extraction is a rapid method of separation and an effective
method of concentrating small quantities of the desired elements.

Distillation is often used as a separation technigue. For example,
fluorine is distilled as hydrogen fluoride or fluocilicic acid, and ger-
manium as its tetrachloride.

One of the most effective separation methods is chromatography:
adsorption, distribution, ion-exchange, and precipitation chroma-
tographies.
~ Solution adsorption chromatography is based on different adsorb-
ing abilities of substances. Solvents should be adsorbed much more
slowly than the other components of the mixture. The separating
power of the adsorbent will then be utilized most effectively.

Distribution chromatography is based or the different distribution
coefficients of the substances which are to be distributed between
fwo immiscible phases one of which (the stationary phase) is the
sorbent with pores, while the other phase (mobile) i the moving
solution. The sorbent, retaining the liguid phase, is a hydrophilic
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substance of the silica gel Lype (with large pores to decrease the
adsorption effect) or starch. Water. methyl aleohol, or nitromethane
are used as the stationary phase. Distribution chromatography is
used, for example, to separate niokium any tantalum from titaninm.

Paper chromatography, a variant of distribution chromatography,
in which paper pulp or sheets of paper are used, has become very
popular, The efficiency of separation depends on the difference in the
rate of movement of the components of the mixture and that of the
solvent. Paper chromatography is used, for example, for the sepa-
ration of rare earths.

Ion-exchange chromatography is based vn the different ability
of ions to exchange for mobile sorbent ions. Synthetic organic ion-
exchange materials (cation- and anion-exchangers) are usually unsed,
while alumina, silica gel and others are not s0 popular, [on-exchange
chromatography can be used to separate zirconimm from hafnium
and other elements, rhepsium from molybdenum, titanium from
molybdenum, thorium from rare earths, etc. Separation on strongly
basic anion-exchange materials has been developed. For example,
indium can be successfully separated from aluminium, iron and
arsenic by passing a hydrochloric acid solution through a columu
packed with a strongly basic anion-exchanger,

Further advances in the analytical chemistry of rare elements
depend to a great extent on the snccessful development of the theo-
retical principles of analytical methods. Chemical reactions of rare
elements should be studied systematically by modern methods of
analytical chemistry.

It is necessary to mention the importance of the developmenti of
phase inorganic analysis, one of the least developed branches of
analytical chemistry. It is very important in mineralogy, the metal-
lurgical industry, the science of metals, the silicate industry, and
in other fields where quantilative information on certain forms of
compoumds in patvral and industrial materials is required.

IMPORTANT LITERATURE ON THE ANALYTICAL CHEMISTRY
OF RARE ELEMENTS

The analytical chemistry of rare elements is developing rapidly.
Each issue of any magazine or journel on analytical chemistry con-
tains material devoled to the analytical chemistry of rare elemsnts.
Numerous collections of papers, transactinns, etc., containing valu-
able material on the analytical chemisiry of rare elements are being
published.

The most important journals dealing with analytical chemistry are
as follows: “Zhurnal analiticheskoi khimii” and “Zavodskaya iabo-
ratorya” (USSR), “Analytical Chemistry”, “The Analyst®, “Zeitachrift
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fir analytische Chemie”, “Analytica Chlrmca Acta”, “Talanta”,
“Analytical Letters”, etc.

Valuable information on rare elements is cntained in the funda-
mental handbook on inorganic chemistry by Gmelin (Gmelins
Handbuch der anorganischen Chemie, 8 Autl., published from 1924),
in monographs on the analytical chemistry of rare elements published
by the Academy of Sciences of the USSR since 1953, and a multi-
volume reference book by W. Fresenius and G. Jander (Hanrdbuch
der analytischen Chemie, Teil 11, Qualitative Nachweisverfahren;
Teil 1. Quantitative Bestimmungs- und Trennung:methoden, Sprin-
ger-Verlag) and also a manual Treatise on Analytical Chemistry,
Part I1. Analytical Chemistry of the Elements, ed. by I. M. Kolthoff,
P. J. Elving, with the assistance of E. B. Sandal, New York.

The bibliography of books in the Russian language 1941-1952
~contains 849D references concerning all aspects of the theory and
practics of analytical chemistry, the chemisiry of rare élements
included. The bibliography has been systematized by A.I. Busev
in his reference book “Analytical Chemistry in the Russian Language,
1941 —1952", published in 1956 by the Academy of Sciences of the
USSR. For quick reference the book is supplied with a subject index.

The journals “Analytical Chemistry” and “Zavodskaya Labora-
torya” (in Russian) and special monographs contain yearly reviews
of the literature and systematized references.

There are bibliographic indices on polarography, microchemical
methods of analysis, luminescence analysis, otc., which also contain
informiation on the analytical chemistry of rare elements,

Given below is a brief list of the most important reference books,
manuals and other puhblications on the analyticul chemistry of rare
elements.

Morachevskii, Yu. V., Tserkovnitskaya, [. A. Fundamentals of
Analytical Chemisiry of Rare Elements”, Leningrad, University
press, 1964, 183 pages.

This is & textbook for university students, It is a review of the
most important chemical properties and chemical reactions of rare
elements which unnderly chemical methods. The book contains
instructions on how to work out schemes for analysis. It describes
natural compounds and uses of rars elements.

Songina, O. A., Rare metals, 3rd ed, Moscow, Metallurgiya, 1964,
ob8 pages.

The book contains brief characteristics of analytical chemistry
of rare elements.

Patrovskii, V. Analyucal Chemisiry of Rare Elements. Transiated
from the Czech, Gosgeoltekhizdat, Moscow, 1360, 176 pages.

The book doscrlhes the techniques of taking samples and pre-
paring them for anpalysis, the methods of datectmg rare metals,
methods of their concentration and determination in mineral raw
meterials and some products by titrimetric, gravimetric, photometrie
and other methods.
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“Methods of Determining and Analyzing Rare Elements” (Institute
of Geochemistry and Analytical Chemistry named after V. I. Ver-
nadskii), Academy of Sciences of the USSR Press, 1961, 668 pages.

This is a practical manual for the determination and analysis
of rare elements. The book describes the methods verified in analyti-
- cal research and industrial laboratories. Review articles describe
the modern state of analytical chemisiry of most rare elements.
The experience in analytical chemistry in this country and else-
where is summarized. The book zlludes to many sources. Detailed
descriptions of time-tested physical, physico-chemical and chemical
methods of analysis of raw materials, intermediate products, and
pure metals are given for each element.

Busev, A. I. Analytical Chemistry of Bismuth, Moscow, Academy
of Sciences of the USSR Press, 1953, 382 pages.

Busev, A. L. Analytical Chemistry of Indium, Moscow, Academy
of Sciences of the USSR Press, 1958, 243 pages.

Busev, A. 1. Analytical Chemistry of Molybdenum, Moscow, Acad-
emy of Sciences of the USSR Press, 1962, 302 pages.

Riabecliikov, D. 1., Golbraikh, E. K. Amlyﬂcal Chemistry of
Thorium, Moscow, Academy of Sciences of the USSR Press, 1960,
296 pages.

Korenman, I. M. Analytical Chemistry of Thallium, Moscow,
Academy of Sciences of the USSR Press, 1960, 172 pages.

Avtokratova, T. D., Analytical Chemistry of Ruthenium, Moscow,
Academy of Sciences of the USSR Press, 1962, 264 pages.

Palei, P. N., Udaltsova, N. L., Savvin, S. B., Nemodruk, A. A.
et al, Analytical Chemistry of Uranium, Moscow, Academy of Sciences
of the USSR Press, 1962, 431 pages.

Nemodruk, A. A., Karalova, Z. K. Analytical Chemistry of Boron,
Moscow, Nauka, 1964, 283 pages.

Elinson, S. V., Petrov, K. 1. Analytical Chemistry of Zirconium
and Hefnium, Moscow, Nauka, 1965, 240 pages.

Miliukova, M.S., Gusev, N.I., Sentiurina, I.G. Skliaren-
ko, 1. 8. Analytical Chemistry of Plutonium, Moscow, Nauka, 1965,
454 pages.
 Novoselova, A.V., Batsanova, L.R. Analytical Chemistry of
Beryllium, Moscow, Nauka 1966, 223 pages.

Riabchikov, D. [., Biabukhin, V. A. Analytical Chemistry of
Rare Earths and Yitrium, Moscow, Nauks, 1966, 380 pages.

Lavrukhina, A. K., Pozdniakova, A. A. Analytical Chemistry of
Technetium, Prometium, Astatine and Francium, Moscow, Nauka,
1966, 307 pages.

Glbalo I. M. Analytical Chemistry of Niobium and Tantalum,
Moscow, Nauka, 1967, 352 pages.

Palshin, E.S., Myasoedov, B.F., Davydov, A.V. Analytical
Chemistry of Protactinium, Moscow, Nauka, 1968, 240 pages.

Dymov, A. M., Savostin, A. P. Analytical Chemistry of Gallium,
Moscow, Nauka, 1968, 256 pages.
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Nazarenko, . [., Ermakov, A. N. dnalytical Chemistry of Seleni-
um and Tellurium, Moscow, Nauka, 1871, 251 pages.

Ginzburg, S. 1., et al., Analytical Chemistry of Platinum Metals,
Moscow, Nauka, 1972, 616 pages.

Busev, A. 1., tvanov, V. M. Analytical Chemistry of Gold, Moscow,
Nauka, 1973, 264 pages.

Nazarenko, V. A. Analyticel Chemistry of Germanium, Moscow,
Nauka, 1973, 264 pages.

Borisova, L. V., Ermakov, A. N., Analyticel Chemistry of Rheni-
um, Mnscm \auka 1974, 319 pages.

Poluektov, N. S., Meshkova, S. B., Poluektova, E. N. Analytical
Chemistry of Ltthcum, Moscow, Nauka 1975, 204 pages.

Plushchev, V. E., Stepin, B. . Analyucal Chemistry of Rubidium
and Cesium, Moscow, Nauka, 1975, 224 pages.

Pyatnitskii, I. V., Sukhan, V.V, Adnalytical Chemistry of Silver,
Moscow, Nauka, 1975, 264 pages.

Busev, A. I, lvanov, V.M., Sokolova, T. A. Analytical Chem-
istry of Tungsten, Moscow, Nauka, 1976, 240 pages.

The above listed monographs describe gravimetric, titrimetrie,
_ photometric, spectral and other methods of detecting and deter-
mining the elements, and also methods of isolating them. The books
contain many references, which are exhaustive  for some ele-
ments. ) .

Markov, V. K., et al. Uranium and Methods of [ts Determination.
2nd ed., Moscow, Atomizdat, 1864, 503 papges.

Described are gravimetric, titrimetric, photometric, luminescence,
electrochemical and radiochemical methods for the determination of
uranium.

Schoeller, W. R., Powell, A. R. The Aralysis of Minerals and
Ores of the Rare Elements. Third Edition, Ch. Griffin and Co., Lon-
don, 1955, 408 pages.

Descrlhed are chemical and some other methods of analysis of
ores and minerals of 22 rare elements, and of the lanthanides in
platinum group metals. The properties and_ the methods of preparing
analytically important compounds of rare elements, their identi-
fication, isolation and determination are described. Schemes for
ultimate analysis of ore and minerals are given. Each chapter begins
with brief information on the important minerals of rare elements.
" Hillebrand, W. F., Lundell, G. E. F. Applied Inorganic Analysis
with Special Reference to the Aralysis of Metals, Minerals and Rocks.
SBecond Edition. Revised by G. E.F. Lundell, H. A, Bright,
I. 1. Hofiman, J. Wiley and Sons, New York, Chapman and Hall,
London, 1953, 1034 pages.

The most important methods to isclate and determine rare and
common elements are described. Considered are the methods of
decomposition of the sample, separation of the desired elements
from the accompanying ones, and the methods for their determi-
nation (gravimetric, titrimetric, photometric, etc.). The conditions
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for determining each element in the presence of all others are dis- -
cussed. The book contains bibliography.

Charlot, G. Lés méthodes de la Chimie analytique. Analyse quan-
titative minérale. Quatriéme edition, Masson et Ci® Editeurs, 1961.

The book describes the methods of determining almost all ele-
ments. It is supplemented with a bibliographic index.
~ Standard Methods of the Chemical Analysis, vol. 1, The Elements.
6th ed. Toronto-London-New York, 1962.

Methods for the analysis of rare ant other elements are described.

Analysis of Mineral Raw Materials. 3rd ed. Ed. Yu. N. Knipovich
and Yu. V. Morachevskii, Moscow, Goskhimizdat, 1953, 10505 pages.

Methods of sampling rock and mioerals are described. Brief
characteristics of natural compounds of each element are given.
Described are the methods to decompose ores of rare elements, to
separate the elements, to determine separate components, and
methods of ultimate analysis. Bibliography is given.

Fainberg, 8. Yu., Filippova, N. A. Analysis of Non-ferrous Metal
Ore. 3rd ed., Moscow, Metallurgizdat, 1963, 871 pages.

Described are the methods of isolation of rare elements such as
bismuth, molybdenum, tungsten, selenium, tellurium, thallium,
indivm, gallium, germanium and rhenium in various materials,
analysis of polymetallic ores, concentrates, and some cther materi-
als.

Nazarenko, V. A., Poluektov, N. 8. Semi-micro-chemical Analysis
‘of Minerals and Ores, Moscow, Goskhimizdat, 1950, 191 pages.

The book describes techniques of quantitative semi-micro-analysis
of rare and common elements in ores and minerals. Instructions how -
tc manage field Iaboratories are given.

Zheleznova, E. ., Sochevanov, V. G., Titov, V. 1. Defermination
of Radioactive Elemenis in Mineral Raw Materials. 2nd ed., Moscow,
Gosgeoltekhizdat, 1961.

Described are methods of determining uranium, thorium, radium
and jonium in rock, ores, minerals, waters by chemical-analytical
methods, by measuring radioactivity, and by the spectral method.

Methods of Chemical Analysis of Mineral Raw Materials. (National
research institute of mineral raw materials of the Ministry of geology
and preservation of sources}, (Gosgeoltekhizdat (issues 1-7), Nedra
{issues 8, 10-12).

Issue 1, 1955 (Analytical methods for tungsten, vanadium, molybh-
denum, titanium, zircenium), 78 pages:

Issue 2, 1956 (Polarographic methods for molybdenum, antimony,
indium and thallium), 100 pages.

Issue 3, 1857 {Analytical methods for beryllium, lithium, nio-
bium, tantalum, aund titanium), 92 pages.

Issue 4, 1958, (Analytical methods for beryllium, gallium, hai-
nium, germanium, indium, lithiwm, rare earthis, selenium, tellurium,
thallium, and zirconium}, 60 pages. _ _

Issue 5, 1959. (Analytical methods for beryllium, gallium, indium,
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molybdenum, niobium, strontium, rare earths, rhenium, tantalum
and zirconium), 73 pages.

Issue 6, 1960. (Apalytical methods for rare earths), 40 pages.

Issue 7, 1963. (Analytical methods for beryllium, germanium,
rhenium, scandium, and tantalum), 72 ‘pages.

Issue 8, 1965, {Methods for the determination of boron, beryllium,
vanadium, bismuth, tungsten, gallium, hafnium, germanium, indi-
um, molybdenum, miobjum, tantalum, rare earths, rheniuvm, mer-
cury, selenium, tellurium, antimony, thallium, titanium, cerium,
and zirconium), 287 pages.

Issue 10, 1966. (Polarographic methods for the determination of
bismuth, molyhdenum rhenium, mercury, selenium,and tellurium),
112 paeges.

Issue 11, 1968. (Methods for the determination of beryllium, gold,
molybdenum and tungsten, of niobium and tantalum, of selenium,
silver, thallium, tellurium), 83 pages.

Issue 12, 1970. (Phase analysis of ores, of beryllium, tungsten,
molyhdenum, tin, antimony, niobium, and tantalum), 64 pages.

Publications of the State Research Institute of Rare and Minor
Metals: (1) Transactions of the State Research Institute of Rare
and Minor Metals, 1931-1956, vol. 2. Analytical methods. Moscow,
Metallurgizdat, 1959 2) Trausactions of the State Research -Project
Institute of Rare-metal Industry, 1958, vol. 3. Methods of analysis
of materials used in rare-metal industry. Moscow, Metallurgizdat,
1961, (3) vol. 10. Analytical methods. Moscow, Metallurgizdat,
1963. (4) Apnalytical methods. Moscow, Metallurgizdat, 1964.
(5) val. 71. Methods of analytical control in industry of rare metals
and semiconductor materials. Moscow, 1976.

Mukhina, Z. 8., et al. Methods of Analysis of Metals and Alloys,
Moscow, Oberongiz, 1959.

Described are the methods for analysis of steels, cast iron, refrac-
tive alloys, iron alloys, slags, aluminium alloys, magnesium and ~
copper. Given are the methods for the determination of many alloying
elements in these materiais.

Samsonov, G. V., et al. Analysis of Refractory Compounds, Moscow,
Metallurgizdat, 1962, 256 pages.

Giiven are detailed descriptions of methods for chemical analysis
of all known refractory compounds {carbides, nitrides, borides, sili-
cides, phosphides} of tramsition elements.

Yakovlev, P. Ya., Fedorov, A. A., Buyanov, N. V. Analysis of
Metallurgical Materials. (Determination of microimpurities), Mos-
cow, Metallurgizdat, 1964, 316 pages.

Described are the methods for determining bismuth, cerium, niobi-
um, vanadium, and titanium,

Mukhina, Z. S., Nikitina, E. N. Accelerated Meihods for Analysis
of Titanium and Its Alloys. Moscow, Oboronizdat, 1961, 124 puges.

Described are the methods for determining molybdenum, titanium,
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niobium, zirconium, beryllium, cerium, vanadium, tungsten, rheni-
um, bismuth in titanium and its alloys.

Lyalikov, Yu. S., et al. Analytical Chemistry of Semiconductors,
Kishinev, Shtiintsa, 1975.

A review of methods to control purity of elements and complex
semiconductors, methods of concentration and determination of
impurities.

Methods of Analysis of High Purity Substances. Ed. [. P. Ali-
marin. Moscow, Nauka, 1965, 528 pages.

Described are the methods for the determination of traces of rare
and other elements in silicon, germanium, gallium, indium, thal-
lium, arsenic, antimony, phosphorus, aluminium, lead, bismuth,
zing, cadmium, sulphur, selenium, tellurium, iodine, horon grap]ute,
reagentis, and other materials.

Umland, F., Janssen, A., Thierig, D., Wunsch, G. Theorie und
proktische Anwendung von Komple.rbi!dner Ak_ademlsche Verlags-
geselschaft. Frankfurt am Mein, 1971, 759 pages.

Zolotov, Yu. A., Kuzmin, N. M. Eztraction Concentration, Mos-
cow, Khimiya, 1971, 271 pages.

Group concentration of impurities (rare elements included) in
analysis of various materials, _ :

Morrison, G. H., Freiser, H. Scolvent Extraction in Anelytical
Chemistry, J. Wiley and Soms, New York, Chapman and Hall,
London, 1957, 269 pages,

(Chemical Analysis. A Series vf Monogrephs on Analytical Chem-
istry and Its Applications, vol. 25).

Described are the extraction methods of separation of rare and
common elements, fundamentals of the theory of extraction, appa-
ratus and general methods.

Samuelson, O. Jon Exchange Separations in Analytical Chem.zstry
Almgvist and Wiksell, Stockholm Goteborg Uppsala, J. Wiley
and Sons, New York, London. 474 pages,

Described are the examples of separation of Some rare elements,
A detailed bibliography is supplemented.

Schwarzenbach, G., Flaschka, H. Die Komplezometrishe Titration.
F. Enke Verlag, Stuttgart, 1965.

Complexometric determination of rare and sommon elements.

Ptibil, R. Analytical Application of EDTA and Relatcd Com-
pounds, Pergamon Press, Oxford, New York, Toronto, Braunchwvig,
1972, 368 pages.

gln;;;natiomi Series of Monographs in Analgtical Chemistry,
vo

Gravimetric, titrimetric, and photometric determination of rarc
and common elements with masking by complexones.

Dyatlova, N.M., Temkina, V. Ya., Kolpakova, I.D. Complezones,
Moscow, Khumya. 1970, 47 pages.

The book gives brief information of complexones and their use
in analytical chemistry of some rare elements.
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Babke A. K., and Pilipenko, A. T. Photomeiric Analysis, Moscow,
Khimiya, 1969, 386 pages*. - ' '

Described are some photometric methods for determining rare
elements. , )

Sandell E. B. Colorimetric Determination of Traces of Metals,
3rd ed., N.Y., 1959.

Described are the methods for photometric determination of some

rare elements,
Chemical Analysis. A Series of Monographs on Analytical Chemistry
and [ts Applications. Vol. 8: Colorimetric Determination of Non-
metals. Ed. by D.F. Boltz; Interscience Publishers, 1958, New
Yark-l.ondon,

Jescribed are the important photometric methods of determina-
tion of selenium and tellurium, boron, and other elements.

Savvin, S. B., Organic Heagents of the Arsenaze 11T group, Mos- -
cow, Atomlzdat. 1971, 349 pages.

Described is the use of arsenazo III and its various structural
analogues for photometric determination of thorium, uranium, zir-
conium, hafnium, scandium, rare earths, plutonium, neptunium,
protactinium, niobium, molybdenum, vanadium, palladinm.

Buzhevolnov, E. A. Luminescence Analysis of Inorganic Sub-
stances. Moscow, Khimia, 1966, 415 pages.

Theory and apparatus of luminescence analysis. Identification
aml determination of rare and common elements.

Luminescence analysis. Physics and Technigques of $pectral Anal-
ysis, Ed. M. A. Konstantinova-Shlezinger. Moscow, Phyzmatgiz,
1961, 399 pages.

Luminescence determination of many rare elements, apparatus and
instructions how to manage them.

Shcherbov, D. P. Fluorimetry in Chemical Analysis of Mineral
Raw Materials. Concise manual, Moscow, Nedra, 1965, 260 pages.

Described are the methods of fluorimetric determination of be-
ryllium, gallium, indium, thallium, rhenium, zirconium, selenium,
in mineral raw materials, fluoresconce methods for identification
and determination of vanadium, tungsten, germanium, yttrium,
lithium, molybdenum, niobium, scandium, tantalum, tellurium, .
titanium, thorium, uranium, zirgonium, and rare earths,

Songina, O. A. Amperometric (Polarimetric) Titration, 2nd ed.,
Moscow, Khimiya, 1967, 287 pages.

Described are the methods of amperometric .determination of
rare and common elements, theory and apparatus for amperometric
titration,

Kryukova, T. A., Sinyakova, S. 1., Arefyeva, T.V., Polaro-
graphic Ana!ysts Moscow. Goskh:mudat 1959, 772 pages ‘

A review of polarographic methods for determlmng mAany rare
elements.

* Translated inte English by Mir Publishers in 1973,
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Poluektov, N. S. 4 Flame Photometry. 2nd ed., Moscow, Khimiya,
1967, 307 pages.

Described are the apparatus and methods for determination of
alkali, alkaline earth and some other elements by intensity of their
emission in flame.

Blavin, W. Atomic Absorption Spectroscopy, 1968. Interscience
Publishers, J. Viley and Sons, New York, Lonuon, Sydney 1968,
307 pages. ' :

Given sre the methods to determine mors than 60 elemeunts by
the nuclear-absorption method. Fundamentals of the buclear-
absorption spectrophotometry are described.

Rusanov, A. K, Speciral Analysis of Ore and Minerals, Moscow,
Gosgeolizdat, 1948, 259 pages, '

Described are tho apparatus and methods for spectral analysis.
The book gives practical instruction for the determination of over
50 elements in ore. The hook is supplemented with tables of spectral
lines and the atlas of arc-spectra of elements.

Bowen, H. J. M., Gibbons, D. Radioactivation Analysis. Oxford
at the Clarendon Press, 1963, 295 pages.

Methods of radiochemical isolation of rare and common elements.
Fundamentals of radioactivation analysis,



Lithium

Lithium, Li, has the positive valency of 1. The standard electrode
potential in an aqueous medium at 25°C for Li = Li* 4 e~ is
~~3.045 V (with reference to the standard hydrogen electrods). The
low potential is probably due to strong hydration of the lithium ion
in aqueous solution. It is impossible to isolate lthium by electrolysis
of its aqueous solutions.

By its properties, lithium is similar to magnesium and the alka-
line-earth elements, but it sharply differs from sodium, potassium
and other alkali metals. For example, LiOH is a much weaker base
{pK == 13.7) than the hydroxides of the other alkali metals,

Lithium phosphate (LigP0),, carbonate (Li;CO,), fluoride (LiF})
and oxalate (Li,C,0,) are comparatively sparingly soluble in water®.
Lithium carbonate and lithium phosphate. are soluble in the presence
of ammepium salts.

In contrast to chlorides of the other alkaline metals, the chloride
of lithium is soluble in anhydrous organic solvents (ethyl alcohol,
n-propyl alcohol, isoamyl alcchol, acetone, pyridine, a mixture
of equal volumes of ethyl and diethyl ethers). Lithium nitrate is
soluble in ethyl alcohol, diethyl ether (like calcium nitrate).

Orgenic solvents are used to separate the lithium fon from the
jons of sodium and potassium. The Li, Na and K ions can be separat-
ed quantitatively by cation-exchange chromatography [1, 2}:.

Lithium is precipitated as Li,PO, by disodium phosphate:

SLi‘4-HPOJ == L1,PO, +H*

White crystalline Li,PO, is soluble in acids and the liberated H*
should therefore be neutralized by adding ammonia. Lithivm is
detected by formation of Li,PO,. This reaction underlies the gravi-
metric and photometric methods for the determination of lithium.
The weighing form of lithium is Li,S0,. It is obteined by evaporation
of LiCl solution or LiF in H,S0, 13, 4]. Ferric potassium periodate,
K, Fe(10,), precipitates quantitatively the lithiuvm for as LiKFe(10,).

* The sclubility of lithium salts, fn grams, per 100 gramas of water:

Temperature, °C 0 18 20 25 a5 50 75 100
Li,PC, 0022 — 0030 — - - — —
LiyCOy 1.53 — —  1.27 — 104 085 0.72
Lt 0.420 027 -~ 0433 0435 — — -
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The formation of this compound underlies the identification of
lithium and its gravimetric, titrimetric and photometric determina-
tion [5]. The titrimetric ferriperiodate method is used to determine
lithium in silicate minerals and ore which contain it in quantities
from hundredths fraction to a few per cent [6]. After lithium has
besn isclated as ferriperiodate, the determination ends iodimetri-
cally. If the procedure is correct, the method ensures satisfactory
resulis, '

Zinc uranyl acetate precipitates greenish-yellow crystals of
LiZn(U0,)4(CH ,C00)y-6H,0. This compound is used to detect and
determine (gravimetrically) lithium.

Quinazolinazo is used for the photometric determination of
lithium in the presence of large gquantities of the ions of Rb, Cs,
Na, Ba, Al, Fe, Ca, Sr and Mg (7. _ .

Thorin reacts with the Li ion in a 2 per cent NaOH solution
(pH 13.5) to give an orange compound [8]. The reagent reacts with
the Li ion in the molar ratio of 1: 1 [9]. The instability constant
of the complex is (2.4 4 0.3) x 10-3. The molar extinction coef-
ficient is 1.07 x 107 at 470 nm. Solutions of thorin and its com-
pounds with lithium [9] have close absorption maxima (at 470 nm
and 458 nm respectively) [10). The greatest diflerence of absorption
of thorin and its compound with lithium in aquecus solution is at
pH 13.5 [9]. The maximum absorption of lithium compounds with
thorin in 70 per cent acetone is at 480-490 nm and the absorption
of solutions increases [10]. The coloured compound is formed in this
reaction in 30 minutes. Thoerin is used for the detection and photo-
metric determination of lithium [10, 11].

Dipivaloyl methane, (CH,),CCOCH,COC(CHg},, reacts quantita-
tively with ithe Li ion in an alkaline mediom to form an inner com-
plex soluble in organic solvents but comparatively sparingly soluble
in water [12]. If an ether sclution of the reagent is used, lithium can
be separated from the accompanying alkaline metal ions by extrac-
tion. If a sodium ion is present in large quantities, a small correction
should be introduced. The potassium ion does not interfere with the
determination. '

Lithivm 8-hydroxyquinolinate flucresces (green) in weakly alkaline
solutions of 95 per cent ethyl alechol [13]. The limit of detection
is 5 pg of Li in 25 ml. Mg, Ca and Zn ions interfere, and Na and K
ions do not interfere with the determination of lithium. The selectiv-
ity of the fluorimetric determirnation of lithium with 5,7-dibromo-~
8-hydroxyquinoline is slightly higher [14). '

Lithium salts give characteristic crimson colour to a flame (the
spectral line is at 670.0 nm). Volatile strontium salis give the same
colour. The flame-photometric [45, 16] and spectrographic methods
ensure more reliable results, The chemical methods are only auxil-
ary. The polarographi¢ determination of lithium is also possible
\Eff, 18]. The review of the methods for detecting and determining
ithium is given in the literature [19, 20]. i
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CHROMATOGRAPHIC SEPARATION OF LITHIUM FROM
POTASSIUM AND SODIUM

Cations of lithium, potassium and sodium are sorbed by the
cation-exchanger GJIB-3 in the H* form; the lithium ion is eluted with
0.12 ¥ hydrochloric acid in 8 per cent methyl alcohol, next washed -
out with 0.24 N hydrochloric acid in 80 per cent methyl alcohol
is the sodium ion and the last is eluted the potassium ion (with
0.6 N aqueous solution of hydrochioric acid). If aqueous solutions
of hydrochloric acid are used, the zones of the ions overlap and they
are not separated quantitatively. In order to wash out all lithium
ions, 660 ml of 0.12 & hydrochloric acid in 80 per cent methyl alcohol
are sufficient. The sodium jon begins its desorption when another
120 ml of 0.12 ¥ hydrochloric acid in 80 ger cent methyl alcohol
are added. To wash out the sodium ion, 1450 ml of 0.24 N hydro-
chloric acid in 80 per cent methanol are required. In these conditions
the ]ions of lithium, potassium and sodium are ssparated quantita-
tively.

Methyl alcohol is poison, and its aliguot should be taken by
a syringe.

Reagenis

Catlon exchanger CXB-3 in the H*garm; the granule size, from 0.10 to 0.25 mm.
Hydrochloric aeld, 0.42 ¥ and 0,24 ¥ solutions in 80 per cent methyl aleohol,
2 ¥ and 0.8 ¥ aqueous solutions.

Procedure

IPack a chrematographic columa, 170 mm high and 15 mm in di-
amgter, with 10 g of cation-exchange resin CIB-3 in the I * form.
Wash the column with 50 ml of a 0.12 ¥ hydrochloric acid in 8G per
cent methyl alcchel solution sesing to it that the liquid layer over
the ion-exchanger is not less than 4 ¢cm. Adjust the rate of the solution
outflow in the range of 5-6 ml/min,

Place a solution containing the ions of lithium (not more than
30 mg), sodium (not more than 100 mg) and potassium {not more
than 200 mg) in a 50-ml volumetric flask and add a 0.12 ¥ hydro-
chloric acid in 80 per cent methyl alcohol to the mark. Transfer
10 ml of the obtained solution to the chromatographic column. Wash
the column with a 0.12 ¥ hydrochloric acid in a 80 per cent methanol
and collect the eluate in a 500-ml volumetric flask. Stir the solution
in the flask and determine lithium photometrically. _

Wash the column with 50 ml of a 2 ¥ hydrochloric acid and then
‘with water to neutral reaction to methyl orange. Discard the cluate
containing sodinm and potassium ions,
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GRAVIMETRIC DETERMINATION QF LITHIUM
IN SILICATE ROCK

A sample is first treated with hydroflucric acid, then calcium
oxide is added. The alkali metal ions remain in the sclution while
the ions of the other metals precipitate. The precipitate is separated
on a filter and washed, while the filtrate is evaporated with hydro-
chloric acid. The residue is calcined and the chlorides of the alkali
metals are weighed. Lithium chiorids is separated from the chlorides
of the other metals by dissolving in anhydrous acetone (100 g of
acetone dissolve 3.94 g of LiCl at 25°C). The chlorides of sodium and
potassium are practically insoluble. in acetone. The solution of LiCl-
in acetone is evaporated, the residue calcined and weighed (the
weighing form is Lig SO,).

Reagenis

Hydrofluorié acid, concentrated,

Caleium ozide, caleined, Calcine CaCOQ, free from alkali metals immediately
hefore the procedure in a platinum crucible over a burner.

Phenolphthalein, 1 per cent solution in ethyl aleohel.

Calcium hydrozi e, 0.00 per cent solution prepared for the test.

Ammonium carbornate, saturaled {at room temperature) solution,

Ammonium oxalate, saturated solution.

Hydrochioric acid, density 1.19 g/eu.em. .

Acetone, anhydrous, kept over calcium chloride and distilled at 56-57°C.
Sulphuric acid, density 1.84 g/en.cm,

Procedure

Isolation of the Alkali Metal Chlorides. Grind thoroughly a sample
of silicate rock weighing 0.5 g, wetten with water in a platinum dish,
add 5-10 ml of hydrofluoric acid, mix by u platinum rod and heat
on a water bath until the silicate sample is all decompaosed. Evap-
orate the solution to dryness on a sand bath, add 3040 m! of hot
water and 5-8 drops of phenolphthalein to the dry residue. Stir the
mixture and add calcium oxide in small portions until a persistent
pink colour develops. (Add each new portion of calcium oxide only
after the previous one has been dissclved.) Add 0.4-0.5 g of calcium
oxide in excess, cover the dish with a watch glass, place on a water
bath and keep for about two hours with periodically stirring the
contents and keeping the volume constent by adding water,
Add filter-paper pulp, mix, and separate the precipitate on a white
ribbon filter seeing to it that the filtrate is clear. Wash the precip-
itate on the filter with a hot solution of calcium hydroxide 7-8 times.
Combine the filirate and the washings, heat, and add 3-4 ml of
ammonium carbonate solution to precipitate the calcium ion. Boil
the mixture for five minutes, pass the solution through a blue ribbon
filter into a platinum dish, evaporate to dryness on a sand bath
and calcine the residue to remove ammonium saits. Dissolve the
residue in 1-3 mi of hot water, add 0.5-1 ml of ammoninm oxalate

.



and keep for an hour on a water bath at 50-60 °C. Separate the pre-
cipitate on a blue ribbon filter, wash with hat water, combine the
filtrate and the washings, and -evaporate them in a platinum dish
to dryness. Treat the dry residue with a few drops of hydrochloric
acid, evaporate to dryness, and fuse carefully, Repeat the acid
treatment with subsequent evaporation 2 or 3 times. Weigh the
residue {chlorides of alkaline metals).

Notes. 1. Correctness of the determination of the alkali metal chlorides
depends on the awuracioof treatment of the ailicate solution with calcium oxide,
2, A blank test shouid be performed simultaneously.

Separation of Lithium Chloride from Chlorides of Sodium anrd
Potassium. Grind the calcined chlorides of the alkali metals using
a glass rod or a pestle, add 25 ml of anhydrous acetone, mix, allow
to settle, and decant the solution through a blue ribbon filter, Collect
the filtrate in a platinum dish. Repeat the acetone treatmerit with
subsequent decantation two or three times to ensure complete sepa-
ration of lithivm chloride.

Combine the filtrates, remove acetone by evaporation on a warm
water bath, calcine the residue carefully, add a few drops of sul-
phuric acid, evaporate, calcine the residue (Li,8O0,) to fuse it, and
weigh. -

PHOTOMETRIC DETERMINATION OF LITHIUM IN ORES
AND MINERALS BY FERRIPERIODATE METHOD

The sample is fused with alkalis, lithium is then separated from
the interfering ions by calcining with oxalic acid: soluble carbonates
of the alkali metals and insoluble carbonates as well as oxides of
other elements accompanying lithium are formed.

The determination of lithium is completed by the ferriperiodate
method. The lithium ion is precipitated in the presence of the ferric
and periodate ions in the form of LiKFe{IO). Lithium is determined
in tl];a &Jrecipitate indirectly, by determining iron by the thiocyanate
method.

The ferriperiodate method is used to determine lithium in the
presence of the other alkali metals, but large gquantities of sodium
exaggerale the resulis, Lithium should therefore be separaled from
the other alkali metals by a mixture of concentrated hydrochioric
acid and ethyl aleohol: lithium precipitates as LiCl (the solubility
of LiCl strongly decreases in the presence of alcohol).

The error of lithium determination by this method is 4-10%.

Reagents

Lithium sulphiate, standard solution. 1 ml is aquivalent to 20 g of lithium,
Potassiuin hydroxide, crystalline axd 1 ¥ solution.

Ozalic acid, ground.

Ammonium carbonate, 5% solution, _ _
Hydrochloric ucid, density 1.19 g/cu.cm 4 N solution, and solution diluted {: 1.
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Ethyl aleokol, 96%.

Potassium periodete, dissolve 2.3 g of KIOQ, in 50 ml of 0.5 ¥ potassium hydro-
xide solution, add 12 ml of 0.4 N ferric chloride solution in 0.2 N hydrochloric
acidi gglutilcm with stirring and dilute with 2 ¥ potassium hydroxide selution
10 ml, :

Potassium thiocyancte, 20% and 2% solutions.

Washing solution, a mixture of one part of concontrated hydrochloric acld with
two parts of 969% ethyl alcehol.

Construcling a Calibration Curve

Place1, 2, 3, 4, and 5 m] of standard lithium sulphate solution into Gve 20-25 ml
beakers and evaporate the solutions on a sand bath to 0.1-0.2 ml. Add 41 ml of
1 N potassium hydroxide solution to the residues, heat to boiling, and add 2 ml
of hot (90°C) potassium periodais solution. Heat the solutions for another five
minutes, cool, and separate the precipitates on small blue ribbon filters with
suction. Wash the precipitates four times with 0.50.7 ml portions of potassinm
hydroxide solution and dissolve with 10 ml of 4 N hydrochloric acid. Collect
the filtrates in 25-ml volumetric ftasks and add water to the mark.

Using a pipette, transfer 2.0-ml portions of the obtained solutions into
10-ml graduated test tubes, add 5 ml of water and 3 ml of 20 per cent potassium
thiocyarate solution into each test tube, dilute with a 2 per cent potassium thio-
cyanate solution to the mark, and mix,

Measure the absorption of the obtained solutions on an sbsorptiometer
gsing vl\.;ater ads a reference solution. Construct the calibration curve using the

ata obtained. '

Procedure

Grind thoroughly a sample weighing 25-30 mg (containing 0.05-3.5
per cent of Li) and fuse in a small silver crucible with 100-150 mg
of potassium hydroxide. Add 6-10 drops of water, transfer the solu-
tion .together with the precipitate into a porcelain crucible having
the capacity of 3 ml, add 0.5-0.6 g of oxalic acid, evaporate carefully
the solution and caleine the residue over a micro-burner unti] all
oxalic acid is decomposed.

Wet the residue with ammonium carhonats sclution, transfer
the solution into a calibrated centrifuge test tube, add water to
2 m], and centrifuge. Take 1.0 ml of the centrifugate by a dry pipette,
transfer it into a 3-ml porcelain crucible, evaporate to dryness, wet
the residue with 2-3 drops of hydrochloric acid (density £.19 g/cu.cm),
evaporate and calcine slightly. Now add 0.2 ml of the same hydro-
chloric acid and 0.5 ml of ethyl alcohol, allow the mixturetostand
for five minutes with periodically stirring, and pass through a small
filter (blue ribbon) into another 3-ml porcelain crueible. Wash the
residue in the porcelain crucible and the filter with a mixture of ethyl
alcchol and hydrochloric acid. Eveporate the filtrate to dryness, .
calcine the precipitate slightly, and dissolve in 1-2 drops of water.
Add 1 m! of potassium hydroxide solution to the crucible, heat
almost to boiling, and add 2 ml of potassium periodate solution
(also heated to boiling). Heat the solution for a further five minutes
and cool. Separate the precipitate on a small filter (blue rihbon)
with suction. Wash four times with 0.75-ml portions of potassium
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hydroxide solution and dissolve in 10 ml of 1 ¥ hydrochloric acid.
Collect the solution in a 25-ml volumetric flask and add water to
the mark.

Pipette 5.0 ml of the obtained solution into a 10-ml graduated
test tube, add 3 ml of a 20 per cent potassium thiocyanate solution,
8 2 per cent solution of potassium thiocyanate to 10 mi, mix, and
measure the absorption of the solution on an absorptiometer as for
the construction of the calibration curve,

Determine the lithjum content of the aliquot from the calibration
curve. Using the result, determine the lithium content of the sample
remembering that the Li/Fe ratio in the ferriperiodate is 0.124.

Notes. 1. The following aliquats should be taken {depending on the lithium
content of the sample): '

Lithium content, % 0.05-:0.3 0.3-1{.0 1.0-3.5

Sample weight, mg 50 25 25

Aliguot, ml 5.0 3.0 1.0-2,0

2. The method is applicable to the analysis of silicate rock. When phos-
hate materials are analysed, the sample should be fused with potassium hg rox-
de, then dissolved in 810 dro{ls of water, hydrochloric acid (1 ; 1) added to
a strongly acid reaction, and finally 0.5 ml of a 5 per cent zircontum oxychloride
solution should be added. The mixture is evaporated to dryness and calcined
alightly. The residue is wetted with 3-5 drogs of water, oxalic acid is then added
and the procedure completed as in the analysis of silicate rack.

PRHOTOMETRIC DETERMINATION
OF LITHIUM WITH QUINAZOLINAZO

Quinazolinazo, 2-(4",5"-dimethylimidazole-2"-azo-2'-phenyl}-8-
hydroxy-4,5,7-trimethylquinazolin, reacts with the ions of Li, Cu,
Pd, Te, Ag, Pb, Co, Mg, and Zn to give coloured compounds. In
the presence of dimethyl formaride, the reagent in an alkaline
medium is selective toward lithium ion. Solutions of its compounds
with lithium have the maximum absorption at 480 nm; the abhsorption
should be measured at 530 nm. Lithium and quinazolinazo react
in the ratio of 1 : 1, the molar extinction coefficient is 1.28 x 10t
The optimum ratio of water to dimethyl formamide is 1 : 4.5, the
absorption is maximum aud constant with the concentration of
KOH of 0.007-0.1 ¥ for 15 minutes. Fifty-fold quantities of Ca,
Sr; ?d Mg, hundred-fold guantities of Na, Ba, Al and Fe, and
200-fdld quantities of Pb and Cs do not interfere with the deter-
mination of lithium. The reagent is used for determining 0.0004-0.06
per cent of lithium in albite ore and in brakish water from natural
sources at Borzhomi.

Reagents

Lithium chloride, standard solutlon. 1 ml is equivalent to 4 pg of lithium,
Quinazolingse, 0.004 M solution in chloroform.

Potastium hydrozide, 0.2 N solution.

Dimethyl formamide.
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Hydrofluoric actd, 40 per cent solution,
Hydrochloric eccid, demsity 1.17 gfru.cm,
Ammonia, 2 N solution,

Acetone.

Constructing a Calibration Curve

Place 0, 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the standard lithium chleride solution
into graduated test tubes. Add water to each tube to 1 m!, add 4.5 ml of dimethyl
formamide, 0.1 ml of quinazolinazo and 0.15 ml of potassium hydroxide solution.
Stir the solutions and measure their absorption at 530 nm using a blank solution
as the standard. Construci the calibration curve using the data obtained,

Procedure

Determining Lithium in Albite Ore. Add 10 m] of hydrofluoric acid
to a sample of ore weighing 0.5 g, evaporate to dryness, treat the
residue two times with hydrochloric acid, and evaporate the solution
on a sand bath to oblain a damp salt. Dissolve the residue in water,
tralisfer the solution to a 10-100 ml volumetric flask and add water
to the mark.
"~ Take an aligquot of the solution, filter, and evaporate to dryness
on a water bath. Treat the dry residue three times with acetone,
discard the used acetone, transfer the residue into a beaker, treat
with ammonia to pH 5-6, separate the iron hydroxide precipitate
on a filter, collect the filirate in a 25-ml volumetric flask ard add
water to the mark. Transfer an aliquot containing 0.3-3 pg of lithium
{the volume not greater than 1 ml) into a calibrated test tube and
follow as for the construction of the calibration curve.
Determining Lithium in Water from the “Borzhomi” Spring. Evap-
orate 25 ml of the Borzhomi water, treat the residue with acetone,
three times discard the acetone, transfer the residue into a volu-
metric flask of suitable capacity, and add water to the mark. Deter-
mine lithium in an aliquot {not greater than 1 m!} as for the con-
gtruction of the calibration curve. '

FLUORIMETRIC DETERMINATION OF LITHIUM WITH
5,7-DIBROMO-8-QUINOLINOL

5,7-Dibromo-8-quinolinol reacts with the lithium ion te give
a compound whose solutions absorb meximum at 345 and
385 nm. When irradiated with the ultra-violet light of a mercury
Tamp, the compound fluoresces with a green light, the maximum of
the absorption being at 530 nm. The components react in the molar
ratio of 1: 1, the apparent constant of the complex formation is
3.6 X 10% The limit of detection of lithium is 0.1 pg/ml. The opti-
mum conditions are: ethanol concentration 92.5-93.5 per cent,
pH 9.0-9.5. The compound is formed during 510 minutes, the in-
tensity of fluorescence is constant for 1-2 hours.

Amounts to 1.5. mg of Rb, Cs, K, Na and to 1 ug of Ca, 5S¢, Ba,
Mg and Al de not interfere with the determination of 1-100 pg
of lithium. The ferric ion strongly interferes. '
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Reagents

Lithium chloride, standard solution, 1 ml is squivalent to 1000 pg of lithium
3.7-dibromo-8-quirolinel, 2 X 10-* M solution in ethanol,

Ammonta, 5 M solution.

Ethyl alcohol.

Constructing a Calibration Curve

Place from 0Q to 0.1 ml of the standard lithium chloride sclution (containlil:xlg
from 0 10 100 pg of lithium) into dry test tubes, dilute with water to 0.1 ml,
-add { ml of the reagent solution, 0.05 m! of ammonia solution and dilute with
alcohol to 4 ml. Measurs the intensity of fluorescence in ten minutes at 530 nm,
Construct the calibration curve using the data obtained.

Procedure

Take an aliquot of the solution containing 100 pg (or less) of lithium
and determine lithium as instructed for the construction of the
calibration curve.

FLAME-FHOTOMETRIC DETERMINATION OF LITHIUM
IN MINERALS '

Lithium is determined by the red resonance line at 670.8 nm.
Strontium and other alkaline earths interfere with the determination.
To remove the interfering effect of the alkaline earths and phosphates,
0.4 mole of aluminium nitrate and 0.7 g-equiv/litre of sulphuric
acid are added to solutions. Minerals are decomposed by alkali
fusion or by heating with acids,

Determination of Lithium in Minerals with
Their Decomposition by Alkali Fusion

Lithivm is determined graphically. The method is convenient
for rapid analysis of minerals apd ore containing from 0.1 to 10 per
cent of lithium oxide. If the backgrounds are known, to 0.002 per
cent of Li,O can be determined. Aluminium, phosphorus, silicon
{as oxides} and the alkaline earth metals do not interfere with the
determination provided their quantities do not exceed 2.5 mg/ml

Reagents

Lithivm sulphate, standard solution. 1 ml is equivalent to 2 mg of Li,0.
Potassium hydroride, erystalline, and 15 per cent solution.

Procedure

Dehydrate a sample of potassium hydroxide weighing 3 g in a silver
crucible, cool the melt, place about 0.5 g of the sample atop the
melt, and fuse for 15 minutes over a burner, or in a muffle at 700°C,
Cool the melt and leach with 50-60 ml of water. Boil the selution
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together with the precipitate for 15 minutes with stirring. Cool,
teansfer the solution together with the precipitate into a 100-ml
volumetric flask and add water to the mark. Pass the liquid through
a dry filter, discarding the first portions of the filtrate. Ohserve the
filtrate against an acetylene flame (through a 0.1 mm slit) and com-
pare its coclour with those of a series of standards containing to
200 pg/ml of Li,O in a 3 per cent potassium hydroxide solution
(concentration interval of LiO in the series of standard solutions
is 20 ug/ml).

The concentration of the sample solution is 5 mg/ml, and its
lithium oxide content (z) is therefore

Hyx = a+100/(1000 X 5) = 0.02q

where a is the found concentration of lithium oxide in the semple
solution, pg/ml.

Notes. 1. Tron crucibles can be used to fuse the sample with alkali, but from
3 10 5 per cent of lithium can thus be lost.

2. 1f the mineral in question gontains much lithium and phesphates, the
simhof th? sample should be about 0.2 g, or the sample is decomposed by heating
with acid.

Determining Lithium in Minerals with Decomposition
by Acids

The method is recommended for the analysis of silicate rocks.
Lithium is determined graphically. A photometer supplied with
a set of optical filters can be used. Perchleric acid can be nsed instead
of sulphuric acid. The residue after the removal of the acid should
be treated with hydrochloric acid. The concentration of hydrochloric
acid in the solution used for photometry should not exceed 0.02 M.

Reagents

Lithinm sulphate, stgndard solntina, 1 ml is equivalent to 2.5 mg of lithium,
Aiurnmium sulphate, Al,(S0,),-13H,0; 1 ml is equivalent to 13.5 mg of alu~
minium,

Sulphuric acid, density 1.3% g/ou.cm and 7 N solution,

Hydrofluoric acid, 48 pur cent solulion.

Constructing a Calibration Curve

Place from { to 7 :ul of standard lithium sulphate sclution (gradient, £ ml
inte 250-m! volumetric flasks, add 5 ml of aluminium sulphate solution, 25

of 7 ¥ snlphuric acid, and water to the mark. Perform photometry at 670.8 nm,
Construct the calibration curve using the data obtained.

Procedure

Calcine a sample weighing 0.5 g in a platinum dish at 1000°C
for 30 minutes. Cool, add 1-2 ml ¢! sulphuric acid, density
1.84 g/cv cm, and then, carefully, drop by drop, add hydrofluoric
acid, waiting each time until the vigorcus reaction stops. If the
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Reagents

Lithium chloride, standard solution, 1 ml is squivalent to 1000 pg of lithium
3.7-dibromo-8-quirolinel, 2 X 10-* M solution in ethanol,

Ammonta, 5 M solution.

Ethyl alcohol.

Constructing a Calibration Curve

Place from 0Q to 0.1 ml of the standard lithium chloride sclution (containlil:xlg
from 0 10 100 pg of lithium) into dry test tubes, dilute with water to 0.1 ml,
-add { ml of the reagent solution, 0.05 m! of ammonia solution and dilute with
alcohol to 4 ml. Measurs the intensity of fluorescence in ten minutes at 530 nm,
Construct the calibration curve using the data obtained.

Procedure

Take an aliquot of the solution containing 100 pg (or less) of lithium
and determine lithium as instructed for the construction of the
calibration curve.

FLAME-FHOTOMETRIC DETERMINATION OF LITHIUM
IN MINERALS '

Lithium is determined by the red resonance line at 670.8 nm.
Strontium and other alkaline earths interfere with the determination.
To remove the interfering effect of the alkaline earths and phosphates,
0.4 mole of aluminium nitrate and 0.7 g-equiv/litre of sulphuric
acid are added to solutions. Minerals are decomposed by alkali
fusion or by heating with acids,

Determination of Lithium in Minerals with
Their Decomposition by Alkali Fusion

Lithivm is determined graphically. The method is convenient
for rapid analysis of minerals apd ore containing from 0.1 to 10 per
cent of lithium oxide. If the backgrounds are known, to 0.002 per
cent of Li,O can be determined. Aluminium, phosphorus, silicon
{as oxides} and the alkaline earth metals do not interfere with the
determination provided their quantities do not exceed 2.5 mg/ml

Reagents

Lithivm sulphate, standard solution. 1 ml is equivalent to 2 mg of Li,0.
Potassium hydroride, erystalline, and 15 per cent solution.

Procedure

Dehydrate a sample of potassium hydroxide weighing 3 g in a silver
crucible, cool the melt, place about 0.5 g of the sample atop the
melt, and fuse for 15 minutes over a burner, or in a muffle at 700°C,
Cool the melt and leach with 50-60 ml of water. Boil the selution
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together with the precipitate for 15 minutes with stirring. Cool,
teansfer the solution together with the precipitate into a 100-ml
volumetric flask and add water to the mark. Pass the liquid through
a dry filter, discarding the first portions of the filtrate. Ohserve the
filtrate against an acetylene flame (through a 0.1 mm slit) and com-
pare its coclour with those of a series of standards containing to
200 pg/ml of Li,O in a 3 per cent potassium hydroxide solution
(concentration interval of LiO in the series of standard solutions
is 20 ug/ml).

The concentration of the sample solution is 5 mg/ml, and its
lithium oxide content (z) is therefore

Hyx = a+100/(1000 X 5) = 0.02q

where a is the found concentration of lithium oxide in the semple
solution, pg/ml.

Notes. 1. Tron crucibles can be used to fuse the sample with alkali, but from
3 10 5 per cent of lithium can thus be lost.

2. 1f the mineral in question gontains much lithium and phesphates, the
simhof th? sample should be about 0.2 g, or the sample is decomposed by heating
with acid.

Determining Lithium in Minerals with Decomposition
by Acids

The method is recommended for the analysis of silicate rocks.
Lithium is determined graphically. A photometer supplied with
a set of optical filters can be used. Perchleric acid can be nsed instead
of sulphuric acid. The residue after the removal of the acid should
be treated with hydrochloric acid. The concentration of hydrochloric
acid in the solution used for photometry should not exceed 0.02 M.

Reagents

Lithinm sulphate, stgndard solntina, 1 ml is equivalent to 2.5 mg of lithium,
Aiurnmium sulphate, Al,(S0,),-13H,0; 1 ml is equivalent to 13.5 mg of alu~
minium,

Sulphuric acid, density 1.3% g/ou.cm and 7 N solution,

Hydrofluoric acid, 48 pur cent solulion.

Constructing a Calibration Curve

Place from { to 7 :ul of standard lithium sulphate sclution (gradient, £ ml
inte 250-m! volumetric flasks, add 5 ml of aluminium sulphate solution, 25

of 7 ¥ snlphuric acid, and water to the mark. Perform photometry at 670.8 nm,
Construct the calibration curve using the data obtained.

Procedure

Calcine a sample weighing 0.5 g in a platinum dish at 1000°C
for 30 minutes. Cool, add 1-2 ml ¢! sulphuric acid, density
1.84 g/cv cm, and then, carefully, drop by drop, add hydrofluoric
acid, waiting each time until the vigorcus reaction stops. If the
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addition of another drop of hydrofluoric acid does not provoke a vig-
orous reaction, add another 5 ml of the acid and evaporate almost
to dryness. Add 5 ml of sulphuric acid to the residue and heat on
an electric hotplate until the acid fumes start evolving. Cool, wash
the residue with water into a 250-ml beaker, add water to about
100 ml, heat to boiling and boil to prepare a clear solution. Pass
the solution through a filter into a 250-ml volumetric flask, wash
the residue on the filter several times with water, ignite the filter
with the precipitate and calcine the ash in a platinum crucible te
red lieat. Wet the residue with hydrofluoric acid, evaporate to
dryness, add 1-2 drops of sulphuric acid, density 1.84 g/cu.cm,
and evaporate to dryness on a sand bath.

Dissolve the residue with heating in 10 ml of water, pass the
solution through a filter into the same 250-m] volumetric flask, add
water to the mark, and measure the absorption on a photometer at
670.5 nm.

Note. The selectivity of lithium determination depends en the instrument
used. The selectivity coelficients which are important for the determination
of lithinm by various instruments are given below. The selectivity coelficient ia
the ratio of the mass of the accompanving jon to the mass of the songht ion,
responsible Tor the error of determination of less than § per cent.

Selectivity Coefficients for Determination of Lithium
in the Presence of Potasslum, Sodium and Calcium

Seiectivity ceofficlents for determination

4
Apparatus ot lithlem in the presence of

K ' Na Ca

Phﬁc!ltometer with interference optical | 2000-7800 | 640-5200 100-100G
ters

Spectrophotometer on the basis of 150 000 77 000 1600
monochromator ¥M-2

Beckmenn spectrophotometer 3300 4500 —
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Rubidium and Cesium

Rubidium, Rb, and cesium, Cs, have the positive valency of 1.
Standard electrode potentials in an aqueous medium at 25°C (with
reference to the standard hydrogen electrode) are as follows:

Rb = Rit-}-¢ -2.925 V
Cs == Ca" ¢ —2923 V

Rubidium 2nd cesium metals are extraordinarily strong reductants,
The ions of these metals can only be reduced in solution by elec-
trelysis.

Their hydroxides, RbOH and CsOH, are readily seluble in water
and are strong bases. '

The possibilities of chemical methods for the determination of
Rb and Cs ions in their mutual presence and in the presence of the
other alkali metal jons are limited. The ions of Rb and Cs form com-
paratively few sparingly soluble compounds, they do not form stable
complex compounds {only double szlts are known), nor do they
give oxidation-reduction reactions.

The ions of rubidivm and cesium are colourless and are similar
to the potassium ion with respect to their chemical properties. They
are all precipitated with perchloric acid, platinie-hydrochloric acid,
sodium hexanitrocobaltate (I1I), hexanitrodiphenylamine, and other
reagents. The solubility of rubidium compounds is intermediate
between the corresponding compounds of potassium and cesium,
There are reagents that can detect cesium in the presence of rubidium
and potassium. Some salts of rubidium and cesium are well shaped
crystals for which they can be detected microcrystalloscopically.

Tlie difficnlties which arise in separation of potassium, rubidium,
and cisinm are due to the great similarity of properties of their com-
pounds, The most effective separation of rubidium and cesium is
eflected by various chromatographic methods. Organic and inorganic
cation-exchangers (e.g. zirconinm phosphate, ammonium molybdate)
are used for their separation. The ions of Fr, Cs and Rb are separated
[1] on a cation-exchanger K¥-1; the ions of Li, Na, X, Rb and Cs
can also be separated by cation-exchangers [2, 3].

Precipitates of chloroplatinates of potassium, rubidium and
cesium, M4[PtCl,] are yellow or orange. Chloroplatinates of rubidium
and cesium are less soluble than potassium chloroplatinate. A satu-
rated solution of potassium chloroplatinate is used to detect the
ions of rubidium and cesium in the presence of potassium ions.
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Rubidium and cesium form triiodides MI4. They dissociate accord-
fog to the equation
Ml; = Mi41,

The triiodide Csly is much more stable than Rbl,. This makes
it possible to determine rubidium and cesium titrimetrically.

Potassium tetrajodobismuthite precipitates the cesium ion from
aquegus solutions and from solutiors in concentrated acetic acid as
CsyBiyls. The formation of this compound underlies gravimetric,
titrimetric and photometric determinations of cesium. The ions of
rubidium {not more than three-fold quantities), lithium, sodium,
potassium, magnesiym, calcium and aluminium deo not interfere

with the determination.

Rubidium and cesium ions are precipitated by solutions of halide
complexes of tin (IV) in the form of the compounds M,SnX, (where
X is Cl, Br or I). These complexes are used for separation of rubidium
and cesivm from potassium. The ions of rubidium and cesium form
characteristic crystals with halides of other elements (chlorides of
gold and palladium, chlorides of goid and silver). Hexachlorotellnr-
ous acid, H,TeCl,, precipitates the cesinm ion from solutions of
11-12 N hydrochloric acid. Large quaatities of potassium jon do not
interfere with the determination f4].

Silicotungstic acid precipilates opnly the cesivm ion from a 6 N
solution of hydrochleric acid in the form of Cs [Si(W30,,).]-2H,0
[5]. The same salt of rubidium is more soluble. It is possible to
separate 0.01-0.02 g of CsCl from 0.02-0.03 g of RbCl. NH} inter-
feres with the determination. The ions of lithium and the alkaline
earth metals do not interfere.

Silicomolybdic acid reacts with Rb, Cs, NH,, K and TI1! under
certain conditions to form crystals. This phenomenon is used for:
their microcrystalloscopic detection.

Ammonium silicomolybdate practically quantitatively coprecip-
itates the Cs ion from H,S0, solutions [6]. This reaction is used to
isolate Cs from solutions of potassium salts whose ion is not precip-
itated. Rubidium phosphomolybdate and cesium phosphomolybdate’
are less soluble than potassium phosphomolybdate. Rubidium and
cesium are often isolated in the form of these compounds.

If 2 cesium salt is added to Cd,[Fe{CN),] solution in 5 per cent
otassium iodide, white precipitate of Cs,Cd[Fe(CN),] is formed"
7, 8l. From 0.02 to 0.2 mg of cesium can be detected in the form

of this compound in 10 m] of the final solution. Ten-fold gquantities
of NH{ and Rb, and also heavy metal ions, which form precipitates
with the [Fe(CN)4l*~ ion, interfere, and the ions of Li, Na and 100-fold
quantities of the potassium ion do not interfere with the determina-
tion.

Silver-sodinm hexanitrobismuthite, Na,AgBi(NO,),, precipitates
quantitatively rubidium and cesium ions. The yellow crystalline
precipitates of veriable composition are characterized by low solu-
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bility. The reagent is used to separate rubidium and cesium from
potassium.

Rubidium and cesium can be isolated from dilute aqueous solu-
tions by precipitation with potassium hexanitrocobaltate {cobalt
potassium nitrite). To that end, NayglCo(NQ,)el is added to the
solution at a temperature below 10°C. Hexanitrocobaltates of rubi-
dium and cesium are less soluble than potassium hexanitrocobalt-
ate (I1I). From 1 to 10 mg of rubidium and cesium can be isolated
from 10 litres of solution by this method, which is used to determine
rubidium in sea water. ' _

Sodium tetraphenylborate, [B(C,H,},JNa, precipitates quantita-
tively K, Rb and Cs ions under certain conditions. This reagent is
Fésod g?r gravimetric and titrimetric determination of these elements

, 101 )

Sodium triphenylcyanoborate, [{CgH)}sB(CN)INa, almost quan-
titatively precipitates the Cs* ion [11]. When a filtsred 3 per cent.
solution of the reagent is added to a 0.005 M solution of Cs,SO,,
a comparatively coarse white precipitate is immediately separated.
The solubility product of [{CH,);B(CN)ICs is 3 X 10-%, i.é. about
100 times higher than that of [8(C,H,),]Cs. The reagent does not
precipitate the Rb ion from 1.4 X 10-% M solution of Rb,SO,, but
the ion of Rb is coprecipitated with (C,Hy),B(CN)Cs. The potassium
ion is not precipitated from a 5 per cent solution of KNO, The
ions of Ca, Sr, Ba, Mg, Ni, Co, Mnll, Zn, Fetr. 111, Cd, Pb, Cult,
UvE, Al, Cel!l, CrI!! or Bi are not precipitated. The ions of T,
Ag, Cul are precipitated. The precipitate {{C,H;)sB(CN)ICs is easily
soluble in acetone and its mixture with water (i : 1), It is practically
insoluble in benzene, and comparatively sparingly soluble in dioxans.
Sodium triphenylcyanoborate is used for the detection and gravi-
metric determination of cesium, but the results are always low. The
determination of cesium can be ended by argentometric or thallo-
metric titration. '

The sodium salt of hexanitrodiphenylamine (dipicrylamine) gives
characteristic precipitates with the ions of potassium rubidium,
cesium and thallium (I). The ions of Na, Li, Mg and of the alkaline
earth metals are not precipitated. The ions of Al, Felll, Cri1l, Nj,
Co, Bi and Hg give amorphous precipitates. The reagent is used for
the detection amd photometric determination of rubidium and
cesium,

The cesium ion is coprecipitated isomorphically with sparingly
soluble dipicrylaminates of NH}, K, Rb and Tl [12]. Dipicryla-
minates of thallium and ammonium can be used as carrying agents
for the isolation of traces of cesium (12 pg) from very dilute solu-
tions. Cesium dipicrylamipate is extractable with nitrobenzene from
alkaling solutions [13]. This makes it possible to isolate small
quantities of radicactive cesium from many long-lived fission pro-
ducts and from large quantity of uranium. Large quantity of the
sodium ion in solution detreases the extractability of cesium.
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Hexanitrohydrazobenzene in the form of its monosodium salt
(a saturated solution in water) precipitates the ions of Rb, Cs and K.
It is used for the photometric determination of these elements [14].
Filtered precipitates are dissolved in acetone and the absorption
of the obtained solutions is measured. From 10 to 130 ug of Rb
or Cs can be determined. Small quantities of Na and comparatively
large guantities of Li, Ca, Sr, Ba and Mg ions do not interfere with
the determination.

Picric and picrolonic acida (alcoholic solutions) are used for the
microcrystalloscopic detection of the rubidium aad cesium ionms.
But the sodium, ammonium and potassium ions form similar erystals.

Dilituric acid (5-nitrobarbituric acid), 2,4-dinitrophenol, 2,4,6-tri-
nitro-m-crescl, 2,4,6-trinitroresorcinel, and dinitrobenzofuroxane
are used for the microcrystalloscopic or the detection of the rubidium
and cesium ions by the spot test. All these reagents have low salectiv-
ity. lons of many elements interfere with the determination.

Tartaric acid or sodium hydrotartrate precipitate white crystals
of RbHC ,H,0, ot CsHC,H,O, from neutral sclutions of rubidium
or cesium salts. They are readily soluble in mineral acids but spar-
ingly soluble in water or acetic acid. The ifons of K and NH{ are
precipitated in a similar way. Hydrotartrates of all these slements
readily form supersaturated solutions.

Rubidium and cesium ions are reduced on a mercury dropping
elecirode in agueous solutions at very low potentials. Rubidium
and cesium cannot be determined polarographically in a us
solutions. The half-wave potential of the cesium jon in a mor
cent isopropyl alcohol against the back-ground of a 0.1 M solntion
of lithium hydroxide is —2.03 V; for rubidium ionm it is —1.97 V
(at 20-30°C), with reference to the saturated calome) electrade [15].
Hence the elements can be determined polarographically in thess
conditions, When both are present in solution, their sum is deter-
mined.

Rubidium salts colour a flame red-violet. But potassium salts
give the same colour to flame and the difference cannot be detected
with an unaided eye. The spectra of rubidiumn and cesium have
characteristic lines at 421.6 and 420.2 nm. Casium salts colour flame
violet-blue, and the spectrum has characterigtic lines at 459.3 nm
and 455.5 nm. The flame-photometric [16] and spectral methods of
determination of rubidium and cesium are the most reliable and
widely used for the analysis of various materials.

The flame-photometric method can be used to determine rubidium
and cesium in the presence of the other alkali and alkaline earth
metals. The method has been successfully used for the determination
of small quantities of cesium in various rocks {17, 18]. There are
no reliable chemical methods for the detection and determination
of rubidium in the presence of the other alkali metals. The chemical
methods of determination of cesium are only of secondary impor-
tance.
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. Rubidium and cesiup are determined by the neutron-activation
method in rocks, minerals, and extraterrestrial objects [19].

The monograph [20] is dedicated to the analytical chemistry of
rubidium and cesium. 2-Tenoyltrifluoroacetons selectively exiracts
cegium ion [21]..

SE1LECTIVE EXTRACTION OF CESIUM WITH
2-TENOYLTRIFLUORCACETONE

Cesiym and other alkali metals car be extracted with solutions
of 2-tenoyltrifluorcacetone in nitromethane or nitrobenzene, the
pH of the aqueéous phase being 8.7-9.0. At pH higher than 9 the
reagent is decomposed. In the presence of EDTA, cesium (alkali
metals) can be separated from meny ions which form stable com-
plexonates and remain in the aqueous phase, Chlorides, sulphates,
and nitrates contained in the concentration less than 1 M do net
interfere with the separation of cesium. Cesium is extracted from
an organic phase with acids. In optimum conditions, the alkali
elements are extracted in the following quantities (parenthesized
are quantities of the elements taken for the determination): lithium,
04,4 per cent (13.6 mg); sodium 44.8 per cent (112 mg); potassium,
82.1 per cent (10.8 mg); rubidium, 92.2 per cent (6.2 mg), cesium,
99.5 per cent (7.4 mg). The method is recommended for the separation
of cesium from the products of uranium fission to prepare hi%hly
active preparations of ’Cs and to separate cesium from nuclear
fuel production effluents before their disposal,

Reagents

Lithlum hydroride, 4 N solutisn,
Sodium carbenate, 2 N solution.
2-Tenoyltrifiuoroacetone, 0.5 M solution in nitromethana or nitrobenzene.

Procedure

Add 5 m] of lithium hydroxide solution to the solution of the sample,
dilute with sodium carbonate solution to mzke a total of 10 ml
and extract with an equal volume of the extracting agent for three
glin;tgs. The eguilibrium pH of the aqueous phase should he
.7-9.0,
Note. If extranecus {not. alkali) ions are present, EDTA should be added

in the quantity sufficient to mask the accompanying ions beivre adding the
extracting agent. The orgapic phase is then separated by centrifuging.

GRAVIMETRIC DETERMINATION OF RUBIDIUM
N . SCINTILLATORS WITH SODIUM TETRAPHENYLBORATE

 Sodium tetraphenylborate precipitates rubidinum at pH 3-6 as
sparingly: soluble [B(C,H,)Rb. The precipitate is stable to tem.
peratures below 240°C. As a rule it is dried to constant weight at
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a temperature of 105-130°C. The factor-for conversion into rubidium
is 0.9112. The ions of lithium, sodium, magnesium, calcium, barium,
cadmium, copper, divalent manganese, lead, cob_alt, nickel, zinc,
iron, chromium (111}, aluminium, arsenic (I11),” antimony (IT1),
tin (IV), titanium, and uranivm (V1) do not intérfere with the
determination in the presence of EDTA. The ions of ammonium,
mercury (I}, thallium (I}, thorium, potassium and cesium interfere.
1f an ammonium ion is present, rubidium is precipitated in an alka-
line solution by formaldehyde with heating. . '

The proposed method for the determination of rubidium in scin-
tillating materials provides for the separation of thallium by ion-
exchange chromatography and the removal of the ammonium ion
by alkali.

Reagents

Nitrie acid, density 1.4 g/cu.cm,

Hydrechioric gcid, density 1.17 g/cu.cm. : .
Sodium bromate, 0.001 M solution in 2 M hydrochloric acid.
Anion-cxchange resin AG1X8 in the Cl-form. :
Acetic acid, 0.1 M solution.

Bromeresol purple, 0.01% solution in cthyl alcohol.
Sodium hydroside, 0.1 M eolulion. |

Sedivm teiraphenylborate, 0.1 M solution.

Rubidium tetraphenylborate, saturated agueous solution.

Procedure

Disselve a sample of crystals containing from 1 to 10 mg of rubidium
in 100 m} of hot water, add nitric acid in the quantity sufficient
to convert sodium iodide into sodium nitrate and to liberate iodine,
and heat the solution to remove iodine. Evaporate to dryness, add
1-2 ml of hydrochloric acid and evaporate to dryness again. Dissolve
the residue in 75 ml of sodium bromate solution in hydro-chloric
acid and pass through the anion-exchange column. Wash the column
with sodium bromate solution in hydrochloric acid, collect the
¢luale and evaporate to dryness.

Dissalve the residue in 90 m] of water, add three draps of acetic
acid, three drops of an indicator solution and a solution of sodium
hyvdroxide (pH 6.5). Now add 8 m] of sodium tetrapheny] boraie,
drop by drep, with constant stirring. Allow the mixture to stand
for 30 minutes, separate the precipitate by filtration into a glass
crucible with a porous bottom, wash with a saturated solution of
rubidivm tetraphenylborate (with a portion not exceeding 50 ml),
then with about. 1 ml of water, and dry at 110°C to constant weight.
Calculate the rubidium content wsing the conversion factor,
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TITRIMETRIC. DETERMINATION OF CESIUM
IN POLLUCITE

The method is based on the ability of cadmium hexacyanoferrate,
Cd[CdFe(CN),] to exchange quantitatively its cadmium ion found
in the outer sphera of the camplex for the cesium ion with the forma-
tion of a less seluble salt

Cd[CAFe(CNs} +2Cs® == Cs,(CdFa(CN);] - Cd?

The quantity of the cadmium ion which passes into solution is
equivalent to that of the cesium ion. The determination ends by
the titration of the cadmium ion with K JFe(CN),) solution. Cad-
mium can also be precipitated with hydrogen sulphide; the precip-
itate should then be washed and dissolved in hydrochloric acid
with subsequent determination of cadmium by complexometric
titration.

The method can be used for the determination of cesium in pollu-
cite, cesium aluminium silicate, H,Cs Al {SiO,),. The ions of
rubidium, 4-fold quantities of potassium, the ions of copper, zinc,
iron and other slements which form sparingly soluble ferrocyanides,
interfere with the determination. The ions of Na, Mg, Ca and Al
do not interfers.

The ion-exchange reaction should be carried out in a neutral
medium or in sulphuric acid solution, with passing the solution
through powdered cadmium hexacyanoferrats (II).

Reagents

Hydrofluerie actd, concentrated,

Sulphurte acid, diluted 1 : 3.

Cadmtum hezacyanoferrate (11, crystalline. Placa 300 m] of a selution contain-
ing 40.60 g of cadminm su]l?hata and 48 ml of hydrochloric acid, demsity
1.19 gfcﬂ.cm. into a 2-litre beaker, add 300 ml of a solution containing 38.50 g
of sodium haxacyanoferrate (II), in small portions and with constant stirring
by a mechanical agitator. Dilute the mixture with water to make 1 litre, mix
thoroughly and allow to stand evernight. Separate the precipitate on a Biichner
funnel with a blue ribhon filter, wash with distilled water to remove the SO;
jion and dry in air. Keap the preparatioun in a bottle with a ground-in stopper.
The preparation is not kygroscopic and does not change its properties on stand-
ing.

Ammontum sulphate, 50% solution.

Hydrochlorie acid, density 1.19 gfcu.em.

Potasstum hezacyanoferrate (I11), K,o[Fe(CN),], 1% solution,

Potassium hezacyanoferrate (I}, K, [Fo(CN},}-3H,0, 0.05 M solution,
Diphenylamine, 1% solution in concentrated sulphuric acid.

Zinc sulphate, 0.075 M solution.

Procedure

Isolation of Cesium from Pollucite. Grind finely a sample of pollucite
weighing 0.2-0.3 g and dry to constant weight at a temperature of
‘105-110°EC. Place the powder into & platinum dish and treat, with
heating on a sand bath, with four 5-ml portions of hydrofluoric acid.
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Add 3 ml of sulphuric acid, and evaporate until fumes of sulphuric
acid appear. Cool the residue, dissolve in 10 ml of water, separate
the insoluble residue on a blue ribbon filter and wash with water.
The overall volume of the filtrate and the washings should be 50 mi.
Place 10 g of cadmium hexacyanoferrate (II) into a glass crucible
with a porous bottom Ne. 3 or No. 4 inserted into a Biichner flask,
wet with a small quantity of water and gently press it on the filter
bottom with slight suction. Heat the solution to 60-70°C and pass
through a bed of cadmium hexacyanoferrate (II) on the filter at
a rate of ope drop in 4-5 seconds, adjusting the rate by a water-jet
ejector. Wash with 3-4 portions of hot water (5-6 ml in each portion).
Add the washings to the filtrate to make the total volume of 70-80 ml.
Titration of Cadmium. Place the solution into a 300-ml Erlen-
meyer flask, add 10 ml of ammonium sulphate solution, 10 ml of
hydrochloric acid, and finally add from a burette, with energetically
stirring, about 20 ml of K,[Fe(CN),] solution. Allaw the solution
with the precipitate of S5Cd,iFe(CN)¢-(INH,) Fe(CN),] to stand
for 5-10 minutes, add 0.5 ml of K [Fe{CN},] solution, 34 drops of
diphenylamine, and titrate excess jon of [Fe(CNg)J*- with zinc sul-
phate solution until lilac colour develops. Now add 4-5 drops of
the reagent in excess, and add, from a burette, the solution of
K, [Fe(CN)g] until the lilac colour changes to greenish, which turns
lilac again from the addition of one drop of zinc sulphate solution.
Determine the ratio of the volumes of potassium hexacyano-
ferrate (II) and zinc sulphate solution in the same conditions.
Determine the concentration of potassium hexacyanoferraté solution
against a standard solution of cadmium sulphate.
Calculation. Calculate the percentage of cesium from the follow-
ing formula:

%Cs = (V, — Vef) TF x 100/g

where V, iz the volun:e of 0.15 M solution of K ;[Fe{CN},| epent {ar titration. mul;
¥, is the volume r{ 0.075 M solutinn of zinc sulphate spent for titration. ml; f is
the factor for conversion of 1 ml of zinc sulphate solution into { ml ol K jFe(CN) (]
solution (1 ml of 0.075 M.solution of ZnS0, is equivalent to 1 ml of 0.05 Af sce
lution of K, [Fe(CN),]. fis 1 in this case); T is the titre of K,[Fe{CN},] solution
with respect to cadmium, g/ml; F is the factor for conversion of cadmium into
cesium, equal to 2.365; and ¢ is the weight of the sample, g.

FLAME-PHOTOMETRIC DETERMINATION OF RUBIDIUM
AND CESIUM

Rubidium and cesium are determined by the emission method
in a low-temperature flame (& mixture of illuminating gas and air).
Rubidium and cesium are determined by the lines at 780.0 or
794.8 nm and 852.1 nm respectively.

The selectivity coefficients for the determination of rubidium and
cesium are given below.
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i Sewectivity ¢oethcients Tor netermination.o? rubidium and
' Wavelengtin- cesium in the preacnee b the toflowing slepeats
Elcment * nm e g g * g
' ut e |k e e s | om
Rt | 7948 9360|5800 | 260 { — | 700 | 2800 | 700 | 78
Cs 852.1 5300 | 1280 f 465 | 200 { — | 2000 { tO70 | 40

The proposed method can be used to determine 10-?% (or greater)
of rubidium and cesium by the increment method against a scattered
light background. Cesium and rubidinm increments are ‘introduced
separately to rule out their mutual effect; moreover, the background
at the base of the analytical lines is measured and taken into con-
sideration during calculations,

Reagents

Rubidium chloride, standard solution. 1 ml is squivaleat to 100 pg of rubidinm.
Cesium chioride, standard solution, 1 ml is equivaleat to 100 pug of cesinm.

Il ydrofluorie geid, A8 per cent salutioun,

Sulphuric acid, diluted 1: 1.

Procedure

Grind a sample weighing 1 g, place it in a platinum dish, add
10 ml of hydrofluoric acid and 2 ml of sulphuric acid, and heat to
decompose the sample and to remove the acids, Treat the dry residue
with 15 ml »f water, heat to boiling, cool and transfer into a 25-ml
volumetric flask. Add water to the mark, pass the solution through
a dry filter, and place 4 ml of the filtrate into one bheaker and 3-m]
portions into four ather beakers. Add 4 ml of water into the original
beaker, 2.4 ml and 1.8 m] of water and 0.6 ml and 1.2 ml of rubidium
chloride solution into the other two beakers respectively. Add
0.3 ml and 0.6 ml of cesium chloride solution and 2.7 ml and 2.4 ml
of water into the remaining two beakers respectively.

Measure the absorption of the sample solutions at 794.8 nm for
rubidium and at 832,1 nm for cesium and compara the results with
the readings obtained with the soluticns containing the increments
of rubidium and cesium. Determine the content of these elements
graphically or by calculations.

Note, IF samples contain 0.1-0,15%§ of rabidium or cesium, dilute the sam-
ple solutions from 2 {o 5 times,
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Beryllium

Beryllium, Be, has the positive valency of 2. The standard elec-
trode potentials in aqueous solutions at 25°C are as follows (with
reference to the standard hydrogen electrode):

Be == Ba¥ {2, {847 V¥
Bo-- 2H,0 == Be(OH),+2H*--2 ~—1820V
Z2Be-+ 3H,0 = BeOf~+ 6H* -4 —1.387 V
Be-+2F,0 = BeOl"+4H"4-2¢ —0.908 V

Acid solutions contain the ion Be’*; weak acid solutions contain
the jons BeQH*, Be,OH?*, Be,0?* and others. Colourless ions
BeO'-, Be,O' and others are formed in alkali solutions (see Fig. 1).

s, molefl
-2
1o B 2+
¢ HBeO;
2+
i Be,O Be(OH), (Be,0F
and

18~ BeO} )

] 1 1 n i y I

4 F] 12 pH
Fig. 1. Dependence of solubility of Be(OH), on pH

Beryllinm hydroxide has amphoteric properties. It begins pre-
cipitating from 0.01 M solutions of beryllium salts at pH of abont 6
and redissolves at pH of about 13.5.

The beryllium ion is very much like that of aluminium. The
separation of beryllium and sluminium was a very difficult problem
in apalytical chemistry for a long time. The problem has become
much simpler after the introduction of EDTA into practical analysis.
This reagent forms a stable complex compound with aluminium
while its compound with beryllium is unstable. EDTA is used to
mask the Al ion and also the ions of many other elements during
the quantitative determination of beryllium. Beryllium hydroxide
is precipitated guantitatively with ammonia at pH 8.5 from solu-
tions containing exceas EDTA {4]. The ions of di-, ter-, and tetravalent
clements form stable complexes end remain in solution. EDTA
doses not mask TilV, SalY or Cr!!! jons. Washed precipitate of beryl-
lium hydroxide is caleined and weighed as BeO,
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When excess NaF is added, beryllium hydroxide, Be{(OH),, con-
verts inte a low dissocisted flucride, and NaOH is formed in

equivalent quantity:

H 2.5
BeS0,+ 2NaQH —L——+ Be(OH);-+Na 80,
Be{OH);+2NaF +~=——> Bpl'y-{ INaOH

The liberated NaOH is titrated potentiometrically with H,SO.
solution. The ions of Al, Zr, U, Th and of the lanthanides interfere
with the determination. The described reactions are not stoichio-
metric and the method is therefore empirical. But if the conditions
are strictly observed, the method gives satisfactory results. The
solution of H,80, is standardized against beryllium motal,

Beryllium metal readily dissolves in acids or alkalis:

Be+2KOH = K,Be(,{ H,

Beryllium is determined by measuring the volume of the liberated
hydrogen or by measuring the increase in the pressure inside a knoww
closed volume. The method is used to determine metallic beryllium.
in slags and precipitates. Aluminium metal interferes with the
determination. If the sample contains a carbide or nitride of beryl-
lium (Be,C, BeglN,) an appropriate correction should be introduced.

Beryllium 15 precipitated quantitatively [2] at pH 3.5 as the
crystalline phosphate BeNH,PQ, from solutions containing EDTA,
The ions of Mg, Ca, Fe, Al, Cy, Ni and others remain in solution.
The separated and washed precipitate is calcined and weighed as
Be;P,0,. The gravimetric phosphate method is used for the deter-
mination of beryllium in concentrates of any composition [3}.

Beryllium is precipitated quantitatively as a crystalline beryllium
ammonium arsenate, BeNH,AsQ;, of constant composition from
acetate solutions at pH 5.2 in the presence of EDTA. Beryllium is
determined by iodimetric titration of the arsenate in the medium
of hydrochleric acid (1 :3) [4].

Beryllium forms various complex compounds with inorganic and
organic ligands. The citrate and tartrate complexes are guite stable.
Freshly precipitated beryllium hydroxide dissolves in solutions of
carbonates of the alkali metals and is reprecipitated by boiling {in
contrast to aluminium hydroxide).

The beryllium ion forms fluoride complexes

BeFy == Be?+-2F~ pK =2
BeF}~ = BeFy+4-F~  pK m2; pK,=3.6;
pKe=5; pK =4.3~509
The carbonate complex of beryllium is precipitated by the iom

ICo(NH ) 1%+ as [Co{NH,},][Bey(CO4)4(OH},(H40),]-3H,0. This com-
pound is used for the gravimetric determination of beryllium [5, 6].
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Beryllium reacts with salicylio and sulphosalicylic acid to. form
stable complex compounds. These.reagents are used for the titri-
metric determination of beryllium [7-9].

Uramy}-N,N-diacetic acid reacts with the beryllium ion to form
two compounds. One of them, a neutral complexonate BeL, has the
.stability constant log K — 10.36. The reagent is used for the ampero-
metric titration of beryllium in the presence of the ions of Al, Ga,
Mg, Fe!i.IIl  Mnil, Ni, Co, Zn and Cu [10, 11].

Various hydroxyl-containing organic substances are used as re-
agents for the beryllium ion. They are used under eeriain conditions
for the detection and photometric determination of beryllium. The
examplss are H-resorcinol and arsenazo I, containing the following
atom groupings:

AsQ,H
}—- OH HO\ Pulaaiet e

=>—N=NC ~_)~N=N J\/j

Arsenazo I reacts with the beryllium ion at pH 6-6.5 (urotropin)
to form a red-violet compound [12}, while own colour of the reagent
is pink, The limit of detection is 0.02 ug of Be in 1 ml, the dilution
being 1 : 5 % 107. The ions of Mg, Zn, Mn and of the alkali metals
do not interfere with the determination. Alluminium ion c¢an be
masked by tartrate or EDTA, the ions of Fel!l, rare earth elements
and of copper, by oxalates; and the jon of U¥I, by hydrogen peroxids.
Arsenazo [ is used for the detection and photometric determination
of beryllium.

Thorin reacts with beryllium ions in the molar ratio of 3 : 2 [13].
BeOH* and the pentanegauvely charged reagent ion enter the reac-
tion. The optimum pH is $2.5. The complex formation constant is
(4.5 4= 0.4) x 109,

A violet-blue 0.02 per cent aguecus solution of beryllon II turns
pale blue in the presence of the heryllium ion and at pH 12-13 [141.
The selectivity of the reagent slightly increases in the prosence of
EDTA. But ferric ions, which are not masked by other substances,
interfers with the determination. The reagent is used for the detection
[44} and photometrie determination of beryllium [15].

Compared with beryllon II, its analogue beryllon IV is more
selective since it can be used to determine beryllium photometrically
at pH 5-7. The ions of Al, Fe!!!, Mn, Cu and Ni do not interfere
with the determination. The reagent is used for the determination
of 0.01-0.9 per cent of beryllium in aluminium alloys [16, 17].

p-Nitrobenzeneazoorcinol reacts with the beryllium ion {probably
BeOH*} in a medium of a 0.5 N solutign of NaOH in the molar ratio
of 1 : 1 [18]. The absorption maximum of the formed beryllium com-
pound is at 490-500 nm, and of the reagent solutions in 0.5 N NaOH,
8t 450-460 nm. The colour develops guickly and persists for at least
48 hours. The molar extinction coefficient is 3.14 X 10* (at 500 nm).
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The complex formation comstant is {2.87 4--0.08) k- 10-2, The re-
agent is used for the detection {19] and. photomebric' determinatioh of
beryllium [20-22]). = ' -

At pH 13, morin reacts with the heryllium ion to form a compound
‘fluorescing in the ultraviolet light (green fAubrescence). Morin is
“highly sensitive and can bé used -to determine:small guantities of
beryltium in ores and silicate rack: without its separation from the
accompanying elements, whose ions are masked [23-25]. The intensity
of fluorescence is proportional {o the beryllium concentration. It
depends also on the concentration of morin, the pH of the solution,
and slowly decreases on standing. The standard solution and the
solution of the sample should be prepared simultanecusly. Ascorbic
acid, citrate ion and EDTA provide the conditions for tle deter-
mination of microgram quantities of beryllium in the presence of the
ions of Al, Ca, Mg, Mn, Mo, Cd and Zn (to 5 mg of each ion), Fe
(to 0.35 mg), Ti (0.2 mg), and Cr (0.03 mg). The reagent is used for
the fluorimetric determination of beryllium in mineral raw materials
E)rolvided the metal is contained in quantities greater than 10-°%
{26].

Aluminon reacts with the beryllium ion to form a red compound
F;hichﬂ is used for the photometric determination of this element

7-311.

8-Hydroxyquinoline does not precipitate the beryllinm ion from
acetic acid buffer solution with pH 5.7. The reagent is used to sepa-
rate beryllium from other elements whose ions precipitate in these
conditions (Al, Fe, Mo, W, U, Cu, Ni, Co, Zn, Cd, Hg, and Bi).

Some f-diketones form a sparingly soluble compound with the
beryllium ion. 2,2-Dimethylhexanedione-3,5 precipitates quanti-
tatively the beryllium ion at pH 7-8. It is used for the gravimetric
{32, 331 and titrimetric [34] determination of beryllium.

Acetylacetone forms a stable compound with the beryllium ion.
Beryllium acetylacetonate can be easily extracted with chloroform
in the presence of EDTA in a Wweak alkaline medium (pH 9). The
ions of Al, Cr, Co, Fe, Ni, Mn, Zn, Cd, Pb, Gu, Ca and Mg are not
extracted in these conditions, and beryllium can be separated from
“aluminium and other elements [35, 36]. Satisfactory results can be
obtained with separation of 4-24 mg of BeO from 244 mg of Al,Q,.

Spectral and radioactivation methods are used for the determina-
tion :[)f }]aeryllium. The review of the methods is given in the lLitera-
ture .[37].

SELECTIVE EXTRACTION AND EXTRACTION-PHOTOMETRIC
DETERMINATION OF BERYLLIUM WITH ACETYLACETONE

Acetylacetone reacts with the beryllium ion at pH 6-10 to form
a compound soluble in chloroform and having the abserption maxi-
muam at 295 nm, the molar ahserption coefficient of 3.16 x 104,
and the molar ratio of the reacting eomponents of 1 : 1. The reaction
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becomes selective for beryllium in the presence of EDTA. The
method can be used {o separate and determine beryllivm spectro-
photometrically in quantities greater than 0.25 pg to an accurdcy
of 435 per cent ju the presence of 1 mgof UOL, Pb, Ag, Cr, Mn, Fe!I%,
Co, Cu, Na, K, Ca, Sr, Ba, Mo, Zn, Al, fluorides, phosphates, ace-
tates, great guantities of aulphates, nitrates, chlorides and perchlo-
rates., The citrate ion interferes with the determination.

Reagenis

EDTA, 10 per cent solution.
Sodium hydrozide, 0.1 N solution.
Acetylacetone, 5 per cent and 1 per cent solutions.

Chloroform.
Niiric acid, 16 M and 0.1 N solutions.
Perchioric acid, 60 per cent solution.

Procedure

Add nitric acid 0 50 m! of a solution containing not more than
10 pg of beryllium to adjust the pH to (.5-1.0, and 2 ml of EDTA
solution and 0.1 N sodium hydroxide solution to adjust the pH
to 7-8 (to bromothymol blue indicator). Next add 5 ml of a 5 per
cent solution of acetvlacetone and adjust the pH to 7-B. Extract
beryllium in fve minutes with three 10-m] portions of chloroform,
and collect the extracts in a platinum dish. Add 15 mi of water,
2.0 ml of 16 M mnitric acid and 2.0 ml of perchloric acid, evaporate
chloroform oo a water bath, and then evaporate the acid mixture’
to dryness on a hotplate. Treat the dry residue with 2.0 ml of a
mixture of nitric and perchloric acids and evaporate to dryness
again.

If beryllium will be determined spectrophotometrically, add 15 ml
of a 0.1 N nitric acid to the dry residue and transfer the mixture into
a separating funnel. Add 4 m! of EDTA solution and neutralize
with sodium hydroxide sclution to pH 7. Add 2 m!} of a 1 per cent
solution of acetylacetone and neutralize to pH 7. Allow.the mixture
to stand for 5 minutes and extract with three 8-ml portions of chlo-
roform. Collect the extracts in a 25-ml volumetric flask and add
chloroform to the mark. Transfer the extract into aseparating funnel
and wash- two times with 30-ml portions of sodium hydroxide solu-
tion with shaking for 30-60 seconds. Pass the extract through a dry
paper filter into a cell with the layer thickness of 4 cm and measure
the absorption at 295 nm using chloroform as a reference solu-
tion.

Construct the calibration ¢urve for beryllium concentrations from
0.5 to 10 pug by carrying the solutions through all stages as for the
spectrophotometric determination of beryllium,
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GRAVIMETRIC DETERMINATION OF SMALL QUANTITIES
OF BERYLLIUM IN ORE AND ITS PRODUCTS WITH
2,2-DIMETHY LEEXANE DIONE-3,5

2,2-Dimethylhexanedione-3,5 reacts with the beryllium ion at
pH 7-8 to form a sparingly soluble crystalline compound of the
composition [CHy;COCHCOC(CH,),l;Be. The precipitate is easy to
wash and dry to constant weight at 45-55°C. At temperatures above
70-15°C, it sublimes.

EDTA can be used to determine from 0.1 to 3 per cent of beryllium
in ore. Al (600 mg), FelIT {200 mg), Ca (30 mg), rare earth elements
{20 mg), UVI (30 mg), Ti'Y (20 mg) do not interfere with the deter-
mination of 1-2 mg of beryllium in the presence of EDTA. Sulphate,
chloride, nitrate, fluoride and acetate ions (20-fold quantities),
carbonate ion (30-fold quantity) and phosphate ion (100-fold gquan-
tity) de not interfere with the determination. Sn!! interfsres since
it cannot be masked with EDTA in conditions under which beryllium
precipitates. But tin accompanies beryllium only in rare cases.

The method has the following advantages over the complexone-
phosphate method: (1) compounds of definite composition are obtained
by a single precipitation, which markedly shortens the precedure;
(2) the precipitate has a distinct crystalline structure, it is easy to
wash and dry to constant weight at low tempervature,

The factor for conversion to beryllium is (.03096.

Reagents

Potassium hydrofiueride, KHF,, crystalline,
Sulphuric acid, diluted 1:1.

Hydrocklarie acid, dilated 1 : 1.

EDTA, 5 per cent solution.

Ammonia, solution diluted 1:1.

2,2-Dimethythezanedione-3,5, saturated solution prepared 2-3 days befora the
analysis (to attain the ketone-enol equilibrium fn the solution).

Procedure

Fuse a sample weighing 0.25-1.0 g (containing from 0.05 to 0.5 per
cent of beryllium} with a five-fold quantity of potassium hydro-
fluoride in a platinum dish in 8 muffle furnace at 800-900°C. Add
15 ml of sulphuric acid and evaporate the solution until heavy fume
stops evolving.

Transfer the dish contents inte a 400-ml beaker, add 10 ml of
hydrochloric acid and water to make 100 ml, and heat to dissolve
the salts. Whenever necessary, pass the solution through a white
ribbon filter and cool to room temperature. If the sample contains
tin (IT), precipitate it from the hot acid solution with hydrogen
sulphide. Add 35-40 ml of EDTA solution, neutralize with ammonia
to pH 7-8 to the universal indicator paper and add 2,2-dimethyl-



hexanedione-3,5 (20-36 ml. of sclution per { mg of beryllium). Stir
the solution by a jet of witer (15-20 ‘mil). ;

When the reagent is added the solution becomes cloudy, but the
precipitate coagulates into loose flocks in 2-3 hours and the solution
clarifies. ‘Separaté the precipitate on a glass crncible with a porous
bottom No. 4 dried to constant weight, wash several times with cold
water, end dry to constant temperature at 45-55°C. Using the con-
versiiiln factor, find the quantity of beryllium contained in the
sample.

TITRIMETRIC DETERMINATION OF BERYLLIUM WITH
2,2-DIMETHYLHEXANEDIONE-3,5

Dissolve the precipitete obtained by the above procedure in hy-
drochloric acid and determine the liberated diketone bromatometri-
cally (in the presence of methyl red). The accuracy of the method is
close to that of the gravimetric determination: the error for
0.87-2.60 mg of beryllium does not exceed 0.6 per cent. The method
can be used for the determination of 4-10 per cent of beryllium in
alloys.

Reagenia

Hydrochloric acid, dilufed 1: 1.

Bromide-bromate miziure, 0.1 M solution,

Methyl red, 0.4 per cent folution,

The other reagents are the same ag in the previous procedure,

Procedure

Separate herylliom diketone {(obtained by the previous precedure}
on a dense filter, wash several times with water, and transfer (with
water) into an Erlenmeyer flask. Add 50 ml of hydrochloric acid,
close the flask with a stopper, and allow to stand for 15-20 minutes
to dissolve the precipitate, Add water to 150 ml, and 3 drops of
methyl red solution, and titrate with a 0.1 M solution of the bromide-
bromate mixture until the indicator colour vanishes,

1 ml of a 0.1 M solution of the bromide-bromate mixture is equi-
valent to 0.2253 mg of Be or 0.6253 mg of BeO.

GRAVIMETRIC DETERMINATION OF BERYLLIUM
IN ALLOYS USING HEXAMMINE COBALTICHLORIDE

The method is based on the formation of a sparingly soluble com-
pound of the carbonate complex of beryllium and hexammine cobalt-
ichloride. Jons forming stable ethylene diamine tetraacetates do
not interferes with the determination. Nb, Ta, Ti and Sn, which
form stable iartrate complexes, do not interfere cither if tartaric
acid is present. Fluoride ions forming stable fluoride complexes with
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beryllium ions, and great amounts of U¥! ion, precipitating with
beryllium in the form of carbonate complexes, interfere with the
determination.

The method can be used to determine beryllium in its concen-
trates, intermediates and alloys, provided the beryllium content
of the sample is not less than 1 mg. The error of the determination
is +0.5-2 per cent.

Reagents

Ammonia, 25 per cent solution,

Hpdrochloric acid, density 1.19 g/cu.cm and diluted 1:4

Nitric aeid, density 1.4 glou.cm.

Ammonium chloride, crystalline,

EDTA, saturated solution.

Tartaric acid, 10 per cent solution,

A mmonium carbonate, saturated in the cold aolution.

Hexammine cobaltichloride, [Co{NH;),]JCl,. Dissolve 11 % of CoCl,.-6H,0 in
the minimum pessible quantity of water, add 23 ml of a 25 per cent ammonis
solution, 7.4& of ammonium chloride and 1 g of thoroughly ground active
carbon, Cool the mixture on ice, add 4 m] of a 30 per cént hydrogen peroxide
golutior in smail portions, cool to room temperature and then heat for 5 minutes
on a water bath. Acidify with hydrochloric acid (1 : 1}, cocl, separate the pre-
cipitate on a filter, and dissolve it on the filter with hot water. Heat the solution
to 80°C. add hydrochloric acid, density 4.19 g/ou.em, to & strong acid reaction
and cool the solution; separate the precipitate of [Co{NH,),ICl, on a hlter, wash
with ethyl alecchol and dry in air. Prepare a saturated solntion of {Co(NH,),ICl,,
and then dilute to prepare a 0.2 per cent solution.

Washing solution, 100 ml of 60 per cent ethy] alcohol containing 1 m) of a i per
eent solution of hexammine cobaltichloride, '

Ethyl ether.

Ethyl aleohol, 90 per cent solution.

Procedure

Dissclve a sample of alloy coniaining not less than 2 mg of beryilinm
in 10 ml of hydrochloric acid (1 : 1) with slightly heating, add 3-5
drops of nitric acid and evaporate to dryness. Treat the residue with
hydrochloric acid {1 : 1) and evaporate to dryness again. Repeat the
dehydration of silicic acid once again.

Separate the precipitate on a filter, evaporate the filtrate almost
to dryness and add 1 g of ammonium chloride, 10-15 m! of EDTA
solution, 5 ml of tartaric acid, and heat. Add ammonium ecarbonate
solution to the clear solution until the precipitate, which first falls
out, is completely dissolved.

Add 1-2 m] of a saturated solution of hexammine cobaltichloride
without stirring and then 2-5 drops of ethyl alcohsl. Allow the mix-
ture to stand for 2-3 minutes and then slightly shake the beaker with-
out mixing the liquid layers. Add excass reagent solution umtil an
orange-yellow colourdevelops at the interphase. Now stir the solu-
tion and add water to adjust the concentration of the salts to 2-3 per
cent. Allow the solution and the precipitate to stand for 90-120 min-
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utes, then filter through a crucible with a porous bottom Neo, 3
or No. 4 dried in a vacuum desiccator to constant weight. Transfer
the precipitate quantitatively into the crucible using 0.2 per cent
solution of hexammine cobaltichloride. Rinse the beaker and the
<rucible two or three times with 34 ml portions of the washing solu-
tion, then three times with 96 per cent ethyl alcohol (3-ml portions),
and two or thide times with ethyl ether.

Transfer the crucible containing the precipitate into a vacuum
desiccator, start a water-jet ejector, and rum it for 25-30 minutes.
Carefully admit air into the desiccator through a tap, Weigh the
<rucible -containing the precipitate, _ .

The factor for convertion of (Co{NH,)el(Bog(CO4)y(OH)s(H,0),4l-
«3H,0 to beryllium is 0.0410, and to beryllium oxide, (.1138,

TITRIMETRIC DETERMINATION OF BERYLLIUM WITH
SALICYLIC OR SULPHOSALICYLIC ACID

Beryllium reacts with salicylic and sulphosalicylic acid to form
-several stable complex compounds. Thess dissociate slower than the
beryllium compounds with quinalizarin, aluminon, acid alizarin
blue BB, acid chrome blue K, chromoxane pure blue BLD (alberon),
otc. Said reagents can be used as indicators for beryllium. The
-expenditure of titrant, a salt of salicylic or sulphosalieylic acid
at pH 9-10, is 3 moles per mole of beryllium sulphate. Sulphosalicylic
acid is more suitable for the purpose because it is readily soluble in
water. ‘Acid chrome blue K should preferably be used as an indicator
(the limit of detection is 0.1 pg of Be per ml). Chromoxane pure
blue BLD is also recommended (the detection limit is 0.025 pg/wl).

The pH should be adjusted to the required level with an ammonia-
chloride buffer solution having the pH of 9-10 or glycolic and veronal
buffer solutions with the pH of 9.5-10. Ammonia acetate buffer
-golution may not be used since a sparingly soluble beryllium hydroxy-
acetate precipitates and the colour does not sharply change at the
point of equivalence.

Mg, Ca, Sr, Ba, Zn, Cd, Ma!!, Ni, Co and Hg!! do not interfere
with the determination of beryllium in the presence of EDTA.
The sample can also contain a 80-fold quantity of aluminium, not
more than 10 mg of Fel!! (ferric hydroxide precipitates with larger
«quantities of iron) and 40-fold quentity of copper.

Reagenis

Sulphosalicylic acid, 0.1 M solution,

Chromazane pure blue, BLD (alberon), 0.1 per cent solution.

A mmonta~chloride bufier solution (pH 9-10); dilute 20 f of NHzCl and 100 ml
of 25 per cent ammonia solutipn with water to make { litre.

ED?A, 0.4 M solution.



Procedure

Place a solution containing from 4 to 15 mg of beryllium in & 50-ml
measuring flask and add water Lo the mark. Using a pipetie, transfer
15.0 ml of the solution intv a 100-150 ml Erlenmever fask, add
water to make 50 ml, add 1 l of EDTA solution to bind traces of
calcium, magnesium, etc., 6 drops of alberon and 10 ml of the ammo-
nia-chloride buffer. Heat the mixture to 70-80°C and titrate with
sulphosalicylic acid until the red-violet colour changes to pure yellow,
1 ml of sulphosalicylic acid is equivalent to 0.300 mg of beryliinm.

To titrate 1.0-5.0 mg of beryllium in the presence of sluminium,
copper or ferric iron, add 10 per cent of EDTA solution in excess,
adjust the pH to 6, heat to (60-70°C, add 6 drops of alberon, and
buffer solution, and titrate with sulphosalicylic acid. If copper is
present, titrate the solution until the blue-violet colour changes
to pure green.

TITRIMETRIC ARSENATE METHOD OF DETERMINATION
OF BERYLLIUM IN MINERALS AND CONCENTRATES

The method is based on the precipitation of the beryllium ion
in the form of beryllium-ammonium arsenate in a medium of an
acetate buffer solution at pH 5.2 with subsequent jodometric deter-
mination of the arsenate ion:

BeCly - NH,C] 4 NayAsO; = BeNH,As0, 4 3NaCl
3BeNH A0, + 6K1-+ 6HCI = 31, 2BeCl, 4- (NH,)sAs0, + 2K ;A50, + 3H,0
I, 2Na,5,05 = Na,S,04-+ 2Nal|

A single precipitation of beryllium as BeNIl,AsO, in the presence
of EDTA ensures almost complete separation of beryliium from the
aluminium ion (Be: Al = 1: 8}, copper ion (1 :50), nickel ion
(1 : 8) and iron ion (1 :16). in order to rctain the tilanium ion
in solution, hydrogen peroxide is added. The methad is used to de-
termine large quantities {over 2 per cent) of beryllium in beryllium
concentrates, interrnediates, and alloys.

The error of the determination is +1.5 per cent; the analysis
continues from 6 to 8 hours.

Reagents

Potasstum kydroflunride, KHF;, crystalline,
Sulphurte geid, diluted 1:1.

Hydrogen peroride, 3 per cent solution,
EDTA, saturated solution.

Ammonium nitrate, crystalline.

Sodtum arsenate, crystalline,

Ammonia, solution diluted 1:1.
Ammonium acetate, {5 per cent sclution.
Silver niirate, 1 per cent solution.
Hydrochlorie acid, diluted 1:1 and 1:3,
Potasstum iodide, crystalline,
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.Sodium thiosulphate, 0.1 N solution.

Starch, 1.5 per cent solution prepared for the analysis. _

Washing solution: a mixture of 3 per cent ammonium acetate and 3 per cent
ammonjum nitrate solutions.

Procedure

Grind thoroughly a sample weighing 0.5 g, place it in a platinum
dish, add 4-5 g of potassium hydrofluoride and heat until the sample
solidifies. Now heat the sample in a muffle furnace, first to dark-red
heat and then at 700-800°C to prepare a clear melt. Cool the material
and add 15 ml of sulphuric acid. Heat the solution on a sand bath
until the fumes of sulphuric acid stop evolving; fuse the residue over
a burner at a temperature of 500°C to prepare a clear melt. Cool
. it and leach with hot water in a 300-ml beaker; dilute the solution
with water to make 70-80 ml, add 10 ml of hydrochioric acid, diluted
1 :1, and heat to dissolve the solid.

Add 2 ml of hydrogen peroxide to the solntion, then add 7 ml of
EDTA, 10 g of ammonium nitrate, 5 g of sodium arsenate and stir
to dissolve the salt, Add ammonia solution until a persistent tur-
bidity develops and then add, with constant stirring, 20 ml of
ammoninm acetate sclution. Boil the solution together with the
precipitate for 2-3 minutes over a low flame of a burner and keep
on a boiling water bath for 1-2 hours. Cool the mixture, separate
the precipitate on a blue ribbon filter, wash the precipitate several
times with the washing liquid to the negative reaction for the arsenate
ion (with AgNO; in a neutral medium, the chocalate-brown silver
arsenate is absent). Dissolve the precipitate on the filter with hot
hydrochloric acid (1 : 3), collect the filtrate in a 300-ml Erlenmeyer
flask, wash the filter with the same hydrochloric acid, and add the
washings to the filtrate in the flask (the total volume of the dissolved
beryllium-ammonium arsenate and the washings should be about
150 ml).

Cool the obtained solution, add 5 g of potassium iodide, close
the flask with a stopper and place in the dark for five minutes.
Titrate the liberated iodine with sedium thiosulphate until the
solution turns pale yellow. Add a few drops of starch solution and
continue the titration with sodium. thiosulphate until the solution
becomes colourless,

1 ml of a 0.1 N selution of sodium thiosulphate is equivaleni to
0.45 mg of heryllium or 1.25 mg of beryllium oxide.

AMPEROMETRIC TITRATION OF BERYLLIUM WITH
URAMYL-N,N-DIACETIC ACID

The beryllium ion reacts with uramyl-N,N-diacetic acid (amino-
barbituric-N,N-diacetic acid) to form two compounds, viz., an acid
complexonate BeHL, with log K = 3.44, and a neutral complexo-
nate with log K = 10.36 (u = 0.1, 20°C}). Neutiral complexonate
is predominantly formed at pH 5-8. The current of reagent oxidation
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at E = 0.6-0.8 V is observed at this acidity at a graphite electrode
impregnated in paraifin. The interfering effect of Al, Ca, Mg, Fell.}1;
Mn!l, Ni, Co, Zn, and Cu is removed by EDTA which does not gener-
ate oxidation current at E = 0.6-0.8 V. A 200-fold quantity of
Fell, 100-fold quantities of Al, Mg, Fe!l!, Zn and Cu, a 4-fold quan-
tity of Co, two-fold quantities of MnI! and Ni, and an equal quantity
of Ca (by mass) do not interfere with the determination of 0.40 mg
of beryllium. The error of the determination of 1.0-64.2 mg of Be
is 0.1-2.9 mg respectively. The method is used in the analysis of
Be—Al—Mg—Zn alloys containing 0.8-1.7 per cent of beryllium.

Heagents

!i ydrochloric acid, diluted 123,

EDTA, 5 per cent sclution, .

Uramyl-N ,N-diacetic aeid, 0.4 M standard solution
Acetate buffer solution, pH 5-B,

Procedure

Dissolve a sample weighing 50-100 mg in the minimum possible
quantity of hydrochloric acid with heating on a sand bath, transfer
the solution into a 25-ml volumetric flask and add water to the
mark. Transfer an aliquot containing 1.0-1.5 mg of beryllium into
a titration cell, add EDTA in the quantity sufficient to bind all the
components of the melt, add the buffer solution, and titrate with
uramyl-N,N-diacetic acid at 0.6-0.8 V.

PHOTOMETRIC DETERMINATION OF BERYLLIUM
WITH ALUMINON

Aluminon (the ammonium salt of aurin tricarboxylic acid) reacts
with the beryllium ion to form & red complex compound with the
absorption maximum at 530 nm. The coloured compound is best
of all obtained at pH 4.6-5.4; the molar absorption coefficient is
0.2x 10% If the concentration of beryllium is 2-50 pg in 50 ml
of solution, it is necessary to add 2 ml of a 0.4 per cent solution of
aluminon. The following elements do not inierfere with the deter-
mination of beryllium in the presence of 100 mg of EDTA: Cu, Ni,
Co, W (1000 ug of each clement); Pk (5000 pg), Mn, Mo (500 pg
each), Cr11l, Cd (200 pg each), Bi (100 pg), Al, Fel¥, Ti, Zr, gh
(50 pg each). Niobium can be masked with tartaric acid.

Determining Beryllium tn Niobium Alloys

Reagents

Beryllium chloride, standard solution. 1 ml is equivalent to § pg of beryllium.:
EDTA, 5 per cent solution, o

Aluminon, 0.4 per cent solution. Dissolve 1 g of aluminon-‘ in 50-70 ml of water
add 2 g of benzoic acid dissolved preliminarily in 25 ml of ethyl aleohol, and
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finally 100 ml of acetate builer solution having the pH of 5.1-5.3. Fiiter the
solution into a 250-ml volumetric flask and add water to the mark. Keep in
the dark. The reagent can be used for 7-10 days. '
Acetatr buffer solution, pH 5.4-5.3. Dilute 34 ml of acetic acid, density
1.05 g/en.cm, with water to make 100 ml, add 32 ml of a 25 per ¢ent solution of
ammonia and add water to make 1 litre.

Potassium pyrosulphale, crystalling,

Ammonia, solution diluted 1: 3.

Tartaric acid, 10 per cent solution.

Construeting a Calibration Curpe

Place 2-ml portions of aluminon solution into 50-ml volumetyic flasks, add be-
ryllium chloride standard solution contzining 5. 10, 15, 20 and 25 pg of beryllium,
2 ml ol EDTA, and 10 ml] of the acctate buffer solution into each flask and dilute
the solutions with watcr to the mark. Measure the absorption of the solutions
against a blank solution using a green optical filter. Construct the calibration
curve using the data obtained.

Procedure

Place a sample weighing 0.1 g in a platinum or a quarts crucible
and heat in a muffle furnace to 700-800°C. Fuse the obtained oxides
with 1.5.2.0 g of potassium pyrosulphate to obtain a clear melt.
Cool the material and leach with 10 ml of tartaric acid in a 100-150 m]
beaker. Using a glass rod, remove the crucible carefully, rinse it
with 10-15> ml of hot water, add ammonia solution to the beaker
contents Lo adjust the pH to 6 to a universal test paper. Filter the
solution into a 100-ml volumetric flask and add water to the mark,

Place 2 ml of aluminon solution and 2 m! of EDTA sclution into
a 50-ml volumetric flask and then add an aliquot of the alloy solu-
tion (5-20 pg Be). Add 10 ml of the acetate builer solution to the
flask, dilute its contents with water to the mark, and measure the
absorption of the solution as in constructing the calibration curve,

Find the beryllium content of the aliquot using the calibration

curve,

Determining Beryllium in Carbonates of Calcium, Strontium,
and Barium Used in Electronic FEngineering

The ions of the alkaline earth elements do not react with aluminon
and do not therefore interfere with the photometric determination
of beryllium, The aluminfum ion, which is almost always present
in carbeonates of the slkaline earth metals, can be masked by EDTA,
which is added bhefors the addition of aluminon.

Reagents
Berylltum chioride, standard solution. 1 ml is equﬁdenl to 2 pg of beryllinm.

Huydrochloric acid, diluted §:1,
The other reagents are specified in the previous section,
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Constructing o Calibration Curve

Place 1, 2, 3, 4 and 5 m] of beryllium chloride standard solufion into 5 sepa-
rate 50-m] volumetric flasks, add 1 ml of aluminon solution and 1 ml of EDTA
solution into each flask, then add 10 ml of acetate bufler solution and water to
make 25 ml, Heat the solutions to 70-80°C on a sand bath, cool, add water to
the mark and stir. Measure the absorption of the sglutions by an all-purpose
photometer or an ahsorptiometer at 5;8 nm against a blank solution. Construct
the calibration curve using the data ebtained. '

Procedure

Place a carbonate sample weighing 0.05-0.1 g inte a 50-ml beaker
and treat carefully with small portions of hydrochloric acid until
CO, stops evolving. Evaporate the solution to dryness on & sand
bath, dissolve the residue in water, transfer the solution into a
100-m] volumetric flask and add water to the mark. Using a pipette,
transfer (0.5 ml of the solution into a 50-ml volumetric flask and
carry through all! operations as for the construction of the calibration
curve,
Determine the beryllium content from the calibration curve.

Determining Beryllium in Bronze
Reagents

Beryllium chloride, standard solution. 1 ml is equivalent to 10 pghoi beryllium,
Recgent solutton. Place 100 ml of a buffer solution (}JH 4.4), which is a mixture
of 75 ml of 0.1 N selution of CH,COOH and 25 m] of a 0.1 ¥ ammonia solution,
inte a 2560-ml volumetric ftask and add 1.25 g of EDTA and 0.1055 g of aurio-
tricarboxylic acid br 0.1182 g of aluminon, When the reagents have been dis-
solved, add the same bufler to the mark. Keep in a stoppered bottle in the dark,
The solution can be used for over two montha.

Nitrie actd, diluted 1:5. )

iI‘he other reagents are the same as in "Determining Beryllium in Niobium Al-
oys". :
Constructing a Calibration Curve

Place {4, 2, 3, 4, 5 and 6 ml of the standard solution of heryllium chloride into
100-mI volumetric flasks, add water to make 6 ml, add 6 mi of the reagent solu-
tion into each flask. Heat the mixture for 5 minutes on & boiling ‘water bath or
allow it to stand for 30 minutes at room temperature, then cool, and measure
the abgorption in a cell with a layer thickness of 1 cm 'at 520 nm. Prepare a
reference solution by mixing equal volumes of the reagent solution,and a solo-
tion containing the copper fon in the guantity equivalent to the coguper content -
of the aliquot. Construct the calibration curve using the data obiained. - -:

Procedure

Dissolve a sample of bronze weighing 0.10 g in a small amount of
nitric acid, transfer the solution into a 100-ml wvolumetric flask
and add water to the mark. Transfar 10 m] of the obtained solution:
into & 100-ml volumetric flask, add ammonia solution until slight
turbidity develops which resolvés from the addition of a drop of
nitri¢ ecid, and add water to the mark. Dilute an aliquot containing .
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20-50 pg of Be with water to make 6 ml and proceed as in constract-
ing the calibration curve. Determine the beryllium content of the
aliquot from the calibration curve.

"PHOTOMETRIC DETERMINATION OF BERYLLIUM
IN ALUMINIUM ALLOYS WITH BERYLLON IV

Beryllon = IV, benzene-2-arsonic [acid-(1-azo-2)-1-hydroxynaph-
thalene-8-iminodiacetic-3-sulphonic acid, reacts with the beryllinm
don to form a crimson compound. The sensitivity of the reagent
is 0.02 pg/ml. The compound is formed during five minutes and is
stable for about 5 days. The optimum pH is 5-7. The method is
used for the determination of 0.01-0.9 per cent of beryllium in
aluminium alloys. The interfering effect of alpminium, iron, man-
ganose, copper and nickel can bhe removed by EDTA. '

"Reagents

Beryllium sulphate, standard solution. 1 ml is equivalent to 2 pg of beryllium,
Hydrochloric acid, diluted 1:1.

Nitric acid, density 1.4 glcu.cm,

EDTA, 10 per cent solution.

Urotropin, 25 per cent solution:

Beryllan [V, 0.1 per ceni solution,

ALonstructing a Celibration Curve

Place 2, 4, 8, 8, 10 and 12 pg of beryllium in the form of the standard solution
4dnto 100-mi volumetric flasks. Add 2 ml of EDTA sclution, 10 ml of bervllon IV
and 30 ml of urotropin solution into each fask and dilute with water tv the mark.
.Allow the solutions to stand for ton minutes and measure their absorption at
530 nm in a cell with a layer thickness of { cm using a' ank solution as ref-
werence, Construct the calibration curve using the data ained.

Procedure

Dissolve a sample of an alloy weighing 1 g in 40 ml of hydrochloric
acid, first in the cold and then with heating. Add 5-8 drops of nitric
acid to ensure complete dissolution. Cool the solution, transfer
it into a 250-ml volumetric flask and add water to the mark. Trans-
fer an aliquot containing 3-11 pg of beryllium into a 100-ml volu-
wetric flask and proceed as for the construciion of the calibration
curve, Determine the beryllium content of the aliguot from the
calibration curve,

Note. Add EDTA in the guantity of 1 m] per each millilitre of the aliquot.
FLUORIMETRIC DETERMINATION OF BERYLLIUM
IN MINERAL RAW MATERIALS WITH MORIN

Morin reacts with the beryllium ion to form a compound giving
green fluorescence when illuminated with ultraviolet light. The
reagent is used for the fluorimetric determination of beryllium in
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mineral raw materials after its separation by either of the following
techniques: precipitation of the accompanying ions with sodium hy-
droxide or sodium sulphide, coprecipitation of beryllinm with titani-
um phosphate, extraction of beryllium acetylacetonate with carbon
tetrachloride. The latter method can be used to separate beryllium
from irom, aluminium, chromium, copper and vanadium in the
presence of EDTA at pH 6-8. 800 wg of iron and 50 mg of titanium
do not interfere with the separation of 0.2-2 pg of beryllium and with
the determination of beryllium in quantities exceeding 10~ per ceni.

Reagents

Beryllium sulphate, standard solution. 1 ml is equivalent to 1 pg of beryllium.
Sulphurie acid, density 1.84 gleu.cm, diluted 4 : 1 and 1 : 19.

Masking solution. Dissolve suisequently 1 g of potassium (or sodium) metabi-
sulphite, 2.5 g of citric acid, 2.5 g of ascorbic acid and 5 g of EDTA in 80-90 ml
of water, and then dilute the solution with water to 100 ml. Prepare the solu-
tion immediately before use.

Sodium hydrozide, 10 per cont and 5 per cent solutions.

Alizerine blue, 0.05 per cent solution in ethyl alcohol.

Buffer solution {pH 13). Dissolve 28.6 g of boric acid, 96.0 g of sodium hydroxide
in water and dilute to 1 litre.

Morin, 0.02 per cent solution in ethyl alcohol; dilute with ten volumes of al-
tohols before use.

Nitric acid, density 1.4 gfcu.cm,

Hydrofiuorte acid, 40 per eent solution. .

Fusing mizture. Heat crystalline sodium tetraborate in a dish to prepare a foam-
tng masa. Cool it and grind. Mix the powder with anhydrous sogium carbonate
in the ratio 1 : 3. Keep in a closed bottle.

Potasstum hydrofiueride, crystalline,

Hydrochlorie acid, density 1.17-1.19 gfeu.em.

EDTA, 15 per cent solution,

Acetylacetone,

Phenol red, 0.1 per cent solution in ethyl alcohol.

Ammonia, diluted 1 : 1.

Carbon tetrachloride.

Washing [iguid. A 0.1 per cent solution of EDTA, pH about 7.

Perchlorie aeid, 57 per cent solutien, '

Constructing a Calibration Curve

Place 0.1-1.0 ml {gradient, 0.1 ml) portions of the standard solution of beryl-
lium sulphate in separating funnels and add sulphuric acid (1 : 19 to make 2 ml
in each funnel. Then add 2 ml of the masking solution, neutralize with a 10 per
cent sodium hydroxide solution until Congo red paper begins reddening. Add
5 drops of alizarine blue apd neutralize with a 5 per cent sodium hydroxide
solution until the colour of the solution changes from yellow-brown to green-
blue. Add 1 ml of a buffer solution, 1 m! of morin soletion, add water to make
10 ml {or 12 ml if the aliquot is 5 ml), allow to stand for 5 minutes and measure
tlllge i_ntednsity of fluorescence. Construct the calibration curve using the data
cbtained.

Procedure

Place a sample in a platinum dish, add 1 ml of nitric acid and { ml
of sulphuric acid, density 1.84 g/cu.cm, 5-10 ml of hydrofluoric acid,
heat, and evaporate to dryness. Depending on the composition of
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the sample, decompose it by ons of the methods described below,
with subsequent extraction.

Fusion with a Mizture of Sodium Corbornate and Sodium Tetra-
borate, Add 3-6 g of the fusing mixture to the dry residue, and heat
to.1000°C until a clear liquid melt is formed (10-15 minutes). Cool
and leack with 10 ml of sulphuric acid (1 : 1). Add 3-4 four volumes
of water, filter into a 25-250 ml volumetric flask and add water to
the mark.

Fusion with Potassium Hydrofluoride. Add 3-8 g of potassium hydro-
. fluoride to the residue in the dish, heat on a hotplate until the liquid
solidifies, transfer info a muffle. fumace heated to a temperature of
850-900°C apd heat to prepare a clear melt. Cool it, add 8-10 m! of
sulphuric acid, density 1.84 g/cu.cm, and heat on a hotplate to
decompose the residue completely. Evaporate the mixture until the
fumes of sulphuric acid stop evolving, heat the residue at 600-650°C
to obtain & clear meilt, and cool it. Leach with hot water containing
540 ml of hydrochloric acid, heat to dissolve the salts, filter into
a 25-250 m] volumetric flask, and add water to the mark.

Eziraction of Beryllium Acetylacelonate. Place an aliquot of the
solution into a separating funnel, add 10-15 ml of EDTA sclution,
0.25 ml of acetylacetone and mix. Add three drops of phenol red
solution, ammonia to pH 6-8 (until red colour develops) and 10 ml
- of carbon tetrachloride. The extraction continues for 30 seconds.
Transfer the organic layer into another separating funnel and add
23 drops of acetylacotone to the 'aqueous layer. Neutralize with
ammonia to pH 6-8 and extract again with 10 ml of carbon tetra-
chloride. Wash the extracts with 20 ml of the washing liquid for
one minute, transfer the organic layer intc a 50-ml beaker, add
3 ml of nitric and 3 ml of perchloric acids, heat gently on a hotplate
to remove carbon tetrachloride, rinse the beaker with water and
evaporate to obtain moist salts. Dissolve the residue in 2-3 ml of
water and determine herylhum as for the construction of the calib-
ration curve,

Find the beryllium content of the sample from the calibration
curve.

Notes. 1. The lollowing conditions are recommended (depending on the
anticipated beryllium content):
Anticipated beryl- Weight of Dilution, Aliguot,

lium content, % sample, g il mnl
0.00002-0.0002 1.0 50 20
0.00005-0.001 0.5 50 10
0.0004-0.002 .25 50 10-
0.0002-0,004 01 25 5
0.0005-0.01 04 50 5
0.001-0.02 01 200 g

0.062-0,05 01 250

2. If the solution contains much magnesium, melybdenum (to 10 mg), alu-
minium, éalcium and manganese {to 25 mg), & masking solution (2.5 ml) should

be added.
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DIFFERENTIAL PHOTOMETRIC DETERMINATION
OF BERYLLIUM WITH p-NITROBENZENEAZOORCINOL

The reagent reacts with beryllium in an alkaline medium to
give a red compound whose solutions have the maximum absorption
at 510 nm. Cu, Zn and Co interfere with the determination of small
quantities of beryllium since they form coloured precipitawves with
the reagent, large quantity of magnesium also interferes with the
determination. These ions can be masked by EDTA. The differential
method can he used to determine 1-2 mg of béryllium in 100 ml of
solution with a relative error of +0.1 per cent in the presence of
a 2.5-fold quantity of UV, a ten-fold quantity of Al and a 50-fold
quantity of F-.

Reagents

Beryllium sulphate, standard solution, 1 ml is equivalent to 0.4 mg of beryllium.
p-Nitrobenzeneazoorcinel, 0.025 per cent solution. Dissolve 0.425 g of the reagent
in 300 ml of water and 25 ml of 2 ¥ in solution of NaOH. Stir for 4-8 hours
until the reagent is fully dissolved and add water to 500 ml.

Sodium hydrozide, 2 N solutica,
Bujfer salution, pH 12.7. Dissolve 178 g of sodium citrate, 92 g of sodium tetra-
borate and 143 g of sodium hydroxide in 600 ml of water and dilute to one litre.

Constructing a Calibration Curve

Place 10, 11, 12, 13, 14, 15 and 16 ml of the standard solution of beryllium sul-
Eh’ate in 100-ml volumetric Nasks. Add 20 ml of the reagent solution, scdium
ydroxide to adjust the pH to 5-6, 10 ml of the buffer solution, and water to the
mark. Allow the mixtures to stand for ten minutes and then measure their absorp-
tion at 510 nm in cells with the layer thickness of 1 ¢m using a solution prepared
by the same procedure but containing 1 mg of beryllium in 100 ml as 5 reference
golution. Constrvet the calibration curve using the data obtained.

Procedure

Place an aliquot containing 1.1-1.6 mg of Be in a 100-ml volumetric
flask and proceed as described for the construction of the calibration
curve. Measure the absorption in the specified conditions using
a solution contzining 1 mg of Be and prepared by the procedure
described for the construction of the calibration curve as a reference
solution, Determine the beryllium content from the calibration

curve.
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Scandium

Scandium, Se¢, has the.positive valency of 3. The standard elec-
trode potentials in an aqueous medium at 25°C are as follows (with
reference to the standard \hydrogen electrode potential):

B¢ == Sc* -3 —2077 V
S¢ }-3H,0 = Sc{OH),+3H* L3~ —1787 V

The ion Sc*t is colourless. Its properties are more like those of
A+ than of Y3* or of the lanthanides.

Like aluminium hydroxide, the hydroxide of scandium has ampho-
teric properties in an aqueous solution and can dissociate like an
acid and a base, .

The acid dissociation of the hydrated ion of scandium can be
expressed by the following expression:

[Sc(H;0)%* 4 H 0 = [Sc¢(H,0);0H]* - H,0*

The dissociation constant at 20°C is 1.17 X 103,
The proton dissociation is complicated by the formation of dimers
(and probably of higher polymers):

2[8e(H,0),01}3* = [5¢(H,0);0H1}*

The constant of dimerization is (13.8-2.17) x 103,

The degree of polymerization incieases with the concentration
of the ion OH-.

The constants of acid dissoziation and dimerization strongly
depend on temperature and on the ionic strength of the solution.

Freshly precipitated Sc{O}H), is readily soluble in dilute acids
with the formation of scandium salts, and much worse in concentrated
atkali and ammoaia solutions, solutions of NH,CI and NH,NO,,
with the formation of the scandate ion and complex ammonia fon
[Sc(NH,)gl** respectively.

The scandium ion begins precipitating fromn chloride solutions
{0.005 M) or salphate solutions (0.0025 ) at pH 4.8-4.9 in the
form of basic salts. The precipitation stops at pil 5.43 and 510 re-
spectively. The composition of the precipitates approximately cor-
responds to ike formulas Sc(OH),Cl-»T1,0 and Sc(OH)SO-zH,0,
Basic ehloride or sulphate of scandium pass into the hydroxide if
NaOH is added in the quantity equivalent to that of scandinm [1].

Ammonium carbounate or carbonates of the alkali metals precipi-
tate the basic carbonate Sc(QH)YCO0,;-I[,0 from scandium salt solu-
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tions in the form of a bulky white amorphous precipitate. The pre-
cipitate is moderately soluble in cold solutions of (NH,),CO, and
Na,COg: the solubility sharply increases with heating and double
salts are formed. The compounds NH ,Sc{(CO,),-2F,0, 25¢,(CO,), X
% {NH,),CO;-6H,0 and Scy(CO,),-4Na,C0,.-6H,O can be isolated
in the crystalline form. These are soluble in.concentrated solutions
of (NI,),CO; and Na,CQ,;. The double carbonates are hydroivzed
when dissolved in water.

Scandium oxide, Sc,04, is a fine white crystalline powder. {t is
very difficultly soluble in cold dilute acids, better soluble with
heating, and readily soluble in concentrated acids. Scandium oxide
is obtained by calcining scandium hydroxide, carbonate, nitrate or
oxalate,

Scandium salts are hydrolyzed in aqueous selutions better than
the salts of the Janthanides, but worse than similar aluminium
salts,

Scandium forms complex compounds in which it has the coordina-
tion number of 6. Double salts of scandium (fluorides, oxalates, car-
bonates} and its complex compounds with various organic ligands
are known. The tendency to form complexes is more marked in
scandium than in the lanthanides or aluminium. In this respect
scandium is closer to zirconium, and to thorium in particular. An
aqueous solution of scandium sulphate, S¢,(S0,),, is the medinm
in which a scandium salt of a complex acid, Sc[Sc{SO,),], exists.

There are no sufficiently selective reagents for the detection or
determination of scandium, because its properties are intermediate
between those of aluminium and the yitrium subgroup elements.
Moreover, scandium is similar in many respects to other tri- and
fetravalent elements, such as iron or thorium. Scandium is therefore
usually separated by precipitation as basic scandium-ammonium
tartrate with subsequent extraction by ether as the thiocyanide
complex.

Scandiuro chloride is 103-10* times more soluble in concentrated
hydrochloric acid (in the presence of ethyl ether) than chlorides of
yttrium, lanthanides or aluyminium, Scandium can -therefore be
separated quantitatively frem these elements., When AICl,;, YCi,
and the chlorides of lanthanides are precipitated from an aqueous-
ether solution, the crystalline precipitate does not coprecipitate
SeCl,. Scandium chloride is extractable with tributyl phosphate.
Scandium can be separated from the lanthanides by a one-step
extraction from 5-8 A solutions of hydrochloric acid.

When ferric iron is extracted from 6 ¥ hydrochloric acid with
et.hyl ether, the scandium ion practlcally quantltatwely remains
in the aqueous phase.

The solubility of ScFy in water and mineral acids is close to that
of ThF,. But scandium fluoride is readily seluble in solutions of KF,
NaF, NH,F with the formation of the hexafluoscandates, K ;ScF,,
Na,ScF, and (NH/);3cF,. The fluorides of thorium and lanthanides

76



are insoluble in excess solutions of fluorides of the alkali metals.
But various factors interfere with the separation of scandium from
the lanthanides.

Scandium thiocyanide obtained by adding ammonium thiocyanide
to ScCly solution can be extracted by ether. The distribution coef-
ficient in optimum conditions {20-30 g of NH,SCN per 100 ml of
0.5-1 M solutions of hydrochloric acid in the absence of SO and
PO}~ ions) is 16-17.4. From 94.1 to 94.6 per cent of scandium pass
into the organic phase in these conditions. The method can be used
to separate scandium jons from those of the lanthanides Zr, Hi, Th,
Fell, Mn, Be, Mg, Ti and U.

Scandium nitrate is well extractable by ether from solutions
saturaled with LiNOQO,. The distribution coefficient of Sc(NO;),
in the ether extraction from a 1 & solution of HNQ, saturated with
LiNQ; at 35°C is 4.97. To 83.3 per cent of scandium nitrate are
exiracted in these conditicns. Scandium nitrate is poorly extracted
in the absence of LiNO,.

Scandium nitrate is well extracted by tributyl phosphate from
nitric acid solutions. The distribution coefficient in extraction from
15.6 N solution of HN(; is over 1000. Scandium can therefore be
separated from the lanthanides.

Sodium pyrophosphate precipitates Sec,(P,04)5. It is practically
insoluble in mineral acids and only slightly soluble in hot sulphuric
acid. Scandium pyrophosphate very slowly dissolves with heating
in the presence of a great excess of sodium pyrophosphate, while
the pyrophosphates of heavy metals are readily soluble ia these
conditions. Scandium pyrophosphate is only soluble in the presence
of sodium flucride and in ammonia selution of ammonium carbonate,
and it reprecipitates when acetic acid or ammonia is added.

Oxalic acid or ammonium oxalate precipitates scandium from
solutions of its salts in the form of a white crystalline mass readily
soluble in excess ammonium oxalate. It is impossible to precipitate
scandium quantitatively as the oxalate Sc,(C,0,);. The solubility
of the salt is 156 mg in one litre of water at 25°C. It is much more
soluble than the oxalates of the lanthanides.

Ammonium tartrate reacts with the scandium in the presence
of excess ammonia to form ammonium-scandium tartrate, whose
approximate formula is NH,Q0CCH{OH)CH(OH)COOSc(OH),-
'nH,0. The completeness of precipitation depends on the pH of
the solution. The minimum solubility of the ammonium-scandivm
tartrate is at pH 7 (0.25 mg of Sc,0, per litre). The solubility in-
creases with acidity or alkalinity of the medium. The solubility
of ammonium-scandium tartrate markedly differs from that of
similar compounds of Zr, Hf, Th, Mn, Felll, Al, Ti and the elements
of the cerium subgroup. Ammonium tartrate is used for separation
of scandium.

Inositolhexaphosphoric acid, C¢H O[P{OH),0P(0OH),l,, reacts
with the scandium ion to form a very sparingly soluble compound
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CeH (04| P1038c)OP(0,8c)ly; its white flakes are insoluble even in
copcentrate¢ hydrochlorie acid, HNQ,, a mixture of HCl and HNO,
or H,0,. The reagent precipitates also the ions of Ti, Zr, Hf and Th
The precipitates are insoluble in acids. Unlike scandium and thorium
compounds, the compounds of zirconium and hafnium are readily
soluble in oxalic acid, the titanium compound is soluble in the
presence of fluorides of the alkali metals. A salt of thorium with
inositolhexaphosphoric acid is readily soluble in the -presence of
nitrilotriacetic acid, Inositolhexaphosphoric acid is used for the
detection and determination of scandium.

-‘Benzene seleninic acid precipitates the scandium ions quantita-
tively and it"is thereforr used for the gravimetric determination
of scandium {2, 3].

Mandelic acid; C,H ,CH(OGH)COOH, precipitates the scandium ion
quarntitatively frém solutions at pH 1.8-3.2 14]. The composition
of the precipitate corresponds :0 the formula H,[Sc(C,H,O‘.,),F- nH,0.
It is soluble in ammonia with the formation of (NH)slSc(CsH (O3),l.
Mandelic acid is used to separatc scandium from the lanthanides and
small quantities of thorium. The precipitate usually contains admix-
tures of mandelic acid and it is therefore calcined to Sc,0, at 80{(°C.

B-Quinolinol precipitates a lemon-yellow compound Sc¢{C,H ;ON},.
+C,H,ON from an aqueous solution of Sc¢(Cl0,), at pH 7.5. To pre-
cipitate the scandium jon, excess 8-quinolinol is first added, and
thep a buffer mixture (emmonium &scetate and ammonia). The filtered
and washed precipitate is dried at 100-110°C apd weighed. All ions
precipitated by & hydroxyquineline interfere with the determination
of scandium: The compound of scandium with 8-quinolinol is soluble
in benzene, chloroform and other orgamic solvents.

Scandium reacts with the I~ ion and diantipyrylmethene to form
a complex compound extractable by.chloroform. This makes it
possible to separate scandium from the accompanying elements [5).

Alizarine, morin, end aurintricarboxylic acid react with the
Se?* jon as- with Al

Quinalizarins reactd with the Sc ion and also with the ions of
Be, Mg and lanthanides, te form blue compounds. Scandivm quina-
lizarinate differs from the corresponding compounds of beryllium,
snd magnesium in that it can bé separated quantitatively from the
agueous phase with ethyl acetate or isoamyl alcohol. Quinalizarine
is used for the detection of scandium.

Schift hase reacts with the seandium ion in a neutral or a weak
acetic acid solution to form. & yellow solution or a bright yellow
precipitate {6]. In ordar to detect ‘the scandium ion, it is not recom-
mended to use & commereial reagent, 8ince it is only sparingly soluble. |
Instead, it is recommended to prepare the reagent by adding sali-
cylic aldehiyde and them o-aminophenylarsonic acid to the sample
solution. The limit of detection is 1 pg of Sc in 1 ml of selution
(limit dilution 1:10%. The ions of Al, Y, lanthanides, In, and T,
end also the jons of divalent elements do not interfere with the
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determipation of scendium. The gallium ion forms a yellow pre-
cipitate. The ions of Ti, Zr, Nb, Th, UV, Hi, Sn’¥, Ta, Sh, Bij,
Felll, V¥ and Pd!! interfere.

Arsenazo 111 is used for the photometric determination of 0. 0%0 i
per cent of scandium in alumosilicates, coal ash, and cassiterites
after its isolation and concentration [71.

Derivatives of 2,3,7-trihydroxy-6-fluorone react with the scandium
ion to form coloured compounds. The most sensitive derivative is
9-propyl-2,3,7-trihydroxy-6-fluorene [8]. This reagent forms a red
compound with scandium at pH 3-7. The red precipitate is formed
at a relatively high concentration of the scardium ion. Gelatine
stabilizes colloidal solutions of this compound. Weak acid solutions
‘of the reagent are yellow with yellowish-green fluorescence. The
optimum pil at which the coloured scandium compound is formed
is 5.6, The absorption of the reagent solution increases at pH 6.
Its maximum absorption is at 480 nm, while of the scandium com-
pound, at 510 nm. The reagent reacts with the scandium ion in
the ratio of 1:1.

Sulphonaze [9), chlorephesphenazo III [10, 11], xylene orange
[12, 13], arsenazo I [14] and 2,4-sulphechlorophenol P [15] react
with the scandium ion to give coloured compounds and are therefaore
used for its photometric determination.

Scandium can be determined quantitatively by the emission
spectral and X-ray spectral analysis.

SELECTIVE EXTRACTION AND COMPLEXOMETRIC
TITRATION OF SCANDIUM

The scandium ion reacts i a moderately acid medium with
diantipyrylmethane in the presence of the iodide ion to form a mixed
complex, which is readily soluble in chloroform and dichloroethene.
In these conditions, the lanthanides and also Fe, Cr, Mn, Mg, Ba,
Ca, Co, Ni, and As do not form compounds soluble in chloroform or
dichlorcethene and do not interfere with the determination of
scandium. The ions of HI'V apd ZrT¥ react like rcandium but they
can be easily masked with EDTA. Satisfactory results have been
obtained with liberation of 8 mg of scandium from a solution con-
taining 1 g of Al, Cr, Co, Mn, Fe, Y, La, Be, Ni or Mg, 0.1 g of Ce,
Ba, Ti and lanthanides, and 0.2 g of Hf or Zr Cd, In, Hg, Bi and
Sb form stable iodide complex anions and interfere.

Scandium is re-extracted by ammonia soluf.on of EDTA and the
procedure ends complexometrically,

Rea gents

Potassium iodide, ervstalline.
Ascorbic actd, crystalline.
Chloroform.
Diantipyrylmethane.
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EDTA, 0.2 M and 0.025 M solutions,

Zine sulphate, 0.025 M solution,.

Ammonia, 20 per cenlt solution,

Indicator mizture (oriochreme black ET00 and sodium chloride, 1 : 100},
Buffer solution, pH 10. Mix ammonia with NH,Cl solution,

Procedure

Isolation of Scandium by Exiraction. Transfer quantitatively the
solution containing 2-30 mg of Se (0.75-1.25 N with respect to
HCI) into a 60-ml separating funnel, and add 2 g of potassium iodide,
0.2 g of ascorbic acid (to preclude oxidation of the iodide iom),
15 ml of chloroforra and 2.5 g of diantipyrylmethane. The total
volume of the agqueous phase should be 15-30 ml. Shake the mixturs
on a mechaeical shaker for 15-20 minutes, allow the phases to separate
and transfer the chloroform layer into another separating funnel.
Repeat the extraction in the first funnei with 15 ml of chioroform
and 1-2.5 g of diantipyrylmethane. Wash the aqueous phase of the
second extraction with 10 ml of chloroform, join the chloroform
extracts and pass them through a dry paper filter into a separating
funnel.

Note. If the solution containg not naore than 50 mg of zirconium or hafnium,
add 3-4 ml of a 0.2 M EDTA sclution to mask them. Shake the mixture for
a short time and extract scandiam.

Complezometric Determination of Scandium. Add 40 m! of a 0.025 M
solution of EDTA to the chloroform extract in the separating fun-
nel. Then add 3 ml of ammonia solution and shake for 15-20 minutes.
Separate the chloroform layer and wash with water. Add the washings
to the filtrate, then add 15 ml of the buffer solution with pH 10,
and the indicator mixture {(on the tip of the spatula), and titrate
excess EDTA with zine sulphate until the blue solution turns
vine-ted. .

1 ml of a 0.0250 M solution of EDTA is equivalent to 1.124 mg
of scandium,

GRAVIMETRIC DETERMINATION OF SC.ANDIUM
IN THE PRESENCE OF ZIRCONIUM WITH
BENZENESELENINIC ACID

Benzeneseleninic acid and its ammonium salt precipitate scandium
from neutral and weak acid selutions in the form of a white crys-
talline compound readily soluble in mineral acids. When dried at
105-120°C, its composition is (C;H;Se0,);S¢c. The scandium content
is 7.38 per cent. The conversion factor for scandium is 0.0738,
Ammonia destroys the compound to form scandium hydroxide.
When heated to 600°C, it is fully converted into scandium oxide.
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Zirconium forms a similar compound with benzeneseleninic acid
but in a more acid medium, During the determination, zirconium is
first precipitated; scandium is then precipitated from the filtrate.

The method ensures satisfactory results with the Sc : Zr ratio of
.:10 and less. The limit of detection is 5 pg/ml of Sec.

Reagenis

Benzeneseleninic acid, 20 per cent and 0. per cent sulutions.
Hydrochloric acid, 1 N solulion,

Ammopnia, solution diluted 1 : 1.

Methyl orange, indicator salulion.

Procedure

Determination of Scandium in Solution of Pure Salt. Dilute the
solution containing 0.1-3 mg of scandivm with water to make 50 ml
in a 100-m! beaker, heat on a water bath, and add a drop of methyl
orange. Neuiralize the solution with ammonia until the indicator
colour changes. Add 5 ml of a 20 per cent solution of ammonium
benzeneseleninate to the hot solution and cool to room temperature.
Separate the precipitate in a pglass microcrucible with a porous
botiom No. 4, wash with 10-15 ml of double-distilled water and
with the same quantity of ethyl alcohol, dry at 105°C for 20 minutes
and weigh.

Determination of Scandium in the Presence of Zirconium. Add
hydrochloric acid to the solution containing 0.1-3 mg of scandium
and uot more than 10-fold quantity of zirconium to make 50 ml
and heat, To precipitate zirconium, add 5 ml of a 20 per cent solu-
tion of ammoninm benzeneseleninate, then cool, séparate the pre-
cipitate on a blue ribbon filter, and wash thoroughly with a 0.5 per
cent solution of ammonium benzeneseleninate. Evaporate the
filtrate containing scandium on a water bath to 50 ml and determine
scandium as described above.

POOTOMETRIC DETERMINATION OF SCANDIUM WITH SULPHONAZO
IN THE PRESENCE OF RARE EARTHS

Sulphonazo, or bisl-3 (8-amino-1-hydroxy-3,6-disulpho-2-naphthy-
lazo)]-4-hydroxyphenyl sulphone, is a highly sensitive and selective
reagent for the scandium ion. Its violet-pink solutions turn violet
or blue-violet when scandium salts are added. The new colour persists
for many hours, The absorption of the solutions obeys the Bouguer-
Lambert-Beer law for the concentrations of scandium in the range
of 5-80 pg in 25 ml of solution. The absorption maximum is at
610-620 nm. The reaction should be carried out at pH 4.0-5.0 (uro-
tropine buffer solution). If the acetate buffer solution is used (pH
5.0-5.5) the formation of the complex is slightly slowed down but
the selectivity of the reagemt increases.

6-~01052 84



The limit of determination is 0.004 pg of scandium in 1 ml.

The ions of the alkaline, alkaline earth metals, lanthanides,
Mn, T1, Be, Cri11, Cd, Ph, Ge, Mo, and Re do not interfere with
the determination. The ions of Fe!ll, Ti, Zr and of some other ele-
ments, which are hydrolized in the conditions of the determination,
should be removed. The ions of V¥V, Co, and Ga which form intense-
ly coloured compounds with sulphonazo, and also the ion of Aulll,
which decolourizes the reagent, interfere. The ions of In, Cu, UVI,
Ni, Al, Zn and slso phosphate, citrate, and tartrate ions should be
absent.

The method is applicable to the determination of scandium in
silicate rock and coal ash after isolation of scandium by the tartrate.
method.

Reagents

Scandium selt, siandard solution. 1 ml is equivalent to 10 ug of Sc.
Sulphorazo, 0.03 per cent solution,

Buffer mizture. Dissolve 8.2 g of sodium acelate in water, add 100 g of urotro-
pine, mix, and Blter if necessary. Acidiiy with hydrochloric acid to adjust
the pH te 5.0-5.2 and add water to 1 litre.

Constructing a Calibration Curove

Place 4, 2, 3, 4 snd 5 m] of the standard solution of scandium salt inte 25-ml
volumetric fasks and add 3 ml of sulphenazo and 5 m! of bufier mixture in each
flask. Add water to the mark and allow the solutions to stand for 10-15 minntes.
Measure the absorption of the solutions using a blank solution as the standard.
Construct the calibration curve using the data obtained.

Procedure

Add the requisite reagents into the solution as for the construction
of the calibration curve, measure the absorption of the solution,
and determine the scandium content from the calibration curve.

PHOTOMETRIC DETERMINATION OF SCANPIUM
IN WOLFRAMITE WITH CHLOROPHOSPHONAZO 111

Chlorophesphonazo  III, {2,7-bis((4-chloro-2-phosphinic™ acid
phenyl-aza)-1,8-dihydroxynaphthalene-3,6-disulphonic acid]} reacts
with the scandium ion to form a specifically coloured compound.
If tho concentration of scandium is high, a precipitate Ialls out.
The colour develops almost instantaneously and persists for 24
hours. The absorption maximum is at 840 and 690 nm. The optimum
range of pH is from 2 to 4. -

The limit of scandium determination is 0.1-0.2 pg in 1 ml.

The reagent reacts with the ions of Th, Zr, Ti, Nb, Ta, U and
lanthanides. The interfering effect of Ti, Zr, Fe and Al can be con-
siderably reduced by adding tartaric acid. The fluoride, oxalate,
ethylenediaminetetraacetate and phosphate ions interfere with
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the determination. The nitrate and sulphate ions, as well as a 20 000-
fold quantity of the tartrate ion (pH 2-2.5) can be present in solution.

The method can be used for the determination of scandium in
wolframite after decomposition of the sample by fusion with sodium
carbonate, treatment of the residue with sulphuric acid and extrac-
tion of scandium as its thiocyanide with ethyl ether. The elements
.which can be completely or partly extracted with ether do not
interfere with subsequent determination.

Reagents

Sodium carbonate, crystalline and 1 per cent solution.

Sulphuric acid, dengity 1.84 gfcu.cm,

Formaldehyde.

Ammeonia, 25 per cent solution.

Hydrochloric ecid, 0.1 and 1 N solutions, and diluted 1:1.

Ammonium thiocyanide, crystalline.

Ascorbic acid, crystalline,

Ethyl ether.

Nitric acid, density 1.4 glcu.cm,

Acetate buffer, pH 2.5

Tartaric acid, 10 per cent solution {neutralized with sodium hydroxide to pH 2.5).
Chlorephosphonaze 111, 0.05 per cent solution.

Scandium chloride, standard solution, 1 ml i3 equivalent to 5 pg of scandium,

Constructing a Calibration Curve

Place the standard solution of scandium intoe 25-ml volumetric fasks in quanti-
ties equivalent to 5, 10, 15, 20 and 25 ug of S¢. Add 5 rl of tartaric acid, £ m-
of chlorophosphonazo I11 and 5 ml of the acetate buffer into each fQask. Add
water to the mark, mix, and measure the absorption of sach selution against
a reference solution containing the same reagents except the scandium salt. Con-
struct the calibration curve using the data obtained.

Procedure

Grind thoroughly a sample weighing 0.005-0.40 g and containing
from 150 to 300 ug of scandium. Fuse the sample in a platinum
or nickel crucible with 1 p of sodium carbonste and leach with
hot water in a 100-m] beaker. Decant the solution onto a blue rib-
bon filter, wash the precipitate twice with small portions of sodium
carbonate, transfer back into the beaker by a jet of hot water from
a washing bottle and evaporate to dryness on a sand bath. Treat
the dry residue with 3-5 ml of sulphuric acid, heat on a sand bath,
cool, add with stirring 10 ml of water and 3-5 drops of formaldehyde
to reduce manganese, and heat the solution to remove excess
formaldehyde. The sclution becomes colourless.

Add water to 25-30 ml, filter, and add ammonia to the filtrate
until the faint odour is felt. Separate the hydroxides on a white
ribbon filter and dissolve in hot hydrochlaric acid (1:1) with sub-
sequent washing the filter with 1 N hydrochloric acid. Evaporate
the hydrochloric acid solution on a sand bath almost to dryness,
dissolve the residue in 5 ml of 0.f N hydrochloric acid, transfer into



a 25-30 ml separating funnel, add 3 g of ammonium thieocyanide
‘and a few grains of ascorbic acid. (to reduce ferric iron), and shake
with 10 ml of ethyl ether. Repeat the extraction procedure two
times, each time adding 1 ml of 1 & hydrochloric acid. Join the
ether extracts, acidify with 2 ml of 1 N hydrochloric acid and evapo-
raie to drypess on a2 water bath in a 100-ml beaker.

Treat carefully the dry residue with 1 ml of nitric acid, cover
with a watch glass and heat on a water bath to destroy the orange-
red decomposition products of thiocyanic acid. Evaporate the solu-
tion almost to dryness, dissolve the residue in 5 ml of 0.4 N hydro-
chloric acid, transfer the solution into a 50-ml volumetric flask,
add water to the mark and stir, Using a pipette, transfer a 2-4 ml
aliquot of the solution inte a 25-ml volumetric flask, and add the
roagents as described for the construction of the calibration curve.

Determine the scandium content of the solution from the calibra-
tion curve,

PHOTOMETRIC DETERMINATION OF SCANDIUM
IN MAGNESIUM ALLOYS USING XYLENOL ORANGE

Xylenol orange reacts with the scandium iom in an acid medium
{pH 1.5-3) to form a red-violet soluble compound. Own colour of
the reagent in an acid medium is yellow. At pH higher than 5.5
the colour changes to red-viclet. The full colour develops in ten
minutes after mixing the solution, and persisis for two days. The
absorption of the solution obeys the Bouguer-Lambert-Beer law
in a2 wide range of scandium concentrations.

‘The limit of determination is 0.1 pg of scandium in 1 ml.

The determination is carried out at pH 1.5. The ions of the al-
kaline earth elements, La, Pr, Nd, Sm, Celll, Y, Zn, Cd, Al, Mn,
‘and Fell! do not interfere with the determination, while Zr, Th,
In, Ga and Bi, which form coloured compounds with the reagent,
interfora. The ions of fervalent iron and tetravalent cesium are
first reduced by ascorbic acid.

The method is used to determine scandium in magnesium metal
and magnesium alloys without separation of their components.

Reagents

Scandium nitrate, standard solution. 1 ml is equivalent to 10 pg of scandium,
Xylenol orange, 0.05 per cent solution.

Bufler sclutten, pH 1.5. Mix 263 ml of 0.2 ¥ bhydrochloric acid with 500 ml of
0.2 N potassium chloride solution. '

Sodium acetate, 50 per cent solution.

Ascorbic actd, 2 per cent solution prepared for the test,

Hydrochloric acid, diluted 1 : 1.

Consiructing o Calidration Curve

Place the standard solution of a scandium salt into five 50-m] volumetric fasks
in quantities squivalent 1o 10, 20, 30, 40 and 50 pg of scandium. Add 5 ml of
the bufler selution, 5 ml of xylens orange sclution, and water to the mark.
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In 20 minutes, measure the absorption of the solutions on an gbsorptiometer
with a green filter using a blank solution as the standard, Construct the calibra-
tion curve using the date obtained.

Procedure

Dissolve a sample of alloy weighing 1 g (containing from 0.002
to 0.005 per cent of scandium) in 10-20 ml of hydrochloric acid in
a 100-ml beaker. Evaporate the solution to 10 ml, transfer the
residue quantitatively into a 50-ml volumetric flask, rinse the
flask walls with small portions of water, add 5 ml of ascorbic acid
solution, sodium acetate solution until congo paper turns lilac,
5 ml of the buffer solution and 5 m! of xylene orange solution. Final-
ly, add water to the mark. Allow the solution to stand for 20 minutes
and measure its absorption as for the construction of the calibration
curve. Determine the scandium content from the calibration curve,

Note, 1 the seandium content is over 0.005 per cent, decrease the size of
he sample. Dotermine scandium in an gliquot containipg 20-40 pg of ecandium,

PHOTOMETRIC DETERMINATION OF SCANDIUM
WITH ARSENAZO 1

Arsenazo I reacts with the scandium ion in a weak acid medium
to form a soluble compound with the absorption maximum at 570 nm
{(as measured against the reagent solution) and the molar extinction
coofficient of 1.7 X 10% The optimum pH is 6.1-6.3 (acetate bufler
solution), the reagent concentration, 2-5 ml of 0.1 per cent solution
in 50 ml of solution. The selectivity of the reaction is low. The
ions of Al, CrlII, Cu, Felll, lanthanides, Th, Ti, U, Zr, F-, and
PO}~ interfere with the determination. In order to increase selec-
tivity, scandium is extracted by tenoyltrifiuoroacetone in xylene
from a solution with the pH 1.5, separating scandium from Mg,
Ca, lanthanides, Zr, Co, Fell, AsI!, Mn, Ph, Y, Zn, SO2-, F-, POI-,
Mo¥I, Ti, Cu, Al, Fell! ¢an be separated from scandium by extrac-
tion with 8-hydroxyquinoline in chloroform. UY! can be separated
from scandium by the anion-exchange process in a medium of 8 M
HCI, and ThIVin a medium of 8 M HNOQO;. Scandium can be deter-
mined with arsenazo I in the presence of thorium in a solution
with the pH 1.7. The summary quantity of thorium and scandium
can be dstermined at pH 6.1.

Reagents

Scandium chloride, standard solution, 1 ml is equivalent to 10 ug of scandium,
Arsenazo 1, 0.1 per cent solution.

Acetate buffer solution, pH 6.1. Mix 10 ml of 1 M solution of CH,COOH with
320 ml of 1 M solution of CH;COONa.

Tenoyltriftuorcacetone {TTA), 0.5 M solution in xylene,

8-Hydrezyquinoline, § per cent solution, Dissolve 5.0 g of B-hYdroxyquinoline
in 10 m! of glacial acetic acid and add water to make 100 ml.
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Hydrochloric acid, density 1.17 gfeu.em, ¢ M, B M, 2 M, 0.5 M, 0.0 - M, und
0.03 M solutions, ’

Ammonia, 0.1 M sclution.

Xylene.

Perchioric acid, 70 per cent solution.

Nlitric geld, density 1.4 gfcu.em and 8 M solution.

Ammeonium acetete 3.5 M solution.

Chloroform.

Dowez [ ion-ezchange resin in Cl- and NO,-forms.

Constructing a Calibration Curve

Place 1, 2, 3, 4 and 5 ml of ScCl, standard solution into 25-ml volumetric Qaaks,
add 1.0ml of 0.1 M HCl solution, 2 ml of arsenazo I solution, 2.5 m! of the ace-
tate buffer and 1.0 ml of ammonia solution into each flask and then add water
to the mark, The pH of the solution should be 8.1-8.3. Measurs the absorption
of the solutions at 570 nm in a cell with a path length of 4 cm, using a blank
solution as the standard. Construct the calibration curve using the data obtained.

Procedure

Determining Scandium after Exiraction by Tenoyltrifluoroacetone
(TTA). Evaporate a solution containing 10-50 pg of scandium to
dryness, dissclve the residue in 0.9 ml of 0.5 M hydrochloric acid,
add 4 ml of water, and transfer into a 60-m} separating funnel.
Wash the beaker with two 5-ml portions of water. The solution pH
should be 1.3-1.7. Add 10 ml of TTA and shake for 5 minutes. Add
10 ml of TTA solution to the aqueous phase and shake again for
5 minutes. Join the extracts and add 10 ml of 0.03 M hydrochloric
acid. Shake for ten seconds, discard the aqueous phase, add 20 ml
of 2 M hydrochloric acid solution into the funnel and shake for
5 minutes. Transfer the aqueous phase inte another separating fun-
nel, shake with 10 ml of xylene for 10 seconds, transfer the aqueous
phase into a beaker and evaporats to dryness. Add 1 ml of perch-
loric acid and 2 ml of HNO,, density 1.4 g/cu.cm, to the residue
and evaporate to dryness. Rinse the beaker walls with the minimum
of water and evaporate the solution to dryness. Dissolve the residue
in 1.0 ml of a 0.4 M solution of HCl and procede as for the construc-
tion of the calibration curve. -

Determining Scandium after Exiraction of 8-Hydrozyquinolinates.
Add 1.0 ml of 8-quinolinol solution, {.0 ml of ammonium acetate
solution and 3 ml of water to 10 ml of the solution containing 10~
50 ug of scandium (the pH 2-3). The pH of the mixture should be
4.9-4.7. Now add 20 ml of chloroform and shake for offe minute.
Separate the phases and add 0.3 ml of 8-quinolinol solution and
20 ml of chloroform to the aqueous phase and shake for one minuts.
Separate the phases, and add another 0.3-ml portion of 8-quinolinol
and 20 m! of chloroform to the agqueous phage. Shake again for one
minute, wash the agqueous phase with 25 ml of chloroform for ten
seconds, transfer into a heaker, and evaporate to dryness. Add
3 ml of hydrochloric acid, density 1.17 g/cu.cm, 1 ml of HNO,
solution, denmsity 4.4 g/cu.cm, to the residue in the beaker, cover
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it with a watch glass and heat to dissolve the residue. Evaporate
the solution to dryness, dissolve the residue in 1.0 ml of a 0.1 M
solution of hydrochloric acid and proceed'as described for the con-
struction of the calibration curve.

Determining Scandium in the Presence of Uranium (VI). Evaporate
the solution containing from 10 to 50 pg of scandium in a heaker
to dryness. Dissolve the residue in 10 m! of 8 M hydrochloric acid
and pass the solution through a column packed with a strongly
bagic snion-exchange resin Dowex I in the Cl-form at a rate of
2 ml/min. Rinse the beaker and the column four times with 10-ml
portions of 8 M hydrochloric acid, collect the eluate in a 100-ml
beaker and avaporate to dryness. Add 1.0 m! of 0.1 M hydrochloric
acid to the residue and proceed as for the construction of the calibra-
tion curve.

Note, In a medium of 12 M hydrochloric acid, scandium can be saparated
from Mo¥!, WVI, Felll RyN1 0sIV Co, IrIY, Pdll, PelY, Cu, Au'll, Zn, Cd,
Hgl!, Ga, In, T, Ge!Y, Spll IV AgTII QRIIT. V gyl

Determining Scandium in the Presence of Thorium. Evaporate
the solution containing 10-50 wg of scandium to dryness. Dissolve
the residue in a beaker in 10 ml of 8 M nitric acid and pass through
a column packed with Dowex | anion-exchanger in the NQ,-form
at a rate of 2 ml/min. Wash the column with four 10-ml portions
of 8 M nitric acid, evaporate the eluate in a beaker to dryness. Add
1 ml of 6 M hydrochloric acid to the residue, evaporate to dryness,
dissolve the residue in 1.0 ml of 0.1 M hydrochloric acid and deter-
‘mine scandium as for the construction of the calibration curve.

Note, Other organic reagents can probably be used to remove the interfering
affect of the accompanying ions for the photometric-determination of seandium,

EXTRACTION-PHOTOMETRIC DETERMINATION OF SCANDIUM
IN PREPARATIONS OF RARE EARTH ELEMENTS WITH
2,4-SULPHOCHLOROPHENOL P

2,4-Sulphochlorophenol P reacts with the scandium ion to form
a red soluble compound. The solutions absorb maximum at 530 nm;
the reagent absorbs maximum at 505 nm. The compound is extracted
quantitatively in the presence of diphenylguanidine with r-butyl
aleohol, the pH of the aqueous medium heing 2.5-3.0. The follow-
ing elements do not interfere with the determination of 2 ug of
scandinm: 25 mg of La, 20 mg of YD, and Y, 15 mg of Mg, 12.0 mg
of Ca, 1 mg of Fell, 10 pg of Al und 1 pg of UVY, Ti and Th. The
method is suitable for the determination of over 0.01 per cent of
scandium in rare carth preparations after separation of thorium by
extraction of its compounds with thorin [ and diphenviguanidine
using a mixture of chloroform and butyl alcohol (1:1). The method
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can also be used for rapid purification of rare earth preparaticns
from seandium, thorivm, zirconium and divalent iron by extraction
of their compounds with 2,4-sulphochlorophencl P and diphenyl-
guanidine at pH 3.0 of the aqueous phase.

Reagents

Scarndium chloride, standard solution. 1 ml is eguivalent to 1.0 pg of scandium.
2,4-Sulphochloraphenol P, 0.05 per cent solution.

Diphenylguanidine, 1 N solution. Dissolve {30 g of diphenylguanidine base
in 500 m! of 1 N HC] with heating. Cool the solution, filter and adjust the pH
to abhout 2.5.

n-Butyl alcokhel.

Mizture of chloroform and n-butyl alcohol (1:1).

Thorin I, 0.1 per cent solution.

Ascorbie acid, 0.25 per cent solution.

Hydrochloric acid, 1 N solution,

Constructing a Calibration Curve

Place the standard solution of scandium chloride in quantities equivalent to
0.5, 1.6, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0 pg of scapndium into ten 50-mli
beakers. Add 4 ml of ascorbic acid into each beaker. Allow the solutions to stand
for five minutes and then add 5 m) of 2,4-sulphochlorophenol P apd, using a poten-
tiometer, adjust the pH to 2.5-2.9. Transfer the solutions into 100-ml separating
funnels, add water to make 50 ml, add 3 ml of diphenylguanidine solution and
stir. Allow the solutions to stand for two minutes and add 25 mlof butyl alcohol
with energetically shaking for a minute. Separate the phases, add 25 ml of water
and 1.5 ml of diphenylguanidine solution to the organic phase and shake for
a few seconds. Transfer the organic phase into a cell with a light path of { cm
and measure the absorption at 530-535 nm using the reagent extract asithe stan-
dard. Construct the calibration curve using the data obtained.

Procedure

Dissolve a sample of rare earths weighing about 20 mg in 2.5 ml
of hydrochloric acid, add 5 ml of thorin I, 2 ml of 2,4-sulphochloro-
phenol P, transfar the mixture into a separating funnel, add water
tc make 35 ml and 3 ml of diphenylguanidine solution. Extract
with 25 ml of a mixture of chloroform and butyl alcohol. Withdraw
the lower layer, add the sams reagents (except 2.4-sulphochloro-
phenol P) to the upper layer, and extract again with 25 ml of the
same extraciing agent.

Repeat the extraction procedure, transfer the aqueous phase
into 2 {00-ml beaker, and proceed as for the construction of the
calibration curve.

Note. The recommended size of samples of rare earth oxides is 20.0 and
5.0 mg, the scandium content being 0.01 and 0.04 per cent reapectively.
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Yttrium

Yttrium, Y, has the positive valency of 3 in its compounds.
When in solution form, ytirium is a stable colourless ion Y® which
is difficult to separate chemically from the ions of scandium (III)
and rare earth elements [1]. The reactions of the Y®+ {on resemble
in many respects those of Sc3+.

A sparingly soluble yttrium hydroxide, Y(OH),, turns into
the oxide Y 0, on calcining.

The standard electrode potentials in an aqueous medium at 25°C
are as follows (with reference to the standard hydrogen electrode):

Y = Y343 —2,372 V
2Y 4+ 3HO = Y 054 6H*4-6c-  —pl.676 V!

Hydrofluoric acid precipitates the white fluoride YF,.

Oxalic acid reacts with the ytirium fon to give a white precipitate
soluble in excess oxalate.

Erio violet B (4-aminobenzene-azo-chromotropic acid), whose own
colour is red, colours vialet the solution containing the Y3+ ijon.

Ytitrium is determined photometrically with boropyrocatechol
complex [2], arsenazo M [3], quinalizarine {4] and some other rea-
gents.

Since yttrium has no specific reactions, itis detected by spectral,
and mainly by X-ray spectral analysis.

PHOTOMETRIt DETERMINATION OF YTTRIUM WITH
BOROPYROCATECHOL COMPLEX IN THE PRESENCE
OF SOME RARE EARTHI ELEMENTS

Pyrocatechol wviclet reacts with the yitrium ion in an alkaline
medium to give a blue complex compound. The presence of ions
of other slements interferes with the reactionm. It is reasonable to
use a red pyrocatechol eomplex with boric acid instead of pyro-
catechol violet proper. The yitrium ien reacts with tlie boropyro-
catechol complex (BPCC) in the molar ratio of 1:1. The absorption
of the solutions obeys the Bouguer-Lzwbert-Beer law in the range
of concentratiors from 1 X 10-% to 4 X 10-° g-ion/l {0.9-4.5 ug/ml).
The absorption maximum is at 530 nm, the molar extinction coef-
fictents are 1.85,x 10* (at 590 nm). and 1.90 X 10' (at 607 nm).
‘The ions of cerium (III) and laathanum ({IT) also react with BPCC,
but the stability of tho formod complexes is lower. The effect of
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lanthanum can be removed by adding boric acid to the concentration -
of 0.05 M, while the sfiect of cerium, by adding hydrogen peroxide
which oxidizes CelT to CeIV, In these conditions, 77 per cent of
yttrium is bound in a complex with BPCC. Equal quantities of
Pr, Nd, a two-fold quantity of La, and 0.5-fold quantities of Ce
and Sm do not interfere with the determination.

Reagents

Yttrium chloride, standard solution. 1 ml is equivalent to 20 pg of yttrium.
Acetate-emmonia buffer solution, pH 8,7, Dilute 26 ml of acetic acid, density
1,05 g/cu.cm, with water to 200 ml, add 32 ml of 25 per cent ammonia solution,
and dilute with water to 2 litres.

Pyrocatechol violet, 0.4 per cont solution,

Boric acid, 4 per cent solution.

Hydrogen peroxide, 3 per cent aclution,

domuting a Calibration Curve

Place 1 ml of pyrocatachol violet sglution and 2 ml of horic acid inte 25-ml
volumstiric flaska. Shake the contents and add 1, 2, 3, 4 and 5 ml of the standard
solution of yttrium chloride. Next add 40 ml of the acetate-ammonia buffer
into each flask, mix the solutions, sdd 3-4 drops of hydrogen peroxide and dilute
with the acetate-ammonia solution to 25 ml. Allow the solutions to stand for
10-15 minutes and measure their absorption at 590-610 nm on an absorptiometer

ainst a blank solation as the standard. Construet the calibration curve using
the data obtained.

Procedure

Add the requisite reagents to the solution as instructed above and
measure the absorption of the solution. Determine the yttrium
content from the calibration curve.

PHOTOMETRIC DETERMINATION OF YITRIUM WITH
ARSENAZO M IN THE PRESENCE OF SCANDIUM

Yttrium and arsenazo form a compound with two absorption
maxima: at 595 and 645 nm (excess arsenazo M) or at 605 and
652 nm (excess yttrium ion).. The components react in the molar
ratio 1:1, the equilibrium constant of the complexing reaction is
0.55, the molar extinction coefficient at 645 nm is 6.75 x 104
The optimum pH of the solution is 3.25-3.45. The ions of iron (II),
aluminium, copper, zinc, lead, manganese (II), and cobalt do not
interfere with the determination of yttrium. Lanthanides, bismuth,
zirconium hafnium, thorium and scandium interiere.

The proposed method for the determination of yttrium in thp
presence of scandium is based on masking scandium with NaHgPO,.
The presence of a ten-fold quantity of scandium does not, interfere
with the determination of yttrium in this case.
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Reagents

Yetrium chloride, standurd solution. 1 ml is equivalent to 10 pg of yttrium,
Arsenazo M, 0.1 per cent solution.

Sodium phosphaie, monosubstituted, 0.1 M solution.

Acctate buffer soluiion, pH 3.35 4 0.1

Contlructing a Calibration Curve

Pluce 1, 2, 3, 4 and 5 ml of the standard solution of the yttrium salt into 50-ml
volumetric flasks, add 2 ml of arsenazo M, 5 ml of the buffer solution and 2 ml
of NaH,PO, into each flask, and dilute with water to the mark. Measurs the
absprption of the splutions at 845 nm against a blank sclution as the standard.
Construct the calibration curve using the data obtained.

Procedure

Adad all reagents specified for the construction of the calibration
curve to the sample solution containing 10-50 ug of yttrium, then
add water to 50 ml and measure the ebsorption of the solution at
645 nm. Determine the yttrium content from the calibration curve.

Note, If the yitrium concentration in the solution exceeds 8 X 10-% g-ion/l,
add 1 ml of 0.05 per cent gelatin solution {prepared immediately hefors the test)
to preven! precipitation of scandium phosphate by scdium phosphate.

EXTRACTION-PHOTOMETRIC DETERMINATION OF YTTRIUM
IN STEEL WITH QUINALIZARINE

Yttrium can be quantitatively extracted with tributyt phosphate
from 12 M HNO, solutions. Many components of steel, including
ten-fold quantities of Mo, W and Nb, do not interfere with the
extraction, The exiraction of Celll is insignificant, but CelV is
extracted completely. Fe'l! js extractable to 30-35 per cent. Yitrium
can be determined without re-extraction in an organic phase with
guinalizarine. The metbod can be used to determine. 0.004-0.1
per cent of yttrium. The analysis continues 50-60 minutes, including
the time of taking sample ard ita dissolution. The error of the de-
termination is 1-7 per cent.

Reagents

Yitrium nitrate, standard solution, 1 ml is equivalent to 4 pg of yttrium, The
solution is prepared with 12 M HNO,.

Nitric acid, diluted 1 : 1 and 12 M solution.

Pributyl phosphate.

Tarteric acld, crystalline.

Sodtum hydrozide, 3 M solution,

Acetate buffer solution, pH 5.8.

Quinalizarine, 10® M solution in acetone.

Construeting o Colidration Curve

Place 1, 2, 3, 4 and 5 mi of ytirium nitrate into five 25-m)separating funnels,
add 42 M HNOQO; 1o make 5 ml, and add 5 ml of tributyl phosphate. Shake for
threse minutes, transfer the organic laver into graduated test tubes, and 5ml
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of the buffer solution, 2 ml of guinalizarine and shake for a mjnute. Transfer
the organic layer into cells with the light path of 1 ¢m and measure the absorp-
tion of tho solutions on an ahsorptiomster with an optical filter (540 nm) against
ahhlankdsolution as the standard. Construct the calibration curve using the data
obtained. '

Procedure

Dissolve a sample of steel weighing 0.5-1 g in a 50-ml beaker in
15 ml of HNO, (1 : 1) and evaporaie to 3-0 ml. Transfer the solu-
tion into a 100-m! volumetric flask and add 12 M HNQ; to tke mark.
Take an aliquot containing 6-15 pug of ytirium, place it in a separat-
ing funnel, add 5 ml of tributyl phosphate and extract for three
minutes. Add 0.5-1.2 g of tartaric acid to the organic phase, then
add sodium hydroxide to adjust the medium to the alkaline side,
and extract for one minute. Procede further as for the construction
of the calibration curve. Determine the ytirium content from the
calibration curve,
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Lanthanum and Lanthanides

Lanthanum and the lanthanides La, Ce, Pr, Nd, Pm, Sm, En,
Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu are the elements with very similar
properties and hence are difficult to separate from one another.
The lanthanides, together with lanthanium, scandium and yttrium
from a group of rare earth metals. As a rule, lanthanum and all
lanthanides have the positive valency of 3. Cerium forms also com-
pounds in which its valency is 4. Oxides of tetravalent praseodymium
and terbium, and salts of divelent samarivm, europium and yt-
terbium are also known.

The standard electrode potentials in an aqueous medium at 25°C
are as follows (with reference to the standard hydrogen electrode):

Lz == La3®t 3 —2.522 V
9La--3H,0 == La,0; - 8H*+ 6o —1.856 V
Co == Ce¥*}- 3¢~ —2.483 Vv
Co™ 4 2H,0 == Co(OH)}* 4-2H* 4 e 1MV
Pr = Pr3*4 3¢ —2.462 vV
2Pr 4 3H,0 = PryO, -+ 6H* 4 o= —1.828 V
Pr,0y 4 H,0 = 2Pr0,- 2H*4-2¢- 10.863 V'
Pr(OH); = PrO,-- H,0--H-+ e 41431 V
Nd = Nd** | 3 —2.44 V
2Nd +3H,0 == Nd,0, +8H* -+ Be= —1.814 ¥V
Pm = Pm¥* 43 —2.423 V
Sm = Sm¥t | 3o~ —3421 v
Sm2t = Smit4 e —1.000 ¥V
Eu = Eu®*{2Z¢~ —3.305 V
Eu-43H,0 = Eu(OH), - 3H*4 3¢~ —2.002 V
Eu?* — Eud*| ¢~ —0.429 V
Gd = Gd3*+ 3.~ —2.307 V
Gd+3H,0 <= Gd(OH)y-} 3H*+ 3¢ ~4.994 V
Th == Th3*4-3e- —231 Vv
Thb-+3H,0 = Th(OH)y-} 3H* 3e- —1.999 V
Dy = Dy¥ 4 Je- —2.353 ¥
Dy +4-3H,0 == Dy(OH)y+ IH* - Je~ —1058 V
Ho == HoM4 8- —2.39 V
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Ho- 38,0 == Ho(OH), - 3H* 4 3¢ —1.937 V

Er == Er3t 3o~ —2206 V
Tm = Tm3*4 3¢~ —2.2718V
Tm -} 3H,0 == Tm(0H},} IH* 4 3 —1.913 V
Yht® — Ybh 4o —1.205 V
Lu = Lu* 43~ —2,255 V
2Lu+43H,0 == Lug0, 6H,O+ 8 —1.892 V

Metallic lanthanium and the lanthanides are strong reductants.

When in solution form, lanthapum and the lanthanides are stable
ions, Ln%+. None of the elements, except cerium, can exist in solu-
tion as Ln**, The cerium ion Ce** has strong oxidizing properties
in an acid medium. The ion Eu?t, and especially Yb** and Sm?+,
reduce the hydrogen ion to H, (in aqueous solutions).

Solutions containing the ions La¥+, Ce®t, Gd*+, Yb**, Lu®*+ and
Tb% (and also Y*+ and Sc3*) are colourless. Solutions containing
Pr3+ are green, Nd** violet pink, and Er®*+ pink.

The ions of tervalent lanthanides (except lanthanum and lutetium)
have absorption spectra with very distinet bands to the U-V, visible,
and I-R regions of the spectrum [1}. These bands are charactenauc
of each ion and their wavelengths are the same for the solid state
and aqueous solutions. The absorption spectra can be used for the
determinatijon of lanthanide mixtures provided spectrophotometers
of high resolving power are available, The molar extinction coei-
ficients are small but milligram quantities of many lanthanides
can still be detected. Separate spectrophotometric determination
of praseodymium, neodymium, holmium, erbium and thulium is
possible in the presence of the other lanthanides. Ordinary spectro-
photometers are used for the purpose [2].

Emission spectral, X-ray spectral, and some other physical methods
are used for the detection and determination of separate lanthanides
if their quantities in mixtures of the lanthanides exceed 0.01 per
cent. The emission spectra of the lanthanides have many lines.

The ions of lanthanum and the lanthanides (and also yttrium and
scandium) give similar reactions in their tervalent staie and are
therefore difficult to distinguish chemically from one another in
solution.

If cerium is in its tetravalent state it can relatively easily be deter-
mined by chemical means in the presence of the other lanthanides.
Praseodymium can be detected in the presence of the ather lanthani-
des by its sbility to form oxides in which its valency state is also 4.
Europium can be separated and determined by reducing in solution
to its divalent state. The ions Yb*+ and Sm** are very unstable
in selution and chemical means of their analysis are practically
absent.

Lanthanides can be successfully separated chromatographically
(ion-exchange with complex-forming substances, paper chromato-
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graphy). Extraction methods are also used. After separation of the
lanthanides by distribution chromatography on paper or ion-ex-~
change resins, each of them can be determined photometricaliy.

Lanthanum hydroxide and the hydroxides of the lanthanides
Ln {OH), are practically insoluble in water and show only basic
character. The basi¢ properties of the hydroxides gradually decrease
from lapthanum te lutetium. The hydroxides are soluble in acids,
insoluble in excess ammonia solution or solutions of caustic alkalis,
Hydroxides (or basic salts) of the lanthanides precipitate at pH
of about 6.8-8.5. Hydroxides of separate slements are precipitated
at the following pH:

Element... La Ce Prand Nd Sm Gd Dy Y¥Yb im
pH... 7.38.4 7.4-7.4 7.0-7.4 68 6.2 7.0 6274 8.0

Calcining lanthapum hydroxide, La(OH),, gives a white oxide
Lay0,. Traces of lanthanides colour it grey, When cerium hydrox-
ide, Ce (OH), is calcined in air, it turns into CeOy. Calcining of
praseodymlum oxalate or nitrate (or terbium oxalate or nitrate)
gives their oxides of variable composition. Part of praseodymium
or terbium is in its tetravalent and part in tervalent state in these
oxides, The formation of these oxides is used to detect praseedymium
in the presence of the other lanthanides.

Fluorides, phosphates, carbonates of lanthanum and the lanthanides
are sparingly soluble in water. The fluorides are sparingly soluble
in acids as well. The lanthanides of the cerium group form relatively
sparingly soluble double sulphates with sulphates of the alkali
metals, The chlorides and nitrates are soluble in water.

The ions of lanthanum and the lanthanides are not precipitated
by ammonia from solutions containing organic oxyacids (tartaric,
citric, malic acid, etc.) because complex compounds are formed.
Oxalic acid precipitates lanthanuem and the lanthanides from weak
acid solutions and is therefore used for their isolation. Oxalates
of the alkali metals, or ammonium oxalate, may not be used since
the precipitated oxalates will partly dissolve due to the formation
of soluble complexes. The curd-like precipitates of oxalates. turn
into crystals when heated to 60°C. The ions of Zr, Th, Bi, SpUI
are precipitated together with the lanthanides. The composition
of & white crystalline precipitate of lanthanum oxalate is described
by the formula La, (C,0.); 10H,0.

Dihydroxytartaric acid precipitates the jons of all lanthanides
from weak acid or neutral solutions {3]. Curd-like precipitates are
first formed which then turn into crystals. The composition of the
precipitate is approximately described by the formula 4La,0,.

+ 5C,H, 04 24H,0. The reagent is used to detect lanthanum,
yttrium. gadolinium, erbium, etc. The ions of Be, Mg, Sr, Ba,
Hg't, Al, In, TII, TilV, V¥V, BilI, U"’ Mnll, Re"'“ Fell, Falll
and Cd are not prompitated



Alizarine, quinalizarine, morin and sther organic reagents react
with the ion La®* and the lanthanide ions to give coloured compounds.
The reagents selectivity is low. The ions of Al, 8¢, Mg and of many
other elements react similarly.

Xylenol orange is used for the differential spectrophotometric
determination of large quantilies of the lanthanides in their mutunal
presence at pH 5.6 (370 nm) [4]. The method is as accurate as gravi-
metric.

8-Quinolinol precipitates quantitatively the ion Ce’* from am-
moniacal solutions containing tartrate {5]in the form of Ce (C,H OV}
(yellow crystals). The precipitate is not formed in a weak acetic
acid sulution and this is used for the separation of Celil from Th
(the latter is precipitated). The reagent is used for the gravimetric
and titrimnctric determination of cerium, _

8-Quinolinel, 5,7-dichloro-8-guinolinnl and other 5,7-dihalide-
8-quinulinols react with the lanthanides te give sparingly soluble
compounds used for quantitative analysis. Compounds with
8-quinclinol are not extractable with organic solvents. Compounds
with 3,7-dichloro-8-gquinolinol can be extracted with chloroform.

O-(o-1Iydroxyphenyl}-2,3,7-trihydroxyluorone (salicylfluorone)
reacts with the ions of the lanthanides at pH about 6.7 [6]. The
absorption maximum of colloidal solutions of the lanthanide com-
poutds is at 530 nm. Gelatin is used to stabilize them. Salicyl-
fluorone is used for the photometric determinatior of the sum of
lanthanides after their separation. The ions of caleiwin and magne-
sinm are masked by sulphesalicylic acid. Thorium, zirconium, ura-
niem iren (I and 1IT), and tetravalent titanium form coloured
compounds.

Arscuazo [ is a group reagent for the lanthanide ions [7]. The
aqueous solution of the reagent is pink. It reacis with the lanthanide
ione in a natural medium (pH 7.2, wrotropin) to form red-violet
compounds which are detected in solutions diluted { :3 x 108
Large quantities of the ions of ammonia, Li, Kk, Na, Ag, Ca, Sr,
Ba, Mg, Zn, Cd, Hgtl, Sal¥, Pb, VY, Mo, Co and Ni, as well as the
chloride ion, de not interfere with the detesmination. Phosphate,
pyrophosphate, fluoride and tungstate ions initerfore because they
mask the lanthanide ions. The lanthanides can also be detected in the
presence of the ions of Cu and Al after the addition of salicylates,
and the ion of UV, after the addition of H,0,, Moderate quantitics
of the ions of TilV, Zr, Th and Feillcan be precipitated with stannic
acid which is formed during hydrolysis of SnCl,. Arsenazo I is usad
for the photometric determination of the sum of lanthanides [8-10).

Carboxylic oxyacids (tartaric, citric, and others) reaci with the
ions of tervalent lanthanides to form soluble anion complexes.
These are used for separation of the lanthanides by ion-exchange
chromatography.

Aminopolycarboxylic acids (imiuodiacetic, nitrilotriacetic, ethy-
lenodiaminetetraacetic acid) react with the ions of tervalent lantha-
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‘nides to form complex compounds of ‘various stability, which are
used for chromatographic and other methods of separation. The
stability of complex compounds with EDTA [11] increases with
decreasing radius of a lanthanide ion (ionic strength, 0.1; tempera-
ture, 20°C):

Ion . ..., . La Ce Pr Nd Sm Eu Gd Th

pK° ., .. .. 1472 1539 1575 418.06 16.55 16.89 16.70 17.25
Ien . . .. 04 v Dy Ho Er T Yh Lu
PK .. ... 17.57 17.67 1798 18.59 {6.68 19.06

The sum of the lanthanides is determined by complexometric
methods [12, 13].

The ions of the lanthanides are precipitated from solutions
containing excess pyrocatechol by adding ethylenediamine,
pyridine, quinoline [14]. In the case with ethylenediamine (En),
the composition of the precipitate is described by the formula
En, [Ln (C¢H,0,).],- The precipitates are insoluble in excess am-
monia {in contrast to the corresponding precipitates of many heavy
metals}. La, Y, Gd and Er can be detected by this method, their
concentrations being 100, 5, 10 and 100 ug/ml, respectively. The
ions of Cu, Be, Mg, Ba, Hg!!, TilV, Zr, Pb, V¥, AsiIT Shlil Np,
Ta, Bi, MoVI, W, UVT, Sel¥, TelV, Mnil, ReVTl, Ni, Pd, and PtlV,
and also BO, are not precipitated. The ions of Al, Ga, In, Sn!V,
Th, Zn, Cd, hrm, Felll and Co react with ethylenediamine or piper-
idine to form precipitates soluble in ammeonia.

: B-Diketones react with the ions of tervalent lanthanides as fol-
ows:

R R
NC=0 >c=o
N
3CH, -+ Lpat — CH 3 | o |30
\C=0 Ne—o0
/ /
R R’ 3

The compounds in which R=R'=CH,; (acetylacetonates),
R=R'=CsH, (dibenzoylmethanates) and R=CF;, R'=CHSS
(tenoyltrifluoroacetonates) are studied best of all. These are usually
obtained by adding the corresponding f-diketone to an acidified
solution of a lanthanide salt with a thoroughly contrglled increase
in the pH (basic compounds are otherwise formed). The liberated
compounds are crystalline substanees readily seluble in organic
solvents.

All meptioned reagenis are group reagents. They redct with the
ions of tervalent lanthanides in about the same manner. But com-
paratively selective analytical methods have been developed for
tetravalent cerium and divalent europium. The lanthanides can be
selectively separated from many elements by extraction with r-
butyric acid [15-17).
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The compounds of tervalent cerium are easily oxidized in an
alkaline medium to yellow compounds of tetravalent cerium. This
differs them from the compounds of lanthanum and of the lanthanides.
Thus, under special conditions, cerium (III) has reducing pro-
perties. For example, it reduces phosphomolyhdic acid to molyb-
denum blue. The CelV ion has strong oxidizing properties in acid
solutions. The CelV/Ce!I! potential depends on the nature of the
acid:

Solution 9 M HCIO, { M HCIO, 1 M HNO, 1 M H,50, 1 M HC
Cal\’xcelll
potential, V 1.90 1.70 1.84 1.44 1.28

The cerium (IV) ion oxidizes, in acid solutions, the ions of Fell,
[Fe(CN)4l*-, and also H,S, 80,, NH;, H,C,0,, H,0,. The oxidation
of benzidine, N-phenylanthranilic acid gives intensely coloured
products. The oxidizing properties of the CeTv ion rapidly decrease
with increasing pH of the solution while the reducing properties
of the Cell® jon increase accordingly.

The cerium (IV) ion can be selectively titrated by solutions of
hydroquinone [18, 19].

The reactions of cerium in its tetravalent state are the same as
those of Th, Zr, Ti and UV ions. ks properties are markedly dif-
ferent from those .of the lanthanides in their tervalent state.

The Ce** ion is stable in strong acid solutions. When the acidity
decrcases, the solution is hydrolyzed to liberate basic salts. Cerium
{(IV) forms yellow cations Ce (OH)** and orange cations Ce(OH);*.

An ammonium solution of silver nitrate oxidizes (with heating)
salts of cerium (II) to cerium hydroxide {IV). The finely dispersed
silver formed colours black the bulky precipitate. This method
is used to discover the Ce!! ion in the presence of the ions of the
other lanthanides. The ions of MnI!, Fe!l and Co!! interfere with
the determination.

Ammonium persulphate oxidizes colourless salts of tervalent
cerium to yellow salts of cerium (IV) with heating in a sulphuric
acid solution in the presence of Agl.

Sodium bismuthate oxidizes the tervalent cerium ien in acid
solutions.

Cerium hydroxide, Ce(OH),, is pale yellow and is precipitated
at pH higher than 0.8. When ammonia solution KOH, or salts of
weak acids and strong bases are added to solutions of cerium salts,
a yellow amorphous substance Ce(OH), precipitates. When cal-
¢ined, it converts into Ce0,. Calcined Ce0, is very sparingly soluble
in hydrochloric acid but readily soluble in hot concentrated H,S0,;

To scparate cerium from the lanthanides, the solution pH is
adjusted to 1.5-6.0 and cerium is oxidized to its tetravalent state
with precipitation of Ce{OH),.

Potassium " hydroxide, or ammonia, precipitate a red-brown
peroxidic compound from selutions of salts of tetravalent and ter-
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valent cerium in the presence of hydrogen peroxide. The peroxidic
compound is stable in neutral and alkaline media.

* Cerium (IV) phosphate is a sparingly soluble compound. It is
used for the gravimetric determination of cerium (IV).

The ion of {etravalent cerium is precipitated quantitatively from
pitric acid solutions by potassium iodaie. This methed is used to
separate cerium from the lanthanides. The composition of the pre-
cipitate depends on the precipitation conditions.

Cerium (IV) forms soluble complex compounds with tartrate,
citrate, oxalate, chloride, sulphate, nitrate and perchlorate ions.

Precipitated cerium (IV) oxalate is dissolved in excess H,C,0,.
The formed oxalate complexes are usually destroyed with precipita-
tion of Ce,(C,0,),; due to reduction of cerium (IV) to its tervalent
state.

Molybdoceric heteropolyacid is used for the photometric deter-
mination of cerium in sclutions of pure salts.

Dibenzoylmethane, C,H,COCH,COCH,, (iz methyl alcohol}
precipitates a ruby-red crystalline substance, (C;;H,;0,).Ce, from
methanol solutions of cerium (IV) salt if the pH of the solution is
adjusied to 8 by NH, solution in methyl alcohol [20], The ion of
cerfjum (IV) precipitates quantitatively in these conditions. The
ion of tervalent cerium is not precipitated but, oxidized with at-
mospheric oxygen to the Ce' ion after which it also forms the pre-
cipitate (C;;H;;0,},Ce. The other lanthanides in their tervalent
state are precipitated with H,C,0, solution in methyl alcohol from
the filtrate after separation of red crystalline {(C,,H,,0,),Ce. Diben-
zoylmethane precipitates also the thorium (I1V) ion at pH 4-5 in
the form of (C;3H,;0,),Th [20] and is used for the separation of
thorium from cerivm (ITI), lanthanum and the lanthanides. .

Europium can be determined by redox methods. To.determine

europium in mixtures of lanthanide compounds, the solution of
their chlorides is passed through a Jones reductor charged with zinc
metal, The europium (III} ion is reduced to ‘the ion of europium
(I1). The solution discharged from the reductor i collectad in a
receptacle containing excess FeCl;. The ferrous ion which is formed
in equivalent quantity, is titrated with potassium bichromate after
the addition of H,PO,. Samarium and ytterbium, as well as the
other lanthanides, do not interfere with the determination since
they are not reduced with zine.
. All lanthanides, except europium and ytterbium, have very similar
reduction half-wave potentials and they cannot therefore be identi-
fied in mixtures [21]. Only europium and ytterbium, and also cerium,
wufter the conversion into its tetravalent state, can be determined
by the polarographic method.

Europium can be determined in the presence of samarium while
dysprosium, in the presence of holmium, by the radicactivation
method [22]. The irradiation is effected with neutrons from a radfum-
beryllium source. The presence of the other lanthanides: (except
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lntetium) causes an error of less than 1 per cent if the elements are
contained in quantities equal to or smaller than those of ewropium
and dysprosium. An equal quantity of lutetium causes an error of
5 per cent.

Eulll can be determined fluorimetrically against the background
of most lanthanides [23]. '

A review of the methods for the determination of the lanthanides
is given in the literature [24, 25L

SELECTIVE CONCENTRATION AND SEPARATION
OF LANTHANIDES

The lanthanides can be extracted quantitatively at pH 4.0-3.5
by solutions of n-butyric acid in chloroform. The lanthanides can
be separated from Fe, Al, Ti, Zr, Nb, Ta, Sn, W, Mo, Th, Se¢, U,
Ca, Sr, Ba, and Mg by extraction from solutions containing sulpho-
salicylic-acids The lanthanides can be separated from Th, Sc¢, U,
Ca, Sr, Ba and Mg in the absence of sulphosalicylic acid if the pH
is maintained at 2.0-2.3 in the presence of Th, Sc¢, U and 4.0-4.5
in the presence of Cz, Sr, Ba and Mg: The method can be used to con-
centrate » X 10-%n x 10-3 per cent of the lanthanides and deter-
mine them in mineral raw materials of variable composition. The
determination ends complexometrically, gravimetrically or photo-
metrically.}

Reagents

Ammoenium ritrate, saturated solution.

Sulphosalieylic qcid, crystalline.

_Ammonia, 25 per cent solutien and diluted 1 : 4.

n-Butyric acid.

Chioroform.

Wasking selution. Saturated solution of ammonium nitrate confaining 40 per
" cent of sulphosalicylic acid,.d-2 drops of 30 per cent hydrogen peroxide in 00 m}
of solution with pH adjusted ta 4.0-5.5.

Nitric aeid, density 1.4 gfcu.cm.

Hydrogen perozide, 30 per cent solution.

Procedure

Place 3-5 ml of the test solution in hydrochloric acid in a separating
funnel and zdd 20 ml of ammonium nitrate solution, 1 g of sulpho-
salicylic acid, 25 per cent ammonia solution to dissolve the preci-
pitate of the acid {(and 1 ml in excess), 10 ml of n-butyric acid and
10 ml of chloroform. Cool the mixture to room temperature and
shake for a minute. Separate the organic layer, wash three times
with the washing solution, then add 2 ml of HNO, to the organic
layer, shake for 30 seconds, add 10 ml of water and mix agsin.
Transfer the agueous layer to a beaker and evaporate to dryness,
Add 5-10 ml of ammoniam nitrate solution to the dry residus,
transfer into a 50-m] separating funnel, add a few crystals of sulpho-
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salicylic acid, 1-2 drops of ammonia (1 :4) to adjust the pH to
2.0-2.3 and 5 ml of n-butyric acid. Extract for a minute, transfer
the aqueous layer into another separating funnel, wash the organic
layer with 5 ml of ammonium nitrate solution and add the washings
to the aqueous solution in the second separating funnel. Add 2 ml
of a 25 per cent ammonia soclution and 10-15 ml of »-butyric acid
to the joint solution and extract the lanthanpides. Add 3-5 ml of
chloroform and 2 ml of HNO, to the extract, re-extract the lantha-
nides, and evaporate the aqueous layer to dryness. Treat the dry residue
with HNO, and 30 per cent hydrogen peroxide with heating, evap-
orate to dryness, and determine the lanthanides in the dissolved
residue,

COMPLEXOMETRIC DETERMINATION OF SUM OF LANTHANIDES
IN PHOSPHORUS-CONTAINING MATERIALS

The lanthanides, calcium, and iron are separated from phosphorus,
silicon and aluminium by fusing the sample with sodium-potassium
carbonate. The lanthanides are precipitated from the solution
together with calcium by ammeonia, and then separated as oxalates. The
oxalates are decomposed by heating with nitric acid and the sum
of the lanthanides is determined by titration with EDTA in the
presence of xylemol orange. The crimson solution abruptly turns
yellow at the point of equivalence at pH 5.2-5.4. The yellow colour
is characteristic of the solutions of unbound xylenol orange. The
method gives good results if the sum of the lanthanides exceeds
0.1 per cent. Smaller quantities of the lanthanides are determined
photometrically.

The error 'of the complexometric determination is 1-2 per cent,

Heagents

Sodivm-potasrium carbonete, crystalline,

Hydregen peroxide, 30 per cent solution,

Sodium carbonate, 10 per cent solution.

Ozxalic ecid, 1 and 10 per cent solution,

Nitric acid, density 1.4 glcu.cm.

Ammonia, 1 per cent and 2 N solutions.

EDTA, 0.01 M solution. The solution should be better standardized againat
the sum of rare parth elements after their separation from the sample.
Ascorbic acid, 1 per cent solution, .

Acetle acid-cmmonta buffer solution, pH 5.2-5.4, Dilute. 32 ml of acetic acid,
density 1.05 g/cu.cm with water to 200 ml, add 34 ml of 25 per cent ammonia
solution and dilute with water to 500 ml.

Xylenol orange, D 5 per cent solution.

Provedure

Separation of the Sum of the Lanthanides, Calcine a sample weighing
0.5-1 g in a porcelain crucible, mix with a 15-fcld quantity of potas-
sium-sodium carbonate and transfer into a platinum crucible using
potassium-sodium carbonate. Place the erucible into a muffle fur-
nace heated to 600-700°C, raise the temperature gradually to 950°C
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and keep for 40-50 minutes. Transfer the crucible quickly into a
cup filled with water, cool, and place in a 500-ml beaker, Fill the
erucible with water from the cup and add water to 200-250 ml.
Heat the beaker on a sand bath and boil for 30-40 minutes, adding
from time to time several drops of hydrogen peroxide to accelerate
leaching of the melt.

Pass the hot solution through a blue ribbon filter, rinse the beaker
and the crucible with a hot solution of sodium carbonate and, using
the same solution, rinse the precipitate on the filter 4 or 5 times.
Remove the crucible from the beaker and rinse with a hot 10 per
gent sclution of oxalic acid. Transfer the precipitate into the same
beaker with small! portions of hot water and a hot 10 per cent oxalic
acid solution. Add 100 ml of a 10 per cent oxalic acid solution into
the beaker, heat the mixture to the boil with stirring, boil for 2-3
minntes, and allow to.stand overnight.

Separate the precipitate on a blue ribbon filter, wash with a
1 per cent oxalic acid solution, dry slightly the precipitate and the
filter, transfer them into a porcelain crucible, incinerate the filter,
and calcine the precipitate for 30-40 minutes. Wetten the residue
with water, add 10-15 ml of nitric acid and 1 ml of hydrogen peroxide,
transfer into a 200-ml beaker, evaporate on a sand bath to 5 ml,
dilute with water ta 70-80 ml, heat to water vapour, and add, with
stirring, 2 N solution of ammonia until a strong odour is felt.

Heat the solution together with the precipitate for 5-10 minutes,
cool, and separate the precipitate on a blue ribbon filter. Rinse
the precipitate with 4 per tent ammonia solution. Next wash oft
the precipitate with 20-30 ml of 10 per cent oxalic acid into a 100-ml
beaker, heat the mixture to boiling and aliow to stand on a water
bath for two hours. Separate the precipitate on 2 blue ribbon filter
and wash with 1 per cent oxalic acid to collect the precipitate in
the filter cone. Wash the filter and remove the oxalate precipitate
into the precipitation beaker using 10 ml of nitric acid. Wash the
filter again. Evaporate the solution on a sand bath (in the presence
of 1 ml of hydrogen peroxide) to 1 ml and wash off the residue with
hot water into a 250-300 ml Erlenmeyer flask.

Complezometric Titration of the Sum of the Lanthanides. Add
2-3 drops of ascorbic acid solution, 20 ml of acetate-ammonia buffer,
and 3-5 drops of xylencl orange to the solution containing not less
than 1 mg of the sum of lanthanides, and dilute with water to 100 ml.
Titrate with EDTA solution from a microburette until the crimson
colour changes to pure ysllow, '

TITRIMETRIC DETERMINATION OF CERIUM IN CAST IRON
WITH HYDROGUINONE '

The method is based on the titration of Ce!V with hydroquinone
solution in the presence of ferroin as an indicator. CelV can be also
reduced with ferrous sulphate solution (E® = + 0.76 V), asecorbic
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acid (E° = 4 0.43 V), and stannous chloride (E° = 4 0.2 V)
solutions, Hydroquinone (E?® = 4 0.68 V) is more convenient
hacause it reduces tetravalent cerium in an acid solution at room
temperature instantaneously and quantitatively. Solutions of hydro-
quinone in 1-3 per cent sulphuric acid are stable in storage.

Oxidizers such as bromine, iodine, chlorine, and also the bromate,
chromate, and vanadate ions interfere with the determination of
cerium. When cerium is determined in cast iron, it is first separated
in the form of the fluoride CeFy at pH 2-5 (Lger, = 10-15). Before
precipitating CeF,, the iron is reduced with ascorbic acid. The
fluoride precipitate is separated on a filter, washed and after in-
cineration of the filter, the residue is treated with sulphuric acid
to remove the fluoride ion completely. Cerium is oxidized to its tetra-
valent state with ammonium persulphate and titrated with hydro-
quinone solution. Lanthanum, pneodymivm and praseodymium do
not interfere with the determination. The method can be used for
a comparatively quick {5-6 hours) and reliable determination of
cerium in concentrations from 0.05 to 0.1 per cent.

Reagents

Hydrochloric acid, diluted 1 : 1.

Ascorbic acid, crystalline,

Ammonia, concentrated solution, density 0.91 g/cu.cm, and 25 per cent solution.
Sodium Ruoride, crystalline.

Sulphuric acid, density 1.84 glecu.cm, and diluted 1{: 4.

Ammonium persulphate, 25 per cent sclution.

Hydroguinone, 0.005 N solution in 1 per cent sulphuric acid.

Ferroin. Mix equal volumes of 0.05 M solutions of o-phenanthroline and ferrous

sulphate.

Procediire

Place a sample of cast iron weighing 1-3 g (the cerium content of
the sample should be 2-3 mg) in a 250-mi Erlenmeyer flask, add
25-30 ml of hydrochloric acid and heat the mixture on a sand bath
to dissolve the sample completely, avoiding vigorous reaction.
Separate graphite on a filter and collect the filtrate in a 100-ml
Erlenmeyer flask. Wash the filter with water. {The volume of the
filtrate and the washings should not exceed 50 ml). Add 0.5 g of
ascorbic acid te the cooled solution and then, drop by drop, add
25 per cent ammonia solution until precipitation begins. Then add
0.5 g of sodium fluoride, close the flask with a rubber stopper and
shake on & mechanical shaker for an hour. Separate the precipitated
fluorides on a blue ribbon filter and wash 4-3 times with hot water.
Transfer the filter and the precipitate intoe a platinum crucible,
incinerate the filter and slightly calcine the precipitate in a muffle
furnace at 300-400°C, .

Add 15 m] of sulphuric acid (1:4) to the calcined precipitate,
evaporate to dryness, and calcine the residue until dense white
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-fumes stop evolving. Dissolve the residue in water acidified with
sulphuric acid, travsfer inte a 250-ml Erlenmeyer flask, add waier
to 150 ml, acidify with 5 ml of sulphuric acid, density 1.84 g/cu.cm,
add 10-25 m! of ammonium persulphate solution and boil for 5-7
minutes on 8 gause with an asbestos cenire to completely destroy
excess persulphate. Cool the solution, add a drop of ferroin solution
and titrate with hydroquinone solution until the solution turans

pink.

SELECTIVE TITRIMETRIC DETERMINATION
OF CERIUM (IV) WITH HYDROQUINONE

The methaod js based on the reaction of salts of tetravalent cerium-
with manganous sulphate, reduction of the formed hydrate
MnO, - zH,0 with manganous salts in pyrophosphate medium,
and titration of the pyrophosphate complex of Mn!¥!, whick is formed
in the quantity equivalent to that of Ce!V, with hydroquinone solu-
tion in the presence of diphenylamine:

2091‘}‘+ MnX-4 3H,0 = 2Cel*F 4+ MnO(OH),+ 4H*
MnO(OH)y - tMn({H,Py0,)y) 4 4H,P, 03 |- 4H* = 2 Mn(HL P ,0,)s P~ = 3H,0
(M1 (H,Py04)s1*=+ CeH((OH)y = 2IMa(H,Py0,)a12~ + CeH Oy + 2H, P, 03~ 4 2H*

The method can be used.to determine from 39 to 158 mg of cerium
in the presence of 730 mg of Cr,0!~ with an error of 0.6 per cent.

Reagenta

Hydroguinone, 0.1 N solution in 3 per cent sulphuric acid.
Sulphtiric acid, 4 N solution.

Potassium sulphate, saturated solution,

Manrganous sulphate, 0.1 N and 0.5 M sclutions.

Sodium pyrophesphate, disubstituled, saturated seclution.’
Diphenylamine, 1 per cent solution in concentrated H,SO,.

Procedure

Add sulphuric acid to a solution containing 30-200 mg of cerium
to adjust the acid concentration to 0.2-0.4 N. Next add 20 ml of
potassium sulphate (the total volume of the solution should not
exceed 40 ml), heat to boiling and add 20 ml of a 0.1 N manganous
sulphate solution. Heat the solution until it clears, separate the
precipitate on a blue ribbon filter and wash with water. Place the:
filter with the precipitate in a titration flask and disselve the pre-
cipitate in a8 mixture of 60 ml of saturated solution of sodium pyro-
phosphate, 10 ml of 0.5 M manganese sulphate solution and 40 ml
of a 4 N sulphuric acid solution. Titrate the red-violet solution with
hydrequinone until its tolour turns pale pink, add two drops of
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diphenylamine solution and continue titrating until the solution
turns pure yellow.

1 m) of 0.1 ¥ solution of hydroguinone is equivalent to 14.013 mg
of cerium.

PHOTOMETRIC DETERMINATION OF THE SUM
‘OF THE LANTHANIDES IN MONAZITES

Rare earth elements react with arsenazo I to give violet compounds
with absorption maximuom at 540-560 nm. The characteristics of
the compounds of arsenazo I with some lanthanides are given below:

Element Y Lg¢ Ce Nd Pr
g x 104 at
580 am 2.25 2,35 240 2.50 2.45
600 nm 1356 1,35 1.40 1.50 4.45
K x 10w 2.7 44 EX | 3.3 31

Coloured compounds begin forming at pH 2.5-3.0, their absorp-
tion increases with pH to 6.5; the absorption is practically constant
at pH from 7.0 to 9.0. The molar ratio of the components is 1:1.

The following elements also form c¢oloured compounds with
arsenazo | in the conditions of the determination: Sc, UV!, Cu,
Al, Th, VIV Zr, Ga, In, Pd and Fel!l. To separate them from the
lanthanides, the latter are precipitated with thorium as oxalates
in an acid medium. Precipitation can be eflected with oxalic acid
from a hot solution or with acetonedioxalic acid at pH 0.5-2 from
homogeneous solutions.

If thorium is present in solution, it is first determined photo-
metrically with arsenazo I at pH 1.6-1.8 (the lanthanides do not
interfere at this acidity). Next the sum of thorium and the lanthanides
is determined with the same reagent at pH 6-7. The lanthanides
are determined by deduction.

Reagents

Sulphuric arid, diluted 1: 2.

Hydrogen peroxide, 3 per cent solution,

Ammonia solution, diluted 1 : 4.

Ozxalic acid, 1 and 10 per cent solutions.

Nitrie acid, density 1.4 g/cu.cm and 0.1 M solution,

Arsenazo ( 0.05 per cent solution.

Borate buﬁer solution, pH 7.5. Dissolve 10.53 g of boric acid and 2.84 g of sodium
tetrahorate in water and dilute to 1 litre.

Cerous chloride, siandard solution. 1 ml of the solution is equivalent to 20 pg
af cerium.

Hydrochloric acid, diluted 1 :

Methyi orange, 1 per cent solut.ion.

Canstructing a Calibration Curve

Place 1, 2, 3, 4 and 5 ml of the standard sotution of cerous chloride into five
50-ml volumetric fasks, add 3 ml of arsenaze I solution, 10 ml of the borate
buffer into each flask and firally add water to the mark. Measurs the absorption

108



of the solutions on a universal photometer or an absorptiometer using a solution
containing 3 ml of arsenazo 1 and 10 ml of the buffer in 50 mlas the standard.
Construct a calibration curve using the data obtained,

Procedure

Place a sample of monazite weighing 0.1-0.3 g into a 100-m] hgsker
and heat with 10-15 ml of sulphuric acid on a sand bath for 90-120
minutes with periodical stirring. Evaporate the solution to 2-3 ml,
add 10-15 ml of hydrogen peroxide solution, mix, add 20-25 ml of
water and pass through a white ribbon filter into a 150-200 m] beaker.
Add three drops of methyl orange to the filtrate and neutralize with
ammonia solution with stirring. Next add 2 ml of hydrochloric
acid (excess acid increases the solubility of rare earth oxalates),
heat the solution almost te boiling, add 15 ml of a 10 per cent solu-
tion of oxalic acid, keep at the boiling point for 20-30 minutes and
allow the mixture to stand overmight.

Separate the precipitate on a blue ribbon filter, wash with 1 per
cent oxalic acid and allow the solution to drip from the filter. Now
puncture the filter and wash off the oxalates into a 100-m! beaker
using nitric acid, density 1.4 g/cu.cm. Heat to dissolve the pre-
cipitate, evaporate to 1-2 ml, add water to 25 ml and transfer into
a 100-ml velumetric Dask.

Using a pipette, transfer an aliquot containing 20-100 pg of the
lanthanides into & 50-ml voluometric flask, add 3 ml of arsenazo I
solution, 10 ml of the horate buffer solution and dilute with
water to the mark. Measure the absorption of the solution at
540-580 nm (D,). .

Pipette another aliquot of the same size into another 50-ml volu-
metric flask, add 3 ml of arsenazo I solution, 5 ml of 0.1 M nitric
acid, and dilute with water to the mark. Measure the absorption
of the solution in the same conditions (D,).

The difierence in the absorptions, D = D, — D,, is the absorp-
tion of solution of arsenazo | compounds with the lanthanides.

Determine the lanthanides in the aliquot using the calibration
curve.

FLUORIMETRIC DETERMINATION OF EUROPIUM
COMPOUNDS IN THE PRESENCE OF OTHER LANTHANIDES

The ion of tervalent europium reacts with phenanthroline amd
atophan (2-phenylquinoline-4-carboxylic acid) to form a sparingly
soluble complex which emits bright fluorescence when irradiated
with a mercury lamp. The fluorescence curve has three maxima,
at 579, 583 and 612 nm. The meximum fluorescence is at 612 nm.
The model CBJI-120A mercury lamp, and a YDC-1 monochromator
are used for the irradiation. The optimum conditions for the deter-
mingtion are ss follows: pH 6-7 {uvrotropinel the cencentration of
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uretropine is 200 mg, of phenanthroline 7 mg. of atophan 2.5 mg
in > ml of solution; to stabilize the colloid, 0.1-0.2 ml of | per cent
gelatin solution is added; the intensity of fluorescence is nieasured
in 20-30 minutes after the solution is prepared.

Onlv the samarium (I11) fluoresces, while the ather lauthanides
eith#@increase (La. Gd, Th, Lu, Y) or decrease (Ce, Pr, Nd, Ho,
Fr, T, Dy) the fluorescence of the reagent compound with eurppium.
The increment method is therefore used for the determinaiion of
curopium.

The method is =nitable for the determination of europium in
various lanthanides {(parenthesized are the limits of detection of
europium, as calculated with reference to 200 py of lanthanide oxide):
Gd (0.0005), La, Y, Th (0.001), Yb (0.t43), Sm, Tm, Lu (0.02),
Ce. llo, Er (0.05), Pr (0.08) and Nd (0.1). It is not recommended
to take quantities exceeding 200 pg of the oxides because of the
limited solubility of triple complexes with phenanthroline and
atophan. The method can be used to determine .13 per cent of
Fu in minerals with mixed lanthanide composition, .67 per cent
of Ev in monazite, 0.85 per cent of Eu in a mixture of lanthanide
oxides and 0.115 per cent of Eu in loparite.

heagents

Europium chioride, stendard solution. 1 ml is equivalent to 0,.00M-0.2 pg ol Fn,0,
{depending on the properties of the sample).

Urotropine, 40 per cent solution.

Gelatin, 1 per cent solution.

Atophan, 0.5 per cent solution, pH 8. Add 22 ml of 0,1 X splution of KOH
to 1.5 g of ainphan. Heat the mixture to dissolve the salid. conl. and dilnfe with
water lo 1y ml.

Phenanthroline, 1 per cent solution, pH 5. Add 20 ml of 0,1 ¥ selution of HC!
to 1 g of phenanthroline and dilute with water to fot ni,

Procedure

Calcine a sample of lanthanide oxides to remove CO, and water,
dissolve the sample in a small quantity of hydrochloric acid and
dilute with water to adjust the oxide concentration te 1 me/ml.
Place accurately measured volumes of the solution (containing
100-200 pg of lanthanides) into three test tubes, add diflerent volumes
of the standard solution of europium chloride into two of them, one
additive being approximately equivalent to the europium content
of the sample. Add 0.5 ml of urotropine solution, 1.1-0.2 ml of
gelatin =olution, 0.5 m! of atephan and U.7 mi of phenanthroline
solution into all test tubes with stirring. Dilute with water to 5 ml
and allow to stand for 20-30 minutes. Measure the fluorescence in-
tensity at 642 nm.

Determine the europium content of the aliquot {z} from the equa-
tion:

re=cl e/ Lixper=1Iz)
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where c is the increment weight, in wg; /. and /.., is the intensity
of fluorescence of solutions of the sample and of the sample plus
the increment.

REFERENCES

1. Polucktov, N. 8., Kononenko. L. I. Spertrs; ot tric Determinafion of
Rare Earth Elements, Kiev. Naukova Dwmika. {065 170 pages.

2. Sheherbov, D, P., Mirkin, V. A., Klimev, V. V. Transactions of Kazakh
Research Institute for Mineral Raw Materials. 19G4i. jwue. 3, pp. 296-295.

3. Beck. G. Mikrochim. Acta, 1956, pp. 14%-1444,

4. Chernikhov, Yu. A., Malutina, T. M.. Dobkina, U, M. Int Rare Forth
Melaly, ed. Byabchikov, D. [., Moscow, Lad. AN ===, 1863, pp. 302200,

5. Berg. R.. Becker, E. Z. anal. Chem., (930, Bd. {10, = 1-4,

6. Zailiovskii, F. V., Sadova, G. F. Zh4d Kir, 1941, vol Mh, pp. 20-31,

7. Kuznetsov, V. 1. ZRA KR, 1852, vol. ¥. pp. 226-2017

8, Kuteinikov, A. F.. Lanskyv, G. A. ZhA AL, U0, vel, 14 pp. LSH-5UC,

9. Zaikovskii, F. V., Bashmakova. V. 5. ZhA K/, 1040, vol. 14, pp. H0-D4.

10. Kuteinikov, A. F. Zav. lab.. 1962, vol. 28, pp. 1170-1182,

11. Wheelwright, E. J., Spedding. F. T1.. Schwarzenhasle. G JFo A Chem,
Sac., 1953, vol. 75, pp. 419G-4201,

12. Kinnunen, J.. Wennerstrand. B. Chemist-1wabust. 1007, vol. 46, pp. 02-

13. Lukyanov, V. F., Mozzhorina. A. A. In: Defermination af Rare Flements,
Moascow, Izd. AN SSSR, 1961, pp. 158-160.

14. Beck, G. Mikrochim. Acta, 1934 pp. 337-339.

15. Galkina, L. L. Radlockemistry, 19686, vol. 8, pp. i53-260, vol. 9, pp. 115
118.

16. Galkina, L. L., Glazunova, L. A. ZkA Kh, 1966, vol 2t. pp. 1058-1063.

17. Galkina, L. L., Sosnovskaya, E. Yu. ZhA Kk, 1909, vol. 24, pp. ®i8-341.

18. Amsheeva, A. A.. Bewmglii. D. V. ZhAKh. 1961, vol. 16 pp. GRI-HET.

19. Berka, A. Chem. listy. 1969, vol. B3, pp. 298-300.

20. Wolf, L.. Stather, D. J. prakt. Chem., 1955. 4, vol. 2, pp. 320-336, _

21. Kryukova. T. A., Sinyakova. 8. 1.. Arefyeva, T. V. Peluragranhic Analysiz,
Moscow, Goskhimizdat, 1959, pp. 273-274,

22. Meinke, W, W., Anderson, R. E. Anal. Chem.. 1931, vol. 26, pp. 007-909,

23. Poluektov., N. S.. Vitkun. R. A.. Kononenko. T.. 1. {"kr. khim. churnal,
1964, vol. A0, pp. 629-638.

24. Ryabchikov. D. 1., Ryabukhin. V. A. Awnalytical Chemistry of Rare Earth
Metels and Yittrium, Moscow, Nanka, 1966, 330 pares.

25. Vickery, R. C. Analytical Chemistry of the Rare Farths. ergamon Press,
1961, pp. 130-141.



Thorium

Thorium, Th, has the positive valency of 4. Compounds of thorium
in its lower valency states are un§table in aqueous solutions. The
ion of Th'V is colourless. The standard electrode potential in an
aqueous medium at 25°C with reference to the standard hydrogen
electrode in the reaction Th = Thtt + 4e- is —1.830 V.

The reactions of Th** resemble greatly those of Zri* and Ti*.
Thorium hydroxide is white. It begins precipitating from thorium
salt solutions at pH 3 (0.01 M). Thorium is precipitated quantita-
tively at pH 6. The solubility product of thorium hydroxide is
about 10-%9,

Potassium fluoride and hydrefluoric acid precipitate a bulky
jelly-like substance, ThF, - zH,0, which is sparingly soluble in
water, in excess HF (in contrast to Zr, Ti, Be, Al, Ta and Nb but
CelV and UV also form sparinglv soluble fluorides) and in dilute
HNO,. The solubility product of thorium fuoride -is about 10-%
(ionic strength, 0.5).

Ammonium carbonate precipitates a white substance from thorinm
salt =olution. The precipitate is soluble in excess precipitant because
{NH,)4(Th{(CO,);l is formed. When hydrogen peroxide is added,
a peroxidic eompound of thorium precipitates from the solution
of this complex. Thallinm salts of the carbonate complex of thorium
precipitate as small prisms (crystals) svitable for microcrystallo- -
scopic detection of thorium [1]. The plosphate Thy(PO,), preci-
pitates at pIf 2.7. Sodium hypophosphate, Na,H,P,0,, precipitates
white amorphous ThI’',O4 «+ zH,0 from strong acid (HCI) solutions.
The precipitate is practically insoluble in caustic alkalis and in
concentrated hydrochloric acid [2). Zre!¥ and Ti!Y react similarly
but the lanthanides do not interfere with the isolation of thorium.

Therium  pyrophosphate, ThP,0,, and thorium hexacyanofer-
rawr (F1), ThiFe(('N),) are sparingly soluble in dilute acids.

cdrecipitatien with sodium selenite, Na.SeQ,; can be used to
scparate Th from Be [3]. The precipitate of thorium selenite is cal-
cined to ThO..

P’otassinm iodate reacts with the therium ioh even in a strong
niizic nacid medium 1o give a sparinzly soluble while compound
[4 used for the isolation and titrimetric: determination of
thorium [5). o

Oxalic acid precipitates white crystals of Th{C,0,); - 6H,0
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from thorium salt solutions. The substance is practically insoluble
in excess precipitant. The addition of ammonium oxalate to a dilute
hydrochloric or nitric acid sclution also gives a precipitate. When
boiled with ammonpia (in the presence of excess oxalate ion) the
precipitate is dissalved and re-precipitated on subsequent acidification
with hydrochloric acid. The complex ion, ITh{C,0,).]*-, is formed
in the presence of excess ammonjum oxalate or an alkali metal.
When acidified, the ion is decornposed because the concentration of
the oxalate ion C,02" decreases due to the formation of slightly
dissociated H,C,0,. Precipitation of thorium oxalate from dilute
nitric acid solutions is used for the isolation of thorium and alse
cerium and other lanthanides, for example, in the analysis of minerals
[8, 71. Other dicarboxylic acids (succinic, adipic, phthalic) alse
precipitate ThIV from weak acid solutions.

Benzoic, o-chlorobenzoic, m-nitrebenzoic, o- and p-aminobenzoic
acids precipitate ThIVY and Zr!V. These acids are used to isolate
thorium from the lanthanides in the analysis of monazite sand,
and also to separate Th from U.

Thorium forms complex compounds with anions of tartaric,
citric and other organic oxvacids.

EDTA reacts with the thorium ion in the molar ratio of 1 : 1.
It is used for the titrimetric determination of thorium [5, 71,

N-benzoylphenylhydroxylamine precipitates gquantitatively the
thorium ion at pH 2 in the form of white crystals. The precipitate
is stable to 220°C. The reagent is used for the gravimetric determina-
tion of thorium and its separation from the lanthanides (pH 4.5)
and uranium (in the presence of ammonium carbonate at pH 7-8.5).
The compound of thorinm with N-benzoylphenylhydroxylamine
is readily extracted with organic solvents such as benzene, chlore-
form, isoamyl alcohol, etc. The separation of thorium from the
lanthanides is based on its extraction with isoamyl alecohol at pH
4.5. This reagent can also be used lo separate thorium from cerium
which is precipitated and extracted only at pH 6.5-7.5.

Azo compounds, containing the group /.AsO;,H2 HO\ react.

N N—
e
with the thorivm jon to form coloured compounds [8].

Thorin,  0-(2-hydroxy-3,6-disulpho-1-naphthylazo)-benzenearson-
ic acid, is offen used in practlice. Its aqueous solution is orange.
When acidified, the raagent solution turns pale yellow, If a thorium
salt solution is added to the yellow salution of the reagent in 0.5 M
hydrochlorie acid {pH 0.7}, red eslour develops. If the concentration
of the salt increases, a red precipitate falls sut. The absorption maxi-
mum of the reagent solution in 0.5 A hydrochloric acid is at 480 nm,
and of the thorium compound with the reagent in 0.5 M hydrochloric
acid is at 5310 nm. The thorium ion reacts with the reagent in the
molar ratio of 1: 2, the optimum pH being 1.7.
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The reaction equation is
Th#* 4- 2H,R*~ = Th(H,R),
where R is the thorin anion.
[(;]The constant of the complexation reaction is {7.9 + 0.9) . 10#

Thorin is used for the detection and photometric determination
of thorium in dilute hydrochloric acid medium. The ions of UtV
Felll, Til¥, Zr, Sal¥, large quantity of SO?- interfere and the ions
of the lanthanides, of Al, and UV! [10} do not interfere with the
determination of thorin. Anion-exchange resin AB-17, impregnated
in thorin solution, can be used for separation of microgram quantities
of thorium from gram quantities of lanthanides, aluminium and
_iron [11]. The method can be used for determining thorium in oxides
and lanthanide salts in quantities over 1 X 10~% per cent. Other
anion-exchangers (33-10, 3/13-1011, AH-2d, AB-16) are not suitable
for the purpose.

Arsenazo III reacts with the thorium ion even in 4-10 N hydro-
chloric acid at which the ions of most other elements do not react
with this reagent [12, 13]. Only Zr, Ti!V and UV icns interfere
with the photometric determination of thorium. The reagent is
used for the determination of thorium in zirconium [13-17]. Very
small quantities of thorium are determined by the exiraction-
photometric method [18]. The absorption of the solutions is mea-
sured at 66> nm. ,

Arsenazo [ [19-21]1 and arsenazo 11 {22, 23] are also used for the
photometric determination of thorium. Arsenazo I (the solution
of the reagent in the presence of thorium i3 pink) reacts with the
thorium ion (i : 1) in a weak acid medium to form a blue-violet
complex compound. The absorption maximum of the complex solu-
tions is at 580 nm, the optimum pH being 1.3-3.0. The compound is
formed immediately affer mixing the components and remains
stable in scattered light for a month. The instability constant of
the complex is 1.6 X 108, The limit of determination is 0.7 pg
of thorium in one millilitre. The maximum intensity of colour is
at the concentration of arsenazo I of 2-3 mg in 50 ml of solution.
The ions of UIV, PulV, TilV, FellI Zr and Al react with arsenazo [
like thorium. The ions of the lanthanides do not interfere with
the determination of thorium at pH 1.9 even if contained in 1300~
fold quantities. This makes it possible to separate traces of thorium
in the form of oxalate from the interfering ions using lanthanide
oxalates as co-precipitators,

Thorium can be determined in the presence of Zr and Ti if tartaric
and ascorbic acids are used to mask zirconium and titanium respec-
tively; 50 mg of tartaric acid mask a 35-fold quantity of zirconium,
while 50 mg of ascorbic acid in 50 ml of solution make it possible
to determine thorium in the presence of a ten-fold quantity of Ti.
Great (over hundred-fold) amounts of CeIY interfers with the de-
termination, since they oxidize ascorbic acid. The fluoride, sulphate,
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phosphate am! otliwer ions which form precipitates or complux com-
pounds with the tlorium ion, also interfere.
1-(2-1vridvlazeyresorcinol reaets with the thoriwm jon to form
colonred compoutdh. 1L is used for the photometric determination
of thoriwwm.
~ Alizarin (solutivn in ethyl alcohol) colours thorium containing
solutious violet, 1t is used for the detection of thoriem [24].
8-Quinolinol precipitates quantitatively ThI' even from dilute
acetic acid solutions (pH 3.7-4.0) {25, 26]; this provides the condi-
tions for the separation of thorium from Ce!l’ {the Lydroxyquino-
linates of Ce!!! begin precipitating at pH 4.4). A yellow substance
Th(C,t,OH), precipitates at room temperature while at tempera-
tures over 71°C, an orange compound with the formula TLH{C4,0L),-

CyH.ON precipitates.

Morin causes yellow-green fluorescence in a 1 N hydrochloric
acid solution in the presence of the thorium ion. The fluorescence
vanishes at higher acid concentrations. Unlike thorium, zirconinm
fluoresces even in a 10 NV hydrochloric acid solution.

Querteetin reacts with the thorium ion in a water-ethanol medium
to form a yellow compound. M is used for the photometric determi-
nation of thorium.

Xxlenol orange reacts with Th** (molar ratio 1:1) at pil 2.7-
3.3 to form a compound with the absorption maximum at 570 nm
[27]. The stability constant of the complex is 6.7 x 10% (the ionic
streugth 10-%). The reagent is used as a complexometric indicator
for titration of the thorium ion [28] and for the photometric deter-
mination of thorium [27].

A review of the methods for the determination of thorium is given
in e literature [29-33].

1SOLATION OF THORIUM FROM MONAZITES

Monazite is decomposed by fusion with sodium peroxide. Thorium
and & sum of the lanthanides are precipitated as oxalates. After
decomposition of the oxalates by heating with nitric acid, therium
is determined photometrically with arsenazo I, querteetine, or
1-(2-pyridylazojresorcinol.

Reagenis

Sodium peroxide, crystalline,

Hydrochloric acid. 2 N solution.

Oxalic ecid, 1 and 10 per cent solutiona.
Nitrie acid, diluted 1: 1.

Procedure

Place a sample of monazite weighing 50-100 mg and containing
250-500 pg of thorium in a porcelain crucible over sodium peroxide
(about 0.5 g} and cover with another portion of sodium peroxide
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(0.5 g). Place the crucible into a larger crucible.and heat over 4
burner raising the temperature gradually until a uniform meit 18
obtained. Keep the mixture liquid for about 10 minutes, then cool
and place the crucible in a 100-m] beaker. Add 20-25 ml of water
acidified with a few drops of hydrochloric acid. After leaching,
remove the crucible from the beaker, rinse with water, and then
with hydrochloric acid, and add the washings to the solutions.
Acidify the solution -with hydrochloric acid to pH 1, add 5 ml of
hydrochloric acid and pass the solution into another beaker, having
the cagacity of 250 ml, through a blue ribbon filter. Heat the filirate
uniil water vapour begins evolving, add 10 ml of a hot 10 per cent
solution of oxalic acid, heat for another 1-2 minutes and allow to
stand overnight. _

Separate the precipitate of thorium oxalate and lanthanide oxides
on a blue ribbon filter, wash with a 1 per cent solution of oxalic
acid, puncture the filter and wash off the precipitate with nitric
acid into a 100-150 ml beaker. Heat the beaker contents to comple-
tely dissolve the oxalates, evaporate to 5 ml, transfer into a H0-m}
volumetric flask, add water to the mark, and mix.

Determine thorium photometrically in an aliguot.

Note. If the thorium content of monazite is less than (1.1 per cent, decompose
the sample with sulphuric acid. If the monazite sample contains thorium in the
guantity exceeding 0.5 per cent, inctease the volume of the solution or take
a smaller aliquot for the photometric determination ol thorium.

IODATE-COMPLEXOMETRIC DETERMIN ATION OF THORIUM

Potassinm iodate precipitates the thorium ien in a nitric acid
medium as a sparingly soluble compound, whose formula depends
on the conditions of precipitation [31-33). The ions of zirconium,
titanium, uranium (IV), and cerium (IV) interfere with the deter-
mination. The ions of titanium. and zirconium can be masked with
oxalic aeid; the uranium (IV) ion is oxidized to uranyl ion; cerium
(IV) is reduced to cerium (ITI) with hydrogen peroxide. Other lan-
thanides do not interfere with the precipitation of thorium. When
thorium is determined by the combined iodate-complexometric
methnd, the thorium iodate may have any composition, because
thorium is determined complexometrically and not by the iodate
bound with it. To that end, the thorium iodate precipitate is dis-
solved in a definite quantity of standard solution of EDTA and its
excess is titrated with a standard solution of copper sulphate in
the presence of 1-(2-pyridylazo)}2-naphthol as an indicator. The
greenish colour of the solution sharply changes at the end point
of the titration into red-violet from a single excess drop of copper
sulphate.

The error of the determination of 420 mg of thorium does not
exceed 3-4 per cent.
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Reagents

Nitrie acid, density 1.4 gfeu.cm.,

Potassium iodate, 0.3 percent solution in 4 3 nitric acid and 13 per cent solution
of nitric acid diluted 1: 1.

EDTA, 0.01 M solutian,

Copper sulphate, 0.01 M solution,

1-{2- Pyridylazo)-2-naphihol, 0.1 per cent solutiow in ethanol.

Ammoenia, 1 M solution. :

Procedure

Take 10 ml of solution containing 4-20 mg of thorium and add
6-7 ml of nitric acid. Dilute with water to 2b ml, add 5 ml of a
13 per cent potassium iodate solution and heat on a sand bath to
-complete coagulation of the precipitate. Separate the precipitate
on a blue ribbon filter, wash 3-4 times with a (1.5 per cent potassium
iodate solution and transfer on the filter into the original preci-
pitation beaker. Add 15 ml of EDTA solution, and adjust the pH
of the solution to 3-4 ‘'with ammonia solution to paper indicator,
Heat the mixture on a sand bath to complete dissolution of the
precipitate (10-15 minutes at §0-90°C). Separate the paper pulp,
wash several times with water, collect the filtrate and the washings
in a 100-m! Erlenmeyer flask, add 3-4 drops of a solution of 1-(2-
pyridylazo)-2-naphthel and titrate excess EDTA with copper sul-
phate solutlion until the yellow-green solution turns red-violet.

1 ml of 0.0100 M solution of EDTA is equivalent to 2.32 mg of

thorium.

Note. The pH of the solution should be maintained during the titration
at the level not below 3 sinee otherwise the selution will turn red-violet from
the very first drop of copper sulphate because the copper compound with 1-(2-py-
ridylazo)-2-naphthol is more stable at pli 3 than copper complexonate.

COMPLEXOMETRIC DETERMINATION OF TIIORIUM
IN MONAZITE SAND

Monazite contains thorium, lanthanides, calcium, phosphate,
It oiten associates in rock with zircon, ZrO, . 8iQ,, and ilmenite,
FeTiQ,. .

The sample is decomposed by concentrated sulphuric acid

2LnPO, 4 311,50, = Luy(S0,), - 21, PO,
Thy(PO,), 4 6H,S0, ~ 3Th(30,),+ 4H,PO,

where Ln are the lanthanide ions.

After dissolution of the sample, thorium is séparated together
with the lanthanides (in the form of oxalates) from zirconium, tita-
rium, iron and "the phosphate ion. The oxalate precipitate is dis-
solved in concenirated nitric acid, and thorium is precipitated as the
iodate with its subsequent separation from the lanthanides. Thorium
is finally determined complexometrically.
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Reagents

Salphuris acid. density 1.84 gfeu.cm and 1 por cent solution,
Gralic asid, 19 per vent and 1 per conl solution,
The other reagents are the same as in ‘the previous section,

Procedure

Grind thoroughly a sample of monazite weighing 50-80 mg and
decompose with sulphuric acid, density 1.84 gfcu.cm, with heating.
Cover the crucible with a watch glass and heat on a sand bath to
complete dissolution of the sample. Remove the glass, evaporate
the crucible contents to dampness, cool, and dissolve the residue
in water. Separate tlie precipitate on a filter and wash with a 1 per
cent sulphuric acid solution. Join the filtrate and the washings,
heat almost to hoiling, add 30-40 ml of a hot 10 per cent solution
of oxalic acid, heat, and allow to stand overnight.

Separate the precipitate of oxalates and wash with 1 per cent
oxalic acid solution. Dissolve the precipitate in 5-10 m! of nitric
acild, wash the filter with water and proceed further as for the de-
termination of therium by the iocdate-complexometric method in
solntions of pure salts.

PHOTOMETRIC DETERMINATION OF THORIUM IN MONAZITES
WITH ARSENAZO N

Arsenazo IY reacts with the theorium ien in an acid solution m
the molar ratioof 1 : 1 to form a blue-viclet compound. The maximum
abserption of the compound solutions is at 560 nm. The colour de-
veiops practically instantaneously and persists for a considerabls
period of time. The absorption of the complex solutions changes
inconsiderably within the acidity range from 0.01 to 0.6 N HCL
Tue Bousner-Lambert-Beer law holds for the thorium concentra-
tions from 10 ng/25 m! and above. Sulphates mask thorium by
Sb per eent, their content being 1-3 mg/ml, at the acidity of 0.2 N
(L)), and the reapent concentration of 10-* Af. But the error can
be climinated if equal guantities of sulphate are added to all solu-
tions. The effect of tlie phosphate ion is lower in the determination
of tharium in a medium of 0.1-0.4 N hydrochloric acid. The fluoride
ion, which masks thorium, is practically removed during the de-
composition of monazite by fusion with pyrosulphate.

Zirconium and titanium interfere with the determination but
since their content of monazites does not exceed 0.02 per cent, thsir
presehce can be ignored. Cations hydrolyzing at pH higher than
2 {vations of the alkalj, alkaline earth metals, lanthanides, and also
of Al, Cu, Fe!'i, even when contagined in 1000-fold gquantities) do
not interfere with the determination of thorium.

The method can be used to determine thorium (0.3-7 per cent)
in monazites, the procedure containing only 25-30 minutes. and
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the error being 3-0 per cent. If the thorium content is smaller, it
should be separated from the other elemients by double fluoride
or fluoride-oxalate precipilation. Arsenaze 1@ should be used for
the analysis of monariles conlaining 2030 per cent of the lanthanides.

Reagents

Thorium nitrate, standard solution. 1 ml is equivalent to 20 pg of thorium,
Arsengzo If, 0.1 per vent =olufion. ]
Potassium pyrosulphate, crystalline. 2 per rent s=olutien in hyrechloric acid
{1: 5.

Sodium phosphate, moncsubstituted, NaH,'0,-211,0. 0.5 per cent solution,
Hydrochlorie qeid, diluted 1: 1,

Ascorbic acid, crystalline.

Constructing a Calibration Curve

Piace 1, 2, 3, 4 and 5 ml of the standard thorium nitrate sulutjan into five 25-ml
volumeiric flasks, add 2.3 ml of polassium pyrosulphate solution, 2.0 ml of
NaH,PO, solution and 5 ml ol aercnazo 11 into each flark. Next add water to
the mark, stir. allow to stand for 3 minutes, and measure the absorption of the
solutians at 560 nm using a blank solution as the standard. Construct the cali-
bration curve using the datla chtained.

Procedure

Place a sample of monazite weighing 10-200 mg and containing
0.5 per cent (and over) of thorium into a guartz test tube or a por-
celain crucible and fuse with 2 g of potassium pyrosulphate for
a few miputes, first over a low flame of a soldering lamp and then
-to the dark-red heat. Cool the melt, dissolve in 40 ml of hydrochloric
acid {the solution should be almost clear and free from heavy par-
licles, which is indicative of incomplete decomposition of the sample).
Transfer the solution into a 100-ml volumetric flask, add water to
tﬂhe mark, and pass a part of the solution through a filter into a dry
ask.

Using a pipette, transfer a 2.5 ml aliquot (containing 25-100 ug
of Th) into a 25-ml volumeiric flask, add 10-20 mg of ascorbic acid
(if iron is contained in the monazite sample}, 2.0t ml of NaH,PO,,
5.0 m] of arsenazo Il solution, dilute with water to the mark, stir,
allow to stand for D minutes, and measure the absorption of the
solution in conditions specified for the construction of the calibration
curve, using a solution of 5.0 ml of arsenazo Il and 2.5 ml of potas-
sium pyrosulphate solution in the total volume of 25 ml as the stan-
dard.

Note. 1f the thorium content af the monazite sample exceeds 10-15 per
cent, the aliquot size should be diminished accordingly and potassinm pyrosul-
phate solution.added in gquantity to make the total volume of 2.5 ‘ml.
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PHOTOMETRIC DETERMINATION OF THORIUM WITH ARSENAZO III

Arsenazo III reacts with the thorium ion to form an inmer com-
plex compound whose stability is higher than that of the thorium
complexes with arsenazo I and I]. Thorium can therefore be deter-
mined by the proposed method in strong acid solutions without
preliminary separation of the sulphate, phosphate, fluoride, oxalate
and other anions. The reagent is very sensitive. The table which
follows below gives some characteristics of thorium compounds
with arsenazo III.

Some Characteristies of Therium Compounds with Arsenazo III

PH 3.0-1.5 cuncentra::oaﬁibssu of HCl
Th to arse-
nazo ratlo Maximum Molar extince Maximum Molar extinc-
in complex absorption, tton coefficient, absorption, tion coefficient,
nm ex 104 nm exX 104
i:1 624 3.22 812 4.15
BYU 2.45 665 6.53
i:2 585 £.70 not found
1:3 no complex found 615 9.40
665 12.70
1:4 ditto 570 8.44

The following conditions are opiimum for the determination of
thorium; the concentration of nitric or hydrochloric acid is 3.5-6 M,
the molar ratio of arsenazo III to thorium is 7.5: 1. To prevent
oxidation of the reagent, 1 g of carhamide is added to nitric acid
solutions per mole of the acid. A complex with the molar ratio of
1:3 is formed in these conditions. Its absorption maximum is at
665 nm, the molar absorption coefficient being 1.27 x 10

The reagent can be used to determine thorium in zirconium, nio-
bium-containing materials, etc.

Reagents

Thorium nitrate, standard solution. 1 mil‘is equivalent to 5 ug of thorium,
Arsenazo T1I, 0.05 per cent solution. :
Rydrochlorie aeid, dengity 1,18 gleu.em.

Qxalic acld, 0.5 per cent solution.

Consiructing a Calibration Curve

Place 1. 2, 3. 4 and 5 ml of the thorium nitrate standard solution into five 25-ml

volumelric Masks, add 1 ml of arsenazo 111 salution and 8 ml of hydrochloric

acid into cach flask. Dilute the solutions with water to the mark, stir, and

measure the absorption on an absorptiometer or a universal pholometer using
3 blanl; solu:iion as the standard. Construct the calibration curve using the
ata obtained.
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Procedure

Add all the reagents as for the construction of the calibration curve
to the solution of the sample and measure the absorption of the
resulting solution. Determine the therium content from the calibra-
tion eurve. If titaniwm or zirconium is present in quantities not
exceeding 100 pg and 1 mg respectively, add 1 ml of oxalic acid
before adding water.

EXTRACTION-PHOTOMETRIC DETERMINATION OF MICROGRAM
QUANTITIES OF THORIUM WITH ARSENAZO III

When minute quantities of thorium are determined its compound
with arsenazo 11l is extracted with iscamyl alcohol in the presence
of diphenylguanidine chloride and ' monochloroacetic acid. The
method combines the determination of thorium with its concentration
by extraction, and can be used for the determination of thorium
in dilutions to 1:5 x 10% (0,002 pg/mli).

Reagenis

Thorium nitrate, standard solution. 1 ml is equivalent to 1 pg of thorium.
Arsenazo f17. 0.025 per cent solution.

Diphenylguanidine chloride, 20 per cent solution.

Isoamyi alcohol.

Monochloroacetic acld, crystalline,

Nitric acid, 0.1 N solution.

Constructing a Calibration Carve

Place 1, 2, 3, 4and 5 ml of the thorium nitrate atandard soluticn into five 25-30 ml
separating funnels, add 1 ml of arsénazo EHT, 4.0 ml of nitric acid, 1 g of monochlo-
roacetic acid, 10 ml of diphenylguanidine chloride solution and 10.0 ml of iso-
amyl alcohol into each separating funnel. Shake the mixture for two minutes,
allow to stand for a while, separate the organic phase, pass it through a2 paper
filter into a dry cell, and measure its absorption against a blank solution at
665 am. Construct the calibration curve using the dats obtained.

Procedure

Add all the reagents as for the construction of the calibration curve
to the dissolved sample and measure the absorption of the resulting
sojution. Determine the thorium content from the calibratien
curve,

PHOTOMETRIC DETERMINATION OF MICROQUANTITIES
OF THORIUM IN ROCK WITH ARSENAZO III

The method can be used w determine 1 X 1(-%4 x 10-* per
cent of thorium in rock. The sought element is separated from the
accompanying ions by precipitation as the fluoride in the presence
of calcium salts with subsequent treatment on a cation-exchange
resin KY-2. Thorium is aorbed ftom 3-4 M solutions of HCI by the
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ion-exchange resin while the accompanying ions (calcium, magne-
sium, lanthanides, co-precipitated admixtures of iron, mangancse,
aluminium and titenium) pass into the filtrate. Zirconinm, which
is sorbed together with thorium, is eluted with 0.1 iV solution of
oxalic acid.

Reagenis

Thorium salt, stondard solution. 1 ml is equivalent to 1 g of thorium.
Hydrochloric acid, density 1.18 gleu.cm. apd 3.5 A =olution.
Arsenazo III, 0.1 per cent splution,

Hydrofluoric acid, 40 per cent solution.

Caletum ehloride. 1 ml iz equivalent to 100 mg of calcinm.

Perchloric acid, 42 per cent solution. .
Catlon-exzchange resin K¥-2 in the NH, form; granule siz¢, 0.4-0,25 mm,

Ozalic acid, 0.1 N solution,
Ammonium ozalaie, saturaled solwtion,

Constructing a Calibration Curve

Place 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 pg of thorium into 25-ml volumetric flasks,
add 15 ml of ammoenium oxalate soclution, 9 ml of hydrochloric acid, density
1.18 gfeu.cm, 0.5 ml of arsenazo I solution and water 10 the mark, Measure
the absorption of each solution in a eell with a light path of 50 mm against
a blank solution. Construct the calibration curve using the data obtained.

Procedure

Wetten a sample of rock containing from 0.0 to 2.5 pg of thorium
with waver in a platinum dish, add 10-30 m! of hydroflucric acid
(for a sample of 0.5-5.0 g), heat on a sand bath and evaporate to
a damp salt. Add 1 ml of calcium chloride solution, then 5-20 ml
of hydrofluoric acid, evaporate to 2-3 ml and add 10-50 ml of hot
water. Mix the contents, decant over a blue ribbon filter and wash
the precipitate two times with 5-10 ml of hot water. Wash off the
fluorides into the original platinum dish, add 4-6 ml of hydrochloric
acid, density 1.18 g/cu.cm, and evaporate on a sand bath to dryness.
Treat the dry residue with 2 ml of perchloric acid and 1 ml of hydro-
chloric acid, density 4.18 g/cu.cm and heat on a sand bath to remove
HCIO, vapour. Wet the residue with 2-4 ml of hydrochloric acid,
density 1.18 g/cu.cm, 2-6 ml of water, and evaporate to dryness
again. Dissolve the dry residue in 3.5 M hydrochloric acid (see
Note 1). Pass the solution through a cation-exchange column at
a rate of 0.7 or 0.8 ml/min, wash the beaker and the column with
10 ml of 3.5 M hydrochloric acid, and then with 6 ml of oxalic
acid solution. Eluate thorium with 15 ml of ammonium oxalate
solution at a rate of 5-6 drops per minute collecting the eluate in
2 25-ml volumetric flask. Add 9 ml of hydrochloric acid, density
1.18 g/cu.cm, 0.5 ml of arsenazo 1II solution, water to the mark,
and measure the absorption of the resulting solution as for the con-
struction of the celibration curve. Determiné the thorium content
from the calibration ourve.
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Notes, 1. If thorium is determined ir: a sample weighing 3-5 g and contair-

ing much calefum, magnesium, and aluminium, dissolve the dry residue in
100-150 ml of hot hydrochloric acid {§ : 2) and add a concentrated solution of
ammonia until a strong odour is felt. Separate the precipitated hydroxides on
a white ribbon filter, wash 4-5 times with NH, solution {1 : 5), dissolve tke
hydroxides in 50-150 ml of hot 3.5 M hydroehloric acid solution and collect
the solution in the beaker where the hydroxides were precipitated. Add ascorbic
acid to the hot solution to reduce tervalent jron, cool the solution and pass it
through the cation-exchanger at a rate of 4 ml/min, wash the column with 20 ml
of 3.5 M hydrochloric acitf solution and then with 15 ml of oxalic acid. Eluate
thorium inte a platinum dish with 50 m] of ammoenium osalate. Evapoate
the solution to dryness and heat the residue to complete removal of ammenium
oxalate. Caleine the dish contents in a muifle furnece at a temperature of 600-
700°C for 3-5 minutes, dissolve the residuc in 9 ml of bydrochleric acid, density
1.18 gjcu.cm, transfer into & 25-ml volumetric flask, rinse the dish with 15 ml
of ammonium oxalate solution. add 0.5 ml of arzenazo 11T solution and finally
w]:ter 1o the mark. Measure the absorption of the resultant solution as described
sbove.
2. When thorium is deterniined in a sample weighing 0.2-1 g, the dimen-
sions of the column should be the following: the inoer diameter 0.5-0.6 i,
height 24-25 c¢cm; il the sample weighs 2-5 g, the dimepsions shouldi Fe 1 ¢m
and 30 cn respectively,
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Uranium

Uranium, U, has the positive valency from 3 to b in its compounds.
The cormponnds of hexa- and tetravalent uranium are of greater
importance.

The standard electrode potentials in an agqueous medium at 25°C
for uranium are as follows (with reference to the standard hydro-
gen electrode).

U = Ut 3 —1798 V
USt == Utt o —0.807 V
Us* 4-H,0 = UOH* L+ H¥ e~ —0.538 V
U3+ 4H,0 == U(OH),4-4H*+e=  —0D.M9 V
U0} == U0 +e 0052 V
UOH3* 4 H,0 = U0§++3H++28_ — 0,299
Us* 4 9H,0 == U024 4H* 4 2e- —0.333 V

The reactions of the U®* ion resemble those of Fe®-. The UII!
ion is pinkish-purple. The compounds of uranium (III) in solutions
are readily oxidized with oxygen of the air to compounds of uranium
(IV). The compound U(OH), is brown. It reduces the hydrogen
ion in solutions. The UM jon is prepered by the reduction of the
UVT jon with very energetic reductants, e.g. by amalgamated zinc.

The cation U** is green. The ion U(OH)** is formed in a weak
acid solution and slowly polymerizes, The equilibrium constant
of the reaction U** 4+ H,0 == U(OHY* + H*, pK is 1.5 (ionic
strength (.3) and 0.7 (zero icnic strength). The compounds of tetra-
valent uranium . are stable in air. The compound U(OH), is green.
Sparingly soluble complexes of uranium (IV) are similar to the cor-
responding compounds of thorium ([V). The tetrafluoride, oxalate
and phosphate of tetravalent uranium are sparingly solable in
dilute mineral acids. The ion U!V is precipitated with cupferron
from weak acid solutions.

Xylenol orange reacts with the tetravalent uranium ion at pH
1.2-1.6 in the molar ratio of 1 : 1 to form compounds with the ab-
sorption maximum at 550 nm [1]. The stability constant of the com-
plex is 1.4 x 10* (ionic strength, 0.1). The reageniL can be used
to determine photometrically 2-70 pg of UV, Even a 2500-fold
quantity of the uranium (VI) ion does not interfere with the deter-
mination.
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Tetravalent wranium forms coloured compounds with arsenazo
111. .

EDTA reacts with the ions of tetravalent and hexavalent uranium
in the molar ratio of 1 : 1, It is used for titrimetric determination
of uranium. .

The compounds of pentavalent uranium are unstable and dis-
proportionate with the formation of compounds of tetra- and hexa-
valent uranium:

2003 4 4H* = UOH 4 Ub+ 4 2H,0

Urapium (V) forms anions in an alkaline solution.

The compounds of hexavalent uranium {ralts of vranyl and vra-
nates) are most stable. The chloride, UCl,, forms the uranyl ion
UO}* when dissolved in water:

UClg+2H,0 = UOJ* + 4H+ 4 6C1-

The uranyl ion is yellow and stable in ucid solutions. At pH
2-3, various condensed basic jons are formed. The reactions of vranium
(V1) resemble those of the WY1 and MoVl ions.

The hydroxide UQ,(OH), is formed at pH greater than 3.8. It
is practically quantitatively precipitated at pH 5.3 (the hydroxide
can remain in the colloidal state at pH to 7) and is characterized
by pronounced smphoteric properties readily forming the uranate
ion UQ;~ and polyuranate ion U,0;-, U,0};, etc. when the pH
is further increased (like polytungstate and polymolybdate ions).
When e solution of a uranyl salt is neutralized, a yellow uranate
of the alkali metals, e.g. Na,UO,, Na,U,0,, etc. is precipitated.

Uranyl salts give yellow fluorescence in the solid siate and in
the alloys with borax or fluoride. This phenomenon is used for a
high-accuracy detection and semiquantitative determination of
vranium. Fluorescence vanishes in an aqueous solution but develops
to the full extent in concentrated sulphuric acid and syrupy H,PO,.

Uranyl sulphide, U0,S, is a brown substance sgluble in dilute
mineral acids.

Potassium ferrocyanide reacts with the uranyl ion in acetic acid
or neutral medivm to give red-brown precipitaie of variable com-
position. The reagent is used for the detection of the uranyl ion,
and also for its phetometric determination,

Sodinm phosphate precipitates the uranyl ion as pale yellow
UO,HPO, - 4H,0. NH,UO,PO, - 6H,0 is formed in the presence
of ammonia salts.

Selenious acid precipitates quantitatively [2] the urany!l ion as
U0,Se0Q, from a 50 per cent alchoholic salution at pH 4-5. The
precipitate is soluble in concentrated hydrechloric acid. Uranium
can be determined iodimetrically by titration with H,SeG, after
dissolution of the precipitate [2].

The uranium (V) ion forms unstable oxalate complexes and stable
tartrate and citrate complexes. The stability of the fluoride and
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carbonate complexes is low and they are dscomposed at pH below
7 and below 12 respectively. .

A yellow peroxide hydrate UQ, - 2H,0 is precipitated in a neutral
concentrated solution of UVY! salts by the action of hydrogen per-
oxide. The hydrate is soluble in ammonium carbonate solution with
the development of yellow colour. The solutions in alkali carbonates
are orange-yellow.

Thiocyanides react with the UVY ion to form a bright yellow com-

ound.

P S-Hydroxyqumolme reacts with UQJ* to form a brown precipitate,
UO4C,H,ON), - C,H,ON. The reagent is used for the detection
and gravimetiric and photometric determination of the uranium
(VI) iom.

Ferron reacts with the uranium (VI) ion at pH 5 (urotropine buf-
fer solution} to form a heavy brown compound (3]. The limit of
dotection of U is 10 pg/ml (finite dilution, 1 : 10°). The reagent
reacts with uranium in the molar ratio of 2 : 1. The absorption max-
imum of uranium compounds is at 360 nm. The reagent is not very
selective. The ions of Fe!ll and Al and of many other elements, as
well as the acetate anion, interfere with the determination.

Pearls of uranium with borax obtained in the oxidizing flame
are yellow and emit green fluorescence; the pearls obtained in the
, reducing flame are green; fluoride pearls (NaF) give intense fluores-
cence.

Cupferron does not precipitate phe vranium (VI} ion and it can
therefore be separated from the ions of vanadinm (V), iron (ILI[}
and titanium (I'V). After separation of the cupferronates of these
metals, UO}* can be reduced in the filtrate and the U!Y ion pre-
cipitated with cupferron.

The ion of UY! can be separated from the ions of FellI, TilV,
Bi, Mg, Sr, Cd, Zn, Pb and Mn as readily soluble carbonate com-
plexes. The ion of UYI remainsin selution together with the ions of
VY, Mo, Al and Th.

To separate uranium (VI) from other elements, UQ,(NO,), - 2H,0
is extracted with ethyl ether or ethyl acetate, or with amines from
sulphuric acid or phosphoric acid solution, with tributyl phosphate,
(C.H,),PO,, trialkyl oxyphosphides, R,PO, etc. Uranium is extract-
ed in the form of complexes with the SCN™ ion, in the form of com-
pounds with acetyl acetone, 8-quinolinol, cupferron, diethyl dithio-
carbamate, xanthogenate, etc.

Uranium is separated from other elements by ion-exchange and
distribution chromatography. Both cation- and anion-exchangers
are used.

When various materials are analyzed, uranium is precipitated
as sparingly soluble ammonium diuranate, (NH,),U,0,, hydrate
peroxide UQ, - 2H,0, uranium cupferronate (CH;N,0,),U, am-
monium uranyl cupferronate NH,[UO,(C,H,N,0,),], uranyl 8-
hydroxyquinolinate UO, (C,H,ON), - CGZH,NOH, uranyltricarbo-
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nate hexaaminocobalt nitrite {UQ,(COz)5(H,0);] {Co(NH,).NO,],,
ammonium uranyl phosphate NH;UO,,PO 3H,0, uranium phos-
phate (IV), U(HPO,), - 4H,0Q, uranium (IV) ﬂuorlde UF, - 2.5H,0,
ete.

Valuable titrimetric methods for the determination of small
and large quantities of uranium are based on the oxidation-reduction
and complex-formation reactions.:

Uranium (VI) is titrated with a solution of CrCl, or TiCl; in an
atmosphere of carbon dioxide, the end point being detected poten-
tiometrically or by indicators.

The methods involving oxidation of the ion UV to UY! are most
popular. Many modifications of these methods have heen developed
[4, 51. The UVI ijon is first reduced electrechemically to U!Y by oxalic
acid in the light, by metallic cadmium eor bismuth, by amalgamated
zinc¢, cadmium or bismuth, by sodium dithionite, Na,$,0,, sodium
rongalite N1HSO, - CH,O - 2H,0. The UIV ijon is then titrated
with a solution of KMn0Q,, K,Cr,0, NH VO, Ce (80,);, Fe, (80,),
and others. Sometimes, the obtained UV ion is oxidized with ex-
cess salt of tervalent iron:

Ud* 4 ZFed* 4 2H,0 —= U'Of*1-2Fe?*4-4H

The ferrous ion formed by this reaction in equivalent quantity
is titrated with an oxidizer solution. The substanees, that can be
reduced or oxidized, interfere with the determination of uranium
by redox methods. '

The complexometric method of determination of uramium (VI)
after its reduction to uranium (IV) is of great importance. Titration
is carried out at pH 1.7 with EDTA in the presence of arsenazo
I [6-9].

Many photometric methods for the determination of uranium
with inorganic, and mainly organic reagents are known.

Highly sensitive and sufficiently selective reagents for uranium
are those containing the following atom groupings:

AsO H, HO ©OH AsO,H, HO

= /I\/'l\ Z< }
_/—N_NT ’! i _ p—N=NL

|

These are, for example, arsenazo I, arsenazo III, [10-15], thorin,
4- (2—th1u7ol\]azo)resurclnol [16, 17]. The first two reagents react with
the ions of UM and U!Y to give intemsely coloured compounds.
Thorin reacts with UV, 4-(2- tlnazolyiazo)resorcmol reacts with
the UV! ion. Among tle other reagents for the photometric determina-
tion of uranium are chlorophosphonazo I and chlorophosphonazo
IIT [18] (containing the groups —PO;H and —OH), pyridylazo
compounds, such as 1-(2-pyridylazo)-2-naphthel and 1-(2-pyridy-
lazo)resorcmol solochromic azo-compounds (containing two OH-
groups in the orthoposition to the azo-group), and hydroxyflavonic
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dyes (flavonol, morin, yuericetin)., Alizarin S, bromopyrogallol
red, sulphosalicylic acid, 8-quinolinol, chromotropic acid and
other hydroxyl-containing reagents, sodium diethyldithiocarbamate,
thioglycolic acid, and ascorbic acid are also used.

Polarographic, coulometric, luminescence, radiometric methods
are used for the determination of uranium. The literature contains
a review of the methods used for the detection and determination
of uranium [6, 19).

VANADATOMETRIC DETERMINATION OF URANIUM

The method is based on titration of tetravalent wranium with
ammonium vanadate in the presence of N-phenylanthranilic acid
as an indicator:

U(80,)5 4 2NH, VO, + 2H,80, = U050, + ZV080, 4 2H,0 - (NH,),50,

Uranium (IV) rapidly oxidizes in a 6 N solution of sulphuric
acid (and in its stronger concentrations). A direct titration with
a dilute (0.001 &) solution of the vanadate is therefore feasible.
Phosphoric acid is added to the solution before titration to accelerate.
the oxidation of N-phenylanthranilic acid with vanadate.

Amperometric titration of UV contained in quantities exceed-
ing 2.5 ug/ml by NH VO, solution {with a dropping mercury electrode)
is also possible,

Uranium (VI) is reduced to UIY in a reductor filléd with electro-
lytically reduced cadmium in 3 N sulphuric acid. The amovnt of
the UUI ion which is formed in this reaction is insignificant. The
ions of Felll, TilV MoVI, VY and Sn!¥, which are reduced together
with uwranium, interfere with its determination. Uranium is deter-
mined in pure solutions after its separation.

Reagents

Sulphuric acid, deusity 1.84 pfeu.em 0.4, { and 6 ¥ solutions,

Cadmium metal, electrolytic.

Ammonium venadate, 0.02 N solution.

Phosphoric acid, a density 1.8 glcu.cm, . )
N-;]J:Jenylanthranilic acid, 0.4 per cént solution in 0.4 per cent solutien of sodium
carbonate.

Procedure

Dilute the solution of uranyl sulphate with water to the mark
in a 50-ml volumetric flask. Dilute a 15-ml aliguot containing
5-20 mg of uranium with an equal voluwme of 6 ¥ sulphuric acid.
Wash a cadmium reductor with 1 N sulphuoric acid and pass the
solution 3 or 4 times through the apparatus at a rate of 1 or 2 drops
per second. Wash the reductor twice with 20 ml of 1 & sulphuric
acid and twice with 10 ml of 0.2 N sulphuric acid.
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The cadmium packing should be covered with liguid during the
washing procedure, since penetration of air will interfere with com-
plete reduction of uranium.

Collect the soluiion containing uranium ([V) in a 250-ml Erlen-
meyer flask, add sulphuric acid, density 1.84 g/cu.cm, to adjust
its concentration to 10-12 N{40-45 ml) and ndd 5 ml of phos-
phoric acid and 5-6 drops of N-phenylanthranilic acid. Cool the
solution, and titrate slowly with ammonium vanadate until the
yellow colour of the golution changes to persistent cherry red from
a single drop of the vanadate solution.

Repeat the reduction and titration of UI¥ until the results become
teproduceable. 1 ml of 0.0200 N ammonium vapadate solution is
equivalent to 2.3807 mg of uranium,

COMPLEXOMETRIC DETERMINATION OF URANIUM
IN ALUMINIUM ALLOYS

EDTA reacts with the uraniume (IV) ion in a molar ratio of 1 : 1
to form a complex compound with the stability constant of 4.2 X
X 10%, The solution is titrated at pH 1.7 3= 0.4 in the presence
of arsenazo [ as an indicator. The urany! ion is reduced by forma-
midine sulphuric acid. At the end point of titration, the blue solu-
sion turns pink. The ions of potassium, sodium, lithium, silver,
harium, calcium, strontium, magnesium, sulphate, chloride, nitrate,
acetone, or limited quantities of aluminium and ferrous iron do
not interfere with the determination of uwranium. If vanadium is
present, amimonium sulphateis added. The ions of thorium zirconium,
scandium, indinum and titanium mterfere and should therefore
be removed.

The method is used for the determmatlon of uranium in its alloys
with magnesium, aluminium, iron, silicon, in technical salts (ni-
irates, sulphates, chlorides, acetates, oxalates etc.), in orxides,
and industrial solutions.

Reagenis

Hydrochloric acid, denaity 1.9 g/eu.cm,

Sulphuric acid, diluted 1:1.

Potassium peroxydisulphate, crystalline,

Thymo! blus, 0.1 per cent solution.

Ammonia solution, diluted 1:1,

Formamidine sulphinic acid, 0.66 per cent solutlon in. O.E&,.w sulphuric acid,
Prepare before use.

Arsenazo T, 0.4 per cent solution.

EDTA, 0. 025-0.05 M solution,

Procedure

Place a sample weighing 0.5-1 g in a beaker and treat with 20-30 ml
of hydrochloric acid. When the vigorous reaction.stops, add 5 m}
of hydrochloric acid, 4 mi of sulphuric acid, and heat to fumes of
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.alphuric acid. Cool the solution, add 30-40 m] of water and heat
to dissolve the salts. If some solid remains undissclved, filter it and
wash with water. Collect the filtrate and the washings in a 100-ml
volumetric flask. Calcine the filter with the residue in a platinum
crucible, fuse with 0.5-1 g of petassinum peroxydisulphate, cool
the melt and dissolve in water. Add the solution to the main solu-
tion in the volumetric flask and dilute with water to the mark.

Transfer an aliguot of the solution containing 15-50 mg of uranium
into a 300-350 ml volumetric flask, add 2-3 drops of thymol bluz
and ammonia until the solution becomes orange yellow {pH 2.5-
2.7). Add 30 m! of formamidine sulphinic acid, heat to boiling,
and boil for 6-8 minutes to complete reduction of uranium. Add
175 ml of water: the pH of the resultant solution should be 1.7 &= 0.1.
Add 1 ml of arsenazo I and titrate with EDTA until the blue solu-
tion becomes pure pink.

1 ml of 0.05 M EDTA solution is equivalent to 11.904 mg of U.

EXTRACTION-PHOTOMETRIC DETERMINATION
OF URANIUM (VI) WITH ARSENAZO III

Arsenazo {1l reacts with the uranyl ion in an acid medium te
form green soluble complex corapound with the absorption maximum
at 635 nm. The limit of detection of U'! is 0.01-0.02 pg, the molar
extinction coefficient being 7.55 X 10, The optimum pH range
is 1.7-2.5. The ions of Th, Zr, Al, Cr!!! and the lanthanides inter-
fere with the determination. The sulphate, fluoride, and phosphate
ions do not interfere.

The coloured compound is extractable by butyl alcohol in the
presence of diphenylguanidium chloride and EDTA. In these con-
ditions, EDTA masks many cations. The chloride, nitrate, and
fluoride ions (when comtained to 1 mg) do not interfere with the
determination. The sulphate and phosphate ions are precipitated
by diphenylguanidium “¢hloride and floated. The precipitate is
filtered from the extracts. The effects of thorium is removed by
adding fluoride (3 mg KF per 5 m! of solution).

Reagenis

Uranyl nitrate, standard solutlon. 1 ml is equivalent to 5 pg of uranium,
Hydrochloric geid, .05 N solution.

ENTA, 5 per cent solution,

Arserazo 111, 0,05 per cent solution.

Diphenylguanidinium chloride, 20 per cent solution. Mix about 105y of diphenyl-
guanidine base with 80 ml of 6 X' hydrochloric acid. dilute the mixture. with
water to 500 ml, separate the undissclved residue and acidily the filtrate with
a few drops of concentrated hydrochloric aeid to pH 3-4,

Buty!l aleohol.
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Consiructing g Calibration Curve

Place 1, 2, 3, 4 and 5 mli of the standard solution of uranyl nitrate into five
25-m] test tubes, heat them on a hoiling water bath, evaporate to dryness with-
hubbling air throuﬁ a capillary tube, and disselve the dry residue in 2.0 ml
of hydrochloric acid. Add 2.5 m] of EDTA solution, 1.0 ml of arsenazo III,
0.5 ml of diphenylguanidium chloride and 5.0 ml of butyl alcohel into each
test tnbe. Shake energetically the test tubes for about 30 seconds and aiter the
phases have beparated, measure the absorption of the solution on an absorptiome-
ter at 655 nm against a blank soluticn. Construct the calibration curve using the
data obtained.

Nate. The extraction can first be done with a 20 per cent solution of tributyl -
phosphate ‘in chloroform using ammonium nitrate as a salting out agent and
EDTA to bind the interfering elements in the aqueous phase, with subsequent
re-extraction of uranium with arsenazo III and its determipation by measuring
the absorption of the aqueous phase.

Procedure

Dissolve the sample as for the preparation of the standard series.
Determine the uranium content from the calibration curve.

PHOTOMETRIC DETERMINATION OF URANIUM IN ORE
WITH 4-(2-THIAZOLYLAZOQ)}RESORCINOL

4-(2-Thiazolylazo)resorcinel {TAR) reacts with the uranyl ion
to form two sparingly soluble compounds. One of them, a protonated
complex UQ,RH*, is formed at pH below 3. At pH higher above
3.5, it transfers into another complex, UO,R. The absorption maxi-
mum of the latter is at 540-545 nm. The compound is well -soluble
in organic solvents miscible with water, such as methyl alcohal,
ethyl alcohol, acetone, dioxane, dimethylformamide. The complex
is sufficiently stable; log K = 11.35; the molar extinction coef-
ficient js 3.30 X 104, The complex is formed quantitatively at
pH 5.0-8.0. The optimum value of pH can be adjusted by an acetate,
acetate-ammonia, borate and triethanolamine . bufler solution.
The solutions obey the Bouguer-Lambert-Beer law in a wide range
of uranium concentrations. The solutions are stable for long periods
of time. The following elements do not interfere with the determina-
tion of uranium in the presence- of a masking mixture consisting
of cyclohexanediamine tetraacetic acid (CHTA), sulphosalicylic
acid and sodium fluoride (in mg/ml): Al 0,111, Mn!! 0.130, Cd
1.188, Bi 0.105, Fe!1! 0.326, Be 0.053, In 0.186, Ga 0.049, Th 0.154,
La 0.300, Y11 0.063, Dy 0.107, Yb 0.099, Pr 0.220, Zr 0.114, VIV
0.010, Hg!! 0.104, Cu 0.194, Co 0.024, Ni 0.057,Zn 0.735, Cr¥v1 0.027,
CelV 0.018, MoVT 2.70 and WVYI 0.488.

Heagents

Uranyl, nitrate, standerd solution. 1 ml is equivalent to 20 pg of uranium,
‘Sulphuric acid, 98 per cent solution.

Ammoniaz, solutions diluted 1:1 and §: 3.

Hydrefluoric acid, 40 per cent solution,
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Nitrie qeid, diluted 1 : 4. ' . . ;

Masking mizture. Suspend 25 g of CHTA, 2.5 E of sedivm flueride, and 65 g of
S-sulphosalicylic acid in wdter, neutralize with ammania (4 : 1) to pH 7-8 and
add water to 1 litre. If necessary, filter the solution. The reagent is stable §n

storage. : =
Izmﬁiph;&alein, 1 per cent solution in ethyl alcohol. : .
riethanolgmine buffer solution, pH 7.5-8.0. Dissolve 74.5 g of triethanolamine
in 250-300 ml of water, neutralize with nitric or perchloric acid to pH 7.5-8.0,
and dilute with water to 500 ml. The solution is colourless or pale yellow. Keep
in -a dark-yellow bottle. '

4-(2-Thiazolylazo)resorcinol, & X 10— M (about 90 mg) soluticn in dimethyl
formamide.

Constructing a Calibration Curve -

Place 1, 2, 3, 4, 5 and 6 ml of the wranyl nitrate standard solution jnto six
50-m] volumetric flasks, add 10 ml of the masking mixture, 5§ ml of TAR solu-’
tion, 5 ml of triethanolamine buffer and dilute with water to the mark. Measure:
the absorption of the solutions on an ahsorptiometer, or a spectrophotometer

at 560 nm against blank solution. Construct the calibration curve using the
data obtained.

Procedure

Place a sample of ore weighing 30-250 mg and containing 30-120 pug-
of uranium in a platinum crucible, add 1 m! of hydrofivoric acid,
heat gently on a sand bath to evaporate to about 0.2 ml, add 3-5
drops of sulphuric acid and heat until sulphuric acid fumes stop.
evolving. Repeat the treatment with HF and H,80, two or three
times. Add to the residue 4 ml of nitric acid, 3-5 m! of hot water,
and pass the solution thirough a blue Tibbon filter into a 50-ml volu-.
metric flask. Add 10 ml"of a masking mixture, 58 drops of phenol-
phthaleip and ammonia solution (1 : 3) until pale pink colour devel-
ops. Contipue the procedure a8 for the construction of the calibration
curve. Determine the wranium content from the calibration curve.

Notes, 1. If the sample wet%hs over 0.25 g, add 1520 m} of the masking
agent to remove the interfering effect of extraneous ions. Accordingly, use larger
amounts of the reagents to dissolve the somple.

2. To ensure correct results, measure the abeorption at 560 pm,

PHOTOMETRIC DETERMINATION OF URANIUM (V1)
WITH ARSENAZO IN )

Arsenazo IIJ reacts with the uranyl ion to form several complex,
compounds (depending on the acidity of the solution). The determina-
tion of uranium is more selective in a strong acid medivm. A green
soluble compound is formed in 5.0-7.5 M HNO, or HCl. Nitric
acid solutions treated with carbamide should preferably be used,
to create a strong acid medium. The reagent proper is sparingly.
soluble in hydrochloric acid. The absorption maximum of the com-
plex compound solutions is at 655 nm, the molar extinction coef-
ficient is 6.0 X 104, the molar ratio of the components, { 24, Keay =
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= 1 X 1047 5000+fold quantities of Fe, Al, Pb, Zn, Cd. Mg, Mn1l,
Co, Ba, Sr. Ni, In, Ga and La, hundred-fold quantities of Ca, Cu,
Be, and Hg, 500-fold quantities of Bi, Sb, Sc¢, Cr, and Mo, 100-200-
fold quantities of WVI, SnIV, and Cell!, and a 25-fold quantity of
Ti do not interfers with the determination of uranium. The ions
of Th, Zz, Hf and Pu strongly interfere. The method has been tested
in the determination of uranium in artificial solutions.

The selectivity of the method can significantly be increased by
extracting uranium from solutions with pH 1.0, containing NiI NO,
and EDTA, by tributyl phosphate solution in toluene or benzene.
Uranium is re-extracted from the organic phase by arsenazo Ili
solution with subsequent photometric determination. The ions
specified above, as well as the ions of Th, Zr, Hf and Pu do not
interfere. The method can be nsed for the determination of 1 X10-*~—
1.3 % 10-* per cent of uranium in soil, rock and minerals, samples
waighing from 0.1 to 1 g.

Heagents

Urany! nitrete, standard solutton. 1 ml is equivalent to 10 pg of uranivm,
Nitric ecid, density 1.4 g/ou.cm. Add 1 g of carbamids per sach 100 ml o the
acid, mix the solution and syphon the liguid.

Arsenaze I11, 0.20 per cent anlution.

Ammonium rnitrate, crystalline.

EDTA, crystalline.

Ammenia, 25 per cent solution. _

Tributyl phosphgte, 20 per cent solution in toluena or benzene.

Washing solution. Dissolve 850 g of NH,MO, and 5 g of EDTA in 400 ml of
water, adjust the pH to about 2.0, add water to 1 litre, and filter,

Constructiag » Calibration Curre

Place 0.2, 0.4, 0.6, 0.8 and {1 ml of the uranium standard solution inte 10-ml
graduated test tubes, add 2.5 ml of nitric acid, 0.6 mi of arsennzo IIi, add
water almast to 5 ml and cool to room temperature. Measure the abserption
of the solviions at 658 nm agaipst a blank selution, the light path being 1 cm.
Censtret the calibration curve using the data obtaineg.

Procedure

Place a scintion of the sample (rock, soil, minasral) containing
2-30 pg of vranium into a separating funnel, add 25 g of NH,HO,,
0.25 g of EDTA, dissolve the solid, add NH,; to adjust the pH to
{1 (to the universa!l indicator), and extract for 3 minutes with 25 al
of trihuty! phosphate. After phase separation, shake the organic
phase four times with 7.5-8.0 m] portions of the washing solution.
Add to the axtract 1.5 ml of water, 0.6 ml of arsenazo 111 salution,
3 drops of sramonia selution and shake for three minutes. Tranafer
the aqueous phase into a test tube or a cylinder with a ground-in
stopper, add 0.4 ml of water to the remaining organic phase and

——

* According to. Toshi, M.K. [2] a MyL, complex is formed. Iis stability
constant is 8.5 X 10 the molar extinction coeflicient beiog 8.8 x §0°.
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shake for three minutes again. Join the aqueous phases, add 2.5 ml
of HNO,, mix, and pass through a blve ribbon filter into a cell,
Allow the solution to stand for 5 minutes and measure its absorp-
tion. Determine the uranium content from the calibration curve.

PHOTOMETRIC DETERMINATION OF URANIUM
IN ZIRCONTUM ALLOYS USING CHLOROFHOSPHONAZO III

The uranyl ion reacts with chlorophosphonazo II1 to form a green
compound with the absorption maximum at 670 nm and the molar
extinction coefficient of 7.36 X 104 The absorption of the solutions
is maximum and constant in a medium of 4-0.5 N hydroechloric
acid. A 50-fold quantity of oxalic acid, a 100-fold quantity of fluo-
rides and a 5000-fold quantityof pliospbates do not interfere with
the determination of urapium. The ions of Th, Zr, Hf, CeIv, Felll
and Ti interfere. Zirconium and hafnium can be masked by ammo-
nium fluoride, titanium by hydrogen peroxide, and cerium (I'V)
can be reduced to cerium (III) and iron (III} to iron (II).

Reagents

Uranyl nitrate, standard solution, 1 ml is equivalent to 50 pg of uranium.
Hydrochloric acid, diluted 1:1.

Ammenium fiueride, crystalline, and 0.1 M solution.

Sodium silicate, 0.1 M solution.

Chiorephosphonazo 141 0.001 M solution.

Bufler solution, Dissolve 10 g of sodium monochloroacetate and 20 g of monochlo-
roacetic acid in water and dilute to 1 litre,

Consiructing a Calibration Cwrve

Place 1, 2, 3, 4 and 5 ml of the uwranium standard sclution into five $00-ml
volumetric flasks, add 5 ml of the buffer splution, 2.5 m] of sodium silicate solu-
tion, 12.5 ml of 0.1 M ammonitm fluoride solution and 2 m] of chlorophosphon-
azo 11l into eack flask. Now add water to the mark and measure the absor{tion
of the solutions at 670 nm in a cell with a light path of 1 cm against a blank
solution. Construct the calibration curve using the data obtained.

Procedure

Dissolve 100 mg of the alloy in a platinum dish in 10 ml of hydro-
chloric acid and 0.5 g of ammonium fluoride with heating on a water
bath. When the solid is all dissolved, add 20 ml of sodium silicate
solution, transfer the liquid into a 250-ml volumetric flask, rinse
the dish with hydrochloric acid snd add the washings to the main
solution. Add water to the mark, and determine uranium in an aliquot
using the calibration curve.
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Titanium

Titanium, Ti, has the positive valency of 4, 3 and 2. The com-
pounds of titanium (IV) are the most stable. The compounds of
tervalent titanium are easily oxidized by the oxygen of air. The
compounds of divalent titanium disproportionate in water with
liberation of titanium metal and formation of Til!l compounds.

The standard electrode potentials in an aqueous medium at 25°C
(with reference to the standard hydrogen electrode) are as follows:

Ti == Tit*+-2e —1.630 V
Ti+Ha0 = Ti0 4 2H* 4 2~ —1.306 V
Tid-6F- = TiFZ | 4e- —149 V
Tiz* == Ti™* e —0.368 V
Ti** 4+ Hy0 == TIOM 4 2H* -2  —0435 V
Ti%* - H,0 = TiO* 4 2H* 4~ —0.400 V

When in solution form, the Ti®* ion is violet. The Ti%*, Ti0Q?+,
and [TiHal;)*~ ions and various polymeric ions are colourless.

A rather stable complex ion [TiO(S0,),I*~ is formed in solutions
of titanium (IV) sulphate and also in solutions acidified with sul-
phuric scid. Some analytical reactions for tetravalent titanium do
not therefore occur, To mask the tetravalent titanium ion, oxalie,
tartaric, and citric acids, which form low-dissociated complexes
with titanium, are wsed.

The reactions of the Ti'll ion are similar to those of the ions of
Felll and Al. The ien of tervalent titanium is hydrolyzed and oxi-
dized with atmosphericoxygen to TilV. Solutions of tervalent tita-
nium salts are used as reductants in an inert gas atmosphere (titano-
metry). They reduce the ions of FellX, NO;, ClO_, CIO; on heating.

KOH solution precipitates the dark-violet hvdroxlde, Ti{(QH),,
at pH higher than 3; pLriony, = 35. When acted upon by atmo-
spheric oxygen, TI(OH)3 turns into titanic acid. Ti(OH), does
not precipitate in the presence of sodium-potassium tartrate but
an intense blue colour develops, and if the concentration is not
high, the colour is green and unstable {gradually vanishing). When
sodium acetate is added to solutions of TiT1! galts, dark green colour
develops, and grey-blue precipitate falls out on heating. When
concentrated solutions of KSCN or NH,SCN are added to solutions
of tervalent titanium saiis an intense violet colour develops.

The colourless cation Ti*t is stable only in strong acid solutions.
TiO* and other ions prevail in solutions with decreased acidity.
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Basic sparingly soluble salts begin forming at pH 1.9. At pH 4
the hydrolysis is practically complete. When dilute acid solutions
of TilV salts are boiled, a white titanic acid precipitates

Ti'Y 4 3H,0 = H,TiO,+4H*

EDTA reacts with the Ti!V ion to form an unstable compound
[1] which hydrolyzes at high pH. A more stable compound is ob-
tained in the presence of hydrogen peroxide (2, 3]. The formed per-
oxytitanyl ion {OTi(H,0,)}** reacts with EDTA inthe molar ratio
of 1:1 to give the compound Na,[OTi (H,0,)Y]. The reagent is
used for the titrimetric determination of titamium [4-8].

The jons of titaniym (IV) are reduced to Ti!ll in an acid solution
by metallic zine, cadmium, or tin. The jons SO}~ and $%- do not
reduce the TilV jon.

Ammonia solution precipitates a white hydroxide Ti{OH),
from solutions of tetravalemt titanium salts. The precipitate is
practically insoluble in excess precipitant, sparingly soluble in
hydroxides of the alkali metals. Ti(OH), is liberated also by dilution
with water of strongly alkalins solutions of titanates. When boiled,
Ti(OH), quickly sges and its solubility decreases.

Potassium fluoride precipitates TiF, which converts intp a relati-
vely sparingly soluble complex compound K,TiF, in the presence
of excess precipitant.

Hydrofluoric acid, HF, reacts with TilV to form the acid H,TiF,.
When solutions of TiIV galts are evaporated with HF and concen-
trated [,50,, a non-volatile precipitate TiF, remains. When cal-
cined and treated with H,80,, TiF, gives TiO,.

The ferrocyanide ion reacts with the TilV jon to form a dark oran-
ge precipitate.

Acid phosphate and arsenate of sodium react with the TilV iom
to form white sparingly soluble in acetic acids precipitates (Al
and Fe** form similar precipitates). Precipitation does not occur in
the presence of hydrogen. peroxide (as distinct from Zr).

When hydrogen peroxide is added to acid solutions of TilV salts,
the solution turns yellow or orange due to the formation of peroxy-
titanic acid. The colour vanishes on alkalization because a colour-
less complex is formed. When potassium fluoride crystals are added
to the coloured solution of peroxidic compound of titanium,
the colourless anion TiF!~ is formed. Hydrogen peroxide is used for
the determination of titanium in ilmenite concentrates by the di-
fferential method [9]. -

The ions of tetravalent titanium form coloured compounds in weak
acid solutions [10-12] with aliphatic and aromatic oxy-compounds
eontaining the following atom groupings

—C—CH=C- —C—0H =C—0H

—
b

i ! .
0 OH —C—0H =C—-0OH
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Yellow or yellow-orange soluble compounds are formed by TilV
(in weak acid solutions) with o-diphenols, o-phencicarboxylic acids,
oxy-y-pyrones, flavones, aliphatic 1,3-diketones, and endioles. Peri-
diphenols (1,8-dihydroxynaphthalene, chromotropic sacid} form sol-
uble red-violet compounds at pH 3.3-4.7 whick convert inio stable
orange compounds in a sodium acetate medium {pH 3.8-5.5). .

Chromotropic aecid (1,8-dibydroxynaphthalene-3,6-disulphonic
dcid) reacts with the TiO** ion to form a red-brown soluble compound
in & weak acid solution [13), an orange-red compound in sodium ace-
tate solution, and a red-violet compound in concentrated sulphurie
acid solution [14]. Chromotropic acid is also used for the detection
and photometric determination of titanium [15, 16].

2,7-Dichlorockrometropic acid [17] reacts with the titanium ([V)
iom like chromotropic acid. The acid is used for the photometric de-
termination of microgram quantities of titanium in uraniung [18],
steela [19], aluminium alloys containing vanadium {20], beryilium
metal [21], in rock and ore [22}. Small quantities of titanium are de-
termined by the extraciion-photometric method {19}, The ion of ti-
tanium (IV) reacts with 2,7-dichlorochromotropic acid at pH 2.0
-in the molar ratio of { : 3. The formed compound absorbs maximum
at 490-500 nm. At pH 4.5, the reaction proceeds in the molar ratio
?53} ! 4, and the maximum abgorption of the solution is at 470 nm

Titanium (IV) reacts with pyrocatechol to form several compounds,
depending on the pH of the medium and on the amount of the re-
agent excess {24, 25]. Ifthe excess of pyrocatechol is great, the com-
plex [Ti(C,H,0,),)* is formed. Diantipyrylmethane increases the
stability of the titamium (IV} complex with pyrccatechol in acid so-
lutions [26]. A sparingly soluble compound is formed by diantipy-
rylmethane, titanium (IV), and pyrocatechel taken in the ratio of
1:1: 2, This compound is extracted with ehloroform or dichloroeth-
ane from 1-2 ¥ HCl medium. The absorption wmaximum of the
extracts is at 330 um. When the acidity of the agueous phase decreas-
es, the absorption maximum of the extracts shifts to the region of
lapger wavelengths. When titanium is determined photometrically
[27] in the form of its compound with pyrocatechol and diantipyryl-
methane, the -oxtraction is effected with dichloroethane from a
1 N hydrochloric acid. Iron (III) is reduced by ascorbic acid. VV and
Mo¥I, WD strongly interfere, and V!V does not interfere with
the determination. The limit of detection is 6 pg of Ti in 25 ml of
the extract, the absorption being measured at 320 nm and 10 pg
of Ti im 25 ml of the extract at 420 nm. _

Titanium (IV) reacts with phenols and polyphenols in a medium of

137



. concentrated sulphuric acid to form coloured compounds: orange-
vellow with thymol and red with salicylic acid.

Tichromin [N-methyl-N,N-bis (methylenochromotropic acid)amine]
i28, 29} is used for the photometric determination of titanium
in alumina, slags, aluminium alloys, highly mineralized water from
hot springs. B
. 9-Methyl-2,3,7-trihydroxy-b-fluorone reacts with the TilV ion
in the molariratio of 2: 1 to form [30] a pink complex with the max-
imum absorption at 520 nm. The molar extinction coefficient is
6.04 X 10% The Bouguer-Lambert-Beer law helds true for.titanium
concentratiors in the range of 0.025-0.6 pg/ml. The optimum pH
s 1.7-2.1.

9 (2’,4'-Disulphophenyl)-2,3,7-trihydroxy-6-fiuorone (disulpho-
phenylfluorone) reacts with titanium ions [31) at pH 6 in the mola
ratio of 2 : 4. Coloured solutions have the absorption maximum at
570 nm, the absorption being diréctly dependent on the titanium
compoun» ppncentration. The limit of detection of titanium is
0.01 pg:ml. The reagent is used for the determination of titanium
in germanium and silicon in guantities over 5 X 10-® per cent.

Ascorbic acid reacts with the titanium (IV) ion in weak acid so-
lutions (pH: 3.5-6) to form yellow or orange soluble compounda.
Ascorbic acid is less sensitive as a reagent for titanium than poly-
phenols but more selective. It is used for the photometric determina-
tion of titamium '[32-34], '

Cupferzon precipitates a yellow salt, and 8-hydroxyquinoline a
yellow-orange salt from acid solutions containing the sitanium ion.

Both reagents are ised for the separation of titanium ions from the
ions of othey elements, especially from the aluminium ion. Tita-
nium cupferrgnate is extracted guantitatively with chloroform. Ti-
tanium is thus separated from aluminium.

Diantipyryimethane reacts with titanium (IV) in hydrochloric
acid golutions to form coloured compounds. This reagent is one of
the moss selective and highly sensitive reagents for titanium. It
is used for the determination of titanium in vanadium and in vane-
dium oxychloride, in niobium, molybdenum, aluminium and mag-
nesium allays, steel, refractory nickel 'and iron alloys [35-391
Large guantities of titanium are determined by the differential
method [40]; ,

Titariium (IV) reacts with the SCN- ion and diantipyrylmethane
in a 2 & HCl medium to form an intensely coloured precipitate which
can be easily extracted with chloroform or dichloroethane [41].
The probable formula of the compound is {TiDiant(SCN),]. The
absorption maximum of the extract is at 420 nm, themolarextine-
tion coefficient is 6.00 X 10, The extraction-photometric deter-
mination of titanium in steels [42] is based on the formation of
this compound. _ _

N-Benzoyl-N-phenylhydroxylamine reacts with titanium ﬁIV)
in the molar ratio of 1 : 1 in a 60 per cent ethano! solution 143)
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containing 1.06 X 10-? mole/litre of tartaric acid at pH 1.8 4= 0.1.
The Bougner-Lambert-Beer law holds for coloured solutions in the
range of concentrations from 3 to 160 ug of Ti in 10 ml of solution at
340 nm, 370 and 400 nm, the deviation being not more than 2 per
cent. FelI VIV and MoV¥! interfere with the determinmation of
titanium. Titanium can be determined [43] in the presence of the
ions of Nb, Ta, Zr, and W. N-Benzoyl-N-phenylhydroxylamine is
used for the gravimetric determination of Ti!¥ in the presence of
Al [44] and for separation and determination of Nb, Ta and Ti [45].

3-Hydroxy-1-(p-chlorophenyl}-3-phenyltriazine reacts with TiQ%+
to form an orange heat-resistant precipitate. This reagent [46]
can be used to separate Ti!V ion {rom Al, Be, Mg, Th, etc.

The review of the methods used for the analysis of titanium is
given in the literature [47].

COMPLEXOMETRIC DETERMINATION OF TITANIUM
IN ALLOYS

EDTA reacts with TiIV in the presence of hydrogen peroxide to
form a compound stable at pH below 2 (pK about 20.4).

Titanium is determined indirectly by titrating excess EDTA with
Felll galt in the presence of salicylic acid or with a bismuth salt so-
lution in the presence of xylenol orange. In the latter case, a pre-
ferable one, the optimum acidity is 0.3 N HCI. [f the concentration
of HCI is higher than 0.5 N, the negative errorincreases. At the acid-
ity lower than 0.2 & HCI, niobium interferes since it also forms a
stable compound with EDTA and hydrogen peroxide. The method
can be used for the determination of titanium in its alloys with ura-
nium, zircomium, rolybdenum, tungsten and niobium. Mg, Mn,
Zn, La, Ce!1l, Al and W (to 50 mg), Ta (to 70 mg), Mo {to ‘l&)mg),
Cu (to 5 mg), Nb (to 80 mg) and U {to 200 mg) do not interfere with
the determination. Fel!! and Zr!'¥Y form stable complexonates in
an acid medium and therefore interfere. During the determimation
of Til¥ in the presence of Fe!'l and ZrIV, the sum of these elements
is first titrated in the absence of hydrogen peroxide, then hydrogen
peroxide is added, and the sum of Ti, Fe and Zr is titrated.

Nengents

EDTA, 0.01 ‘M solution.

Bismuth nitrate, 0.01 M solation.

Hydrogen peroxide, 30 per cent solution.

Xylenol orange. 0.5 per cent solution.

Sulphuric acid; density 1.84 g/cu.cm and 1 N wolution.
Ammonium sulphate, crystalline. ’
Hydrochloric acid, density 1.17-1.19 gleu.cm.

Niirte seid, density 1.4 g/cu.cm.



Procedure

Determining Titanium in Niobium Alloys. Place a sample weighing
0.1-0.2 g in a 100-ml refractory glass beaker. Add 2-3 ml of sulphu-
ric acid, density 1.84 g/cu.cm, 1-2 g of ammonium sulphate, and
heat to dissolve the sample. Evaporate the solution on a sand bath
to 0.5-1 ml. Add 3-5 ml of hydrogen peroxide to the residue and dis-
solve it in 1 ¥ hydrochloric acid. Transfer the solufion into a 100-
ml volumetric flask and add 1 & sulphuric acid to the mark. Using
a pipette, transfer a 20-ml aliquot {(1-5 mg of Ti) into a 300-ml Er-
lenmeyer flask, add 10 ml of 4 &V sulphuric acid, add water to 100 ml,
3-5 drops of hydrogen peroxide, and 15ml of 0.01 M solution of
EDTA. Stir the solution, keep for 15 minutes, add 3-4 drops of xy-
lenel orange, and titrate excess EDTA with Bi(NOg), until the yel-
low solution becomes orange-red.

1 ml of 0.04 M EDTA solution is equivalent to 0.479 mg of tita-
nium.

Determining Titanium ir Ti-Nb-Me, Ti-Nb-W, Ti-U, Ti-U-Mo,.
Ti-U-Al, Ti-U-W and Ti-Nb-Al Alloys.

Place a sample of an alloy containing 5-20 mg of Ti in a 100-ml
refractory beaker, dissolve it in a mixture of 8-10 m! of hydrochloric
and 1-2 ml of nitric acid with heating on a sand bath. Add 3 ml of
sulphuric acid, density 1.84 g/cu.cm, to the obtained solution and
evaporate to heavy fumes of H,50,. Dissolve the residue in water,
transfer the solution into a 100-ml volumetric flask, and add water
to the mark. Using a pipette, transfer a 20.0 ml ahquot into a 300-
m! Erlenmeyer flask, add 30 ml of 4 N sulphuric acid, dilnte the so-
Iution with water to 100 md and proceed further as for the determi-
nation of titanium in niobium alloys.

PHOTOMETRIC DETERMINATION OF TITANIUM
IN ALLOYS USING ChROMOTROPIC ACID

Chromotropic acid (1,8-dihydroxynaphthalene-3,6-disulphonic
acid) reacts with Til¥ to form two compounds, viz., a red compound
with the molar ratio of the components of 2 : { (theabsorption max-
imum at 470 nm, the molar extinction coefficient, 1.20 X 10%).
which is formed at pH 1-4; and a yellow compound with the molar
ratio of the components of 3 : 1 (the absorption maximum at 423 nm,
the molar extiucticn ¢oefficient, 1.84 X 104) which is formed at
pH 3-7. The red complex is more stable and it is therefore more of-
ten used for the photometric determination of titanium, The absorp-
tion is measured at 520 nm where the difference of the absorption
of the red and the yellow complex is greater.

The absorption of the solutions is proportional to the titanium con-
centration in the range from 5 to 200 ug in 50 ml. UY! and Felll
form a brown and a green compound respectively with chromotro-
pic acid and therefore interfere with the determimation of titanium.
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Felll and UY! are first reduced with sulphite or hydrosulphite of
sodium to Fe!! and UIV and titanium (V) is then determined. The
nitrite, nitrate, fluoride, and oxalate ions also interfere and they should
be removed by evaporation with sulphuric acid. The ion of VV,
small quantities of tartrate, chloride, sulphate and molybdate ions
do not interfere.

The method can be used for the determination of titanium invar-
ious objects, for example, in alloyed steels. Chromotropic acid is
quickly oxidized and its solutions should therefore be prepared imme-
diately before the analysis. Its pH should also be strictly con-
trolled.

Reagents

Titanyl sulphate, siandard solution m 1 N sulphurie acid. 1 ml is equivalent
to 10 ug of titaniuvm,

Ammonig, 1 N solution.

Chromotropic acid, 2.5 per cent solution. Mix 2.5 g of chromotropic acid with
0.15 g of sodium sulphite, and add water to 100 ml. The solution is stable

for 2-3 days.

Monochloroacetic acid, 5 per cent solution.
Hydrockloric acid, diluted 1:1.

Cupferrorn, 0.6 and B per cent solutions.
Potassium pyrosulphate, crystalline,
Ammonium thiscyonale, b per cent solution.
Sodiurm sulphite (or hydrosulphite), crystalline.
Ozalic acid, 5 per cent solution.

Constructing a Calibration Curve

Place 1, 2, 3, 4 and 5 ml of the titanyl sulphate standard solutlon into five
50-m! volumetric flasks, add 0, 1,2,3 and 4 ml of ammonia solution respec-
tively, and mix, Now add 2 mi of chromotropm acid and 10 ml of monochloro-
acetic acid into each flask and dilute the solutions with water to 50 ml. Stir
the solutions and measure their absorption at 520 nm on an absorptiometer
against a blank solution. Construct the calibration curve using thedata ob-

tained.

Procedure

Treat a sample of steel weighing 0.5-1.0 g (containing from 0.1 to
1.0 per cent of titanium) with 30 ml of hydrochloric acid with heat-
ing until hydrogen bubbling stops. Diluie the solution with water
to 200 i, eoal to 5-10°C, add 6 per cent cupferron solution to pre-
cipitate vanadium, titanium, and part of iron (control complete-
ness of precipitation), and allow the mixture to stand at the same
temperature for 90-120 minutes with frequentlystirring. Separate
the precipitate on a white ribbon filter, wash with 50-100 ml
of 0.5 per cent cupferron solution, transfer into a quartz or a plati-
num crucible, incinerate carefully, and calcine. Fuse the residue
with 34 g of potassium pyrosulphate by raising the temperature
gradually. Transfer the crucible with the homogeneous melt into
a 200-ml beaker, add 30 ml of water, then 1-2 drops of ammonium
thiocyanate solution and a few crystals of sodium sulphite (or hydro-
sulphite) to decolourize the solution. Add 30 ml of oxalic acid solu-
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tion, dilute with water to the mark in a 200-m] volumetric flask,
and stir the liquid.

Using a pipette, transfer 5 ml of the solution into a 50-ml valu-
metric flask and repeat the procedure as for the construction of the
calibration curve. Determine the titanium content of the aliguot
from the calibration curve.

PHOTOMETRIC DETERMINATION OF TITANIUM IN ALUMINIUM ALLOYS
USING 2,7-DICNLOROCHROMOTROPIC ACID

Solutions of 2,7-dichlorochromotropic acid are oxidized in the
light 400 times slower than sclutions of chromotropic acid. 2,7-Di-
chlorochromotropic acid reacts with theTitViouin anacid medium
(at pH higher than 0.2) to form a crimson complex compound (the
optimum pH range 1.5-2.5). At pH 2, the reagent for Ti!V is 14
times more semsitive than H,0,. The solutions absorb maximum at
490 nm, the molar extinction coefficient being 1.12 X 10* at pH
2 and 80 x 10® at pH 1. The absorption is proportional to the Ti
concentration in the range of 0.1-5 pg/ml,

Ag, Al, Ba, Be, Bi, Ca, Co, Cr'Y!, Fell, Ga, Hg, In, Mg, Mn,
Ni, Pb, PtI¥, SbUI SeV! Sn, Sr, Te!V, Th, TV thelanthanides,
Zn and Zr do not interfere with the determination of titanium.
Only Fell?, CrV! V-, Mo and W interfere at pH 1. The ions of Mo
and W can be masked with phosphate, the other ions being reduced
by ascorble wcid, which can be present in a hundred-fold excess.
The ethylenediamine tetraacetate anion, the fluoride ion (hundred-
fold quantities of the tartrate and phosphate ions) interfere with the
determination of -titanium.

The reagent is used for the photometric determination of titami-
um in steels, uranivm, aluminium alloys containing vanadium, and
in water,

Reagents

Aluminium metal, pure.

Titanyl sulphate, stendard solution. 1 wl is equivalent to 2 pg of titanium. Pre-
pare the solution in 0.4 N sulphuric acid,

2,7-Dichlorochromotropic acid {disodium salt), 0.5 per ceat solution.
Sulphurle acid, diluted 1: 3.

Rydrochloric acid, 1 N :olution and diluted 4:1.

Reductent for Felllznd VV_Mix equal volumes of 5 per cent solutions of hydroxyl-
amine hydrochioride and ascorbic acid. ’

Sodium aretate, 30 per cent solution.

Constructing @ Calibration Cure

Dissolve a2 sample of aluizinium weighing ¢ g in a Rask 4n a mixture of 20 ml
of sulphuric acid and 2 ml of hydrochloric aeid (i : {), add water to 50 ml,
filter intp a 100-m] volunetric flask (for the determination of. aver 0.005 per
cont of titanjum) or it 2 #50-ml flagk (for the determination of 0.4 per cent
of titanium) and add wacer to the mark. Place 10 or 5 ml {for 0.005 or 0.4 per
¢ent of titanium respeciively) of the solution into five 100-m] velvmetric flanks,
add 1, 2, 3, 4 and 5 w] of the titanyPsulphate standard solution, 5 ml of the
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reductant selution into each flask and peutralize with sodinm acetate to Conge

test paper (the paper colours violet). Now add 10 m! of {1 & hvdrochloric acid.

5 m] of 2. 7-dichlororhromotropic acid into each flask and water to the mark.

Measure the ahsorption of the solntions at 490 nm in cells with a light path

of 5 ¢m, against a blapk solution. Construct the calibration curve using the,
data obtained.

Procedure

Dissolve a sample of aluminivm weighing 1 g and containing from
0.005 to 0.4 per cent of titanium in an Erlenmeyer flagk in a mixture
of 20 ml of sulphuric acid and 2 ml of hydrochleric acid {1 :1).
Dilute the solution with water to make 30 m! and pass into a 100-
m! (for thousandth fractions of per cent of titanium) or into a 250-
m! (for temth fractions of per cent of titanium) volumetric flask
through a white ribbon filter. Wash thoroughly the dissolution flask
and the filter with hot water, cool the solution in the velumetric
flask, add water to the mark and stir. Transfer a 10 or 5-m! aliquot
{(for the thousandth or tenth fractions of per cent of titanium respec-
tively) into a 100-ml volumeiric flask, add a small quantity of wa-
ter and proceed as for the construction of the calibration curve.

EXTRACTION-FHOTOMETRIC DETERMINATION OF TITANIUM
IN STEELS WITH 2,7-DICHLOROCHROMOTROPIC' ACID

Very small concenirationsof titanium (0.01-1 pg/ml) aredetermined
by the extraction-photometric method. Diphenylguanidine reacts
with sulpho groups of 2,7-dichlorochromotropic acid 1o form a low-
dissociated compound which is readily extracted with n-butyl or
isoamyl alechol. Even lower concentrations (0.001-0.01 pg/ml} are
determined by precipitating titanium compoundswith 2,7-dichloro-
chromotropic dcid by w-anthracene sulphonate of diphenylguani-
dinium. The precipitate is separated and dissclved in n-butyl al-
cohol. Mo and W are exiracted together with titamium. CrllI,
Ni, Cu, VIV are not extracted. The ions of Felil, ¥V apnd CrV?
are reduced with ascorbic acid. The method is used for the determi-
nation of titanium in composite steels. '

Recgents

Titenium sait, standard solution. 1 ml is equivalent to 5 pg of titanium.
Sulphuric acid, diluted 1 : 8,

Nitric acid, density 1.4 g/cu.cm.

Sodium hexametaphosphate, 1 per ceut solution (can stand for & week).
Ascorbic acid, 2 per cent solution.

2.7-Dichlorechromotropic acid, 1 per cent solution.

Diphenylguenidine hydrochloride, 20 per cent solution.

n-Butyl alcohol,

Constructing a Calibration Curve

Place 1, 2, 3, 4 and 5 ml of the titanium salt standard solutipn into five 50-ml
separating funnels, add 5 ml of sodium hexametaphosphate, 10 ml of ascorbic
acid and 2 ml of 2,7-dichlorochromotrapic acid inte each funnel. Stir the solu-
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tions, allow to stand for five minutes, and add 4 ml of diphenylguanidine
h hloride, drop after drop, Stir the solutions, add 10 ml of »-butyl alcohol
to each [unnel and extract for two minutes. Measuge the absorption of the extracts
at 490 nm against a blank sclution. Construet the calibration curve using
the data obtained,

Procedure

Dissolve 0.25 g of steel (containing 0.02-0.1 per cent of titanium)
in a 100-ml refractory glass beaker in 20 ml of sulphuric acid with
heating on a sand bath. Add 1 ml of nitric acid, boil to remove ni-
trogen oxides, transfer the solution inte a50-ml volumetric flask,
add water to the mark, and mix. Proceed further as forthe construc-
tion of the calibration curve using a 5-ml aliquot of the solution.
Determine the titanium content of the sample from the calibration
curve.

Noies. 1. If hexametaphospbate is added to the blank solution, titanium
can be determined in the presence of many cations. Hexametalphoa hate masks
tungsten (V1) which forms a coloured comypound with 2,7-chlorochromotropic
acid in the conditions of the determination,

2. Extraction should preferably be done from sulphuric rather than from
hydrochloric acid soltion, '

PHOTOMETRIC DETERMINATION OF TITANIUM
WITH DIANTIPYRYLMETHANE

Diantipyrylmethane reacts with the titanium ion in an acid me-
dium to form a yellow soluble compound with the absorption maxi-
mum at 380 nm. Variations of acidity within the range from 0.5
to 4 N (HCl) do not affect the absorption of the solutions, The
limit of detection of titanium is 0.041 pg/ml, the molarextinction coef-
ficient being 1.80 X 10%. The colour develops during 45 minutes and
persists for a few months. The absorption of the solution is prepor-
tional to the titanium concentration within a wide range of concen-
trations,

‘Mg, Al, Zn, Cd, Mn, Cu, Zr, thelanthanides, Mo, Nb,TaorVIV .
do not interfore with the determination of titanium. The ion# of
Felll and VY are reduced with hydroxylamine.

The method can bs used for the determination of titanium in light,
ferrous, and non-ferrous alloys.

Determining Titanium in Nickel Alloys in the
Presence of Vanadium

Reagenis

Titanium_ sall, standard solution, 1 ml i3 equivalent to 5 ug of titanium.
Diantipyrylmethane, 1 per cent solution. Dissolve t0 g of tﬁantipyrylmethane
in 300-400 ml of water acidified with 15 ml! of sulphuric acid, density
1.84 g/cu.cm, and add water to 1 litre.

Sodium acetate, 50 per cent sclution.
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Mizture of concenirated nitric and hydrochloric actds (1 : 3}.
Sulphuric acid, diluted 1 :

Hydrozy!amim, 10 per cent solutmn.

Hydrochlorie acid, diluted 1

Consiruciing a Calibration Curve

Place 1, 2, 3, 4 and 5 ml of the titanium salt standard solution into five 25-ml
volumetric flasks, add 6 ml of diantipyrylmethane solution and 2.5 ml of hydro-
chloric acid into each flask, and add water to the mark. Measure the absorption
of the solutions at 380 nm against water and construet the calibration curve
using the data obtained.

Procedure

Dissolve a sample of alloy weighing 0.25 g (containing 0.01-0.1
per cent of titanium) in 15 ml of the acid mixture, add 15 ml of sul-
phuric acid and evaporate to dense white fumes. Cool the residue,
add 30 ml of water, mix to dissolve the solid, transfer the solution
into a 50-ml volumetric flask and add water to the mark. Pipette an
aliquot of the solution containing 5-25 pg of titaninm, add sodium
acetate solution until Congo test paper colours red, and then add,
drop by drop, hydrochloric acid until the mixture turns lilac. Add
2.5 ml of hydroxylamine solution, allow the mixture to stand for
five minutes, and add 2.5 ml of hydrochloric acid and 6 ml of dian-
tipyrylmethane.

Prepare a blank solution of the alloy by the same procedure but
omitting diantipyrylmethane.

Measure the absorption of the solution in 45-30 minutes against
the blank soiution. Determine the titgnium content in an aliquot
using the calibration curve.

Determining Titanium in the Presence of
fron and Aluminium

The ion of Felll is precipitated byl dmntxpyrylmethane inthe pres-
ence of halides or th:ocyamdes The formed compound is extracted
with chloroform, and iron can thus be separated from titanium. Ti-
tanium is determived photometrically in the aqueous phase using
diantipyrylmethane, If the titanium content is very small, the de-
termination can hé completed by the axtraction-photometric method,
with extraction of the titanium compound with diantipyrylmeth-
ane by chloroform after separation of iron.

Reagenis

Titanium salt, standard solutlon. 1 ml is equivalent to 5 pg of titanium,
Diantipyrylmethane, 5 per cent solution.

Hydrochloric acid, density $.17-1.19 gleu.em.

Chloreform, pure.

Sulphuric acid, diluted 1 :

Mizture of concentrated n!trlc and hydrochlorlc acids (1 :
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Camtruct;'ugla Calibration Curve

Place 1, 2, 3, 4 and 5 ml of the titanium salt standard solution into five 25-m
volumetric flasks, add 5 ml of diantipyrylmethane sohution and 5 ml of hydro-
chloric acid into each Hask. Add water to the mark and measure the absorption
of the solutions at 380 nm against water. Construct the calibration curve using
the data obtained.

Procedur.

Dissolve a sawaple containing 100-200 pg of titanium in 10 ml of
sulphuric acid with heating on a sand bath, evaporate to 1-2 ml,
and dissolve the residue in water. Add water to 15 ml, add 15 ml
of hydrochloric acid, 10 ml of diantipyrylmethane solution and 10 ml
of chloroform. Extiract the iron compound for 5-6 minutes, separate
the organic phase, add chloroform and 10 ml of diantipyrylmeth-
ane solution to the aqueous phase and repeat the extraction.

Transfer the aqueous phase into a 50-ml volumetric flask snd add
water to the mark. Using a pipetie, transfer 10 ml of the lobtained
solution to a 25-m! volumetric flask, add 5 ml of diantipyrylmeth-
ane solution and dilute with water to themark. Measure the absorp-
tion of the resulting solution. Determine the titanium content from
the calibration curve.

EXTRACTION-PHOTOMETRIC DETERMINATION )
OF TITANIUM WITH THIOCYANATE AND DIANTIPYRYLMETHANE

A sparingly soluble complex of titanium (IV} with diantipyryl-

methane and thiocyanate is extracted with pure chloroform from
2-4 M hydrochloric acid. The absorption is measured at 420 nm.
The molar extinction coefficient at this wavelength is about 6.0 X
X 10% The interfering effect of tervalent iron, divalent copper, and
other elements is removed by sodium thiosulphate which is added
hefore exiraction.
I The limit of detection is 2 pg of titanium in 25 ml of the chloro-
form extract. The absorpiion of the extract is proportional to the ti-
tanium concentration in the range of 2-20 pg in 25 ml of the chlo-
roform extract.

Fell, Ta, Cr, Al, Mn, Zn, Cd, Sn, Sb, Zr, EDTA, fluorides, phos-
phates, and small quantities of Ni and V do not interfere with the
determination of titanium. The ions of Co, W, Mo and Nb inter-
fore.

The error of determination of titanium in steels containing the
metal from 0.03 to 0.6 per cent does not exceed = 5 per cent.

Reagents

Sulphurie aeld, diluted 1: 5.

Hydrochloric acid, density 1.19 gfou.cm and diluted {:5,
Nitric acid, density! .40 g/cu.cm.

Ammonlum thiocyanate, 20 per cent solution,

Sedium thivsulphate, 20 per cent solution.
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Dlantipyrylmethgne, 5 per cenit solution in 2 N hydrochloric acid.
Chloreform, pure. Shake chloreform in a separating funnel with concenirated
sulphuric acid, and wash with water and then with KOH solution.
Titenium salt, standard solution. 1 ml is equivalent to 10 pg of titanium.

Construeting a Calidbration Curvpe

Dissolve a sample of chromium-nicke! steel weighing { g free [rom titanium
(for example, a standard sample of steel No. 125) as in the Procedure. Dilu-
1e the obtained solution with water in a £00-ml volumetric flask, place 5ml
portions into separating funnels, add the standard solution of titsnium salt
in quantities equivalent to 2.4 to 24 pg of Ti and proceed [urther as ibstruc-
tedUn' ‘the Procedure.” Construct the calibratior curveusing the data obtained.

Procedure

Dissolve & sample of steel weighing 0.1 g in 30 ml of sulphuric acid
(1 : 5) with heating. Oxidize the carbides with nitric acid with beat-
ing. As soon as the solid has dissolved, add water to 40-50 ml, boil
to remove nitrogen oxides, cool, transfer into a 100-ml volumetric
flask ard add water to the mark.

If the sample containg titanium from 0.1 to 0.5 per cent, transfer
5 ml of this solution into & separating funnel, add 5 ml of ammonium
thiocyanate and then, gradually, sodium thiosulphate until the colour
due to ferric thiocyanate vaxnishes. Add 5 ml of diantipyrylmethane
solution and 2. ml of concentrated hydrochloric acid. Extract the
titanium compound with two 10-ml portions of chloroform. Pass
the extracts through a dry filter into & 25-ml volumetric fleak and
add chloroform to the mark.

Measure the absorption of the extract at 420 nm on an absorptio-
meter with a blue optical filter or on a spectrophotometer Cd-4
in a cell with a light path of 20 mm against the extract of the res-
gents. Determine the titanium content from the calibration curve.

PRHOTOMETRIC DETERMINATION OF TITANIUM
WITH TICHROMIN IN ALUMINIUM ALLOYS

Tichromin, ({N-methyl-N, N-bis(methylenschromotropic acid)
amine}, reacts with the ion of TiTV at pH 1.0 to form a yellow com-
pound. When the solution is acidified to 3 M HC], its colour changes
to red-brown and persiats for a few days. The absorption maximum of
the solutions is at 470 nm, the molar ratio of Ti to HR is 1 : 2,
the molar extinction coefficient is 1,03 x 104, the equilibrium con-
stant of the reaction is 1.34 X 10%. 10 000-fold quantities of Al,
Fe'+, Zn, Mg, Ca, Ga, In, T), rare earths, a 5000-fold guantity of
Th, 2000-fold quantities of oxalates, tartrates, EDTA, citrates and
phosphates, 1000-fold quantities of Cu and Ni, s 500-fold quantity
of Cr111, 150-fold quantities of Co, VIV, a 100-fold quantity of
Buorides, and a 4-fold quantity of Mo do not interfere with the de-
termination of titanium. The interfering effect of CrVI, VV and FellX
fs removed by ascorbic acid.
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The method can be used for the determination of 1.2 x 40-*
per cent of titanium in aluming, 4.4 X 103 per cent of titanium in
slags, from 1.1 X 10-* to 1.5 X 102 per cent of titanium in alumi-
nium alloys and 0.1-15 mg/] of titanium in highly mineralized wa-
ters of hot springs.

Reagenls

Titanyl sulphate, standard solution in I N hydrochloric acidy 1 ml is equivalent
to 5 pg of titanium.

Hydrochloric acid, diluted 1:1 and 1 N solution.

Sulphuric acid, diluted 1 : 1.

Aseorbic acid, 2 per cent solution,

Tichromin, 1 per cent solution.

Constructing a Calibration Curve

Place Jrom 0.5 to 8 ml (the gradient, 0.5 ml) of the titanyl sulpnate standard
solution into 100-mi volumetric Basks and add 5 ml of ascorbie acid into each
flask. Allow the solution to stamd for 2-3 minutes and add 5 ml of tichromin
solution. Add 1 N hydrochloric acid to the mark and measure “he absorption
of the solulions at 470 nm on an absorptiometer in a cell with a light path of
H em or on a spectrophotometer in a cell with a light path of 1 cm against a blank
solution. Consiruet the calibration curve using the data obtained.

Procedure

Dissolve a sample of alloy weighing about 2 g in a mixture of 30-
35 ml of hydrochloric acid (1 : 1) and 5 ml of sulphuric acid (1 : 1).
When the vigorous reaction stops, heat the beaker on a sand bath
to completely dissolve the alloy. Rinse the glass cover and, the beak-
er walls with hot water and heat again for 5-7 minutes. Now c¢ool
the solution, filter it into a 100-ml volumetric flask, and add water
to the mark. If the expected content of titanium is n x 10-% per
cent, take a 25-ml aliquot, and if » X 10~* per cent, take 10 ml
and continue as for the construction of the calibration curve. Deter-
mine the titanium content from the calibration curve.

DIFFERENTIAL DETERMINATION OF TITANIUM
IN NIOBIUM ALLOYS WITH DIANTIPYRYLMETHANE

The method can detect 50 and less per cent of titanium in niobi-
um alloys with a relative error of -+ 0.5 per cent. Al, Mg, Cd, Zn,
Fell, VIV Nb, Ta, Mo, W, Mn, Ce, Zr and the lanthanides do not
interfere with the determination of titanium.

Reagents

Titenium salt, two standard solutions. 1 ml is equivalent to 0.2 mg and 0.1 mg
of titanium respectively. The solutiona contain 3 per cent of tartaric acid.
Diantipyrylmethane, 2 per cent solution. Dissolve 20 g of the reagent in 300-
400 ml of water containing 60 ml of H,S0, (1 : 1}, add about 2 g of ascorbic
acid and dilute with water to 1 litre.

Pariaric acid, 15 per cent solution.

Potassium pyrosulphate,

Hydrockhloric acid, diluted 1: 1.
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Construcling a Calibration Curve

Place 10 mi of the standard solution of titanium salt (the titanium concentration
0.2 mg/ml) into five 50-ml volumetric flasks and add 1, 2, 3, 4 and 5 ml of
the other standard solution of titanium (the concentration 0.1 mg/ml) into
the flasks respectively. Add 10 ml of tartaric acid solution into each flask and
keeji] them on a boiling water bath for five minutes. Add 15 ml of diantipyryl-
methane solution and 10 m) of hydroehloric acid to the hot selutions, cool
to room temperature and add water to the mark. Measure the absorption of
the solutions at 480 nm in cells with a light path of 1 em against a solution
prepared by a similar procedure and containing 2.0 mg of titanjium in 50 ml.
Construct the calibration cutve using the data obtained.

Procedure

Fuse a sample of the alloy weighing 0.1 g with 3-5 g of potassium
pyrosulphate (add a few drops of concentrated sulphuric acid if ne-
cessary). Dissolve the melt in 20 ml of tartaric acid, ¢ool, transfer
into a 100-ml volumetric flask and add water to the mark. Take an
aliquot containing 2.0-2.5 mg of titanium and continye the analysis
as for the construction of the calibration curve. Determine the tita-
nium content from the calibration curve.

DIFFERENTIAL DETERMINATION OF TITANIUM
IN ILMENITE CONEENTRATES WITH HYDROGEN PEROXIDE

The method can be used to anetermine to 62 per cent of Ti0, with
a relative error of 2= 0.5 per cent. The interfering effect of tervalent
iron can be removed by phosphoric acid.

Reagents

Titanium salt, standard solution. 1 ml is equivalent to 1.2 mg of titanium. Treat
a sample of Ti0, calcined at 800 °C and weighing 0.5000 ¢ with {125 g of
{NH,),80, and 27.5 ml of concentrated sylphuricacidinan Erlenmeyer flask
and ileat to dissolve the solid. Cool the solution, transfer into a 250-ml volu-
metric flask, and add water to the mark,

Hydrogen peroride, 8 per cent solution.

Potassium pyrosulphaie.

Sulphuric acid, 20 per cent solution,

Prosphoric acid, concentrated,

Constructing a Calibration Curve

Place 10, 14, 12, 13, 14 and 15 ml of the standard solution of tho titanium
salt inte 100-m! volumetric flasks, add 20 ml of phosphoric acid, 50 ml of sul-
phuric acid, and 5 m| of hydrogen peroxide into each flask and then add sulphuric
acid to the mark. Measure the absorption of the solutions at 39C¢ nm in cells
with a light path of 1 em using a solution containing 12 mg of titanium in 100 ml
as the standard. Construct the calibration curve using the data obtained.

Procedure

Fuse a sample of concentrate weighing 0.3 g in a platinum crucible
with 5 g of potassium pyrosulphate at 800-900°C to prepare a clear
melt, Dissolve it in 50 ml of sulphuric acid containing 4 ml of hydro-
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gen peroxide solution. Cool the solution, transfer into a 100-ml
volumetric flask, and add sulphuric acid to the mark. Take en ali-
quot containing 12-18 mg of titanium and continue with the anel-
ysis as for the costruction of the calibration curve. Determine the
titanium content from the calibration curve.
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Zirconium and Hafnium

Zirconium, Zr, and hafnium, Hf, have the positive valency of 4
in their compounds. Halides of zirconium and hafpium in which these
elements are di- and tervalent (positive) are known. These compounds
are not important for analytical chemistry. There are no methods
based on the changing valency of hafnium and zirconium.

The chemical properties of zirconium and hafnium are quite sim-
ilar. There are no reagents by which the zirconjum ion could be
effectively separated from the hafnivm ion. The ions of these ele-
ments interact with inorganic and organic reagents almost under the
same conditions and their products only slightly differ from each
other by their properties. Physical methods, such asroentgenospec-
tral, optical spectral and radioactivation methods ensure reliable
identification and determination of hafnium in the presence of zir-
conium. Photometry and some organic reagents also give positive
- results. The photometric method is effective in the separate deter-
mination of zirconium and hafnium.

Aqueous salts of zirconium and hafniuni easily hydrolyze. Solu-
tions of zirconium salts can contain simultaneously the colourless
ions Zr** and ZrO*+ and.various polymerized ions. The polymeriza-
tion degree increases with the concentration of zirconium salt and
depends on the acidity of the solution. If hydrofluoric acid is added,
the polymerization of the zirconium ions decreases.

The conditions under which various zirconium ions can exist in
solutions are not defined. Solutions with the acidity over 2 N (HCLOQ,)
contain the simple ion Zr#*, If the pH is 0.7 and below, the
Zr(OH)** jop is predominantly present in solution. At pH higher
than 0.7, the Zr{(OH);* idn is present.

The Zr#* ion reacts with many roagents much faster than the oxy-
cation ZrQ®*+ and various isopolyoxy cations. In order to ensure the
presence of zirconium in solution mainly in the form of Zr't, at
least & ten-fold quantity of aluminium salt should be added as a
coprecipitant. Zirconium and alumipium are precipitated by am-
monia and the precipitate is dissolved in dilute hydrochloric acid
{1}. This method inecreases the sensitivity and reproducibility of the
photometric determzination of zirconium with arsenazo I.

The dioxides ZrQg and HfOQ, are insoluble in water. The corres-
pornding hydrates are prepared by the hydrolysi$ of the aquecus so-
lutions of the salts. The meta-acids ZrO(OH), orH  ZrO,are formed
in this reaction. 1f alkali solutions are added to the solutions of
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the salts, the ortho-acids, Zr(OH), or H,ZrQ,, are formed. These
are always contaminated with basic saltsofzirconium. The dioxides
ZrO, and HfQ, can be converted into the soluble state by fusion
with alkali or potassium hydrosulphate. The fusien of ZrO, and
HfQ, with alkali gives zirconates and hafnates. They are hydro-
lyzed in water. The fusion of ZrO, and HfQ, withSi0,0r TiO, gives
silicates or titanates of zirconium and hafnium. Zirconium dioxide,
Z10,, melts at a temperature not below 2700°C, while hafnium dio-
xide, HfO,, melts at 2990°C.

The products of hydrolysis of zirconium salts can exist in colloi-
dal solutions.

Carbonates of ammonium or the alkali metals precipitate white
basic salts of zirconium and hafnium. The precipitate dissolves in
excess ammonium carbonate and is re-precipitated by boiling the
solution.

If the pH of the solution containing the zirconium and hafnium

-ions is gradually increased (by adding alkali), mainly the basic salt
of zirconium is first precipitated and then the basic salt of hafninm.
At pH about 2, a 0.01 M solution of zirconyl chloride precipitates a
white basic salt of zirconium.

'Hydroxides of zirconium and hafnium show their amphoteric
character, while their acid and basic properties are not manifest.
These compounds are dissolved in strong acids, their solubility de-
creasing with time (due to ageing).

‘Hydrogen sulphide does not precipitate the zirconium and hafni-
um ions from aqueous solutions.

Zirconium and hafnium form many compounds sparingly soluble
in dilute acids (phosphates, arsenates, selenites, iodates, arylarso-
nates, etc.) and complex compounds. Halide, sulphate, oxalate, tar-
trate, citrate, EDTA and other complexes are known. The informa-
tion on the composition and the stability constants of many of them
is controversisl

The halid. oomplexeq have the formula M,ZrHal,. The fuoride
complex ions of zirconium and hafnium, ZrF" and HfF"‘ are very
stable and the corresponding solid compounds are soluble in wa-
ter.

The addition of the alkali metal fluorides to solutions of various
coloured compounds of zirconium and hafnjum with organic reagents,
gives colourless soluble fluozirconate and fluohafnate with lbera-
tion of the organic reagent. Th® colour of the solution changes in
this process. The fluorides of the alkali metals are used tv mask zir-
“gonium.

Hydrofluoric acid and the fluorides of the alkali metals precipi-
tate bulky white ZrF, and HfF, from concentrated solutions of zir-
conium and hafnium salts. The precipitates eéasily dissolve in excess
precipitant. Hydroflueric acid is used for the separation of the lan-
thanides and thorium from zirconium and hainivm (the latter two
‘remain in solution).
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The sulphate complexes [ZrO{(SO ),1*=, [Zr(S0,),]*- and others
are relatively stable.

Ammonium phosphate, (NH,,HPO,, precipitates quantitatively
the ions of zirconium and hafnium frow strong acid solution contain-
ing 10 per cent (v/v} of hydrochloric or sulphuric acid. The compo-
sition of the precipitate depends on the conditions of precipitation.
The precipitates are difficult to f{ilter, and the separation of zirco-
nium and hafnium from the other elements is not alwayssatisfac-
tory. If the ions of Ti, Nb and Ta are present, zirconium is precip-
itated in the presence of hydrogen peroxide. The ion of SnIV in-
terferes.

Disubstituted ammonium arsenate precipitates quantitatively
the ion of zirconium from a 2.5 & solution of HCI or 3.75 ¥ solution
of HNO,. U the ions of Th, Ce, and Ti are present, zirconium ar-
ée%nte should be re-precipitated. The precipitate is calcined to

10,.

Selenious acid precipitates quantitatively the zirconium ion from
hydrochloric acid solutions in the form of basic selenite. The filtered
and washed precipitate is calcined to ZrO;. Selenious acid separates
zirconium from aluminium, some lanthanides, and from small
amounts of iron. If hydrogen peroxide is added to the solution,, zirconi-
um can also be separated from small quantities of titanium. Tho-
rium and phosphorus are admixed with the precipitate. Zirconium
selenite, Zr(SeO,),, can be prepared under special conditions.

Potassium iodate precipitates the double salt 2Zr(IO,),-KIO; X
X 8H,40 from nitric acid solutions. Conditions can be provided under
which the compound characterized by a more or less stable composi-
tion, corresponding to the above formula, can be precipitated. The
ions of Th and Ce are precipitated by potassium iodate in the same
conditions as zirconium. Potassium iodate can separate zirconium
from aluminium. During titrimetric determination, the fltered
and washed precipitate is dissolved in hydrochloric acid, KI is
added, and the liberated iodine titrated with thiosulpbate solution.

Potassium ferrocyanide precipitates the zirconium ion, the compo-
sition of the precipitate being inconstant.

Ammonium oxalate precipitates white zirconium oxalate soluble
in excess precipitant and in strong acids {in contrast to the oxalates
of cerium and thorium). The ion SO2” forms [ZrO(S0O,),]*- and there-
fore interferes with the precipitation of zirconium oxalate.

Arylarsonic acids are highly selective precipitants of Zr** from
dilute mineral acid solutions. Phenylarsonic acid, C,H, AsOzH,,
is most frequently used. The precipitating properties of p-hydroxy-
phenylarsonic acid, m-nitrophenylarsonic, p-dimethylamipo-azo-
phenylarsonic and other arsonic acids have also been studied. The
precipitates are white. Phenylarsonicacid precipitates quantitative-
ly 12] the ions of zirconium and hafrium from hydrochloric acid
solution diluted {4 : 9. The acid is used for the separation of Zr
-and Hifrom the ions of many elements: Fe, Al, lanthanides, Th, etc.
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p-Hydroxyphenylarsonic acid [3] is used for the determination of
zirconium in the presence of the ions of Fe, Al, Zp, Co, Ni, Be, Cr,
Mn, Ca, Mg, Be, T1, Cefll, Th, V, U,]letc. Zirconium i3 precipitated
from a 2,5-3.0 N solutions of hydrochleric or sulphuric acid. Hydro-
gen peroxide is added 1o the solution in the presenes of the Ti ion.
The ions of CelV and SnlY interfere with the determination.

The ions of zirconium aund hafnium are precipiteted quantitative-
ly with mandelic, phthalic, fumaric and other organic acids .and
their derivatives. Marndelic acid, C ,H ,CH(OH)COOH, is used to
separate zirconium from Ti, Fe, Al, Cr, V, Mo, the rare earths and
other elements. If the zirconium content is small (about #0 mg),
the precipitated [C,H,CH(OH)COO},Zr is weighed straight after
the ssparation, but if the zirconium content is high (over 25 mg),
' ;he precipitate shounld be firat caleined {4, 5] to zirconium dioxide,

rQ,.

Thiodiglycolic acid, HOOCCH ,SCH,COOH, precipitates quanti-
tatively (6] the zirconium ion from a 0.2-0.4 N solution of HCl
or HNQO,. The composition of the crystalline precipitate correaponds
approximately to the formula (OOCCH,SCH,COO0)ZrO. The pre-
cipitate is calcined to ZrQ,;. The ions of Co, Ni, Zn, Mg, Cd, Mn,
Al, Pb, Ti, Be, the rare earths, and a small quantity of the Th ion
do not interfere with the determination. '

Thiomalic acid, HOOCCHSHCH,COOH, is a highly selective
«precipitant {7) of zirconium from dilute hydrochloric and nitric acid
solutions. The ions of Bi only interfere. When the solution is boiled,
the reagent precipit.ies a substance with thecomposition correspond-
ing approximately to the formula (QOCCHSHCH,COO)ZrO.

Cupferron ,recipitates quantitatively the ions of zirconium and
bhafnium from sulphuric acid solution. It is used for the ssparation
of zirconium from some elements.

N-Benzoylphenylhydroxylamine, C,H,CON(OH)C,H,, precipitates
quantitatively the zirconium ion from acid solutions (8, 9l
The-complex precipitated from sulphuric acid solution with the con-
centration lower than 0.5 ¥ has the constant composition [2]
{Cy9H,004N) Zr and meets the requirements for the weighing form
after drying at 110°C. The factor for the conversion into zirconium
is 0.0970. The precipitate from hydrochloric acid solution (5 per
cent), has no constant composition. It is calcined to ZrO,. The re-
agent is highly sensitive and can be used to detect 1 pg of Zr in
1 ml, and to detarmine 0.2 mg of Zr. The ions of Th and lanthanides,
do not interfers with the determination. The ions of SnIV, VV,
Cel¥ and TilV interfere. The Zr ion is not precipitated in thepres-
ence of fluorides of the alkali metals.

Various oxy compounds react with the zirconium ion to form colo-
ured compounds; they are used for the detection of Zr and for its
photometric determination. The oxy compounds include hydroxyan-
thraquinones (alizarine, quinalizarine, purpurine, rufigallic acid,
atc.), hydroxy-derivatives of flavone (quercetin, morin, and others),
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carminic acid, hematoxyline, xylenol orange, pyrocatechol
violei, and many others {10}

The hydroxy-derivatives of flavone are used for the luminescent
determination of zirconium.

Xylencl orange is a highly selective reagent for the zirconinm and
hafmiume ions in strongly acid solutions (0.8-1.0 ¥ HC1O,). The re-
agent is used for the photometric determination of small quantities of
zirconium {f1}. Conditions can be provided under which separate
determination of zirconium and hafnium in their mutual presence
can be effected {12]. The reagent is used also for the photemetric de-
termination of microquantities of zirconium in niobium metal. Co-
loured compounds of zirconivm are formed in 0.4 N sulphuric acid
in the presence of hydrogen peroxide which is added in the minimum
quantity to keep niobium in solution form. Xylenol orange is alse
vsed as a complexometric indicator. Tis analogue methyl thymol
blue behaves similarly.

Pyrocatechol violet is used for the photometric détermination of
zirconium [13-15).

Arsenazo I reacts with the Zr ionl1] in a 0.08-0.1 N hydrochloric
-gacid solution to form a violet compound (the reagent itself is pink
in these conditiona). The optimum pH is 1.5-1.8. Only Hf and Ti,
and also the fluoride and- phosphate ions and oxy acids interfere
with the determination. Small quantmes of gelatin solution preclude
the precipitation of a coloured zir¢onium compound:. Arsenazo 1
is used fot' the photometric determination of zirconium in aluminium
‘and magnesivm alloys, as well as-in ores.

Arsenazd 111 59 wsed for the photometric deterrhination of -giroo-
ninm {16-20]), _ .

‘Inositol hexaphosphoric acid (phytic acid)precipitasesa white sab-
stance from zirconium salt solutions. It'is wsed for the gravimettic
determination of zirconivm.

Datiscine iz used for the fluorimetric determination of rir¢omium,

Complexometric metnods are very important for the amalytical
-chemistyy of zirconium. There are several direet and indirect
methods for determining gzirconinm [21, 22).

Tao determine 3-5 per cent of zirceniuim in niobhium allpys {21,
23, 24] excess standard solution of EDTA is added 1o the solution of
the alloy, the pH is adjusted to 2, and excess reagent is titrated with
bismuth nitrate amperometrically with a dropping-mercury elec-
trode (the potential being —0.3 V against a saturated calomel elec-
trode). One milligram of zirconium can be titrated in the presence
of 30 mg of niobium.

Tri-n-octylamine (0.1 M solution) extracts quantitatively zirco-
nivm from 9-12 N solutions of hydrochloric acid [25]. To determine
zirconium, a xylenol orange solution in alcohol and acetic acid are
added to the obtained extract. The absorption of the resultant solu-
-tion is measured at 550 nm (absorption maximum). Zirconium and
‘xylenol orange react in these conditions in the molar ratio of 1 : 1

s
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T'he molar extinction coefficieat is 5.30 x 10* (at 550 nm). The meth-
od can be used for the determination ¢f zirconium in the presence
of 40 000-fold quantities of the iens of the alkali and alkaline-earth
metals, and the lanthanides, which are not extractable from aque-
ouslsolutions, and also of aluminium, of 100-fold quantities of many
other extractable ions, such as those of Mn, Sn!l, Bi, Cd, Pb, Cr,
Hpil, TINI Aulll Pd, Se!V, Zn, Th, La, In.

Zirconium and hafnium ars extracted selectively by diantipyryl-
methane [26], heptylphosphoric tetraethyldiamide {11) aud 2-te-
nayltrifluoroacetone {27], .

Hafnium and zirconium are determined indirectly by the chemical
methods. For example, zirconium and hafnium are precipitated by
p-bromomandelic acid, BrCH CH{OH)COOH, from & strong hy-
drochloric acid solution in the presence of sulphuric acid at a temper-
ature of 83-95°C. The precipitates, (C;H,0,Br),Zrand (C,H,0,Br) Hf,
are dried at 120-130°C and weighed. The precipitates are then
calcined to ZrOy and HfQ, and weighed again. The obtained data
are used for the calculation of zirconium and hafnium contents in
the mixture [28], If hafnium isadmixed with zirconium in the quanti-
ty exceading 10 per cent, the absolute error is -+ 0.5 per cent. The
determination procedure continues for 5-6 hours.

Zirconium and bafnium are separated by ion-exchange chromato-
graphy and extraction.

Hafnium is determined in zirconium by the spectral and radiocac-
tivation methods.

The review of the methods for the determination of zirconium and
hafvium is given in the literature [29, 30].

SELECTIVE EXTRACTION OF ZIRCONIUM
AND HAFNIUM

Diantipyrylmethane (DAM) and its alkyl homologues extract
selectively zirconium and hafnium from 6 & solutions of nitric acid
in the presence of nitrates. The method is used for the separation of
zirconium and hafnium from the rare sarths, S¢, Th, U, Ti, Mo, Fe,
Pb, Co, Ni, Hg, Ga, and In. The separated zirconium and hafnium
can be determined by any suitable method.

Reagenis
Nitrte acid, density 1.4 g/cu.ca and 2 N smlution.
Dantipyrylmethane, 7 per cent solution in chloroform.

Procedure

Add nitric acid, density 1.4 g/cucm. to the test solution containing
3-30 mg of zirconium (hafnium}.te adjust the acid concentration to
6 N (the volume of the solution should be 15-30 ml), then add 15 ml
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of the reagent and shake in a separating funnel fer 5-10 minutes.
Keep the solution for 2-3 minutes, pass the extract through a dry
ashless filter into enother separating funnel, add 10 m] of the reagent
lo the agueous phase, extract again in the same conditions, snd add
the organic layer filtrate to the first extract. Add 10 ml of 2N
nitric acid to the extracts, shake for 15-20 minutes, and dilute with
water to 40-50 m]. Shake again for 1C-15 minutes and determine zir--
copium (hafnium) in the aqueous phase.

Noie. To re-extract zirconivm (bafnjum), a standard sclution of EDTA
can be added logether with HNQ,, and excess ED'TA titroted by bismuth nitrate
in the presence of xylenol crange,

SELECTIVE EXTRACTION OF ZIRCONIUM B
HEPTYLPRQSPHORIC TETRAETHYLDIAMIDE

Heptylphosphoric tetraeihyldiamide solution in benzene extracts
quantitatively zirconium from a 8 M solution of HCL|50C0-fold quan-
tities of Sec, Th, Y, Nd, a 4000-fold quantity of In and a 300-fold
guantity of Fe!l do not interfere.

Reagents

Hydrochloric acid, density 1.17-1.19 glev.cin,
Heptylphosphoric actd tetraethyldlamide, 0,02 M aclution in benzene,

Procedure

Add hydroehloric acid to the solution of the sample to adjust theacid
concentration in the final selution to 9 M and extract zircopiym for
2 minutes with the extracting agent.

KNote. Zirconium can be determined in the organic phase photometrically
with xylenol crange.

SELECTIVE EXTRACTION OF ZIRCONIUM WITH
2-TENOYLTRIFLUORQACETONE

Zircopium is extracted quantitatively with a 0.5 M solution of
2-tenoyltrifluoroacetone in xylene from a 1.3-12.5 N solution of ni-
tric acid or 1.7-6.9 N solution of hydrochloric acid. When zirconium
is extracted from 2 A HCl or HNO,, the reagent can separate zirco-
pium selectively from the alkali, alkaline-earth metals, tervalent
lanthanides, Sn!, Ni, Co, CrlI, UO}*, Th, Fell, Al, Bi and Nb.
To separate from Nb*, a 0.9 per cent solution of H,0, or a 1.25 M
solution of NH,OH . HCI should be added to the aqueous phase before
the extraction. In the presence of Felll zirconium is extiracted from
6 M HCIl. The same exiracting agent is used for the separation of zir-
conium from Pa*®, but 2 M HNO, and 1 per cent of H,0, are added
to the test solution, and the organic phase is washed three times with
2 31.2 per cent solution of hydrogen peroxide. Zirconium can he re-
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extracted from the organic phase with a mixture of a-0.25 M solu-
tion of nitric acid and 0.25 M hydrofluoric acid, and also with 8 M
HNO, or concentrated hydrochloric acid with prellmwary dilution
of the extract to the concentration of 2-temoyltrifluoroacetone ol
0.05 M. ' fos

"The method can be used for the separation of ugicroquan.uues %
sirconium and for rapid determination of Zr' in mixtures with Nb
and other fragments.

Reagenis

Nitrte aeid, density 1.4 grcu.cm. _
Hydrochloric acid, density 1.17-1.18 gleun.cm,
8-Tenoyltrifuorcacetone, 0.5 M solution in xylene,

Procedure

Add nitric (hydrochloric) acid to the{solution of the sample to adjust
the acid concentration to 2 M, then add 10 ml of the extracting agent
solution and sheke for 10 minutes. Separate the organic layer, add
another 10 m) of the extracting agent to the aqueous phase and ex-
tract for another ten minutes. Combine the extracts, wash them with
2 M nitric (hydrochloric) acid and determine zirconium.

COMPLEXOMETRIC DETERMINATION OF -ZIRCONIUM

EDTA reacts with the zircorium ion in a strongly aci¢ medium
(2 N HCl) to form a complex compound with a molar ratio of the
components of 1 : 4. The titration is carried out in the presence of
p-sulphobe:tlzeneazopyrocat.echol; eriochrome bhlack T or other
indicators. Tf p-sulphobenzeneazopyrocatechol is used, the determi-
nation can be carried out in a medium of 1.5-2.2 ¥ hydrochloric
acid. At the end point of titration, the crimson-pink!colour sharply
chariges to yellow. The method can be used to determine 0.5-40 mg
of zirconium in a 10-ml volume. If the zirconivm content is higher,
the solution should be diluted accordingly.

Equal quantities of the ions of Fell, Th, Ti, Sn!¥, Mo, Nb,
Al, Bi, Sh, Ni, Ge and apso of the alkali and alkaline-earth elements
and the lanthanides do not interfere with the determination.

The oxidants whicth decompose the indicator, for example ter-
valent ircn, should preliminarily be reduced with hydroxylamine.
Ta and W precipitate in the forr of acids which adsorb the zirconi-
um compound with the indicator, and therefore interfere with the
detexmination. 10-20 mg of sulphates, 10 mg of tartaric acid can be
present in the solution. Oxalate, flucride and phosphate ions inter-
fere with the determination.

The method cen be used for the analysis of various materials such

s ores, concentrates, integmediates, alloys containieg over 0.2 per
cent of zirconium.
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I'he zirconium ion reacts with eriothrome black T in a medium’of
1.5-2 N hydrochloric acid to form a blue-violet compound which
is less stable thanzirconium complexonate. The titration can be effect-
ed with a 0.01 M solution of EDTA, which increases the sensi-
tivity of the determination. But if the titration is carried outin a
2 N hydrochloric acid solution, the ratio between the guantity of
zirconium taken for the dstermination and the quantity of EDTA
sneni for its titratiom, is not strictly stoichiometric. The EDTA
solution is therefore standardized against the zirconium salt solu-
tion. The advantage of eriochrome black T over the other complexo-
metric indieators is that it can determine zirconium in the presence
of large amounts (about 200 mg) of sulphate. It is very important,
bucause sulphuric acid is mostly used to decompose zirconium-con-
taining materials. Divalent tin does not interfere. Its presence de-
creases the error of zirconium determination in the presence of 100 mg
ni copper. vanadium, molybdenum, or iron {due to reduction of these
eiements). The ions of Mg, Ca, Ba. Zun, Sn!f (to 500 mg), Mn, U0,
Ti'V, Ni (to 200 mg), Al (to 100 mg). Crll' (to 75 mg), Bi, La
(to 50 mg), Nb (tc 30 mg) and Th (to 4 mg) do not interfere.

Hafnium, which is titrated together with zirconmium, and also
fluoride, phosphate. oxalate and tartrate ions which form low disso-
ciated compounds with zirconium, interfere with the determination
of zirconium.

The metho# can be used for the determination of 1-100 mg of zir-
conivm in itz salts and various zirconinm-containing materials in
volumes not sxceeding 100 m). The error of the determination is
gbout 1 per cent.

Reagenis

Hydrochloric actd, density 1.19 glev.cm and 2 N solutiom,
EDTA, 0.040 M and (.08 M solutions.
p-Sulphobengeneazopyrocatechol, 0.02 per cent sclution,
FEriochrome hlock 7, a mixture with NaCl (1 : 530).

Procedure

Determining Zirconium with p-Sulphobenzeneazopyrocatechol. Dilute.
a solution containing 40-80 mg of zirconium as chloride or perchlorate
with hydrochloric acid to 50 m! and mix. Using a pipette, transfer
15 ml of the solution fato a 100-15) ml Erlenmeyer flask, heat to
boiling, add 5 drops of the indicator solution and titrate with a
0.05 M solntina of EDTA until the crimson-pink solution {urns
yellow. _

1 mi of & 10500 47 soluticn of EDT4, is equivalent to 4.56 mg
of zirtomiwr. .

Determining Zirconium with. Eriochrome Bleck T.Dilute & solution
contmning 1530 mg of zirconium as chloride, mitrate or sulphate
with Z ¥ hydrochloric acid ir a volumetric flask to 50 ml and mix.

. 48D



Transfer 15 ml oi the solution inte + 1{¥)-ml Erlenmever flask, heat
to boiling, add the indicator o the tip of the spatula, and titrate
with a 0.01 M solution of EDLA until the blue-viviet solutioa turns
pink. '

1 ml of a 0.0100 M solution of EDTA is equivalent to 0.9122 mg
of zirconium.

COMPLEXOMETRIC DETERMINATION
OF ZIRCONIUM IN ZIRCON AND EUDIALITE

Zirconium ores containing much silicon are fused with Na,CO,
’r a mixture of Na,C0; and Na,B,0,. Ths foilnwing processes occuar:

ZrSi0, - 2NagCOy = Nagl10, -4 Nay8i0y +2C7,
. Zr8i0, 4 3Na,CO, - NagB, 0. = Vi <r(), 4 Na,SiQ0, -+ ¢NaBQ, + 300,

The melt is leached with conrenirated hydrochloric acid to pre-
dude bydrolysis of zirconium and ic ecoagulate silicie acid.

Reagenils

Mizture of rodium carbonate and s.dinwwm letraborate (1 : 1), Keep the mixiure
in a tightly closed boitle. For other reagents see the previous seclion.

Procedure

Fuse a sample of zircon or eudinlite containing 5-10 mg of zirconium
with a ten-fold quantity of the flux in a platinum crucibie. T+ that
end, first melt about 1/3 of the flux in ilie crucible, add the samp'e.
and finally add the remaining flux. Heal the mixture uver a burner,
first genily and then to red heat, anrd finally in a muffle furnace to
900-1000°C for 15-30 minutes. Add hydrochloric acid. density
1.18 g/cu.cm. cover the crucible with a watch glass and heat on a
water bath. When the carbon dirxide evolution stops, remove the
glass and evaporate the scluticn to dryness. Repeat the hydrochloric
acid treatmont and evaporation two times moure, and heat theresi-
due in a drying cabinet for 15-30 minutes at a temperature of 160-
110°C. Wet the residue with hydrochloric acid, density 1.19 g/cu.cm,
stir with a glass rod. cover ihe 1iwible with a watch glass, keep
on a water bath for 5 minutes, add water to 2/3 crucible capacity.
stir, and heat again on a water bath to dissolve the salts.

Separate the pracipitate SiQh. - 21,0 on a filter, wash with 2
N hydrochloric acid, collect the filtrate and the washings in a 25-m!
volumetric flask and add water to the mark. The acidity of the selu
tion should be 2 M HC!. Add a small portion of eriochrome black
T to the solution, boil for 7-10 minutes until a persistent blue-violet
zolour develops, and titrate with & 0.01 M solution of EDTA uatil
the solution turns violet-pink. Now heat the solution again and if
the blue-violet colour is restored, continue the titration with EDTA
ontil the violet-pink colour persists.
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EXTRACTION-PHOTOMETRIC DETERMINATION
OF ZIRCONIUM WITH XYLENOL ORANGE

Zirconium reacts with xylenol orange in an acid medium in & mix-
ture of organic solvents consisting of benzene, and ethyl alechol, and
containing heptylphosphoric tetraethyldiamide. The formed com-
pound is stable. The colour of maximum intensity develops with a
ten-fold excess of the reagent. The optimum concentration of hy-
drochloric acid is 0.8-1.0 M.

Reagents

Zirconium sall, stendard solution. 1 ml is equivalent to 20 pg of zirconium.
Hydrochiloric acid, devsity 1.17-1.49 glen.em.
Xylenol orange, 0.2 per cent solution in ethyl alcohol.
Heptylphosphoric tetraethyldiamide, 0.02 M solution ir benzene.
ensene.

Construcling e Calibration Curve

Place 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the standard solution of zirconium salt
into separate 25—m‘l volometric flasks, add 2 ml of hydrochloric acid, 3 ml
of heptylphosphoric tetraethyldiamide, 5 ml of benzene and 2.5 ml of xylenol
orange inio each flask and add ethyl alcohol to the mark. Measure the optical
density of the chtained solutions at 535 nm against a blank solution, Construct
the calibration curve using the data obtainedJ

Procedure

Take an aliquot of the extract of the zirconium compound with hep-
tylphosphoric tetraethyldiamide (see page 158) containing 10-15 pg
of zirconinm and determine zircomium as.for the comstruction
of the calibration curve, Find the zirconium content from thecal-
ibration curve. '

PHOTOMETRIC DETERMINATION OF ZIRCONIUM
WITH ARSENAZQ IN

Arsenazo IIT is a highly sepsitive and selective reagent for the
photometric determination of zirconium. The reagent is red in an
atid medium, but when the zirconium salt is added, it quiekly turns
blue or blue-violet, depending on the ratio of the reagent and the
zirconium ion. The colour intensity is stable in the acidity range
frem 1 to 3 N HCI, but changes rapidly with time. To stabilize the
colour, gelatin- is added. The absorption obeys the Bourguer-Lam-
bert-Beer law in the range of zirconium concentrations from 5 to
30 ug in 50 ml of the solution. The results are reproducible-if zir-
conium is converted into a stable ionic form (zirconyl ion) by boil-
ing with a 2 N solution of hydrochloric acid. The reproducibility
of the results can be increased if the reaction iscarried out in a medium
of 6-8 M HCI containing 20 per cent (v/v) of acetone. _

Microquantities of zirconium ¢an be determined in the presence of
over 100 mg of Al, to 20 mg of Sn, to 10 mg of Be, Ni, Ti, to 5 mg
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of Cr, lanthanides and Nb, to 50 mg of the tartrate, and to190mg
of the sulphate ion. If divalent tin is added, zirconium can be de-
termined in the presence of 15 mg of Fe and 5 mg of Cu. Uranium and
thorium, which react with the reagent in an acid medium to form
coloured complex compounds, and alse fluoride, phosphate and oxa-
late ions, which react with the zirconium ion to form stable complex
compounds and thus desiroy the coloured compound of zirconium
with arsenagzo IlI, interfere with the determination of zirconium.

The method is used for the determination of zirconium in ores
and side products (tailings, slurries, fractions rich in titanium, iron,
aluminivm aad tin). .

Reagents

Zirconium oxychloride, ZrOC,, standard solution in 2 N hydrochloric acid. { ml
is equivalent to 5 pg of zirconium, =~

Hydrochloric acid, 2 N solution.

Arsenaro f1f, 0.05 per cent solution,

Gelgtin, 1 per cent solution.

Mixture of sodium carbonate and sedium tetraborate, 3: 2.

Constructing a Calibration Curce

Place 1, 2, 3, 4 and 5 ml of the zirconium oxychloride standerd solution into
five 50 ml volumetric flasks, snd dilute with hydrochloric acid to 10 ml. Heat
the solutions to boiling on a sand bath, cool, add 3 m) of gelatin solution and
2 ml ol arsenazo 111 solution into each flask and add hydrocbloric acid to the
mark. Measure the absorption of the obtained solutions at 655 nin against a hlenk
solution. Construct the calibration curve using the data obfained,

Procedure

Place a sample weighing 0.1-0.2 g and containing 0.4-0.5 per cent
of zirconium, in a platinum dish containing 5 ¢ of a mixture of so-
dium carbonate and sodium tetraborate. Mix the components, and
fuse in a muffle furnace for 7-10 minutes at a tomperature of 900°C.
Distribute the molten mass in the dish (b: :otaiing it) so that it sets
in a thin layver on the dish walls, add water «nd heat on a sand bath.
Transfer the solution and the precipitate - .to a 300-ml beaker, di-
lute with water to 100-150 ml, and heat to cuagulate the precipitate.
Separate the precipitate on a filter, wash with hot water and, dis-
solve on the filter with hydrochloric acid. Collect the filtrate in a
30-m} volumetric flask (if the sample weighs (0.2 2z and contiivs
0.1 per cert of zirconium) or in a 100-m] velumetrsic flask {if the <:qi-
ple weighs 0.1 g and contains 0.5 per cent of zirconium), and add
hydrochloric acid te the mark. Transfer an aliquot of the sclution
coutaining about 10-15 pg of zirconivm into & 50-ml volumetric
flask and continue the analysis as for the construction of the caji-
bration curve. Find the zirconinm content from the calibration’
CUrvo,

11 183



PHOTOMETRIC DETERMINATION OF ZIRCONIUM
IN PHOSPHORITES WITH PYROCATECHOL YIOLET

Pyrocatechol violet reacts with the zirconium ion to form a blue
compound with the maximum absorption at 625 nm. The aqueous
solution of the compound is yellow with maximum absorption at
450 om. The compound is formed in a medium of hydrochlorie,
nitric and sulphuric acids. The optimum pH for the determination
is 5-5.5. The colour of the sclution develops in 30 minutes and per-
sists for 2-3 hours. The absorption of the solution obeys the Bouguer-
Lambert-Beer law fn the range of zirconium concentrations from 0
to 100 pg in 50 ml of solution. The zirconium compound with the
reagent is stable in the presence of EDTA, which can therefore be
used to mask the accompanying ioms. Al {3 mg), Fel! (15 mg),
FeIll (less than 2 mg), Ti (3 mg), Th (1 mg), Be, U, Bi, V, Mo,
W and Co (not over 5 mg each) Cu and Ni {not over 0.5 mg) do not
interfere with the determination of microguantities of zirconium.

The method is used for the determination of hundredth fractions
of per cent of zirconium in uranium, its alloys, in ores (phospho-
rites, monazites) and other materials with an error of & 10%.

Reagents

Zircorium salt, standard solution. 1 tl is equivalent to 10 pg of zirconium,
Nitrle actd, diluted 1: 3.

Potassium hydrofluoride, crystalline.

Sulphuric ecid, density 1.84 gfeu.cm.

Hydrocklarie geid, density 1.19 glcu.em and diluted 1: 2.

EDTA, 005 M solution.

Ammenia, solution 1 : 1.

Methyl red, 0.001 per cont solution in aleohol.

Pyrocatechol violet, 0.04 por cent solution.

Acetate  buffer solution, pH 5.2-5.4. Mix 32 ml of acetic acid, density
1.0? 1,gJ,J'«:u.t','m, with 34 ml of 25 per cent ammonia solution and dilute with water
o { litre, " .

Constructing a Calibration Curve

Place 1, 2, 3, 4 and 5 m! of the zirconium salt standard sclution in five 50-ml
beakers, add 5 ml of hydrochloric acid, density 1.19 g/ex.cm, into each beaker,
and evaporate on a sand bath to 1-1.5 ml. .

Mix EDTA selparataly and neutralize with ammonia in the presence of
1-2 drops of methyl red and then with hydrochloric acid (1 : 2) until palse pink
colour develops. Transfer the solutions into 50-ml volumetric Masks, add 4 ml
of pyrocatechol violet, add the buffer solution to the mark, and mix. In 30 min-
utes measurc the absorption of the solutions at 825 nm against a blank solution
and construct the calibration curve,

Procedure

Grind thoroughly a sample weighing 0.05-0.2 g, treat it with 10 ml
of nitric acid in a 100-mi beaker, cover with a watch glass and heat
on a sand bath’for 15-20 minutes. Separate the precipitate contain-
ing all zirconium (ZrSi0,) on a’blue ribbon filter, wash thoroughly
with hot water, transfer the filter with the residue into a platinum
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drsh, dry slightly, incinerate the filter and calcine for 15-20 min-
utes, Cool the residue, add 0.5-1.5 g of potassium hydrofluoride and
fuse in a muffle furnace at 900°C to obtain a clear melt. Cool, add
10 m] of sulphuric acid, evaporate on a sand bath to heavy fumes of
H,S0,, cool the residue and dissolve in a small quantity of water.
Transfer the solution quantitatively into a 50-ml flask and add water
to the mark.

Transfer an aliquot containing 15-45 pg of zirconium into a 50-ml
beaker and continue the analysis as for the construction of the cali-
bration curve. Determine the zirconium content from the calibra-
tion curve.

PHOTOMETRIC DETERMINATION OF HAFNIUM
IN THE PRESENCE OF ZIRCONIUM WITH XYLENOL ORANGE
OR METHYLTHYMOL BLUE

Xylenol orange and its analogue methylthymol blue react with
the zirconium and hafnium ions to form coloured compounds which
are used for the phetomeiric determination of these elements. Un-
like the hafnium ion, the zirconivm ion ¢sn be masked under certain
conditions by hydrogen peroxide in the presence of a sulphate ion,
This makes it possible to determine hafnium photometrically in the
presence of zirconium. Hafnium compounds with both reagents are
formed practically instantaneously when the solutions are poursd
together. A three-fold molar excess is recommended for xyleno] orange

Properties of Zirconium and Hafnium Compounds with Xylenol
Orange avd Methylthymol Blue

X¥ylenol orange Methylthymol blue
Properties

Zr HI Zr Ht
Maximum sbsorption, nm 539 530 5B (600) D70 (590}
Optimum acidity 0.51.0N¥ | 0.2-04 N | 0342 N pH 3

HCIO, HCIO, HClO, '
Complex formation eon- | 4.0 107 | 3.2x40% 1.0 x 103 —
stant (1: 1) (0.8 N 0.3 N (1.0 N

HC10) HCIO0,) HCI0,)
Molar extinction coeffi- [2.42(0.8 N [157 (0.2 N | 2AT(1O0 N 1.87

cient, 8 x 1074 HC10,) HCID,) HCI10,) (pH 3
Sensitivity, ug/sq.cm 0.004 0.044 0.004 ©0.010
(D =0,001) .
Colour Red Red Red (1:4) | Bed (1:1)
Violet (2: )} Viclet (2:1)
Masking sabstance EDTA, F-,{ EDTA, F-,| EDTA, F-, | EDTA, F-,
i citrate ion, | citraie ion, | cilrata jon, | citrate ion,
Hioll PO!" o Hloh P0=-
S |
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and a two-fold molar excess for methylthymol blue. The colour
intensity does not change for three days. The Bourguer-Lambert-
‘Beer law holds for hafnium concentrations in the range from 0 to
0.65 p mole in 25 m! (xylenol orange} and 0.1-0.5 p mole in 25 ml
{(methylthymol blue).

The ions of Bi, Felll, Sn1¥, Th, Nb, Mo, VIV and Ti react simi-
larly with the reagents. Ce oxidizes the reagents. SelY, TelV,
PtTV, Ge, Ta and W, as well as some other elements do not form col-
oured compounds with the reagents. All of them except nichium,
are masked with EDTA. The table above describes the properties
of Zr and Hf compounds with the reagents.

EDTA, the phesphate, citrate, and the fluoride ion and over a
two-fold molar quantity of the sulphate ion interfere with the deter-
mination of hafnium. The perchlorate, chloride and nitrate jons,
axd also hydrogen peroxide (5 ml of 30 per cent H O, per 0.5 u
meole of hafnium) de not interfere.

- The method should preferably be used after separation of zirco-
pium and hafnium from most accompanying ions.

Reirgents

Zirconlum perchlorate, standard solution in 0.2 N perchloric acid. 1 m! is equiv-
aleat to 10 pg of zirconium.

Hafnium perchlorate, standard solution in 0.2 N perchlotic acid. 1 ml is equiv-
alent to 10 pg of hafojum.

Sedium sulphate, 10 M solution.

Hydrogen perozide, 30 per cent solution.

Xylonol orange, 10~* M solution.

Perohloric acid, 3 N solution.

Constructing a Calibration Curve

Place 1, 2, 3, 4 and 5 ml of the standard solution of halnium (zircenium
perchlorate in five 25-ml volumetric flasks, add 1.5 ml of perchloric acid, 2 m
of xylenol orange into each flask, and add water 1o the mark. Stir the solutions
and measure their absorption at 535 nm against a blank solution. Construct
the calibration curve using Lhe data ebtained.

Procedure

Place the solution containing 5-40 ug of hafaium and not more than
25 pg of zirconium into a 25-ml volumetric flask and add the re-
agents as for the construction of the calibration curve, Measure the
ahbsortion of the solutions (D). _

Place the same aliquot into another 25-ml volumetric flask, add
1.5 ml of perchloric acid, 5 ml of hydrogen peroxide, 1 ml of so-
dium sulphate solution, 2 ml of xylenol orange, and water to the
mark. Measure the absorption of the resultant solution (D;) and de-
termine the hafnium content from the calibration curve.

The difference in the absorptions D, = D} — D, corresponds to
the absorption of the solution of the zirconium compound with the
reagent. Determine the zireopium contemt from 'the calibration
curve constructed with pure solutions ¢f zirconium perchlorate,
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PHOTOMETRIC DETERMINATION OF ZIRCONIUM
IN HAFNIUM WITH ARSENAZQ III

The optimum medium for the formation of the coloured compounds
of zirconium and hafnium with arsenazo III is 1 N HCL If the con-
centration of HCl is 4 ¥, the absorption of the solutions of hafni-
um compounds sharply decreases, while for zirconium compounds
it remains practically unchanged. The method is based on the méea-
surement of the absorption of the solutions of the zirconium com-
pound with arsenazo 111, formed in a medium of 4 ¥ HCL. Th, U',
and Ti'V interfere with the determination. lron (I1I) is reduced with
ascorbic acid. When 0.5-1 per cent of zirconium is determined in
hafnium, the error is 20 and 10 per cent respectively.

Reagenis

Zirconium selt, standard solution in 4 N hydrochloric acid. 1 ml js equivalent
to 2 pug of zirconium. .
Hafrium salt, standard solution In 4N bydrochloric acid. 1 ml is equivalent
to 4 ug of hafnium.

Hiydrefluoric acid, concentrated.

Sulphuric acid, concentrated.

Hydrachloric ecid, 4 N solution.

Arserazo 111, (.05 per cent solution prepared for the test. Dissolve 0.05 g of
the reagent in 80-90 ml of water, add 5 ml of 6 ¥ hydrochleric acid, and add
waler to 100 ml,

Constructing a Calibration Curve

Place 1, 2, 3 and 4 ml of the zirconium salt solution inle four 50 ml volumetric
fasks, add 12-10.5 ml of hafnium salt solution (the sum of zirconium and haf-
nium in each flask should be 50 pg), 25-35 ml of Kdrochloric acid, heat to boil-
ing and cool. Add 2 ml of arsenazo Il into each flask and 4 & hydrochloric
actd to the mark. Allow the solutions to stand for 30 minutes and measure their
absorption at 655 nm. Construct the calibration curve using the data obtained,

Procedure

Place 10-20 mg of hafnium metal in a platinum dish, add 50 ml
of water and 1 ml of hydrofluoric acid, cover the dish with a lid and
allow to stand to complete dissolution. Add 1 ml of sulphuric acid
to the solution, evaporate the mixture to dense white fumes of SQ,,
rinse the wall of the dish with 2-3 ml of watar and evaporate to dry-
ness. Dissolve the residue in 4 N hydrochloric acid, transfer in
a 500-m] volumetric flask and add 4 ¥ hydrechloric acid to the mark.
Transfer an aliquot containing not more than 50 ug of hafnium inte
a 50-ml volumetric flask, and proceed as for the construction of the
calibration curve. Determine the zirconium content from the cali-
bration curve.

Note. If the sample contains molybdenum, dissclve it, evaporate with
sulphuric acid, and then dissolve in 10-15 m! of water. Transfer the solution
into a cenirifuge tube and precipitzte hafnium with ammonia. Separate the
precipitate by ceotrifuging, wash with water containing ammonia, dissolve

ir;J 4 N hydrochloric acid, transfer in a volumetric flask and continue as described
above. '
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Vanadium

Vapadium, V, in its compounds has the positive valency of 2
to 5. The cations V?*, V¥ and VO?** are oxidized in solution to van-
adates. The compounds of pentavalent vanadium are most stable
in solutions. The compounds of VIV in acid solutions are also stable.

The standard electrode potentials in aqueous sclutions at 25°C
are as follows {with reference to the standard hydrogen electrode):

Vo= VIb |2 —1475 V
VI o VI —0.255 V
VO* == VO L o~ — 0,044 V
V3* | H,0 == VO* | 2H* | ¢ 0.337 v
VO | H,0 == VO 2H -}~ 1.004 V
VO*+ 3H,0 = VO}-4-GH* 4 2~ 1.256 V
VO™ 4 3H,0 == H,VO; 4 4H* e 1314 V

Figure 2 shows the most important forms in which vanadium exists:
in its various valency siates and the corresponding standard redox
potentials,

EV voi

Vonady!
ritnadales

Hvd;

13 ,pH

Fig. 2. Dependence of redox polenuals and valency of Vanadium on pH. Vana~
dium ¢ ncentratlon in the original solution, 10" M

The reduction of pentavalent vanadium and oxidation of vana-
dium in its lower valencies underlic meny variants of the titrimetrie:
determination of this element.
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The redox potential at 25°C of the system

VO§ 4 2Ht &= == VO H,0
(VO jinpe
f¥ Ot

«<hanges within a wide range along with the acidity: for 3 ¥ HCIO,
or 8 ¥ H,80, E®is 1.30 V. The potential becomes very low in an al-
kaline medium {E® = —0.74 V at pH 14). The ion of pentavalent
vanadium in strongly acid media (for example in 6 ¥ H,SO,) has
strong oxidizing properties. Vapadate solutions are used for the ti-
trimetric determination of many reductants. When the acid con-
entration decreases, the oxidizing properties of pentavalent vana-
-dium weaken. 1f the medium is weakiy acid, the vanadate ion fails
to oxidize many reductants.

Vanadyl salts (VO®*} are oxidized in moderately acid selutions
with strong oxidants. For example, they are oxidized quantitative-
ly with potassium permanganate solution in a medium of about 5
per cent sulphuric acid or with a potassium bromate in dilute hydro-
chloric acid solutions containing ammonium salts. If the pH in-
<reases, the oxidability of VIV increases and it can be oxidized even
by atmospheric oxygen in an alkaline medium.}

Consider the reaction of vanadium and iron compouads:

E=1.04+41.06log

VV_i_ FGII - v[\"_}_FeIII

In an acid medium the process occurs from left toright and is prac-
tically quantitative. The reaction proceeds from right to left in an
alkaline medium [1], i.e. Fel!! oxidizes VIV to ¥V, The ferrous
ion is formed in this process, and it can easily be detected with di-
wethylglyoxime and o-phenanthroline.

The actual redox potential of the system

VO 4-2H* fe- = V¥ +H,0

in a 1 N sulphuric acid solution is 0.34 V.
The V3+ ion (VOH?*) is oxidized by atmospheric oxygen to VO?+,
In neutral or alkaline solutions, VIII ig quickly oxidized to VV,
The actnal potential of the system

va++e- = Vit

is found in the range from —0.21 to —0.25 V [2]. .

Salts of divalent vanadium are prepared by reducing the com-
pounds of penta- and tetravalent vanadium with zinc metal or amal-
gamated zinc in an acid solution. Salts of VIl are strong reductants,
they are used for the potentiometric titration of some substances.
In acid solutions, they reduce the NOj ion to NHY, Cl0; and ClOj
to Cl-, Cu?* to Cu®, Bi3* to Bi®; the hydrogen ion is slowly reduced
with the ion of divalent vanadium t{o H,. Salts of divalent vanadi-
um are easily oxidized by atmospheric oxygen. The reducing prop-
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erties of the divalent vapadium ion are stronger in alkaline solu-
tions than in acid solutions. The compound V{OH), reacts with
water to liberate H,.. Tlie oxidation-reduction potential of the sys-
tem

VZhy2em = ¥

is —1.0 & 0.3 V. But due to passivation, water remaing inactive
toward vanadium metal. Vanadium is dissolved in nitric, 8 M
hydrochlonc or hydrofluoric acid.

The V2 fon is pale violet. The ions V¥ and VOH?* are green,
they react almost like the ions Fe?-, Al?*, and Ti%**. They readily
form the complex ions {VF.]1%-, [V(GN)J"‘ and oxalate complexes,
Alums of the composition K;S0,-V, (80,);-24H,0 are known.

Thiocyanates react with the tervalent vanadium ion in a dilute
acid solution to form a yellow compound with the absorption max-
imum at 400 nm. The pK of the ions V(SCN)** is 1.7-2.0 (u =
= 2.6). The formation of other thiocyanate complexes of VIII js
reported. The ion of tervalent vanadium is determined spectropho-
tometrically as a thiocyanate complex in a medium of 60 per cent
acetone [3].

Hydroxides of the alkali metals precipitate green V{OH), at
pH 4-5. The compound is quickly oxidized and turns brown. The
hydroxide V(OH), has basic properties. Salts of VIII pgduce the
ions Ag*, Cu®r and Hg**

The ion of tetravalent vanadium VO?* colours aqueous solutions
blue and the colour remains noticeable at vanadium concentration
of 0.1 mg/ml. The compounds of tetravalent vanadium are not oxi-
dized by atmospheric oxygen in an acid sclutions and are stable. In
alkaline solutions they are easily oxidized to vanadates,

Salts of tetravalent vanadium are obtained by reduction of van-
adates with hydroxylamine, ascorbic acid, etc., with boiling. The
chloride of tetravalent vanadium is formed during evaporation of
vanadate solutions with hydrochloric acid.

Ammonium sulphide precipitates the vanadyl ion V02t as the
oxysulphide VOS.

At pH about 4, a 0.01 M solution of tetravalent vanadium salt
precipitates a greyish-brown VO{OH), with —pLyvoow, =
= 22.1 (see Fig. 3}. The precipitate is appreciably soluble in caus-
tic alkalies with the formaticn of polyions of tetravaient vanadi-
um HV,0; or V,0;". The coripounds are first brownish-red and then
red. The pK of the reaction

2VO(OH)y =~ HV 05+ HgO 4 £
is 10.5. Thus, the hydroxide of vanadyl, VO{OH), has amphoteric
properties.

Sodium phosphate reacts with tetravalent vanadium to give a
blue-green precipitate. Potassium cyanide reacts with it to give a
pale green precipitate. Both precipitates are soluble in excess pre-
cipitant to form green solutions.
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Vanadium {I'V) forms strongly dissociated fluoride complexes and
very strongly dissociated thiocyanide complexes. Quite stable oxa-
late and tartrate complexes also exist:

VOF* = VO [~ pK=32
VO(SCN)* == VO™ 4 8CN- pE =09 (n=2.6)
VOC,0)8 == VO 4 2C,05- pK=12.0
VO(OH)C,0; = VOOH*--C,0{-  ph =85

VOTart = VOTart--- H* pK—2.8

Vanadium {IV) is oxidized quantitatively with CeéT¥ salt [4].
The jon of vanadium (IV) forms thiocyanate hlue complexes
(VOSCN and others) (2, 3], the colour intensity being 4-3 higher

5, motefi
07

g2 )
rotony,f v,05

o

Fiy. 3. Dependence of the solubility of VO[O, on pll

than that of the vanadyl salt solution of the same molar concent-
ration. When vanadium is determined photometrically, a thiccyanate
complex  of tetravalent vanadium is formed. in an aqueous-acetone
medium whose absorption is measured at 730 nm [5].

The inn of tetravalent vanadium reacts with hydrexyl-contain-
ing and seme other organic reagents [6] but these reactions are not
sufficientiy well studied. Pyrocatechol reacts with the ietravalent
vanadiun ion to form a blue complex compeund used for the pho-
tometric determination of vanadinm. The hydroxyl-conteining azo
compound, acid ¢hrome blue K reacts with the ion of tetravalent
vanadium to form a violet compound. The reagent is used for the
photometric determination of vanadium. p-Hydroxynaphthylethyl-
amine und B-hydroxynaphthylaldoxime precipitate vanadium (IV)
quantiiativeiy in the form of crystalline substances with the
formulas VOIOC, H CHNC,H,}" and VO[OC,,H,CHNOH];, which
are yellow-green and grey-green respectively [7]. The precipitates
meet the requiremenis for the weighing form and can be used for
the gravimetric determination of vanadium in ferrovapadium,
The ions of Fe do not interfere with the determination; the ions of
Cull an¢ TilV -interfere.
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EDTA reacts with the ion of teiravalent vanadium in weakly
acid solutions and is used for its titrimetric determination [8].

Formaldoxime is a highly sensitive reagent for the ion of tetra-
valent vanadium and is used for its photometric determination
[9). The reagent forms a yellow soluble compound with the ion of
tetravalent vaznadium.

The ion of pentavalent vanadium, VO3I~, prevails in alkaline so-
lutions. The metavanadate ion exists in acid solutions:

VOI-4-H* = V05 --0H-

Polymetavanadate ions (V,0!-, V,01-, V0%, V,,0}; and others)
are formed along with the metavanadate ions. *\t pl[ helow 3,

S, moie /1
-
-
HaV, 0,
vot

vo'
-2 L L | I

(2 ! b4 J i

Fig. 4. Dependence of the solubility of vanalinm pentoxide hydrate, ¥, -ag.
on pH

there exist alse a yellow cation VO and a small quantity of VO*+
(Fig. 4). The reactions of VO;® resemble some reactions of the PO!-
and AsQ$~, as well as of the MoVT, W¥T and Cr' ! ions. ‘The salts of
orthovanadic (H,VO0,) and meta- vanadlc acid {HVQ,) are usually
colourless or coloured only slightly. The salts of polyvanadic acids
are yellow or orange.

Vanadium pentoxide, V,0,, is a solid non-volatile red substance
melting at 658°C. The pentoxide is formed by calcining a vanadium
compound with cupferron and meets the requirements for the weigh-
ing form, It is readily soluble in alkali =olutions, worse in acid,
and only slightly soluble in ammonia solulions. Vanadium pentox-
ide has a strong acid character bul acid =oluiions contain the cations
YO* and VO

Vanadates of most metals are sparingly soluble in water, except
the vanadates of potassium and sodium. The solubility of ammoni-
um metavanadate, NH,V0O,, decreases when a large quantity of
ammonium chloride iz added, and a white crystalline substance,

173



NH,VQ,, precipitates. Lead acetate precipitates a-yellow vanadate
(of variable compesition} soluble in HNO;. A colourless solution of
metavanadate turns orange when acidified with acetic acid. If sil-
ver nitrate is added to this solution-(after heating), an ogenge crys-
talline substance silver pyrovanadate (Ag,V,0;), slowly preeipi-
tates. . :

Ammeonia does not precipitste the pentavalent vangdium ion. -
But if sufficient quantities of aluminium, jron or titanium salts
are present in solution, ammeonie ceh precipilate quantitatively the
ion of VV at pH 6-7, prohably ig the form of vanadates, together
with hydroxides of the named: .e‘le;ments' [10]. This reaction is used
in the chemical analysis to. separate small quantities of vavadium.

When ammonium sulphide is added to the vanadate solution, the
solution turns brick-red due to the formation of the V8]~ ion. When
the resultant solution is acidified witl sulphuric acid, brown V,S,
precipitates (not quantitatively). The V,S; precipitate is sparingly
soluble in very dilute acids, soluble in alkali and sulphide solution
to form orange-red sulpho salts.

Hydrogen sulphide does not precipitate vanadium sulphide from
acid solutions, but reduces the VV ion to the VIV jon. Vanadium
is separated from the metals of the hydrogen sulphide group by pre-
cipitating them from acid solution in the presence of tartaric acid
{ta preclude co-precipitation of the vanadium ion with sulphides of
other metals).

Phosphovanadates and phosphovanadotungstates are yellow sub-
stances soluble in organic solvents. The formation of yellow phos-
phovanadotungstic acid upon adding phosphoric acid and sodium
tungstate to an acid solution of vanadate is the basis of various pho-
tometric methods for the determination of vapadium [11-13].

Hydrogen peroxide reacts in an acid solution with the ion VV to
form red-brown. peroxidic compounds. If hydrogen peroxide is taken
in great excess, the colour intendity decreases and yellow solu-
tions are formed. Hydrogen peroxide reduces pentavalent vanadiumr
to its tetravalent state in a medium of concentrated sulphuric acid.
The peroxidic compounds of vanadium are not extractable with ethyl
ether {in contrast to the peroxidic compounds of hexavalent chro-
mium). Hydrogen peroxide is used for the photometric determina-
tion of vanadium in sulphuric or nitric acid selution {14, 15].

The ions of pentavalent vanadium are readily reduced to VIV
ions by 50, and Mohr’s salt, in acid solutions.

Many titrimetric methods for the détermination of vanadium in
ores, steel, cast iron and other materials have been developed. These
are based on the oxidation of the ferrous ion with the V¥ ion in acid
solutions [16]. N-Phenylanthranilic acid is used to locate the point
of equivalence. The methods in which the point of equivalence is
detected potentiometrically or amperometrically {by the current
of oxidation of the ferrous ion at the rotating platinum anode) are
widely used in analytical chemistry. '
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The ion of pentavalent vanadium oxidizes some organic substances
in acid sclution te form intensely c¢oloured products. For exam-
ple, benzidine is oxidized -to benzidine blue and aniline to aniline
black. Diphenylamine is oxidized in concentrated sulphuric acid
to a blue compound. p-Phenylenediamine reacts with the ion of
penlavalent vanadium in dilute hydrochloric acid solutions (with
boiling) to form a red compound. A yellow compound is formed in a:
neuiral selution. The reaction of pentavalent vanadium with dian-
tipyryl-3,4-dimethoxyphenylmethane is very sensitive [17).

3,3-Diaminobenzidine is oxidized by the vanadate ion in a solu-
tion of phloesphoric acid to form red-brown substances. The
reagent is vsed for the determination of small quantities of vanadium
[48]. The abserption of the =olution is measured at 470 nm. The me-
thod is highly eelecltive and takes short time. The ions of Felll
Cri¥r, Tild) NbY, Ta', Snl¥, Mo‘:, Zr1v, Cull, WY and Mn"
do not interfere with the determination,

FPyrocatechol reduces VY to VIV and forms a blue compound which
ix used for the photometric determination of varadium [19]. Tri-
bromopyrogallo}l is used for the extraction-photometric determina-
tion of vapadium [20].

Diphenylcarbazide reacts with the vanadate ion in dilute H,S0, to
form an orange-brown compound. It is a highly sensitive reagent for
vanadium. The ions CrOj", MoOj, Fe®* and Hg®* interfere with
the determination. The ions Fe** and MoO?~ can be masked by NaF,
and the ien Hg** by chlorides.

Cupferron precipitates quantitatively the ion of vanadium (V)
Irom solutions in 1 per cent hydrochloric acid. It is used for the sep-
aration of VV frem Crl1I, ANII phosphate ion, etc. [21]. The red
precipitate is calcined to V,0, and weighed.

N-Benzoylphenylhydroxylamine (alcoholic solution) precipitates
a browrn substance from a dilute vanadate solution in sulphuric acid
[22]. The precipitate is easily extractable with chloroform. The-
orange-yellow extract absorbs maximum at 450 nm; its 'molar extinec-
tion coefficient is 3.7 X 10°. When the reagent is added to hydro-
chloric acid solutions containing the ion of pentavalent vapadium,.
the solution turns purple or a precipitate falls out. The purple ex-
tract absorbs maximum at 530 nm and its molar extinction coefit-
cient is 4.0 X 10, The chloroform extracts of the reagent are-
stable if the concentration of HCI in the aqueous phase is 5-3 mole/l,
In these conditions, the ion of tetravalent vanadium does not form
coloured compounds. N-Benzoylphenylhydroxylamine is a highly
selective reagent for the VV ion. It is nsed for the photometric de-
termination of vapadiuro in steels and ores.

Hydroxamic acids (e.g. benzohydroxamic acid) react with the
pentavealent vanadium ion to form coloured and extractable com-
pounds which are used for the photometric determination of vana-
dium [23). ’

Xylenol orange reacts with pentavalent vanadium in a weak acid’
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solution to form coloured compounds which are used for the ploto-
metric determination of vanadium [24]. The reagent is highly selec-
tive in the presence of 1,2-diaminocyclohexanetetraacetic acid and
can be used to detect traces of vanadium.

8-Quinolinol reacts with the vanadate ion to form two differently
coloured compounds whose nature is obscure. The chloroform extrac-
tion of a red vanadium comypound with 8-quinolinol at pH 4 is used
for the separation of vanadium from Cr¥! (but not from Felil, MoV¥1,
wvn [25],

Tannic acid precipitates quantitatively the pentavalent vanadium
ion from almost a neutral solution in the presence of amwnonium
chloride or ammonijum acetate. A massive blus-black substance
precipitates. Tannic acid is used for the separation of small quan-
tities of vanadium.

The reaction of vanadium with sulphonitrazo is very sensitive
and it is used for the photometric determination of vanadium in
steels [26]. Azo-compound of the heterocyelic series, 1-(2-pyrydylazo)
-resorcinol, reacts with VV in the presence of hydroxylamine to form
three-component compounds suitable for the photometric determina-
tion of vanadium [27, 28].

Vanadium compounds catalyze oxidation of seme organic sub-
stances, for example, of p-phenetidine by potassium chlorate (phenol
acts as an activator). Some methods have been developed [291 for
the catalytic (kinetic) determination of small quantities of vanadium.
The catalytic properties of vanadiura are probably explained by
its ability of passing from one of its valency states into an-
other.

Titrimetric methods based on the oxidation-reduction reactions
are mostly used for the determination of comparatively large quan-
tities of vanadium. The gravimetri¢c methods are not frequently used.
Small quantities of vanadium are determined photometrically (as
peroxidic compounds or as phosphovanadotungstate). Polarographic
methods are not widely used in analytical practice. The spectral
method is usually used to determine vanadium in alloys.

The review of the methods for the determination of vanadium is
given in the literature [30].

TITRIMETRIC DETERMINATION OF VANADIUM
IN ORES WITH MOHR'S SALT

The method is based on the titration of the pentavalent vanadium
ion in a medium of a 5 ¥ solution of sulphuric agid using a standard
solution of Mohr's salt in the presence of excess phosphoric acid
which binds the*Fe®* ion in a calourless complex. The end point of
titration is“detected by the internal indicator, phenylanthranilic
acid, or potentiometrically, using a platinum spiral or plate as an
indicator electrode.
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The V' jon is oxidized to VY jon in acid solutions in the cold
by a dilute selution of potassium permanganate which is added drop
after drop with stirring intensely until the solution develops a stable
pink coluur. Excess oxidant is removed by beating with hydrochloric
acid {or NaCl), by the action of sodium nitrite (excess is decormyposed
by carbamide) at roem temperature, or by oxalic acid.

QOre is dissolved in a mixture of sulphuric and phosphoric
acids with heating.

Reagents

Acid mizture. Add carefully 150 wml of 1,80, density 1.84 gfcu.cm, to 300 ml
of water, cool the solution, and add 150 ml of H,PO,, density 1.70 g/cu.cm.
Potassium permanganale, 3 per cent solution.

Hydrochloric acid, diluted 1 : 2.

Sulphuric acid, diluted 1 : 1. .
N-Phenylanthranilic acid, Dissolve 0.2 g of the acid and 0.2 g of Na,CO, in
100 ml of water wilh heatin(.}:l. )
Mohr's salt. Dissolve 1.05 g of the salt in a 5 per cenl solution of sulphuric acid
and add the same acid to make 1 litre. Standardize the solution against a selu-
tion conlaining 0.135 g of K,Cr,0, in 1 litre.

Procedure

Place an ore sample weighing 1 g in a 250-300 ml flask and dissolve
in 20-30.m1 of the acid mixture with heating and periodically-stirring.
Cool the solution to rovm temperalure and add potassium perman-
ganate soluiion, drop. after drop, until stable pink colour develops
and persists for 5 minutes. Now add 3-5 drops of hydrochloric acid
and boil until the solution becomes colourless, Cool the solution, add
15 ml of sulphuric acid and -G drops of N-phenylanthranilic acid.
Add water to 100 ml and mix thoroughly. Titrate with Mohr’s salt
solution until the dark cherry-red colour changes to pale green.

COMPLEXOMETRIC DETERMINATION OF VANADIUM

The method is based on the formation of a stable (in a weak acid
medium) complex compound of VIV with EDTA (log K = 18.77).
The complex is blue. N-Benzoylphenylhydroxylamine is used as an
indicator for titration. At pil 3, it forms a red complex with the
vanady! ion. The complex is soluble in 50 per cent othannl. The red
solution turns blue at the end point of titration. The ion of penta-
valent vanadium is reduced to the tetravalent vanadium ion by
sodinm sulphite in a sulphuric acid medium. The ions of Ti, Mn and
Mo (10 mg and less) do not interfere with the determination. .The
ferric ion should be separaled Ly precipitation with ammonia in
the presence of hydrogen peroxide,

The method is used to determine from 3 to 40 mg of vanadium.
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Reagents

Sodium sulphite, crystalline.

Acetaie buffer selutiom, pH 3.

N-Benzoylphenylhydrozylamine, 2 per cent sclution in 95 per cent alecobol,
EDTA, 0.01 M solution,

Ethanoi, 96 per cent solution,

Procedure

Add solid sodium sulphite to an acid solution of vanadate and boil
to remove SQ,. Adjust the pH of the selution to 3 and add the acetate
buffer and alcohal until its concentration is 50 per cent. Titrate
the solution with EDTA until the red solution turns blue.

1 ml of a 0.01 Af sclution of EDTA is equivalent to 0.5090 mg of
vanadium.

AMPEROMETRIC DETERMINATION OF YANADIUM (IV)

The method is based on the titration of the tetravalent vanadium
ion by a cerium (IV) sulphate solution. The end point of titration
is detected by the current of reduction of excess Ce** ion (2 platinum
rotating electrode) at the potential of +0.5 V (with reference to a
saturated calomel electrode).

The method can be used to deiermine vanadium in ferrochrome,

Heagents

Sulphuric acid, diluted {: 4.

Niiric ageid, density 1.4 gfcu.cm,

Cerium sulphate (IV), 0,004 N solution.
Mohr's salt, about 0.02 N solution,

Procedure

Dissolve a sample of ferrochrome weighing 0.5-1.0 g in 30-40 ml of
sulphuric acid with heating, add a small quantity of nitric acid and
boil to remove nitrogen oxides. Transfer the solution into a 100-ml
volumetric flask, and add water to the mark. Transfer an aliguot
{25 m1l) of the solution into an electrolyzer, immerse the electrodes,
and adjust the potential to 0.9 V. The absence of the diffusion
ourrent shows thst the solution does not contain the ferrous iom.
If s0, add a small quantity of Mohr's salt solution, drop by drop.
Now titrate with a solution of Ce(S0,),. When all Fe?* icn is titrated,
the galvanometer will read zero. Now adjust the potential to 4 0.5V
and titrate with Ce(S0,), solution until diffusion current appears.

FHOTOMETRIC DETERMINATION OF VANADIUM
AS PHOSPHOVANADOTUNGSTIC ACID

In the presence of sufficient excess of the tungstate ion (V,0,:WO0,=
= 1:100} and phosphate ion, vanadium forms phosphovanadotung-
stic acid whieh is reduced to the blue form at the acidity of 0.2
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0.75 N (phosphotungstic acid is not reduced at this acidity). The
absorption maximum of the reduced heteropolyacid is at 510-35U b,
Phosphovanadolungstic acid reacts best when boiled. It should be
reduced at room temperature.

The method can be used for the analysis of steel and alloys. The
vanadate ion can be separated from the interfering ions {with own
colour), such as Ni**, Co®*, and Cu®*, by precipitating with iron hy-
droxide. The interfering chromium (ITI) is oxidized to Cr,0I by
(NH ,},8,0, in the presence of AgNQ, (catalyst). Mg, Ca, Sr, Ba, Zn,
Cd, Hg!!l, Al, Ph, As and Th do not interfere.

The method can be used to determine decimal fractions of a
microgram of vanadium in 1 m! of solution.

Determining Vanadium in Solutions

Reagenis

Sodlum tungstate, 5 per cent solution.

Phosphoric acid, density 1.7 gleu,cm.

Stannous chloride, 0.5 per cent solution. Dissclve 50 g of SnCl,-2H,Q in 250 ml
of concentraled hydrochloric acid and add water to make 500 ml. Dilute the
obtained solution with 20 volumes of water.

Ammontum vanadate, siandard soluitor. { ml isequivalent to 0.2 mg of vanadium,

Constructing a Calidration Curve

Place 1, 2, 3, 4 and 5 ml of the vanadate standard solution into five 50-ml
volwuetric flasks and Leat to boiling. Add 4 ml of sodium tungstate, 3 ml of

hosphoric acid, and 5 ml of water into each flask and heat to 90-95 °C again
Fuse a therrnometer). Allow the solutiona to stand for two minutes, cool to room
temperature, add 2 ml of stannous chloride solution and water to the mark.
Mesasure the ahsorption of the solutions on an absorptiometer or a g:hotometer
withéa green optical filter. Construct the calibration curve vsing the data ob-
tained.

Procedure

Add the reagents as for the construction of the calibration curve
and measure the absorption of the resultant solution. Determine
the vanadium content from the calibration curve.

Determining Vanadium in Ores

Reagents

Sodium perozide, solid.

Sulphuric acid, diluted 1{: 1.

Hydrockloric acid, diluted 1: 2.

Nitrie acid, diluted 1:2, .
For the other reagents see the previous section,

Constructing a Calibration Curpe

Construct the calibration curve using various portions of the standard sample
(as in the procedure). If there is an ore with the composition similar to that
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of the ore in question, except that vanaiium is absent, construct the calibration
curve by adding a delinite quantity cf the standard solution of NH, VO, lo
the solution after leaching.

Procedure

Place a sample of an ore weighing V.4 g in ap iron crucible, add 4 g
of Na,0,, and mix by a glass rod. Heat the crucible gradually in a
muffle furnace or over a burner to dark-red heat (500-600°C). When
the contents liquefy take hold of the crucible by the tongs and stir
the liquid by rotating the crucible. Continue heating for another
live minutes. Avoid over-heating to preclude the formation of a
sparingly soluble alloy. Cool to 3U-40°C, wash the melt from the cru-
cible by a jet of warm water into a 100-150 ml beaker. Add 12 ml
of sulphuric acid, 4 mli of hydrochloric acid, and 4 ml of nitric acid
to the obtained solution. Heal the solution and evaporate to 50 ml.
Separate the residue on a Blter, wash the filter several times with
not water. Cool the filirate to room temperature, add 5 ml of phosphor-
ic acid: the solution must become colourless. If phosphoric acid is
added to the warm solution, it turis yellow. The colour is stable
and this makes the determination impessible.

Add 20 ml of sodium tungstate to the colourless solution and heat
to 90-95°C. Allow the solution to stand for 5 minutes, cool to room
temperature and add 2 ml of stannous chloride. Transfer the sclu-
tion into a 100-ml volumetric flask and add water to the mark,
Measure the absorption of the solution with a green optical filter.
Determine the vanadium content frem the calibration curve.

PHOTOMETRIC DETERMINATION OF VANADIUM
WITH HYDROGEN PEROXIDE

The methed is based on the formation of an orange-red complex of
the vanadium (V) ion with hydrogen peroxide in a sulphuric acid
medium. The constant of the formation reaction X = 1.2 x {0-%
The complex solution absorbs maximum at 430 nm. The optimum
concentration of H,0, is 0.03 per cent and of sulphuric acid 0.6-6 .
If the concentration of hydrogen peroxide is higher than 0.09 per
cent, the red-brown solution turns yellow. The ion of Til!V, con-
siderable quantities of Fe!'! and MoV! ions interfere with the deter-
mination. The interfering sffect of Ti!V and Fe!lT ions can be removed
by adding F- and PO}™ ions. Reductants, e.g. 1~ and Br-, interfere
with the determination.

The method is used for the determination of vanadium in cast
iron and steel.

Reagents

Hydrogen pereride, 3 per cent solution.
Potassium permanganate, 0.01 N solution
Ozalic geid, 2.5 per cent solution.
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Phosphoric geid, density, 1.7 gleu.em, .

Hylrochloric aqeid, demsity 1.19 gl/eu.cm

Nitric acid, density 1.4 gfcu.cm,

Sulphurie acid, diluted 1 : 4.

Ammonlum venadate, siandard solution. 1 ml is equivalent to 0.01 mg of vana-
dium, Dissolve 0.1286 g of NH, VO, in 1 litre of water and dilute with ten vol-
umes of water.

Constructing a Calibration Curve

Place 1, 2, 3, 4 and 5 ml of the standard vanadate solution into five 100-ml
volumetric flasks, dilute with water 10 50 ml, add 3 ml of phosphoric acid,
potassimn permanganate solution until a ﬁmle pink colovr develops, and allow
the solutions to stand for 1-2 minutes. Then add 3-4 drops of oxalic acid and
keep the sofutions for three minutes. Add 2 mi of hydrogen peroxide into each
flask and then water to the mark. Measure the absorption of the solutions on
an shsorptiometer with a green optical filter. Construct the calibration turve
using the data obtained

Pirocedure

Dissolve a sample of; steel weighing 0.5 g in & mixture of 30 ml
of hydrochloric and 10 ml of nitric acid or in 50 ml of sulphuric acid
containing nitric acid. If the sample contains tungsten, add 3 ml
of phosphoric acid. Evaporate the obtained solution with 10 ml of
sulphuric acid to white fumes of S0,. Dissolve the salts in 50 ml of
water, separate silicic acid on a filter, collect the filtrate in a 250-ml
volumetric flask, cool, add water to the mark, and stir. Transfer
50-ml portions into two 100-ml volumetric flasks, add 3 ml of phos-
phoric acid (if it was not used to dissolve the sample) and proceed &s
for the construction of the calibration curve but do not add hydro-
gen peroxide into ope flask. Measure the absorption of the solution
ageinst a solution containing hydrogen peroxide. Use a green optical
filter. Determine the vanadium content from the calibration curve.

PHOTOMETRIC DETERMINATION OF VANADIUM
WITH PYROCATECHOL

The method is based on the ability of vanadium to react with
pyrocatechol in an alkaline medium with the formation of a blue
complex containing tetravalent vanadium. The interfering effect
of the ions of Fe, Co, Ni, Cr, Mo, W and Cu is removed by ascorbic
acid, the citrate and cyanate ions and EDTA, Zn, Cd, Zr, Th, Sn,
Pb, As, La, Ce, U (less than 20 per cent), Sb (less than 10 per cent),
Ga (less than 10 per cent) and other elements do not interfere with
the determination. The interfering effect of the Nb, Bi, Ti and other
ions which form yellow complexes is completely removed if the
absorption is measured at 800 nm.

The method is highly selective and can be used to determine less
than 1 per cent of vanadium in various materials.
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Reagents

Percitloric aeid, concentrated. .

Pyrocatechol. Dissolve 35 g ol the reagent in 300 ml of water, add 50 ml of eitrie.
acid, 2 g of ascorbic acid, 60 ml of ammonia solution, density 0.92 gicu.cm
and dilute with water to 500 ml. Keep the solution under toluene to prevent
its vxidation by atmespheric oxygen.

Ascorbic acid, erystalline. .

Citric acid. Dissolve 500 ¢ of the reagent in 1 litre of waler.

Potassium cyanids and EDTA solution. Dissolve 25 g of KCN and 12.5 g of
EDTA in 250 ml of concentrated ammeonia solution.

Sodium vanadate, standard solution. 1 ml is equivalent to 0.5 mg of vanadium,
Fuse 0.8925 g of chemically pure V0, with § g of Na,CO, in a platinum crucible,
dissolve the melt in 100 mi) of water, transfer the solution quantitstively into
a 1i-litre volumetric flask and add water to the mark.

Constructing a Calibration Curve

Place 0.2, 0.4, 0.5, 0.8 and 1.0 ml of the standard selution of the vanadate
ioio five 100-mi volumetric flasks, add 5 ml of potassium cyanide and EDTA
solution into pach flask, and boil for 1-2 minutes. Cool the solutions and add
water to 100 ml. Transfer an aliquot (5m)) into a 25-ml volumeatric flask, add
pyrocatechol to the mark and in 20 minutes measure the absorption at 800 nm
{light path, 3 em). Construet the calibration curve using the data obtained.

Procedure

Add a few millilitres of HC1O, to the solution of the decomposed
sample (0.1-0.5 mg of V) and evaporate the solution. Transfer quan-
titatively the residue with 33 ml of water into a 100-ml volumetrie
flask. Add 5 ml of potassium cyanide and EDTA solution, boil for
1-2 minutes, cool and add water to the mark. Filter out KCIO,,
transfer 5 m! of the ¢lear filtrats into a 25-ml volumetric flask, and
proceed as for the construction of the calibration curve. Determine
the vanadium content from the calibration curve.

EXTRACTION-PHOTOMETRIC DETERMINATION OF VANADIUM
WITH BENZHYDROXAMIC ACID

The method is based on the reaction between the VV ion and
benzhydroxamic acid with the formation of a blue complex in a stron-
gly acid medium and of a red complex in a weakly acid medium.
The complex formed at pil 1.2-3.5 is exiracted with 1-hexarol. The
absorption of the solutiops is proportional to the concentration of
vanadium in the range of 0.4-8 pg/ml. Ta, Cr, Cu, Zn, C4, F-, SCN-,
the citrate and tartrate ions do not interfere with the determination.
Oxidants or reductants should be absent. The ions of Ti, Zr, Mn,
Fetll, Th, Al, Sn, Mo¥! and WV! interfere. The interfering effect of
the elements forming colourless complexes with the reagent can be
removed by adding excess quantities of the latter,
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Heagents

Potassium benthydroramaie, 0.3 per cenl solution, pH &.
Sulphurie acid, diluted 1 : 5.

Hexanol-1. . . .
Ammorium vanadate, standerd solution. 1 ml is equivalent to 0,05 pg of vanadium.

Constructing a Calibration Curve

Place 1, 2, 3, 4 and 5 ml of the standard vanadate selution info five separatin

funnels, add 10 ml of potassium beezhydroxamate solution inlo each {uume
and dilute with water to 30 ml. Adjust the pH of the solulions to 2 by adding
sulphuric acid and extract the vanadium complex with 20 ml of hexcrol-l.
Measure the absorption of the extracts at 450 nm using hexanol as a reference
solution, Construct the calibration curve using the data oblained,

Procedure

To determine vanadium proceed as for the construction of the cali-
bration curve

PHOTOMETRIC DETERMINATION OF VANADIUM WITH
DIANTIPYRYL-3,4-DIMETHOXYPHENYLMETHANE

The method is based on the ability of VYV to oxidize diantipyryl-
3,4-dimethoxyphenylmethane with the formation of a coloured com-
pound absorbing maximum at 475 am. The molar extinction coef-
ficient is 9.2 X 10% The sensitivity of the method is 0.03 pg/mi. The
Bouguer-Lambert-Beer law holds for the range of vanadium con-
centrations of 0.25-2,5 pg/ml. The ions of Fe, Cu, Al, Ti, Ni, Co, W,
‘Mo, Nb, Cf'¥1, Mg, Zn, Ta, Be, Se, Cl-, PO}-, C,02" do not form
coloured compounds. The following elements have own colour and
interfere when present in the following quantities: Fell!, over
500 mg/litre, Cr over 1000 mg/litre, Co over 30 mg/litre and Cu over
2500 mg/litre,

Rea:‘luts

Vanadium, standard selution, 1 ml is equivalent to 20 pg of vanadium,
Diantipyryl-3.4-dimethozyphenylmethane, | per cent solution in ethyl alcohol.
Phasphoric acid, diluted 1 : 1,

Hydrochloric acid, density 1.19 g/cu.cm.

Paolgutum permanganate, 10 per cent solution.

Ozalic acid, saturated solution,

Constructing @ Calidration Curve

Place 10-160 ug of vanadiumv (gradient, 20 pg) inte 100-m] volumetric fasks,
add 25 ml of hydrochloric acjd, 1 ml of a { per cent solution of the reagent into
each flask, end dilute with phosphoric acid to the mark, Keep the solutions for
15 minutes and measure their absorption in a cell with a light path of 5 am on
an absorptiomster with a blue optical filter against a blank soletion. Construet
the calibration curve using the data obtained.
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Procedure

Add a few drops of potassium permanganaie to the test solution in
a 100-m] volumetric flask to oxidize vanadium, and in five minuntes
decompose excess potassium permanganate with oxalic acid. Then
add the same reagenis and in the same order as for the construction
of the calibration curve.

EXTRAGTION-PHOTOMETRIC DETERMINATION OF VANADIUM
WITH TRIBROMOPYROGALLOL

The method is based on the formation of a bluc complex of vana-
dium (V) or (VI) with tribromopyrogaliol (TBP). The complex can
be extracted with a mixture of chloroform and iscamyl alcohol
{1:2) in the presence of diphenylguanidine (DPG). The absorption
maximum of the extract is at 600-650 nm. The complex is formed
at tle ratio of VTBP:DPG of 1 :2: 1. The ions of Ni, Ma, Cu, Co, Cr,
and Al, and (in the presence of thioglycolic acid) also Fe!'! and Mo
do not interfere with the determination of vanadium. Tungsten can
be masked by tartrate and zirconium by fluoride.

Reagentls

Vanadium salt, standerd solution. 1 ml is equivalent to 5 ug of vanadium
Acetate buffer solution, pH 3.5

Diphenyiguanidinium chioride, 2 per cent solution.

Misture of cileroferm and ispamyl alcohol (1 : 2) conlaining 0.35 per cent of
tribromaopyrogailol.

Ascorbic acid, 20 per cent solution.

Ammaonia, aguecns solution diluted 1 ; 10,

Sulphurie acid, diluted { : 4.

Ammonium terirate, 10 per cent solution,

Construeting a Calibration Curte

Place 5, 10, 15, 20 and 25 pg of vanadium imo five separating funnels, add acetale
buffer solutiar, 0.5 ml of diphenylgunnidinjum selution fo 10 ml. and extract
with 10 ml of the extracting ageni. Measure the absorption of the extract against
a blark =olutinn, Ceunstruct the calibration curve using the data obtained.

Procedure

Add 0.2 ml of sscorbic acid to the test solution containing to 40 mg
of Fe, 0 mg of Zr and 3.0 mg of W, neulralize the solution carefully
wilh ammoenia until the solution turns vielet, and add sulphuric acid
tn discolowr the solution. Allow the solution to stand for 5 minutes,
then add 0.2 ml of ammonium tarirate, 0.5 ml of diphenylguanidi-
nium chloride, 2 ml of the buffer solution and dilute with water to
10-45 ml. Extract the solution.by 10 m! of the extracting agent.
Measure the absorption of the exiract against a blank solution.
Determine the vanadium content from the ealibration curve.
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PHOTOMETRIC DETERMINATION COF VANADIUM IN STEELS
WITH SULPHONMITRAZO

The method is based on the reaction of VIV in acid solutions
{(pH 2.3 2 0.3) with sulphonitrazo, |2:{2-hydroxy-5-nitro-3-sulpho-
benzene)-1-naphthol-3,8-disulphenic acid]l with the formation of a
coloured complex, the component ratio being 1 : 1. The molar extinc-
tion coefficient at 582 nm is 2.4 X 10%. The colour of the complex is
not affected by many masking sgenis in rejatively large quantities:
1 g of ascorbic acid, 300 mg of H,PO,, 708 ng of thioglycolic acid,
200 mg of tartaric acid, 2 g of thiocarbam:de, 500 mg of NabF,,
200 mg of pyrocatechol-3,5-disulphonic acid. The reagent is prac-
tically selective for vanadium in the presence of the above masking

"substances.

Reagents

Vanadium salt, sianderd solution, 1 ml iz equivalent to'5 pg of vanadium.
Nitric acid, density 1.4 glcu.cm.

Hydrochloric acid, deusity 1.19 gleu.cm.

Tartaric eeid, 10 per cemt solution:

Agcorbie acid, 10 per cent solutionm.

Phesphoric acid., 10 per cent solution.

Thioglycolic actd, 5 per cent solution.

Sodium fluoroborate, 3 per cent solution,
Thiocarbamide, 10 per cent solution.
Pyrocatechol-3,5-disulphonic acid, 4 per cent eolution,
Sulphonitraze, 0.2 per cent solution.

Consrucling a Calibrat_ic.m Curve

Placs 0.4, 0.8, 0.42, 0.16, and 2.0 m! or 4, 2, 3, 4 and 5 ml of the vanadium solu-
tion info 50-ml volumetrie fasks, add 2.5 ml of the reagent solution, adjust
the pH to 2.3 - 0.3, add water to the mark and stir. Allow the solutions to
-stand for ten minutes and measute their absorption at 582 nv against a blank
solution in cells with the layer thickness of 5 em {for 0.4-10 pg of vanadium)
or 1 cm (for 2-25 pg of vanadium}, Construct the calibration curve using the
dalﬂ ohu“ledo L

Procedure

Dissolve a sample of steel weighing 0.4 g in 15 ml of a mixture of
hydrochloric and nitric acids (3 : 1) with moderate heating and evap-
orate the solution to a syrup comsistency. Add 40 ml of hot water
to the syrup, heat to boiling, pass through a dense filter into a 100-m1
volumetric flask, add 10 ml of tarteric acid, water to the mark, and
mix. Transfer an aliquot containing 0.4-0.25 pg of vanadur: inte
a 30-ml volumetric flask, add 10 ml of ascorbic acid, 2 ml of thiocar-
bamide solution, 2 m! of phosphoric acid, 10 ml of NaBF, solution,
1 ml of thioglycolic acid (in- the presénce of molybdenum), 5 mi
of pyrocatechol-3,5-disulphonic acid (in the presence of titanium),
and mix. Allow the solution teo stand for five minutes, add 2.5 ml
of the reagent snd proceed as for the construction of the calibration
curve, Determine the vapadium content from the calibratior curve.
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PHOTOMETRIC DETERMINATION OF VANADIUM
IN URANIUM ALLOYS USING HYDROXYLAMINE
AND [-(2-FYRIDYLAZO)RESORCINOL

The ethed is based on the [ormation of a threc-component com-
plex of pentavalent vanadium wilth hydroxylamine and f-(2-pyridyl-
azojresorcinel (1:1:1) in a medium of 0.4 .V sulphuric acid. The
mnlar extinction coefficient of the complex is 3.0 X 108, the absorp-
tion maximum being at 350 nm. Re, Th, U, Mo, Mn, Zr, ctc. do not
interfere with the determination. Cu, Fe and W jnterfere. The
Bouguer-Lambert-Beer law holds for the vanadium concentrations
in the range of 1-8 pg/ml,

Rea gents

Vanadium sqlt, standard solution. 1 ml is equivalent to 0.1 mg nf vanadium.
1-(2-Pyridylazoyresorcinol, 0.1 per cent solution. )

Nitric acid, density 1.4 gleu.cm.

Hydrocitloric actd, density £.19 pfen.cm.

Sulphuric acid, density 1.84 gfeu.cm, and 1 N solution,

Ammonium tertrate, 2 per cent solution,

Hydrozylemine hydrochioride, 10 per cent solution,

Ammonia, diluted 1 : 10.

Phenolphthalein, 1 per cent solution in ethyl alcohol.

Acetate buffer, pH 4.0-4.3.

Constructing a Calibration Curve

Place 0.05-0.4 mg (gradient, 0.05,mg) of vanadium iote 3-ml volumelric flasks,
add 1 » of ammonium tartrate solution jnto each flask and neutralize with
armmonia to pbenclphthalein. Add 10 ml of the buffer and 4 ml ol hydroxylamine
solution, heat the mixture for two misutes on a water bath, add 1 ml of 1-(2-pyr-
idylazo)resorcinol and allew the solutions to stand for 15-20 minutes. Cool in
water, add 20 ml of 4 ¥ sulphuric acid and water to the mark. Measure the absorp-
tion of the solutions in 90 minutes on an absorptiomoler in cells with a light
path of 5 cm against a blank solution. Construct the calibration curve using
the data obtained.

Procedure

Place a sample of the alloy weighing (.1 g in a 100-m! refractory
beaxer, add 10 -ml of the mixture of hydrochloric and uitric acids
(3:1), and heat or a water bath to dissolve the sampie. Cool the
solution, add 3 ml of sulpliuric acid, density 1.84 g/cuein, and
evaporate the liquid to den-e fumes of 50, Wash carefully the
walls of the beaker with water, transfer the contients into & 50-ml
volumetric flask, and add water to thr mark. Transfcr an aliguot
into a 50-ml volumetric flask, add 1 ml of ammonium tarteate solu-
tion and continue with the analysis as for the construction of the
calibration curve. Determine the vanadium content of the aliquot
from the calibration curve.
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KINETIC DETERMINATION OF VANADIUM

The method is based on the acceleration of oxidation of 1,5-
diphenyl-3-aminopyrazoline with potassium bromate by the action
of pentavalent vanadium. The catalytic action of vanadium (V)
is intensified in the presence of 8-hydroxyquinecline. One product of
oxidation is formed. Its absorption maximum is at 530 nm. The
sensitivity of the determination is & X 1075 ug of vanadium in 1 ml,
the optimum concentration of KBrQO, being 0.05 M, (at pH 4.0).
The vanadium content is determined from the calibration curve

Reagents

Vanadium salt, stendard solwtion. 1 ml is equivalent to 0.1 pg of vanadium,
Acetate buffer solution, pH 4.0, purified by extraction with 5,7-dibromo-8-quin-
olinol solution in chloroform,

1,5-Diphenyl-8-aminopyrezeline, 0.1 per ceni solution in acetone prepared for
the analysis.

Potassium bromate, analyiical purity, recrystallized, 0.05 per cent solution,
8-Quinclinol, analytical purity, purified by sublimation; 0.01 M solution
in acetone,

Water distilled, deionized on a cation exchanger (K¥-2).

Consiructing a Calibration Curve

Add 5 ml of the buffer solution to the standard solutions containing 0.02-0.2 pg
of vanadium {gradient 0.02 p,ﬁ) and place the solution in one branch of a mixin
veassel. Place 1 ml of 1,5-diphenyl-3-aminopyrazoline into another branch, an
1 m! of potassiym bhromate and 1 ml of 3-guinolinol and water to 40 ml into the
third branck, Place the mixing vessel in a thermostat and keep there for 30 min-
utes at 25 4+ 0.1 °C. Now mix the solution, start a stop-watch and measure il.»
absorption of the solution on a P3K-H-57 absorptiometer in a cell with a ligh.
path of 2 c¢m using an optical filter No. 5. Take the first measurement one minute
after mixing the components and continue with the measurements for ten minu-
tes atdone minute interval, Construct the calibration curve using tha data ob-
tained.

Procedure

Add 5 m! of the buffer to the test solution containing 0.03-0,15 pg
of vanadium and proceed further as for the censtruction of the
calibration curve. Delermine the” vanadium content using the cali-
bration curve,
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Niobium and Tantalum

The compounds in which niobium, Nb, and tantalum, Ta, have
the positive valency of 5 and also some compounds of tervalent
niocbium are important for analytical chemistry.

Niobates (V) have no marked oxidizing properties and are reduced
only by energetic reductants {(e.g. by zinc metal in acid solutions).
This distinguishes niobates from vanadates which are energetic
oxidants in acid solutionms.

Titrimetric methods for the determination of niobium have
been developed. These are based on the reduction of niobium to its
tervalent state in aeid sclutions by zinc, cadmium or aluminium
with subsequent titration by a standard sclution of an oxidant [1].
The greatest difficulties arise during quantitative reduction of NbY
in the presence of tantalum and other elemepts, and titrimetric
methods are not therefore widely used in practical a-ialysis.

Compounds of tantalum (V) are not reduced in agueous solutions.

The properties of niobium and tantalum are very much alike and
are similar to those of titanium, zirconium and tungsten. All these
elements often occur in natural materials,

The analysis of complicate minerals of tantalum and niebium
containing titanium, zirconium and tungsten takes much time and
requires high skill on the part of the analyst. The reliability of the
results is low. There are no reliable or simple methods for the isol-
ation of small quantities of niobium and tantalum in the analysis of
rock, pure metals and alloys, or methods for the determination of
niobium and tantalnm ceontained in quantities of about 10~ per
cent in titanium, zirconium, tungsten, and other metals. The most
reliable results can only be obtained by the extraction and c¢hromato-
graphic methods of separation. The difficulties which arise in the
analytical chemistry of niobium and tantalum are due to the tendency
of the niobium and tantalum eompounds, and &lso of titanium, zir-
conium and tungsten, to form colloidal solutions, hydrolysis, and
to form polynuclear compounds.

Complex-formation reactions of niochium and tantalum have been
studied insufficiently well. Only moldr ratios in which the ions of
niobium and tantalum react with organic reagents have been estab-
lished in some cases and very little attention has been given to the
study of the formation of heteroligand (mixed) complex compounds.
There are no trustworthy values of stability constants for complex
compounds of niobium and tantalum or the constants for the reac-
tions of their formation.
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As a rule solutions of oxalate, tartrate, fluoride, peroxidic com-
pounds of niobjium and tantalum, and also solutions of niobates and
tantalates are used in the chemical analysis of these elements, Some
methods for preparing these solutions will be described below.
Oxalic acid and ammonium oxalate are used to keep niobium and
tantalum in solution form. Water-soluble oxalate complex com-
pounds of niobium and tantalum are stable in the presence of excess
oxalate ion. The composition of the complex ions probably depends
on the conditions under which they are formed. Oxalaie-niobates of
the alkali metals, My[NbO{(C,0,),]IM—Na*, K+, NH}], have been
isolated in the solid state.

Some a-hydroxycarboxylic acids-(tartaric, citric, laetie-trihydro-
xyglutaric) react with the ions of niobium (V) and tantalum (V)
to form complex compounds.

Niobates and tantalates are stable in solution in the presence of
excess KOH; they tend to polymerization with the formation of
various polyanions.

When potassium niobate or potassium tantalate solution is acidi-
fied with dilute sulphuric acid, white amorphous niobie or tantalic
acids precipitate. They are dissolved in warm concentrated sulphuric
acid. After cooling and dilution with water, niobic acid-remains in
solution while tantalic acid precipitates. But it is impossible to
separate niobium and tantalum quantitatively by this method.

When niobic and tantalic acids are calcined, high-melting white
pentoxides, Nb,O; and Ta,O are formed. Wher heated, Nb,0;
turns yellow. The pentoxides Nby,O, and Ta,0; meet many require-
ments for the weighing form. But as a rule, they are contaminated
with oxides of other metals. Therefore, after weighing the pento-
xides of nicbium and tantalum, their impurities are determined and
the corrections introduced. The pentoxides Nby,"?, and Ta,0, are
also obtained by calcining niobium and tantalum compounds with
pyrogallol, tannic acid, etc.

Niobium (V) in concentrated hydrochloric acid is probably present
as HINb(OH).Cl,] [2]). The absorption maximum of the solutions
is at 281 nm [3]. The apparent molar extinction coefficient is 9.0 x
X 102, The Bouguer-Lambert-Beer law holds for the range of NbQ,
concentrations from 0.9 to 10 pg/ml. Significant quantities of the
Fe ions, and also the ions of Mo, U, and Ti, and (to a lesser degres)
the ions of Ta interfere with the determination of niobium. Zr, W,
rare earths, tartaric acid and small guantities of the sulphate ion
almost do not affect the results of the determination.

Differential spectrophotometric determination of large quantity
of niobium in its alloys (containing 3-30 per cent of tantalum), and
also small quantities of titanium ard iron [4] is possible. The aceur-
acy of the differential spectrophotometric determination is not worse
than that of the gravimetric method, the error being 0.03 per cent,
while the procedure is 4-5 times shorter.

The ion of NbY reacts with thiocyanic acid (at high acid con-
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centration) to form a yellow complex compound, HINDO(SCN),] i5]..
Alkaloids precipitate specifically coloured substance from aqueous
solutions of the complex compound. The compound can be extracted
by aleohols, ethers, aldehydes, and ketones. The niobium content
is determined by the absorption of the ether extract of the compound.
Methods based on the measurement of the absorption of water-
acetone solutions of the thiocyanate complex of niobium have been
proposed (6, 7.

Tantalum forms a colourless complex H,[TaO(SCN),], extrartable
by orgsnic solvents and precipitated by alkaloids (in comtrast to
piobium, the compounds are colourless). The reaction of formation
of the thiocyanate complex is employed in various modifications of
the method for the detection and photometric determination of
piobium in the presence of tantalum and some other elements [8-11].
The thiocyanate method is used for the determination of small quan-
tities of niobium in ores containing titanium, tungsten, molybdenum
and chromium.

The sclubility of potassinm fluotantalate and potassium oxyfuo-
niobate (K,TaF, and K,NbOF ) in hydrofiuoric acid is different, which
makes fractional crystallization of niobium and tantalum (Mariniak.
method) possible. The theoretical fundamentals of this separation
are described in the literature [12]. At the present time, more ad-
vanced methods for separation of niohium and tartalum are used.

Selenious acid quantitatively precipitates niobium and tantalum
ions from tartaric acid solution containing hydrochloric acid and
heated to boiling. Selenious acid iz used to separate these elements
from titaninm and also to separate niocbium from zirconium [13, 14].

Hypophosphorous ‘acid' precipitates quantitatively tantalum as
hypophosphite from oxalic acid solutions. The niobium ion is not
precipitated in these conditions and the elements can therefore be
separated [15]. Hypophosphorous acid is used for the determination
of tantalum in steels and minerals.

The formatiun of phesphomolybdeniobic heteropoly-acid by the
NbY ion is'used for the photometric determination of niobium.

Hydrogen peroxide reacts with the Nb" ion in sulphuric and phos-
phoric acid media to form yellow peracids. The formation of peracids
underlies various modifications of the photometric determination of
niobium [16-18).

" Phenylarsonic acid [19] and its derivatives are valuable reagents”
for mutual isolation of large and small quantities of niobium and
tantalum and their separation from some elements. Phenylarsonic
acid precipitates quantitatively the tantalum ion from oxalate
solutions at pH < 5.8 (the acidity is adjusted by adding sulphurie
acid [20]). The niobium ion is precipitated at pH above 4.8. -As
a rule, the tantalum ion is precipitated at pH below 3.0 {or from
8 5 per cent sulphuric acid solution). Next the nicbium ion is pre-
cipitated from the filtrate at pH 5.0 (by ammonium acetate and
phenylarsonic acid). If the filtrate coptains much oxalate, the mio-
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bium ion is precipitated with cupferron. [f the niobium oxide to
tantalum oxide ratio is greater than 2, it is necessary tore-precipitate
the tantalum compound, the results being not always satisfactory.
Phenylarsonic acid is used to separate tantalum from Felll, Crlll,
Allll. R.E., Ce!V, Bell, U¥I, ThIV, Ca, Mg, 8n!!, Culf, Cd, Billl,
Hg!i, Zn, Mn, Ni, Col!l, As'lI ShIIl, WVIand Mo¥! by precipitation
at pH 2-3 from solutions containing excess EDTA. The reagent is
used for the gravimetric determination of niobium and tantalum {6].

Cupferron quantitatively precipitates Nb, Ta, and alse Ti, Zr,
Fe!'l) ¥ and Sn from a 10 per cent solution of sulphurie acid. The
ions of AT CpvI VI, Bell, Mn!I, NilZ, Coll, ZnlI, P, and B remain
in solution. The reagent is used [21] for the separation of nicbium
from tantalum and other elements in tartrate solutions containing
ammounium acetate (pH 4.5-5.0) in the presence of EDTA. The
niohivm ion is precipitated with cupferron using tin as a precipitating
agent. Re-precipitation is required in the presence of hundred-fold
quantities of tervalent iron and other tervalent metals. To separate
niebium from tungsten, the niobium ion is precipitated with cupfer-
ron from diluie acid solutions in the presence of oxalic or tartaric
acid [22, 23].

N-Benzoyl-N-phenylhydroxylamine [24-26] precipitates niobium
from tariaric acid solutions at pH 3.5-6.5. It is used for the separation
of niobium from tantalum. Tantalum is precipitated from filtrate
at pH below 1.5, Compounds of niochium with N-benzoyl-N-phenyl-
hydroxylamine are extracted with chloroform from tartaric acid
solutions at pH 4-6. One portion of chloroform can exiract
98-100 per cent of niobium compounds [27]. The tantalum ion
remains in the aqueous phase in these conditions.

Benzhydroxamic acid is used to determine nichium photometrical-
ly in steels [28].

Niobium and tantalum react with various hydroxyl-containing
crganic reagents, such as pyrogallol, tannic acid, pyrocatechol,
derivatives of 2,3,7-trihydroxy-6-fluorone, 4-(2-pyridylazo)resorcinol,
arsenazo 1 and others.

Pyrogallol precipitatds the ions of niobium and tantalum from
hydrochloric acid solutions. The ions of Ti and Zr remain in solu-
tion [29]. Precipitation does not occur in the presence of tartaric
or citric acid. The tantalum ion reacts with pyrogallol in an oxalie
acid solution containing a mineral acid to form ®» ysllow-orange
compound soluble in water. The niobium ion does ot form coloured
cormapounds in these conditions [30]. Conversely, the miobium ion
forms an orange compound [30} in a weak alkaline medium, while
the tanialum ion does not form coloured compounds. These prop-
erties of niobium and tantalum are used in various modifications
of photometric determination of niobium and tantalum in their
mutual presence {30-47].

Tannic acid precipitates tantalum and then niobium from oxalic
acid solutions at various pH (38, 39]. The precipitate of tantalum is
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sellow, and of niobium, red. Complete precipitation of tantaium is
accompanied by partial precipitation of niobium. If fractional pre-
cipitation is repeated several times, it is possible to separate tan-
talum and niobium quantitatively. The titanium ion (over 2 per
cent of tantalum concentration) interferes with the separation of
niobium and tantalum. Tannic acid is also used for the combined
isolation of niobium and tantalum from hydrochloric acid solutions
and their separation from many clements, Various masking sub-
stances are used for the precipitation of niohium and tantalum.
For example, the niobium (V) ion is precipitated quantitatively hy
tannic acid from a 5 per cent solution of hydrochloric acid in the
presence of ascorbic acid. The iitanium ion remains in solution [22].

Tannic acid quantitatively precipitates [40] the ions of niobium,
tantalum, and also titanium from oxalate-tartrate solutions =&t
pH 4.5 in the presence of EDTA. The tungsten ion (when its content
is less than 2 per cent of the sample), and also the ions of many nther
elements vemain in solution. The reagent is used for the determination
of total niobium, tantalum and titanium in various minerals. To
separate niobium and tantalum from titanium, their fluorides are
dissolved in hydrochloric acid solution of tannic-acid to prepare a
relatively stable clear solution. When boric acid is added, the com-
pounds of niohium and tantalum with tannic acid precipitate,
while the titapium ion remains in solution [41]). The method is
used for-the analysis of various minerals.

The ions of niobium and tantalum react with EDTA and pyro-
catechol solutions at pH 2.5 to form red and yellow triple complexes
respectively [42]. The niobium ien {or tantalum ion) reacts with
EDTA in the molar ratio of 1:1. Condilions can be created under
which only niobium or only tantalum will form a colonred compound.

A method has been developed for the determination of niocbium and
tantalum in a mixture of their oxides with the ratic from 1:5 to 5:1.

To determine niobium in the presence of tantalum, a hydrosul-
phate melt of the oxides is dissolved in tartaric acid, then EDTA
and excess pyrocatechol are added, the pH of the solution is adjus-
ted to 2.5, the solution is heated to boiling and the absorption measu-
red at 470 nm. Nicbivm is determined from a calibration curve.
Tantalum does not form coloured compounds in tartaric acid solu-
tions! To determine tantalum in the presence of niobium, a hydro-
sulphate melt of their oxides is transferred into a concentrated solu-
tion of ammonium oxalate; EDTA, and a great excess of pyrocatechol
are added. Finally, crystalline ammonium oxalate is added, the pH
of the solution adjusted to 2.5 and the absorption of the yellow solu-
tion is measursd. Niobium does not form coloured compounds in
these conditions.
 Pyrocatechol is used also for the extraction separation with sub-
sequent photometric determination of niobium, tantalym and tita-
pium {43]. Complexes of titanium snd tantalum with pyrocatechol
are extracted with n-butanol from oxalate solutions at- pH 3, while
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the niobium ion remains in the aqueous phase. The method can be
used for quantitative separation of tltamum and tantalum from
niobium.

Derivatives of 2,3,7-trihydroxy-6-fluorone substituted at posi-
tion 9, e.g. dlmethylﬂuomne react with the ions of niobium, tita-
nium and tantalum. Under certain conditions {contrelled acidity
of the medium, etc.), the reaction can be sufficiently selective for
each element. For example, only the niobium ion reacts with sub-
stituted trihydroxyfluorones in solutions of mineral acids {sulphuric,
hydrochloric, phosphoric). The tantalum ion almost does not react
in these conditions. The reaction, if any, is very slow [44, 45].

Arsenazo I reacts with the tantalum ion in a strongly acid solution
(mostly, hydrochloric acid) containing tartrates or citrates to form
a violet compound soluble in water [46]. The compound is stable at
temperatures fo 100°C. A titaninm complex with arsenazo I is
destroyed completely in these conditions and titanium does not
therefore interfere with the photometric determination of tantalum.
The niobium ion also forms a caloured compound in these conditions
and therefore interferes. Fluoride and oxalate ions prevent the for-
mation. of -coloured gompvn'nds The photometric method can be
used to determine tantalum in titanium alloys in quantities from 1
to 15 per cent without preliminary ssparation.’

A peroxidic compound of nipbinm reacts with methylthymol blue
{47, 48], 4-(2-pyridylazo)resorcinol (47, 49], nitrilotriacetic acid,
N-hydroxyethvlethylenediamine-N,N’,N'-triacetic acid and diethyl-
enetriamine-N,N,N’,N”,N”-pentaacetic acid {50, 51] to form mixed
complex compounds containing H,O, and the oiganic reagent. A
heteroligand compound of niobium with 4-(2-pyridylazo)resorcinol
and tartrate is used for the determination of niobium in ores and
minerals [52].

The peroxidic compound of niobium reacts with nitriloacetic or
N-hvdroxyethylethylenediamine-N,N’, N'-triacetic acid [20] in the
molar ratio of 1:1. Nicbhium can also be determmed complexometri-
cally [50].

Like the peroxidic compound of niobium, the peroxidic compound
of tantalum reacts with various complexones to form mixed complex
compounds {51l

4(2-Pyridylazo)resorcinol reacts with the tantalum ion in the
presonce of oxalates, fluorides, citrates or hydrogen peroxide at
pH4-5.5 to form coloured complex compounds [49, 53-55]. The com-
por-ents react in the molar ratio of 1:1. A tantalum complex with
4-(2-pyridylazoiresorcinol and the oxalate ion is most suitable for
the photometric determination of tantalnm in alloys on the basis of
virconium, molybdenum, tungsteu and uranium. The absorption of
.ne solution does not depend on the concentration of the oxelate
ion in a wide range. The absorption maximum is at 535 nm (at 410 om
for the reagent). The molar extinction coefficient is 1. 70 % 104
The sensitivity of determination of I+ is 0.2 pg/ml. The method is
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used for the determination of tantalum in alloys in quantities over
0.1 per cent.

Niobium complexes with hydrogen peroxide, oxalate, tartrate, or
fluoride ions [86, 37] react with xylenol orange at pH 2-3 to form
coloured compounds. The absorption maximum of the solutions is
at 570 nm (at 445 nm, for the reagent). The molar extinction coeffi-
cient is about 1.4 X 104, A photometric method for the deter-
mination of niobium with xylenol orange in the presence of ammo-
nium oxalate in alloys on the basis of uranivm, molybdenum and
tungsten has been developed. The sensitivity of the method is 0.1 g
of niobium in 1 ml. The mean quadratic error for the niobium content
of 10 per cent in the alloys is -+0.2 per cent.

Lumogallion reacts with the tartrate complex of NbV in a 0.52 ¥
sulphuric acid to form a compound with the absorption maximum
at 510 nm [58]. Tantalum does not form coloured compounds with
lumogallion, nor dees it interfere with the photometric determina-
tion of niobium. The effect of the Zr, Fe and Ti ions is removed by
adding a small quantity of EDTA. The reagent was used for the
determination of niobium in loparite concentrate [59].

8-Quinolinol quantitatively precipitates the nichium ifon at pH 6
from a tartaric acid solution [60]. It is used for the separation of
niobium from tantalum and other elements. '

The fluoride complex of tantalum is extracted with benzene from
acid solutions in the presence of methyl violet [61], rthodemine 6G
(62], butylrhodamine B [62], brilliant green [63) and other organic
compounds capable of giving cations in acid solutions. The extraction
is effected from solutions containing HF. The tantalum content is
determined photometrically. Small amounts of niobivm, and also
titanium, zirconium and hafrnium do not interfere with the deter-
mination. :

Methyl violet is used for the extraction-photometric determination
of tantalum in ores [641], and also in zirconium, hafnium and nighium
metals [64, 65]. The extraction and chromatographic methods of
separation of niobium, tantalum and titamium are very important
gince there are no sufficiently selective reagents for the determination
of these elements. The extraction methods ensure more complets
separation of niobium and tantalum in a shorter time compared with
the methods based on precipitation reactions. But special require-
ments for glassware (hydrofluoric acid destroys glass and special
plastic vessels should therefore be used instead) impose limitations
on the use of these methoda. ’

Sulphochlorophenol S {66-68] is 2 sensitive and selective reagent
for niobium. It is used for the photometric determination of niobium
in the presence of Zr, Hf, Ti, Fe!*’ chlorides, sulphates, phosphates,
tartrates and citrates. Sulphonitrophenol M offers sven greater ad-
vantages [69-71]. . '

Ketones {72, 73], amines [74, 75], a mixture of n-butylphosphoric
acids (solution in di-n-butyl ether) [76], tributyl phosphate [77, 78!

13 1084



and diisobutylcarbinol (79, 80} are used for the separation by extrac-
tion of nicbium and tantalum in the form of chloride and fluoride
complexes, and also for the separation of niobium and tantalum.
Ketones extract tantalum complexes at much lower concentration of
HF than niobium compiexes. Extractability of the fluoride complexes
of niobium and tantalum by diisopropyl ketone from sulphuric acid,
nitric acid, hydrochloric acid, or perchloric acid solutions is differ-
ent, the extractability of the tantalum complex being much better
[72], This difference makes.it possible to separate guantitatively
tantalum from niobium.

The niobium ion is well extracted from a 11 M solutlon of .HCl
by an & per cent solution of tribenzylamine in chloroform or methy-
lene chloride. The tantalum ion is extracted .insignificantly [75]
and niobium can therefore be quickly and guantitatively separated
from tantalum. Méthyldioctylamine and other aliphatic or arema-
tic amines with a long chain of carbon atoms, dissolved in organic
solvents, can be used instead of tribenzylamine.

Cyclohexanone. extracts tantalum, as its fluoride eomplex, from
hvdrolluoric and sulphuric acid solutions and does not extract the
ninhium and titasinm ions {37], The tantalum ion is then re-extract-
ed with ammonium oxalate solution containing boric acid and is
determined photometrically with pyrogallol (in an oxalate-sulphuric
acid solution). The method can be used i{o determine hundredth
and thousandth fractions of per cent of tantalum in ores, loparite-
cancentrates and other materials, Cyclohexanone is used for-the
separation of tantalum from zirconium by triple extraction of the
fluvride complex of tantalum from a 2-4 .M solution of sulphuric acid
[581). This is one of the hest methods to separale tanlalum and zir-
conium. ) ) _

Niobium, tantalum and also titanium can be scparated guan-
titatively by various chromatographic techniques [52-88]. A mixture’
of methyl isobutyl ketone.and [iF is used as the solvent for the
separalion.of nigbium and tantalum by paper chromatography [82).

Niobinm and tantalum are detecled by S-quinolinol. The limit of
detection is 20 pg of each clement. The method has Leen used for
the detection of niobium and tantalum in steels.

The nigbium (V} ion, in contrast to the tantalum ion, is reduced
Ol a4 mercury. eloctrod_e in solutions of mineral acids, and. also in
solulinns coutuining organic addends, to give catalytic waves.

The polarugraphic determination of michium and titapium in
solutinns containing both motals (Nb:Ti = 1:20) against a.back-
ground of pyrophosphoric acid [89), and oi niobium in tantalum
pentnxide against a backgronnd -of phoaphorlc acid [90] is the method
which offers advantages.

" The determination of niobium aad tantalum by motoplc dilution
does not require complete separation of these elements. It is only
sufficient to separate part of niobium or tantalum as pure metals.
The radioactivatiga method is used for the determination of tan-
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talum in alloys containing niobium, titanivm, zirconium, in ores
and also for the determination of niobium in alloys.

X-ray spectral method is used for the rapid determination oi Ior¢
than 0.1 per cent of nichium and tantalum in ores, minerals, and
alloys.

Emission spectral methods of the determination of niobium and
tantalum have. pracnoal importance. but their sensitivity is low.
Emission analysm is used for the determination of niobium and
tantalum in industrial raw materials and intermediates [91].

The literature contains reviews of the methods for the ‘deter-
mination of tantalum and niobium [32-94],

GRAVIMETRIC DETERMINATION OF NIOBIUM AND
TANTALUM IN STEELS WITH PHENYLARSONIC
ACID IN THE ABSENCE OF TUNGSTEN

The method is based on the quantitative isolation of niohium and
tantalum from a dilute hydrochloric acid solution by hydrolysis
with suhsequent precipitation with phenylarsenic acid. Pentoxides
of the meta’s are the weighing form.

Reagents

Hydrochloric actd, density 1.18 g/cu.cm, diluted 1 ; 1, and { per cént solution.
Nitric qgeid, densﬂ:y 1.4 glev.cm.

Pheny!arsomc acid, 3 per cent solution.

Ammonium mtmte, 2 per cent solution.

Sulphuric acid, densilty 1.84 g/cu.em and diluted 1:

Hydrofluerie aﬂd. concentrated.

Potassium pyrosuiphate, crystalline.

Procedure

Dissolve a sample of steel weighing 1-2 g in 30 ml of concentrated
hydrochleric acid and 10 ml of nitric acid in a 300-ml beaker. Evapo-
rate the solution to dryness and calcine the residue slightly. Add
10 ml of concentrated hydrochloric acid te the residue, and heat.
Dilute the solution with the precipitaie with hot water to 200 ml
and heat to 90°C. Now add 40 ml of phenylarsonic acid solution (to-
precipitate Nb and Ta) and allow the mixture to stand overnight.
Separate the precipitate of niobic, tantalic and silicic acids on a
blue ribbon filter and wash with a hot 1 per cent hydrochloric acid,
and then with ammonium nitrate solution.

Place the washed precipitate on the filter into a platinum dish,
char the filter carefully and caleine at 1000°C (use the hoodl). To
remove the silicic acid, treat the calcined precipitate with 6 ml of
concentrated sulphurie acid and a few drops of hydrofluoric acid.

To preclude the loss of tantalum, see to it that sulphuric acid be
in excess during the removal of silicie agid. Evaporate the dish
contents to remove sulphuric acid fumes. Calcine the residue slightly
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in a muffle furnace at 800°C and fuse with potassium pyrosulphate.
Leach the melt with water and transfer into & 300-ml beaker. Add
bot ‘water to 200 ml, add 8 ml of concentrated hydrochlorie acid and
heat for an hour at 90°C. The greater part of nichium and tantalum
is isolated by hydrolysis (white flocks). To ensure complete pre-
cipitation, add 40 ml of phenylarsonic acid solytion, heat the mixture
for another 30 minutes and allow to stand overnight, Separate the
precipitate on a white ribbon filter, wash with a hot 1 per cent hydro-
chloric acid solution, then two times with water, and calcine in a
porc(c]alain crucible at 1000°C (use the hood!}. Weigh Nb,O; and
TagOj.

1\1' otes. 1, Iftungstenis present, it is precipitated together with niobium and
tantalum.

2. If titanium is present in the stesl, it iz contained in the precipitate
of the pentoxides of niobium and tantalum as titanjum oxide. The weighed
precipitate is fusad with potassivm pyrosulphate, lsached with 20 ml of sulph-
uric acid (1 : 4}, the solution is transferrodp into a 50-100-ml volnmoetric flask,
and titanium is determined photometrically. The found number of grams of
t.il.anilum dioxide in subtracted from the mass of the pentoxides of niobium and
tantalum '

GRAVIMETRIC DETERMINATION OF NIOBIUM WITH
CUPFERRON IN THE PRESENCE OF TUNGSTEN

The method is based on the precipitation of the niocbium ion with
cupferron in a weak acid medium in the pressnce of oxalic (tartaric)
acid which masks the tungsten ion. When niobium is determined
in objects containing tungsten, irom, fitanium, vanadium and other
elements precipitated by cupferron, it is necessary first to isolate
niobium with tannic acid in the presence of ascorbic acid (consider-
able quantities of the tungsten ion are co-precipitated), and niobium
ghould then be separated from tunmgsten in oxalic acid solution.
Satisfactory results are obtained with the determination- of 12-
15 per cent of Nb in alloys containing 38-70 per cent of tungsten.

ﬁeagentl

Tanaic acid, 1 per cent solution prepared for the test.

Ascorbic acid.

H;{drg:hlork acid, density 1.19 g/cu.cm, diluted 1 : 2 and 4 : {, and 4 per cent
sglution,

Nitric acid, density 1.4 gfeu.cm.

Sulphuric acid, diluted 1 :1. -

Hydroftuorie acid, 40 per cent solution.

‘Ammontum chloride, crystalline.

Potastium pyrosuiphate, crystalline.

Ozglic acid 4 per cent solution.

Cupferran, 3 per cent solution.

Waming solution, 1 litre contains 20 ml of 3 per cent cupferron and { ml of
bhydrichlorie acid, density 1.19 glcu.cm.
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Procedure

Dissolve a sample of steel weighing 0.5 g in 100 ml of hydrochloric
acid (1:1) in a 300-m] beaker. Add 5 ml of nitric acid and boil to
evaporate almost to dryness. Add 30 ml of hydrochloric acid (1:2)
to the residue and boil to remove nitrogen oxides (if the volume of
the solution diminishes by 1/3, add 10-20 ml of water). Dilute the
solution with water to 180-190 ml, disregarding the black precipitate
which may appear in some cases, add 1-2 g of ammonium chioride,
0.4-0.2 g of ascorbic acid and heat to boiling. Add, drop by drop,
10 ml of tannic acid solution, to the hot solution with constant
stirring and heat almost to the boiling point for 2-3 hours to ensure
complete coagulation of the precipitate.

Add a small quantity of filter paper pulp, cool the solution (it
can be allowed to stand overnight), separate the precipitate on a
white ribbon filter, 7-9 cm in dismeter, and wash 6-8 times with
a cold 4 per cent hydrochloric acid. Place the filter with the pre-
cipitate in a platinum crucible, char, and calcine the precipitate in
a muffle furnace at 500-600°C until all organic matter is burat out.
Wet the residue with water, add 2-3 ml of sulphuric acid, 2-3 ml of
hydrofluoric acid, and place the crucible on a sand bath. Heat to
dissolve the precipitate and to fumes of sulphuric acid. Allow the
fumes to evolve for ten minutes, then cool the crucible, add 1-2 ml
of water to the residue and evaporate again until two or three drops
remain in the crucible {not to dryness). Cool the crucible, add 10 ml
of hydrochloric acid (1:1) and heat tc dissolve the solid. Transfer
the solution into & 100-ml beaker (rinse the crucible several times
with cold water), and add 0.05-0.1 g of ascorbic acid and water to
make 80-90 ml. Heat the contents to boiling and re-precipitate
pniobinm with tannic acid following the above instruction.

Incinerate the precipitate in a platinum dish, fuse the residuse
with £-2 g of potassium pyrosulphate, add 10-20 ml of oxalic acid
and heat to dissolve the solid. Transfer the solution into a 250-
300 ml] beaker, rinse the dish walls with cold water, add water to
150-200 ml, add 5 drops of hydrochloric acid, density 1.19 g/cu.cm,
and precipitate niobium with 20-25 ml of cupferron solution adding
it drop by drop with stirring. Add a small quantity of filter paper
pulp and mix thoroughly to ensure complete coagulation of the
precipitate. Separate the precipitate on a white ribbon filter, 7-9 cm
in diameter and wash it 6-8 times with the washing solution. Place
the filter with the precipitate into a platinum dish, inciperate and
calcine the residue at 500-600°C. Fuse the residue with 1-2 g of potas-
sium pyrosulphate over a low flame of the burner. Add 20-30 ml of
oxalic acid, heat the mixture, add 20-30 ml of water and continue
heating to complete dissolution of the melt. Transfer the solution
into a beaker, add 5 drops of hydrochloric acid, density 1 19 g/cu.cm,
and re-precipitata as .instructed above. '

Place the filter with the precipitate in a weighed platinum or
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porcelain crucible, incinerate and calcine the residue for 15-20 min
‘utes in a muffle furnace at 1000°C, cool in a desiccator and weigh
Nb,O;. The conversion factor for Nb is 0.6990,

SEPARATION OF TANTALUM AND NICBIUM WITH
N-BENZOYL-N-PHENYLHYDROXYLAMINE

Niobium (V) is precipitated from a tartaric acid solution at
pH 3.5-6.5 with N-benzoyl-N-phenylhydroxylamine as (C,,H; NO,),-
+NbO, then tantalum is precipitated from the filtrate (after separa-
tion of the niocbium precipitate) by acidifying the solution by sul-
phuric acid (to pH 1). Satisfactory separation is attained with the
Nb,Oy to Ta,0; ratio from 1:16 to 100:1. Niobium can beseparated
from mixtures containing hundred-fold guantities of Ta,0p (with
respect to Nb,O,) by re-precipitation of the niobium compound with
N-benzoyl-N-pherylhydroxylamine. When the ions of Fe, U, Th,
Cr, Al, lanthanides; Cu, Cd, Bi, Pb, Hg, Zn, Mn, Ni, Co, As, Sn,
Sb, Ba, Sr, Ca, Mg, and P are present, the precipitation is carried
out after adding 2-3-fold excess (with respect to the theoretically
required amount of EDTA).

Reagents

N-Benzoyl-N-phernythydrorylamine, 10 per cent solution in ethyl aleohol.
Tartoric geid, crystalline.

Ammoninm acetate, 20 per cent solution,

Sulphuric acid, density 1.84 glcu.cm.

Washing solution. Dissolve 0.1 g of the reagent in 100 ml of boiling water.

Pracedure}

Add ammeniam acetate solution to a solution containing 5 per cent
of tartaric acid to adjust the pH to 3.5-6.6 (if Ta is conteined in
large quantities, adjust the pH to 6), add water to 350 ml, heat to
boiling and precipitate niobium by adding the reagent solution, drop
after drop. Separate the precipitate by filtration, wash with diluted
solution. of the reagent, calcine, and weigh as Nb,0;. Acidify the
filtrate with sulphurie acid to adjust the pH to 1.0, heat for 45 min-
utes on a hoiling water bath, separate the precipitate on a paper filter,
wagh with diluted solution of the reagent, calcine to Ta,0;, and
weigh.

TITRIMETRIC DETERMINATION OF NIOBIUM IN ITS CARBIDE

"NbY is reduced to Nb!!! in hydrochloric and sulphuric acid media
(15-20 ml of concentrated sulphuric acid and 30-40 ml of concentrated
hydrochloric acid are added per each 100 ml of solution) by cad-
mium or aluminjium metals with additional reduction in a cadmium
reductor. The olive-green solution of the reduced niobium is added
to the solution of ferriammonium sulphate. Divalent iron which is
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Tormed in equivalent quantity, is titrated with K,Cr,0; solution i
the presence of phenylanthranilic acid. The method can be used for
the determination of niobium in its carbide.

Reagenis

Nitric acid, density 1.4 glev.cm.

Hydrochloric acid, density 1.19 gfcu.cmh.

Sulphuric acid, density {.84 g/cu.cm and diluted 1 : 20.

Hydroflueric acid, 40 per cent solution.

Potassium bichromate, 0.1 N solution standardized against pighium compound.
Phenylanthranilic acid, 0.1 per cent salution.

Perrigammonium sulphate, (.4 N solution.

Cadmium metal.

Procedure

Dissolve a sample of carbide weighing 0.1 g in a platinum dish in
a mixture ‘of 15-20 m) of nitric and 5-10) ml of hydrofluoric acids.
When the solid is all dissolved, add 10 ml of sulphuric acid and evap-
,orate to fumes of H,SO,. Transfer the residue into an Erlenmeyer
flask, rinse the dish with 15-20 ml of water. Add 15-20 ml of sulphuric
acid, 30-40 ml of hydrochloric acid and water to 100 ml. Add, in small
portions, 2-2.5 g of cadmium metal and heat slightly to dissolve the
metal (the solution turns green). Cool the solution and pass it through
a cadmiuvm reductor with the charge bed not lower than 30 cm.
Wash the reductor preliminarily 2-3 iimes with sulphuric acid
(1:20). Pass the solution slowly, drop after drop, into a receptacle
containing 20-25 ml of ferriammonium sulphate solution. Pass CO,,
through the receptacle. Wash the reductor 2-3 times with 25 ml of
sulphuric acid (1:20) and 2-3 times with water saturated with CO,.
Titrate the formed ferrous ion with potassium hichromate in the
presence of several drops of phenylanthranilic acid.

PHOTOMETRIC DETERMINATION OF NIOBIUM IN STEELS
CONTAINING TUNGSTEN (THIOCYANATE METHOD)

The method is based on the hydrolytic isolation of niokium in the
presence of tannic acid and stannous chloride which is added to reduce
ferric ion and to stabilize thiocyanic acid in hydrochloric acid solu-
tions. Stannous chloride does not affect the reaction of formation of
the ‘thicsyanate compound of niobium. The precipitate (containing
aiso co-precipitated tungsten) is calcined and the residue fused with
potassium pyrosulphate. The melt is dissolved in tartaric acid and
nichium is determined in tartaric acid solution by the thiocyanate
photometric method in a water-acetone medium. The oxalate and
fluoride ions, and also large quantities of the sulphate ion interfere
with the determination. The thiocyanate method can be used for
the determination of niobium in steels and other materials,
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Reagents

Hydrochloric acid, deusity 1.19 pfou.cmm and diluted 1:9.

Nitric acid, density, 1.4 glcu.cm.

Sulphuric acid, diluted 1 : 1.

Aluminium shacings.

Tanni¢ acid, 0.5 and 10 per cent solutions in ‘sulphuric acid, diluted 1 : 100.
Stannous ehloride, 20 per cont solution in kydrochloric acid, density 1.49 gfeu.cm.
Potassium pyrosulphate, crystalline. '
Potasstum thiscyanate, 30 per cent solution.

Acetone, pure,

Tartarie acid, 20 per cent solution.

Niobium compound, standard solution. 1 ml is squivalent to 0.1 mg of niobipm.
Fuse 0.05 g of apectrally pure Nh,Q, with 2 g of K,5,0,, dissclve the melt in
.%0 l'ill of 20 per cent tartaric acid and dilute with water to 500 m! in a volumetric
11asK.

Preparing a Standard Scale

Place 0.4, 0.2, 0.3, 0.4 and 0.5 ml of standard solution of a pentavalent niobium
compound in five colorimstric tubes. Add 5 ml of hydrochloric acid, density
1,19 gfeu,cm, 1 ml of stannous chloride solution, 2 ml of water and 5 ml of
acetone into each tube. Mix the selutions and cool to 15 °C, Add 5 ml of potas-
sium thiocyanate into each solution.

Procedure

Place a sample of steel weighing 0.5 g in a 400-m) beaker and dissolve
in 30 ml of hydrochloric acid, density 1.19 gfeu.cm and 1¢ ml of
nitric acid. Add 10 ml of sulphuric acid and evaporate to white fumes.
Cool the residue, add carefully water, and evaporate to 2-3 ml.
‘Transfer quantitatively the beaker content into a 250-mi beaker
with 100 ml of hot hydrochloric acid (1:9). Heat the sclution to
boiling, add 0.1-0.5 g of alumivium chips, and continue beiling
to complete dissolution (the ions of Fe!ll and Ti!¥ are reduced and
the solution turns violet, the colour being characteristic of tervalent
titanium ion).

Add *" ml of a 10 per cent solution of tamic acid and 2 ml of stan-
nous chloride solution, boil for ten minutes and allow to stand for
ten hours. Separate the precipitate containing niobium on a filter
and wash with a cold 0.5 per cent solution of tannic acid. Incinerate
the filter with the precipitate in a porcelain (quartz) crucible and
calcine at 900°C. Fuse the residue with 2 g of K,S,0,, leach the melt
with 50 ml of tartaric acid with heating, transfer the solution into
a 250-m! volumetric flask and add water to the mark. Mix the
solution.

Add 5 m! of hydrochloric acid, density 1.19 g/cu.cm, 1 ml of stan-
nous chloride solution, 2 ml of water and 5 ml of acetone to the
aliquot (1-2 ml} of the solution and mix. Cool to 15°C and add § mi
of potassium thiocyanate. Allow the solution to stand for five minutes
and compars its colour with that of the solutions in the standard
series to find the niobium content.
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PHOTOMETRIC DETERMINATION OF SMALL QUANTITIES
OF NIOBIUM IN ORES CONTAINING TITANIUM, TUNGSTEN,
MOLYBDENUM AND CHROMIUM BY THE THIOCYANATE METHOD

To isolate niobium and to separate it from chromium, tungsten,
molybdenum, tin, titanium, zirconium, and iron, it is co-precipitated
with MnO,-rH,0. Niobium is transferred into solution by fusing
with sodium hydrosulphate and leaching the melt with tartaric
acid. The determination of niobium in solution ends photometrically
by the thiocyanate method in an acetone medium.

Reagents

Sodium hydroxzide, crystailine, and 2 per cent solution.
Sulphuric acid, diluted 2 ; 230 and 1: 2.

Hydrogen peroxide, 30 per cent solution.

Manganese sulphate, 1 N colution,

Ammonium persulphate, or potassium persulphate, crystalline,
Sodium hydrosulphete, crystalline.

Tartaric acid, 15 per cent solution,

Procedure

Fuse a sample of ore weighing 0.1-2 g with 5-10 g of sodium hydroxide
in a nickel or an iron crucible. Leach the melt with water, boil the
solution with the precipitate for 2-3 minutes, separate the precipitate
on a filter and wash 3-5 times with sodium hydroxide solution. The
filtrate contains the ions of Cr, W, Mo, Sn, Si, Al and the precipitate
contains Nb, Ta, Ti and Fe. Unfold the filter with the precipitate on
the edge of the beaker and wash the precipitate into it with a small
gquantity of water., Wash the filter several times with sulphucic acid
(2:230) containing a few drops of hydrogen peroxide, and discard.
Add 6-8 m! of sulphuric acid (1:2) to the solution in the heaker and
boil to destroy hydrogen peroxide. Add 1 m! of manganese sulphate
solution to the cooled solution, add 2 g of potassium {or ammonium)
persulphate, and water to make 200 ml. Heat the solulion on an
electric hotplate, boil for 7-10 minutes, allow to stawl for a while,
and separate the precipitate on a large dense filter. Wash the filter
with sulphuric acid (2:230). The filtrate countains (he ions of Mo,
Ti, Cr, Zr and Fe. Niobium is separated quantitatively with manga-
nese dioxide. _

To separate quantitatively the interfering elements, re-precipitate
the manganese dioxide. To that end, wash the precipitate from the
filter into the same beaker, wash the {ilter with sulphuric acid
(2:250) containing a few drops of hydrogen peroxide, and then with
water to remove the hydrogen peroxide completely. The solution
and the precipitate, whose volume is 200 ml, should contain 6-8 ml
of sulphuric acid (1:2). Boil the solution to destroy hydrogen pero-
xide, cool, and repeat the precipitation of manganese dioxide as
instructed above. Separate the precipitate on the same filter and
wash with dilute sulphuric scid.
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Fuse the precipitate of manganese dioxide and co-precipitated
niobium with 1.5-3 g of NaHSO,, dissolve the melt in tartaric acid
and dilut» the solution to 25-50 ml. The final concentration of tar-
taric acid should be 7.5 per cent. Determine niobium photometricaily
using thiocyanate (see the previous procedure).

PROTOMETRIC DETERMINATION OF NIOBIUM
IN ALLOYS WITH ZIRCONIUM
AND TITANIUM USING 4-(2-PYRIDYLAZO)RESORCINOL

4-(2-Pyridylazo)resorcinol reacts with the NbY ion in the presence
of hydrogen peroxide at pH 5 to form a red soluble complex com-
pound (the molar ratio 1:1), The absorption maximum of the solu-
tion is at 590 nm. The molar extinction coefficient is 3.20 » 10* at
540 nm. The Bouguer-Lambert-Beer law holds for the niohium cen-
centrations in the range from 2 to 60 pug in 50 ml. If EDTA is used
as a masking agent, the method can be used for the determination
of niobinm in the presence of the titanium ion (equal to or less
thau 5 mg) and Zr (equal to or less than 10 mg). But EDTA decreases
the absorption of the coloured solution of niobium. Therefore, if
niobium is determined in the presence of the Zr and Ti ions, the cor-
responding quantities of EDTA should be added to the solutions in
the standard series.

Reagents

Niobium eompound, standard wolution. 1 ml iz equivalent to 5 pg of niohium.
Fuse spectrally pure Nb,0, with potassium pyrosulphate, and dissolve the melt
in a valumetrie flask.

Sulphuric acid. density 1.84 g/eu.cm and 1 & solution.

Potassium sulphate, crystalline.

Hydrogen peroride, 3} per cent solution.

Potassium pyrosuiphete, 2 per cent solution-end crystals.

EDTA. 0.025 A solution.

Aeetate huffer solution, pH b,

i-(2-Pyridylazvyresoreinal, 0.1 per cent solution.

Constructing a Calibrution Curpe

Place 1, 2, 3. 4 oud 5 ml of the niocbjum standard selution into five 5(-volumet-~
ric flasks, aitd & ml of potassium pyrosulphate solution, 0.5 ml of FDTA,
and 0.25 ml of hydrogen peroxide into each flask. Add the acetate buffer solu-
tion to make 55 ml. Add 0.5 nil of 4-(2-pyridylazo)resorcinol solution and dilute
with the acetate bufler solution to the mark. Allow the solutions to stand lor
30 minutes and measur: their ahsorption on an absorptiometer with an uptical
filter tronsmitting maximum at 536 nm against a blank sclution. Construct the
calibration curve using the data obtained.

Procedure

Place a sample of an alivy weighing 0.1-0.2 g inte a 100-m! refractory
glass beaker, sdd 1-2 g of potassium sulphate and 1-2 ml of sulphuric
acid, density 1.84 g/cu.cm, and heat to dissolve the solid. Evaporate
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almost to dryness, add 0.5-1.0 ml of hydrogen peroxide, and 20 ml
of 1 N sulphuric acid to the residue, transfer the solution into a 50-
or a 100-ml volumetric flask, and add water to the mark. Transfer
an aliquot (containing < 10 mg of Zr or < 5 mg of Ti and 5-10 pg of
Nb)into a 30-m!l volumetric flask and proceed as for the preparation
of the standard solutions. Measure the absorption of the solution and
determine the niobium content from the calibration curve.

PHOTOMETRIC DETERMINATION
OF TANTALUM WITH PYROGALLOL

Pyrogallol reacts with Ta% in a medium of 4 ¥ HCl and 0.M75 M
H,C,0, to form a soluble complex compound. The molar extinction
coefficient of the complex solution is 4.8 X 10° at 325 nm. The
Bouguer-Lambert-Beer law holds for tantalum concentrations to
40 pg/ml. Mo¥1, WV¥I, UM and So!V interfere with the determina-
tion., The effect of Nb, Ti, Zr, Cr, VV, Bi and Cu is insignificant and
can be compensated by adding these ions into the blank solution,
The Aluoride ion and platinum interfere with the determination of
tantalum. Do wot use platinum dishes {o fuse the sample.

Reagents

Tantalum pentozide, standard selution. 1 ml is equivalent to 0.2 mg of tantalum,
Fuse 0.2000 g of spectrally pure tantalum pentoxide with 10 g of K,5,0, in
a quartz crucible, leach the melt with 50 ml of a solution containing 50 g of am-
monium oxalate in 1 litre, and heat on a water bath. Cool the solution, transfer
it into a 1 litre volumetric flask and dilute with water to the mark.
Pyrogaliel. Dissolve 200 g of pyrogallol in 100 ml of hydrochloric acid, density
1.19 gfeu.em, add 10 ml of 2 M stannous chloride solution and dilute with water
to 1 litre. The solution can be used within a month.

Diluting solutior. 1 litrs contains 12.5 g of ammonium oxalate and 50 g of patas-
sium pyrosulphate. The solution can stand for two weeks.

Hydrochloric acid, 8 N solution.

Constructing a Calibration Curve

Place 1. 2, 3, 4 and 5 m) of the tantalum pentoxide standard solution into five
50-ml volumetric flasks, add 25 ml of hydrochloric acid, 10 ml of pyrogallol
solution into each flask, and add the diluting solution to the mark. Measure
the absorption of each solution on the C®-4 spectrophotometer, at 325 nm
and construct the calibration curve using the data obtained.

Procedure

Add to the solution all the reagents as for the construction of the
calibration curve and measure the absorption of the resultant solution.
Determine the tantalum content from the calibration curve,

PHOTOMETRIC DETERMINATION OF TANTALUM
IN TITANIUM TETRACHLORIDE WITH PYROGALLOL

Tantalum is separated from the greater part of titamium by pre-
cipitation with tannic acid after preliminary reduction of titanium
to its tervalent state. After dissolution of the peecipitate, tantalum-



is extracted by cyclohexanone and separated from the co-precipitated
titanium. The tantalum determination is concluded photometrically
using pyrogallol.

Reagenis

Tannic acid, 10 per cent solulion in hydrochloric acid 1:9.
Cadmium. metal.

Tin, metal.

Potassium pyrosulphate. crystalline,

Mizture of acids, 0.4 M HF and @ M H,50,,

Cyclolteranene.

Ammonium sulphate, crystalline,

Hydroflusric acid, (.1 X =olution,

Ammonium ozaelalr, 4 per ceut solution containing horie acid,
Nydrochiorie acid, diluted 1: 3,

Procedure

Add 2-5 m!d of titanium tetrachloride olution to 80 m! of hydrochloric
acid aml heat uotid the selutivn becomes clear. Add tin (acollecting
agent), 3 g of cadminm melal and heat until a persistent violet
colonr develops, Midd 19 ml of tannic acid solution, boil, and allow
te stand for an hour, =ceparate the precipitale, incinerate the filter,
and fuse the precipilale with potassivm pyrosulphate. Dissclve
_the melt in 20 w) of the acid mixture with*heating. Transfer the
solution into a separating funnel, add 8 ml of cyclohexanone, 2 g of
ammonium sulplate and shake the mixture energetically for a
minute. After settiiog, transier the lower layer into another sepa-
rating funnel and extract tantalum again with 8 ml of cyclohexanone.
Repeat the extraction procedure. Wash the joint extracts with hydro-
Aluoric acid selutivn and shake with a small quantity of cyclobexan-
one which should he added te ihe main bulk of the extract. Repeat
the re-extraction three times, each time taking 7 m! of 4 per cent
ammonium oxalate solution containing boric acid. Dilute the re-
extracts with water to 25 ml.

To determine tantalum by the pyrogallol method, evaporate an
aliquot. of the solution with sulphuric acid ib the presence of hydro-
gen peroxide to destroy organic matter. Dissolve the vitreous residue
in a 4 per cent ammonium oxalate splution, transfer the solution into
a 50-ml volumetric ilask, add 25 ml of an 8 N hydrochloric acid
solution, 10 ml of pyrogallol, and ammonium oxalate to the mark.
Measure the absorption of the resultant solution and determine the
tagtalum content from the calibration curve (see the previous pro-
cedure).

EXTRACTION-PHOTOMETRIC DETERMINATION OF TANTALUM
IN COMMERCIAL NIORIUM USING METHYL VIQOLET

The method consists in measuring the absorption of a benzene
_extract of methyl violet fluotantalate. The oplimum concentration
of HF is 0.26-0.5 N. The ions of Zr, Hf and Nb are not extracted.
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from the solution. The colour of the extract is stabilized by acetone
during extraction of the associate with toluene, the molar extinction
coefficient of the associate being 7.5 = 10%. The method can be used
for the determination of 10-50 per cent of Ta,O; in tantalite and
tantalmicrolite concentrates [53).

Reagenis

Tentaium salt, standard solution. 1 ml is equivalent to 50 pg of tantalum.
Hydrofiuoric acid, 40 per cent solution.
Methyl violet, 0.2 per cent solution.

Benzere.
Washing sclslution, 0.2-0.3 ¥ hydroflaeric atid centaining 0.2 g of methy! violet.
in 100 mi.

Consiructing a Calibration Curve

Place 40-45 ml of water and 1.5 ml of hydrofQuoric acid into 50 ml paraifin--
coated volumetric flasks. Now add 0.5, 1.0, 1.5 and 2.0 ml of the standard solu--
tion of tantalum salt into the flasks respectively and dilute with water to the
mark. Transfer 5 ml of each solution into separating funnels, add 4 ml of water,
40 m1 of benzene and 1 ml of methy! violel solution. Shake carefully 3-4 times,
After the phases have separated withdraw the aqueous phase, wash the benzene
layer with 5 ml of the washing solution, place in tubes and centrifuge for 1-2 min-
utes, Transfer the clear solution into a cell (a light path, 1 ¢cm) and measure
the ahsorption at 570 nm using a green-orange optical filter. Construct the cali-
bration curve using the data obtained.

Procedure

Dissolve 10 mg of niobium metal in hydrofluoric acid adding nitrie
acid dropwise and heating the vessel on a water bath. Evaporate the
solution carefully on a hotplate to dryness, treat the residue with
2-3 ml of hydrofluoric acid and evaporate to dryness again without
overheating the residuve. Dissolve the residue in 1.5 ml of hydrofluoric
acid and 5-6 ml of water. Transfer the solution into a 50-m] paraffin-
coated volumetric flask and add water to the mark. Transfer an
aliquot (6 ml) into a separating funnel and proceed as for the con-
struction of the calibration curve. Determine the tantalum content
from the calibration curve.’ '

PHOTOMETRIC DETERMINATION OF TANTALUM IN ORES
.WITH DIMETHYLFLUORGNE

Dimethylflucrone reacts with the pentavalent tantalum iorn to
give a red precipitate. If the tantalum concentration is low (less
than 50 pg in 10 ml) the precipitate remains in the colloidal state,
especially so if gelatin is present. In a weak acid medium, in the
presence of oxalic acid, the corresponding reaction of niobium is
sharply inhibited. The titanium ion is masked by hydrogen peroxide.
The ahsorption of the coloursd solution obeys the Bouguer-Lambert-
Beer law in. the range of Ta concentrations from 5 to 50 pg in 10 ml.
The following quantities of the accompanying elements (in pg in
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10 ml of solution) do not interfere with the determination in these
conditions: Nb 400, Ti 100, Zr 500, W 150, Mo 100, Sb¥ 500, SbMT 3,
Snl¥ 5, Ge 3, Fe 1000. If the tantalum contents of the ore is low,
the metal should be first separated from the main bulk of the inter-
fering elements. '

feagents

Hydroflweric acid, concentrated.

Sulphuric acid, diluted 1:1 and 6 per cent solution,

Potassium pyrosulphate, crystalline.

Hydrogen peroride, 3 per cent solution.

Potassium meilahydrosulphite, crystalline,

Tannic acid, 2 per cent solution.

Gelatine, 1 per cent solution. )

Wpéhing solution, 0.6 per cent sulphuric acid containing 0.2 per cent of tannic
acid. :

Acid miziure. Dilute 16 ml of £0 per cent hydrofluoric acid with water to 200 ml
and add slowly, with cooling, 100 ml of sulphuric acid, density 1.84 gfeu.cm.
Tsobutyl atcohol,

Acetone.

Ammonium sulphate, saturated solution.

Washing solution for exiracts. Place 5 ml of a mixture of hydrofluoric and sul-
phuric acid, 5 mi of a saturated ammonium salphate solutior, 5 ml of acetons,
and & ml of isobutanol in a separating funnel and shake. Separate the lower
layer and use for washing,

Boric acid, 5 per cent solution.

Ozxalic acid, 4 per cent solution.

Potassium hydrozide, 1 N solution.

a-Dinitrophenol, indicator solution,

Hydrochloric acid, 2 N solution.

Diluting selutton, 1 per cent of potassium pyrosulphate, 2 per cent of boric
acid, 0.2 per cent of oxalic acid and 0.1 ¥ of hydrochloric acid.
Dimethylfinorene. Grind 50 mg of the reagent with 0.5 ml of 6 ¥ hydrochloric
acid, add 50 ml of 96 per cent alcohol, and heat the mixture to 80 °C, Filter
the solution into a 100-ml volumetric flask, wash the filter with aleohol and add
tbo alcohol to the mark.

Pantalum stardard solution. Dissolve 20 mg of tantalum sheet in a mixture of
5 ml of 40 per cent hydrofluoric and 2 ml of nitric acid, density 1.42 g/cu.cm.
Evaporate the solution to dryness; add 4 g of boric acid and 5 ml of water.
Evaporate 10 dryness and fuse with 4 g of potassium pyrosulphate in a muffle
furnace at 700 °C to prepare a clear melt. Dissolve the melt in 100 ml of a 4 per
cent solution of oxalic acid with beating, cool, and dilute with the same acid in
a 200-ml volumetric flask to the mark. 1 ml is equivalent to. 0.1 mg of Ta.
Evaporato 2.5 ml of the solution to dryness on a water bath, calcine the dr
residue over a burner and treat with 2 ml of hydrofluoric acid containing 20 m
of 5 per cent boric acid. Evaporate the solution to dryness, transfer the residus
into a muifle furnace and fuse with 0.5 g of potassiumn pyrosulphate. Dissolve
the melt with heating in 2.5 ml of a 4 per cent solution of oxalic acid, transfer
with water into a 50-ml volumetric flask and nentralize with 1 ¥ potassium
hydroxide solution to e-dinitrophenol until a pale yellow colour develops.
Add 2.5 ml of 2 ¥ hydrochloric acid and water to the mark. 1 ml is equivalent
to 5 pg of Ta.

Consiructing a Calibration Curve

Place a standard solution containing 5, 10, 15, 20 and 25 ug of tantalum into
colorimetric tubes, add 0.4 ml of dimethylfluorone, and mix. Heat on a boiling
water bath for 3 minutes and keep thers until the water in the bath cools (30 mi-
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nutes). Allow the solution to stand for 90 minutes at room temperature until
it develops colour. Add 0.5 ml of hydrogen peroxide, shake the solution, allow
to stand fer 15 minutes and measure the absorption of the solution on a photo-
meter or an ahsorptiometer at 530 nm. Construct the calibration curve using
the data obtained,

Procedure

Place a sample of ore weighing 1-3 g {depending on the tantalum
concentration) in a platinum dish and treat with 15 ml of concen-
trated hydrofluoric acid with heating on a water bath. Add 5 ml of
sulphuric acid (1:1) and transfer the dish on a sand bath. When the
fumes of sulphuric acid stop evolving, fuse the residue with 5-7 g
of potassium pyrosulphate in a muffle furnace. Transfer the clear melt
into a beaker with 50 m] of 6 per cent sulphuric acid, adding it into
the dish and heating on a hotplate. Add 5 ml of 3 per cent hydrogen
peroxide and heat.

Separate the insoluble residue on a filter, wash with 50 ml of water
(the total volume of the filtrate and the washings should be 100 ml,
the concentrations of sulphuric acid being 3 per cent). Heat the
solution on a hotplate and destroy hydrogen peroxide, by carefully
adding potassium metabhydrosulphite until the yellow colour of the
peroxidic compound of titanium vanishes. If titanium is absent, add
2 g of potassium metahydrosuiphite.

If the ore is rich in titanium, dissolve the melt in 100 ml of 6 per
cent sulphuric acid.

Heat the solution to boiling, add 20 ml of a hot tannic acid solu-
tion, 2 ml of a gelatin selution’and allow the mixture to stand for
at least six hours. Separate the precipitate on a double paper filter
and wash with the washing solution. Place the filter with the pre-
cipitate in a platinum dish, incinerate and calcine in a muffle fur-
nace, Dissolve the residue in 2 ml of hydrofluoric acid and evaporate
the solution to dryness on a water bath. Dissolve the dry flucrides in
2 ml of the acid mixture, transfer the solution into a 50-m! separating
funnel, add 5 ml of isobutanol, 5 ml of acetone (first rinse the dish
with this acetone) and 2 ml of a saturated solution of ammonium
sulphate. Shake the mixiure for a minute and allow to stand for five
minutes to separate the phases. Leave the upperlayer in the separat-
ing funnel, transfer the lower layer into another separating funnel,
add 2.5 ml of acetone and 2.5 ml of isobutanol, and repeat the extrac-
tion. Decant the upper layer into the first separating funnel. Rinse
the second funnel with 1 ml of the solution for washing the extract,
transfer the liquid into the first funnel containing the extracts, and
shake for 0.5 minute. Discard the lower layer, wash the upper layer
with { ml of the washing selution, shake the washed extract with
5 ml of boric acid and transfer the funnel contents into a platinum
dish. Rinse the funnel with three 5-ml portions of boric acid and
add the washings to the solution in the platinum dish.

Place the platinum dish on a water bath, evaporate the solution
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to dryness, avoiding splashing. Place the dish with the residue on a
sand bath, remove part of sulphuric acid, and fuse the residue with
0.5 g of potassium pyrosulphate at 600-700°C for 30-40 minutes.
Dissolve the clear melt in 2.5 ml of oxalic acid solution with heating
on a hotplate. Add water in small portions since oxali¢ acid guickly
crystallizes, Transfer the solution from the dish into a 50-ml volu-
metric flask, wash the dish several times with water, transfer the
washings to the flask, seeing to it that the total volume of the liquid
is about 10 m! below the mark. Add two drops of a-dinitrophencl
solution and potassium hydroxide solution from a burette drop by
drop, until the solutien turns slightly yellow. Add 2.5 ml of hydro-
chloric acid and water to the mark. _

Transfer an aliquot (2-10 ml) into a test tube, add the diluting
solution to 10 ml, 1 m! of gelatin solution, and mix. Further proceed
as for the construction of the calibration curve.

Dsetermine the tantalum content from the calibration curve.

PHOTOMETRIC DETERMINATION OF NIOBIUM WITH
SULPHOCHLOROPHENOL S

The method is based on the formation of a complex compound of
pentavalent niochium with sulphochlorephenol S. The solution of the
compound is blue and has the absorption maximum at 650 nm. The
colour develops on heating in acid solution for five minutes and
persists for a day. The Bouguer-Lambert-Beer law holds for the
niocbium concentrations in the range of 5-40 ug in 50 mi. The inter-
fering effect of Zr and Hf is removed by adding complexing agents
(EDTA, KF, and others). The effect of ferric ion is removed by ascar-
bic acid. Titanium (with the Nb:Ti ratio of 1:100), about equal
quantities of Ta, chlorides, sulphates, phosphates, tartrates, and
citrates do not interfere with the determination. Oxalates interfére,

Reagenta

Nisbium (V), standard selution. 1 ml is equivalent to 5 pg of niobjum.
EDTA, 5 per cent sclution,

Ascorbic arid, crystalline.

Hydrorylamine hydroehloride, 10 per cent sclution.

Sulphochlorophenel 8, 0.1 per cent solution.

Hydrochlorie acid, density 1.19 gleu.cm,

Constructing a Calibration Curve

Place 1. 2, 3, 4 and 5 ml of standard solution of NbY into 25-ml volumetric
Masks, add as much hydrochloric acid as vequired 1o adjust the concentration
to 1 N, add |1 ml of the reagent solution into each flask and finally add water
to the mark. Heat the solution nn a water bath at 60-80 °C for 20-30 minutes.
Cond the solutions and measure their absorption on an absorptiometer or spectro-
photometer C-4 at 650 nm using cells with the light path of 50 mim. Con-
struct the calibration curve using the data obtained.
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P:jocedure

Place a solution containing not more than 25 ug of Nb¥ in a 25-ml
volumetric flask and add 1| ml of hydroxylamine solution. If Fe®”
is present, add 20-30 mg of ascorbic acid and leat the solution
slightly. Add 1 m! of EDTA and hydrochloric acid to adjust the
acid concentration to 1 N. Proceed with the analysis as for the
construction of the calibration curve. Determine the niobivm con-
tent from the calibration curve.

EXTRACTION-PHOTOMETRIC DETERMINATION OF NIOBIUM
IN ALLOYED STEELS USING BENZHYDROXAMIL ACID

Niobium reacts with benzhydroxamic acid in a hvdrochloric acid
solution to form a coloured complex compound extracltable with
chloroform. The molar extinction coeflicient of the solution is
7.7 > 103 The Bouguer-Lambert-Beer law holds for the niobium
concentrations in ihe range from 2 to 40 pg. Microgram quantities
of niobium can he determined in the presence of 1000-fold gquantities
of Zu, Fe, Co, Ni. Mn, 500-fold quantities of Cr, Mo, Zr, a 100-fold
quantities of W, a 10-fold quantity of Ta and a 2-fold quantity of Ti.

Reagenis

Niabium, standard solution, 1 ml is equivalent to 20 pg of niobium. Dissolve

-spectrally pure Nb,O, in a mixture of 0.5 g of (NH,),80, and 1 ml of H,80

with heatini. Cool the solution, transfer it into a 160-1111 volumetric fask anEI
1

- add hydrochloric acid, density -1.1% g/cu.cm to the mark,

Benzhydroramic acid, 1.5 per cent zolution in hydrochleric acid, density
1.19 g/eu.cm.

Hijdrochloric acid, density 1.19 g/eu.em,

Chloreform.

Awmonium sulphate. crystalline,
Sulphuric arid, density 1.84 g/cu.cm.

Canstructing a Calilration Curve

Place 0.25, 0,50, 0,75, 1.00, 1.25, 1.50, 1.75 and 2 ml of the niobium =olution
into separating funnels, add 5 ml of benzhydroxamic acid into each funnel
and hydrochleric acid to make 10 ml. -Extract with 10 ml of chloroform for
three minutes. Messure the absorption of the solutions at 380 nm sgainst & blank
solution. Construct the calibraiion curve using the data obtained.

Procedure

Dissolve a sample of alloy weighing €.2 g in a mixture of .5 g of
ammonium sulphate and 1 ml of sulphuric acid with heating. Cool
the solution and transfer into a 100-ml volumetric flask. Add hydro-
chloric acid to the mark. Add 5 ml of the reagent to an alignot of the
solution containing less than 40 pg of nicbium, then add livdrochlorie
acid to 10 ml and continue as for the construetion of the calibration
curve. Determine the niobium content from the calibration curve.
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EXTRACTION-PHOTOMETRIC DETERMINATION
OF NIOBIUM IN ROCK WITII NITROPHENYLFLUORONE

The method is based on the formnation uf a coloured g-nitrophenyl-
fluprone complex of niobium extractable with chloroform from
hydrochloric acid waler-ethanol medium. This is preceded by pre-
cipitation of niuvbium with Fe{Oll), to separate the interfering tung-
sten, and by extraction of Nb with a chloroform solution of triben-
zylamine from an 11 ¥V =olution of hydrochlorie acid.

Reagents

Niobium, standard solution. 1 wl is cquivalent to 5 ug of Nb.
Hydrofluoric acid, &) per cent solution.

Sulphurie acid, densgity 1.854 gleu.cm,

Ferric ehloride; Fe concentration A mg/ml.

Sodtum hydroxide. 20 and 1 per ceat solutions,

Hydrochloric acid, density 1.1% g/cuem.  diluted 1:4 and 12.3 N solution
prepared by saturating at 0 °C 11 N solulion with HCI ga=.
Hydrogen peroride.

Tribenzylamine, B per cent salutinn ¢ blwroform

Thioglycalic acid, 8 per cent solativn,

Sodlum fluoride, 1 per cent solution.

o-Nitrophenylfiuorone, 1 > 10-" Y aleoholiv s=olution (.03 N HCI).
Aluminium chlaride; Al concentration 50 mefml

Chlorcform.

Constructing a Cealibration Curve

Place 0.4, 0.8, 0.12, 0.16 and 2 ml of the uiebiwm standard solution into separ-
ate 35-50 ml separating funnels, add 5 ml of the reagent solution and 7.5 ml
of chlarolorm into cach funnel. Shake for twn miuutes. separate the extracts,
pass them through a dry paper filter, aud measure the absorplion at 530 nm
against a blank solution. Construct the calibration curve using the data obtained.

Procedure

Decompose a sample weighing 0.1-1 g in a platinum dish with sul-
phuric and hydrofluoric acid, and evaporate excess acid to obtain
a moist residue. Wet the residue with 3 ml of concentrated sulphuric
or hydrochloric acid and dissolve with heating in 200 ml of water.
If the sample is poor of iron, add 1 m! of FeCl; {or another quantity,
to make the total iron content of 40-50 mg). Heat to boiling, pre-
cipitate with a 20 per cent solution of NaOH and boil for 2-3 minutes.
Separale the hydroxides on a filter (not dense, paper filter), wash
4-0 times with a 1 per cent NaOH selution, wash the precipitate into
a 100-ml beaker with small (1otal of 10 ml) portions of hot hydro-
chloric acid (1:4) containing H,0,, and add an equal volume of
concentrated hydrochloric acid. Boil to decompose H,0,. Evaporate
the solution to 10 ml. Cool, add 40 ml of 12.3 N hydrochloric acid,
extract niobium with 20 ml of tribenzylamine solution in chloreform,
shaking for five minutes. Wash the extracts two times with 10-ml
portions of 11 ¥ HC! for 1 minute.

Add 7 ml of 1 ¥ hydrochloric acid and 2 ml of thioglycolic acid
to the washed extract, shake for 2 minutes, then add 2 ml of NaF
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and 5 ml of o-nitrophenyliluorone. Shake for two minutes and dis-
card the organic phase. Add 0.5 m! of AICl, te the aqueous phase to
destroy the NbY complex and further proceed a8 for the construction
of the calibration curve.

Determine the niobium content from the calibration curve.

PHOTOMETRIC DETERMINATION OF TANTALUM
IN STEELS
WITH 4-(2-PYRIDYLAZO)RESORCINOL

The method is based on the interaction of Ta with 4-(2-pyridylazo)-
resorcinol at pl 5.4 in the presence of the citrate ion with the for-
mation of a red complex absorbing maximum at 540 nm, the molar
extinction coefficient being 2.5 X 104, If EDTA is present, up to 1
(and more) mg of Fe, Ni, Cr, 1.5 mg of W, (.2 mg of Nb, Ti, 0.05 g
of Zr and 0.02 mg of Cu do not interfere with the determination.
Uranium interferes. The determination ends comparimetrically.

Reagenis

Putessium  pyrosulphate, crysialline.

Sulphuric acid, concentrated.

Sadium citrate, 20 and 3.2 per cent solutions.
Scodium hydrovide. 0.1 M zolution.

Sodinm hydrosulphate, 0.4 M szolution.
FDTA, 0.00 M sclution.

Acetate buffer seiution, pll H4.
4-{2-Pyridylazoyresorcinol, U.1 per cent solution.

Steel. stendard sample, containing tantalum in guantities close lo those anti-
cipated in the sample.

Procedure

For the determination of tantalum in steel, fuse a sample weighing
100 mg and a standard sample in quartz beakers with 10 g of potas-
sium pyrosulphate and a few millilitres of sulphuric acid to prepare
a uniform melt. Dissolve the melt in 40 ml of & hot 20 per cent solu-
tion of sodium citrate (pH 3) and 20 m) of water with i:mhng for
5-0 minutes. Cool the solutions, adjust their pt{ to 2.8 using NaQH
or NalIS0, solution, boil for five minutes, and add water to 200 ml
in a volumetric flask. Add to 3 m! of 3.2 per cent sglution of sodium
citrate, 2 ml of 0.05 A EDTA solution, 40 m! of acetate buffer, 2 mi
of the reagent solution to aliguots of the solutions of the test and
standard samples (80 pg of Ta) and add waler to 50 ml, Allow the
solutions to stand for 50-60 minutes, and measure their ahsorption
at 540 nm on a model MIK-I1-537 absorptiometer (Hight path of 2 cm).
Calculate the tantalum content by the formuia

= CDII"Dg

where Dy and D, are the absorptions of ibe sample and of the stan-
dard, respectively; and ¢ is the tantalum content of the standard
sample,



PHOTOMETRIC DETERMINATION OF NIOBIUM IN ORES
AND MINERALS WITH 4-(2-PYRIDYLAZO)RESORCINOL

Niobium in 1 A solutions of hydrochloric acid and in the presence
of tartrate, reacts with 4-(2-pyridylazo)resorecinol (PAR} to form
heteroligand compounds with the Nb to PAR ratio of 1:2 and with
two absorption maxima, at 405 and 540 nm: When the absorption of
the solutions is measured against PAR, the first maximum, due to
the own absorption of PAR is masked and the absorption is therefore
measured at 540 nm. Tartrate, rather than tartaric acid should be
used as the third component, because in the latter case the colour
of the complex develops only with heating. The solutions ohey the
Bouguer-Lambert-Beer law in the range of Nb concentrations from
2 to 50 pg in 25 ml. A 400-fold quantity of phosphorus, a 10-fold
quantity of Ta, 1000-fold quantities of Ti, Fe, Al, Mo and a 200-fold
quantity of Zr do not interfere with the determination of 10 pg of
niobium. The variation coefficient is 2-3 per cent. The method can
be used for the determination of 0.01-0.4 per cent of nicbium in ores
and standards of the minerals columbite and loparite.

Reagenis

Nivbium, standard solution. 1 ml is equivalént to 10 pg of niobium.
Ammonium tertrate, 4 and 25 per cent solutions.

I ydrochiloric acid, 4 M solution.

EDTA,. 5 per cent solution.

$-(2-Pyridylazoyresorcinel (PAR), 0.1 per cent solution.

Hydrofluoric acid, 40 per cent solution.

Sulphuric ecid, density 1.84 g/cu.cm,

Sodium pyrosuiphate, crystalline.

Constructing a Calibration Curve

Place 1, 2, 3, 4 and 5 ml of niobium standard solution inte five 25-mi vol-
umetric ftasks, add 4 per cent solution of ammonium tartrate to 5 ml in each
flask, then add 6 ml of hydrochloric acid, 0.5-3 ml of EDTA solution {depending
on the Zr, Fe and other ions contents of the sample) and {1 m! of PAR solution,
Add water to the mark, allow the solutions to stand for an hour and measure
their absorption at 540 nm (the light path being 3-5 ¢m) against a blank solu-
tion. Construrt the ecalibration curve using tﬁe data obtained.

Procedure

Treat a sample of ore weighing 0.3-0.5 g and containing 0.53-1 mg -of
niobium, with hydrofluoric and sulphuric acid in a platinum dish,
evaporate the solution to white dense fumes of sulphuric acid (to1.5m
residual volume), add 1 g of sodium pyrosulphate and fuse in a muffle
furnace at 700°C to obtain a elear melt. Cool and dissolve in 10 ml
of a hot 25 per cent solution of ammonium tarirate, transfer quan-
titatively into a 100-m! volumetric flask and add water to the mark.
Transfer an aliquot (5-10 ml) into a 25-ml volumetric flask and pro-
ceed as for the construction of the calibration curve. Determine the
niochinm content from the calibration curve.
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PHOTOMETRIC DETERMINATION OF NIOBIUM IN MINERAL
RAW MATERIALS WITH SULPHONITROPHENOL M

Sulphoenitrophenol M, a bis-azo-derivative of chromotrepic acid,
reacts with niobium in 0.5-6 M solutions of hydrochlorie acid to
form a blue compound with the absorption maximum at 620 nm
(the reagent's absorption maximum is at 540 nm) and the molar
extinction coefficient of 5.3 X 10% The optimum concentration of
HCl i= 3 N, the absorption being maximum and constant in 30-
40 minutes at room temperature and in 10 minutes when heated to
80-80°C. 100 mg of EDTA and tartaric acid, 100-200-fold quantities
of Ti, Mo, a 4000-fold quantity of wranium, and a 8000-fold quantity
of W do not interfere with the determination. When the analysis is
carried out in a 2 & lhydrochloric acid in the presence of EDTA, a
200-fold quantity of Zr does not interfere. If the reaction is carried
out in sulphuric acid, the sensitivity slightly decreases, but the
selectivity to Ti, Zr, Mo, and Ta inereases. A 1000-fold guantity of
Al, 300-fold quantities of Ca, Fe, Ti and Zr, a 25-fold quantity of Ta
and a 10-fold quantity of Mo do not interfere with the determination
of 0.5 per cent of nichium. The method can be used for the deter-
mination of 0.005-20 per cent of Nb,0y in loparite, hatchettolite, and
in pegmatites containing tantalum, niobium and tin. The analysis
of 15-20 samples takes two working days. The coefficient of variation
is £ 9.8 per cent.

Reagents

Niobtum, standard golution. 1 ml contains 20 pg of Nb,O,. Prepare the solution
as follows. Fuse 10 mg of Nb,0, in a quartz crucible at 800-1000 °C with 0.5 ¢
0f K 45,04, cool the melt, add a few drops of sulphuric acid, density 1.84 g/cu.cm
and fuse again. Repeat the acid treatment and fusion 3-4 times, Coo!l tge s0lu-
tion and dissolve in sulphurie acid {1 : 3}, cool again, transfer into a {00-mi
volumetric flask and add salphuric acid {1 : 3) to the mark. On the day of the
analysis, dilute the solution with sulphuric acid (1 : 3); 1 mlof the solution
is equivalent to 4100 pg of Nb,0,.

Sulphuric gcid, density 1.84 gfcu.cm and diluted 1 : 3.

Sulphoritrophenol M. (.1 percent solution,

Ammonium sulphale, 13 per cent solution.

EDTA, 10 per cent solution.

Potassium pyrosulphate, crystalline.

Hydrofluoric acid, 40 per cent solulion.

Constructing a Calibratior Curve

Place 0.5, 1.0, 1.5,.2.0, 2.5, 3.0, 3.5 and 4 ml of the Nb,0, standard solution
into separate 50-mil volumetric flasks, add sulphuric acid (1:3j to 6 ml in
each flask, add 20 ml of water, §.5 ml of sulphonitrophenol M, 2 ml of ammbnjum
sulphate selution, add water almost to the mark and heat for 20-30 minutes
at §0-70 °C. Cool and add 1 ml of EDTA solution, and water to the mark. Alow
the solutions to stand for 15 minutes and measure their absorption at 656 nm
(the light path, { cm) on a model ®IK-H-57 absorptiometer using optical filter
No. 8. Construct the calibration curve using the data obtained.
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Procedure

Place a sample weighing 0.01-1 g (containing 20-0.005 per cent of
Nb,O; respectively) into a quartz dish containing a small quantity
of potassium pyrosulphate and cover with another portion of the
pyrosulphate. Heat, first on a hotplate covered with asbestos, then
transfer into a muffle furnace and fuse at 800-1000°C. The amount
of potassium pyrosulphate required for fusion depends on the size
of the sample but should not exceed 5 g in any case. Cool the melt,
add a few drops of sulphurie¢ acid, density 1.84 g/cu.cm and fuse
again. Repeat the operation 3-4 times. Cool the melt, transfer it
quantitatively in a platinum dish, add HF and H,SO, density
1.84 g/cu.cm, and heat to dense fumes of sulphuric acid. Dissolve
the residue in sulphuric acid (1:3) with heating, cool, transfer into
a 50-ml volumetric flask, and dilute with sulphuric acid (1:3) to the
mark. Transfer an aliquot (2-3 ml) into a 30-ml volumetric flagk and
proceed as for the construction of the calibration ¢urve. Determine
the niobinm content of the aliguot from the calibration curve.

EXTRACTION-PHOTOMETRIC DETERMINATION
OF TANTALUM WITH BRILLIANT GREEN

Tantalum reacts with brilliant green in the presence of the flucride
ion {fluorotantalate} to form an ionic association extractable with
benzene. The component ratio in the association is 1:1, the optimum
pH is 0-0.25 (2.2-3.5 N H,50,), the absorption maximum of the
benzene extract is at 640 nm, the molar extinction coefficient is
1.2 x 10%. Ti, Nb, W and V do not interfere with the determination
of tantalum. B and NOj interfere. The chloride ion should preferably
be absent. The solutions obey the Bouguer-Lambert Law provided
the Ta,0: content in 3 ml of the extract is equal to or less than
25 pg. '

Reagenits

Tantalum salt, standard solutiorn. 1 ml is equivalent to 10 pg of Ta,04. Solu-
tion in 4 per cent.ammonium oxalate and 2.7 ¥ sulphuric acid.

Ammonium nzglate, 4 per cent sclution in 2.7 N sulphuric acid.
Hydrofluoric acid, 5 per cent solution.

Sulphuric acid, 2.7 N solution.

Brilliant green, 0.5 per cent solution.

Benzene.

Constructing a Cealibration Curve

Place 0.5, 1.0, 1.5, 2.0 and 2.5 ml of the standard solution of tantalum inilo
five separate quartz test tubes, add ammonium oxalate to 3 ml in each test
tube, add 1 m! of hydrofluoric acid; 1 ml of brilliant green solution and 5 ml
of henzene. Close the teat tubes with polyethylene stoppers and shake for 30 sec-
gnds. Separate the organic phase, cenirifuge it, and measure the absorption
at 840 nm (the light path, 0.5 cm} against a blaok solution. Construct the cali-
bration curve using the data obtained.
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Procedure

Place an aliguot of a solution containing 10-20 pg of tantalum pento-
xide in a quartz test tube and proceed as for the construction of the
calibration curve. Determine the tautalum content from the calib-
ration curve.

POLAROGRAPHIC DETERMINATION OF NIOBIUM
IN TANTALUM PENTOXIDE

The polarographic determination of Nb is carried out in a 20 M
solution of phosphoric acid using an A.C. polarograph. The peak
potential of Nb¥ is —(.85 V with refereuce to hottom mercury.

Reagents

Niohium, standard solution, 1 ml is equivalent to 0.1 mg of niobium. Prepare
by dissolving niohium metal in HF.

Phosphoric acid, concentrated.

Hydrofiuoric acid, 40 per cent solution.

Nitrte ecid, 1.4 gl/cu.om.

Procedure

Dissolve a sample weighing 0.1-0.5 g in HHF containing nitric acid
in a platinum dish with heating and evaporale the solution to the
winimum volume. Add 9 ml of phosphoric acid and heat for 40
minutes toremovecompletely HHF, HINOzand H,0. Add 1 ml of water
to the cooled residue and examine the solution on a polarograph at
—0.5 to —1.1 V. Determine the niobium content from the calib-
ration curve constructed for the Nb concentrations in the range from
0.1 to 0.5 mg/ml.
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Molybdenum

Molybdenum, Mo, in its compounds has the positive valency of
2,3, 4, 5 and 6. The compounds'of hexa-, penta-, and tervalent
molybdenum are more important.

'The standard electrode potentials in an aqueous medium at 25°C
are as follows (with reference to the standard hydrogen electrode
patential):

Mo = Mo¥t - e —-0.200 v
Mo 4 4H,0 == MoO}- 4 8H* 4 6e- U154 ¥
MoO;42H,0 = Mo0f~4-4H* 42~  4-0.6U6 V
[Mo{CN)g]4~ == [Mo(CN)g]% + e~ +073 V¥

The compounds of hexavalent molybdenum are most stable in
solution. In hydrochloric acid solution (4 N HCl), the compounds of
pentavalent molybdenum are quite stable in the air. The oxidability
in air of the pentavalent molybdenum compounds increases with
decreasing acidity of solution. The molybdenum (V) ion readily
oxidizes in alkaline solutions.

The molybdenum ion (1V) is stabilized in the form of a very stable
cvanide complex [Mo(CN),l*~.

The compounds of tervalent molybdenum are quite stable to
atmospheric oxygen in strongly acid sclution (3 & HCIl) because
brick-red complex ions [MoClgl*-, [MoCl;)?~ and others are formed.
A green hydrated ion Mo** exists in a medium of 2.5-4 ¥ HCI in
equilibrium with the halide complex ion of Mol {the equilibrium
between these ions sets slowly). The Mo®* is very easily oxidizable.
The ions of molybdenum (III) are much easier oxidized in sulphuric
acid than in hydrochloric acid medium. Only green ions of molyb-
denuom. ([1I) exist in sulphuric acid medium. They react with the
ions C,02- or 8CN- to form complex ions, e.g.’ yellow complex
IMo(SCN) (I3~

The compounds of divalent molybdenum are unstable in solu-
tivns.

Wlhen the ions of Mo¥! are reduced in a weak hydrochloric acid
sulution (less than 2 N), bright blue colloidal solutions or precipi-
tates are formed. Molybdenum is partly in its pentavalent state and
partly in hexavalent state, in these compounds. The ion of hexava-
lent molybdenum is reduced to green [MoOCl;]*~ in a medium of
relatively concentrated hydrochloric acid (e.g. 8 N HCI). When
reduced in dilute hydrochloric acid (2 &), yvellow-brown to intensely
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brown ions of pentavalent molybdenum are formed. In an alkaline
medium, the reduction of the ion of MoV! is very slow and incom-
plete. Silver and mercury metals reduce MoV! ions to the ions of
MoVY and Mof!! in strong acid solutions (depending on the concen-
tration of HCl, see Fig. 5). Zinc reduces the ions of Mo¥! to the ions
of Mo™! in a dilute acid medium. Solutions of salts of chromium (11}
reduce the ions of hexavalent melybdenum in hydrochloric and

EV
09
i MoOZ "
a5} MoOCH:~
| . 1+
MOO\‘/{’PEN;J.‘I‘M&
6.1 M Hg? MoCl::____..- Mo®. Mo
Hg — M05+
| ! I J 1 | |
10 3 Z C,__,m

HO

Fig. 5. Dependence of the potentials of the systems Mo'! MoV, MoV/Mo¥!!
and Hg!!/Hg on the concentration of hydrochloric acid

sulphuric acids first to pentavalent and then to tervalent molybde-
num [1]. This reaction underlies the potentiometric methods of
titration of the molybdenum ions with a tungsten indicator electrode.

Under special conditions, the tervalent molybdenum ion reduces

Iihe hexavalent molybdenum ion to the ion of pentavalent molyb-
enum:

2MoV I Mol = MoV

The solutions of molybdenum (III) salts are used for the poten-
tiometer titration of hexavalent melybdenum ions in the presence
of ions .of other elements [2, 3].

In weak acid solutions, reducing agents {(Zn, Sn1', FelJ, and others)
reduce molybdates to molybdenum blue {4] which contains Mo and
MoVI. Alkaline solutions (pH > 7) contain the ions MoO3~, and weak
acid solutions contain the jon Mo,0%;. Other polymerized anions of
hexavalent molybdenum can also be formed: '

MoOf-+ H* == HMoO; pK == 4.08
TMoO}~ +8H* = Mo,0§; +4H,0  pH =517
Mo,0% + H* = HMo,0%; pK =4.33
HMo,0%; + H* = H,Mo,04; PK == 3.7

When alkalized, the polymolybdate ion converts inte MoOZ-.
Hydrolysis of the ion MoQ?~ is described in the literature [(5).

Acid solutions can also contain various polymerized cations of
hexavalent molybdenum.
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Molyhdlc acid in the form H MoO, is colourless. The crystal hydrate
H,Mo0,.H,0 is yellow. Molybdic acid precipitates on acidification
of concentrated moivbdate solutions. When the acid is further added,
the precipitate dissolves (unlike tungsiic acid). Molybdic and para-
molybdic acids are easily soluble in alkalis.

-Molybdenum (VI) forms complex compounds with chloride,
fluoride, oxalate, tartrate, and citrate ions. Many complex com-
pounds of molybdenum with ortho-diphenols and organic substances
containing sulph-hydryl groups are known.

Molybdates of most metais (PbMoO,, Hg,M0oO, Ag,MoO,,
CaMoO, and others) are sparingly soluble in water. Molybdates of
the alkali metals are only soluble. Silver nitrate or silver acetate
precipitates the ion MoO%- from dilute acetic acld solution in the
form of white precipitates (pLag,mo0, = 10.5). The precipitate does
not form in the presence of excess hydrogen peroxide.

Benzidine reacts with the ions MoO}~, WO}~ and 303" to form
sparingly soluble white crystalline salts.

Hydrogen sulphide partly reduces the ion MoO3- in acid solution
to colour the solution blue and to precipitate a brown substance,
MOSg + MOSg

Ammonium sulphide reacts with MoO]~ te form a red-brown
solution of a sulphesalt (MoSO0}~). When acuhﬁed to pH 6-7, the
solution prempltates a black sulphide MoS,. The precipitate is spar-
ingly soluble in dilute hydrochleric acid, and soluble in ammonium
sulphide selution.

Hydrogen peroxide colours the solid ammonium molyhdate,
wetted preliminarily with dilute ammonia solution, pink or red.
The colour is due to the.formation of peroxymolybdate [6]. Ti!V
and VY .interfere,

KSCN reacts with the ion of MoV in hydrochloric acid solution to
form a carmine-red compound extractable with ether and other
organic solvents {7, 8]. If ammonia is added to the solution, the
colour vanishes, 'and re-appears on acidification. Molybdenum is
detected and determined in various materials photometrically as
thiocyanate complexes. Large quantities of molybdenum are deter-
mined by the differential method [9].

Molybdic acid reacts under certain conditions with phesphoric,
arsenic, vanadic, silicic, germanic, and other acids to form hetero-
polyacids. Ammonium phosphate precipitates yellow ammonium
phoesphomolybdate from nitric acid solutions. The precipitate is
sparingly soluble irn nitric acid, and is soluble in alkalis with decom-
position,

Phosphomolybdate is easily reduced in an acid sclution, for
example with SnCl;, to form bright molybdic blue.

Germanie, phosphoric, arsenic and silicic acids are detected and
determined photometrically in the form of molybdic heteropoly-
acids. -

YWhen reduced, molybdate reacts with 2,2-dipyridyl to form bright
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red solutions [10], which is utilized for the highly sensitiva detectiom
of molybdenum. The sensitivity is impaired by the ion WO}~ because
tungstic blue is formed. Feil, Felll, Se0:-, TeO;~ and TeQ~ inter-
fere,

a-Benzoinoxime precipitates Mo¥!, and alsec WV! and VV from

'strong acid solutions. The precipitate formed by molybdenum is.
insoluble in a 20 per cent solution of sulphuric acid (8, 11, 12]. The
reagent is used for the detection and quantitative separation of
molybdenum from many elements. If the addition of a 2 per cent
solution . of the reagent does not form turbidity or cloudiness, it
indicates that the ions MoOZ~ (and WO?-) are absent.

‘EDTA reacts with the ions of Mo¥! and MoV to form compounds
[13-15) with the molar ratio of the components 1:2. The compound
of EDTA with MoV1 strongly dissociates in solution and can only
exist in a weak acid medium, The compound with MoY is more stable.
It can exist in both acid and weak alkaline media (pH 0.3-10) and
is used for complexometric determination of molybdenum [14, 16, 17].

o-Diphenols (pyrocatechol, Tiron, stilbazo), derivatives of 2,3,7-
‘trihydroxy-6-fluorone and others react with MoV! ions in neutral
and weak acid solutions to form celoured compounds (sometimes,
sparingly soluble). Tiron reacts with the molybdate ions to form
two yellow compounds: one compound with the molar ratio of the
components 1:1 at pH 3.5-4.5 (the absorption maximum at 322 nm)
end the other compound with the molar ratio of 1:2 at pH 6-8 (the
absorption maximum at 390 nm), The molar extinction coefficient
of the second compound, in the presence of a 500-fold yuantity of
the reagent, is 6.5 X 10%. The colour of the solution develops in-
stantaneously and persists for a long period {18-20}. The reagent
reacts with Mo¥ to form coloured soluble compounds with the ab-
sorption maximum at 332 nm and the molar extinction coefficient
4.2 x 10% [20). The reagent is used for the photometric determination
of molybderum [8, 21, 22] as well as-for its detection. "

Stilbazo reacts with the ions of MoVl and MoV at pH 2 to form
bright violet compeunds. The reagent is used for the photometric
determination of molybdenum [(23].

8-Quinolinol reacts with MoV to form two compounds [24]. At
room temperature and pH abeut 3, it forms a greenish yellow pre-
cipitate of H,Mo,0,,-(C;H,ON),-11H,0. When the solution is
boiled (at pH 3.8-4.4), a black fine precipitate, Mo,0,(C,H,ON),:
+H,0 falls out. The reagent is used for the photometric determination
of molybdenum in a medium of 50 per cent acetone. Solutions of
Me,04(C,HON),-H,O in chloroform have iwo absorption maxima,
at 397.5 nm (e = 1.65 X 104 apd at 550 nm (e = 8.5 X 10%).
A selution of H,Mo0,0,,-(C;H,ON),-11H,O has one absorption
maximum, at 395 nm (e = 1.82 x 10%).

The reagent is used for the extraction-photometric determination
of molybdenum in .steels, alloys of zirconium, beryllium, and in
oxides of thorium and uranium [25).
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8-Quinelinol-5-sulphonic acid reacts with Mo¥Y at pH 3-4.5 to
form a soluble and very stable red compound with the absorption
maximum at 540 nm {molar extinction coefficient, 5.2 X 10%). The -
reagent is suitable for the photometric determination of molybdenum
in the presence of tungstea and other elements {26].

Azo- and azomethine compounds containing the atom groupings

OH HO OH HO
an D R QU
ﬁ_N=N—-\= =/_-CH=N__<__—_

react with the molybdenum (VI) ion to give specifically coloured
compounds. These reagents can be used to detect and determine
photometrically molybdenum [27). For example, lumogallion 2,2’,4'-
trihydroxy-5-ch10ro(1-azo-'1')-henzene-S—sulphonic acid reacts with
the molybdate ion in the molarratio of 1:1 to form a brightly coloured
stable chelate compound [28]. The molar extinction coefficient of
solutions of the compound at 510 nm is (1.13 £ 0.19) X 10%. The
limit of molybdenum detection is 0.05 pg/ml [2B]. The reagent is
used for the photometric determination of traces of molybdenum.
Ca, Mg, Co, Zn, Cd, Ni, MnlI, Cr'iland Ce!¥ do not interfere with
the determmatlon

The reaction of molybdenum with magnezon IREA in a medium
of isoamvl acetate is very selective [29].

Phenylhydrazine, CgH ,NHNH,, reacts with molybdate in acetic
acid solutions to form a bright red compound, probakly due to
oxidation of the reagent to diazonium salt which reacts with excess
phenylhydrazine to form an azo compound [30]. The reagent is
used for the detection and photometric determination of molybdenum.
Sirong oxidants or strong reductants should be absent from the
solution. The ion WO?~ interferes with the determination if its
concentration exceeds 1 per cent.

Sulphur-containing organic substances of varions classes react
with Mo¥! and MoV to form coloured compounds.

Sulphur-containing organi¢ compounds having the following
groupings

=C-—8H =C—SH ]

=E—A or J\ where A is COOQH, Sljl or QOH
are, as a rule, valuable analytical reagents for Mo¥¥&nd Mo". These
groups can be found in compounds of the aromatic or aliphatic
series [31].

Thioglycolic acid, HSCH,COOH, reacts with Mo'l (at pH 3-6)
and with MoV (at pH about 2, in hydrochloric acid) in the molar
ratio of 1:2 to form specifically coloured compounds [32-34]. At pH
less than 3, the reagent reduces MoVI to MoVY and forms the coloured
compound Mo,0,(SCH,COO0H),. Solutions of the reagent compound
with MoVl at pH 4 absorb maximum at 365 nm (molar extinction
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coefficient, 4.4 X 10%); the compound of Mo¥ at pH 0.6 and 1.5
has the absorption maximum at 352 nm (melar extinction coefli-
cient, 2.4 X 10%.

Thiomalic (mercaptosuceinic) acid, HOOC—CH,—-CH(SH)—
COOH, 2,3-dimercaptopropionic acid CH,(SH)CII(SH)COOH [35-37],
and also sodium 2,3-dimercaptopropancsulphonate,
CH,(SH)CI1(SH)CH ,S0O3Na, (38] and sodium p-(mercaptoacetamide)
benzenesulphonate, HSCH,CONH—CH,—S0,Na, (39] react with
the moelybdenum ions (VI and V} like thioglycolic acid. All these
reagents are used for the detection and photometric determination of
molybdenum in the presence of other elements. p-Phenectidide-1-
mercaptopropionic acid is used for the determination of molybdenum
in steels ugainst the background of other elements [40]. Anion com-
plexes of pentavalent and hexavalent molybdenum with thioglycolic
and thiomalic acids are extracted in the form of diphenylguanidinium
salts by some organic solvents, best of all by a mixture of isoamyl
alcohol and chloroform. One complex anion of MoVY with thioglycolie
acid or thiomalic acid attaches one cation of diphenylzuanidinium
{two cations in the case with Mo T) [41]. The cxtraction-photometric
method for the deiermination of molybdenum in the form of diphe-
nylguanidinium salt of the MoY compound with thioglycolic acid
has been deseloped.,

Toluene-3,4-dithiol reacts with Me'! (and also WYT) to form
sparingly soluble specifically coloured compounds which are how-
ever soluble in some organic solvents. The reagent is used for the
detection and photometrie deterwaination of molybdenum [42, 43,

Dialkyl- and diaryldithioplosphoric acids containing the atom
groupir ;
—0 b}
\'\P,
./ i
—0 SH

react in an acid medium with the Mo‘! ion to formn intensely coloured
compounds of unknown composition [32]. The reagents are uscd for
tlie detection of Mo“! in the presence of the ions of tungsten and
other elements [44, 40]. Molybdenum (V) does not form coloured
compounds with these reagents.

Various xanthogenates, ROC(S)SNa, and dithiocarbamates,
R NC(5)SNa, react with  the Mo‘! jon in acid solulions to form
intensely coloured compounds extractable with organic solvents [8].
The reagents are used for the detection and photometric and titri-
wetric determination of molybdenum.

The polarographic method c¢an be used for the determination of
molybdenum in its low concentrations. Molybdenum gives a catalytic
wave against the background of { M HCIO, 4 0.75 M H,S80, at
E,;s = —0,48 ¥. The wave height is proportional to the Mo con-
centration in the range from 0.2 to 2 pg/ml. Molybdenum is first
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separated as the citrate complex from the accompanying elements
by ion-exchange chromatography (K¥-2 resin in the hydrogen
form). The polarographic methed is used to determine molybdenum
in ores and other materials,

Small quantities of molybdenum are concentrated by -co-precipi-
tation with tannic acid and methyl violet [46, 47].

The literature {8, 48] contains review of the methods for the
detection apd determination of molybdenum.

ISOLATION OF TRACES OF MOLYEDENUM
BY CO-PRECIPITATION

The molybdenum ions, together with the ions of tungsten and
some other accompanying elements, are separated with the)pre-
cipitate formed by tanric acid and methyl violet. The precipitate is
incinerated, the molybdenum ion dissolved and then re-precipitated
together with methyl violet thiocyanate from a 0.2 M solution of
hydrochloric acid, the conceniration of tartaric acid in the solution
being about 0.05 M. During the second co-precipitation only 10-20
per cent of the tungsien ion are precipitated with the molybdenum
ion. Small quantities of the ions of Sn, 8b, and Bi are also co-pre-
cipitated with the molybdenum. The co-precipitation method can
isolate from 95 te 100 per cent of molybdenum with the dilution of
1:10°,

After separation, molybdenum is determined photometrically.

Reagenis

Sodium hydrocarboraie, crystallina.

Sedium carbonate, 1 per cent solulinn,

Hydrochloric geid, 6 N salntion.

Tannic acid, 2 per cent selution.

Methyl vielet, 2 per cent solution.

Methyl orange, 0.1 per cent solution.

Sulphuric acid, diluted 1 :1.

Sodium kydrozide, 1 N solution.

Tartaric gcid, crystalline,

Ammonium thioeyanate, crystalline.

Washing solution 1. Add 10 ml of 6 N hydrochleric acid, 1 mg of 2 per cent
tannic acid solution and 5 ml of 2 per cent methyl violet solution to 1 litre of
water. :

Washing solutian I1. Add 10 m] of 6 ¥ hydrockloric acid, 5 g of ammonium thio-
c)franate, 5'g of tartaric acid and 5 ml of 2 per cent methyl violet solution to 1 litre
of water.,

Procedure

Decomposition of Rock (Granite). Grind finely a sample of granite -
weighing 1-2 g and fuse it with a five-fold quantity of sodium bicar-
bonate in a muffle furnace or over the flame of a torch. Leach the
melt with 200-250 ml] of hot water, separate the residue on a filter,
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wash with 50-100 m] of sodium carbonate solution, and neutralize
the solution with hydrochloric acid (io methyl orange). Add 10 ml
of the acid in excess. If silicic acid precipitates in the course of the
snalysis, separate it on a filter, incinerate the filter with the pre-
cipitate, and fuse the residue with sodium bicarbonate.

Co-precipitation with Methyl Violet Tannate. Add 7.5 ml of tannic
acid to the test sciution, and then add 15 ml of methyl violet, drop
by drop, with stirring. Separate the precipitate in 30 minutes cn a
filter wetted with the washing solution I. Pass the washings through
the filter once again. Wash the precipitate 3-4 times with the washing
solution I, transfer it on the filter into a crucible, wet with a few
drops of sulphuric acid, char the filter under an infra-red lamp and
incinerate in a muffle furnace 'at a temperature not above 500°C.

Co-Precipitation with Methyl Violet Thiocyanate. Wet the residue
after incineration in a crucible with 3-5 drops of sodium hydroxide
solution, add 2-3 ml of water, hest on a water bath for 20-30 minutes,
transfer the solution into a 500-mi beaker, and rinse the crucible with
250 m] of water. Add a solution of 7 g of tartaric acid in 30 ml of
waler and of 5 g of ammonium thiocyanate in 10 ml of water, and
then add 10 mi of hydrochleric acid. If turbidity develops, filter the
solution. Add 25 ml of methyl violet slowly, drop after drop with
stirring, and separate the precipitate in 30-40 minutes on a filter
wetted with the washing solution I1I. Wash the precipitate 3-4 times
with the same solution, transfer into a c¢rucible and inciaerate.
Dissolve the residue in sodium hydroxide solution and determine
malybdenum photometrically (e.g. as thiccyanate).

GRAVIMETRIC UETERMINATION OF MOLYBDENUM
WITI} a-BENZOINOXIME

a-Benzoinoxime {cuprop) precipitates quantitatively the ion of
MoVl from acetic acid solution containing acefates, and also from
solutions containing 5 per cent (v/v) of acetic, phosphoric, nitric,
bydrochloric or sulphuric acid. Precipitation is effected in the pre-
sence of bromine water to preclude reduction of the Mo¥! jon to MoV
ien which is not precipitated with the resgent. To prevent’ precip-
itation of excess reagent, 20 per cent of acetone are added to the
solution. The precipitate is dried at 105°C end weighed as
M0Q,(CyH;.0.N},.

The ions of Ag, Pb, Hg!l, Bi, Cul?, Cd, AsY, SbMI, Spll, Al, Fell,
Fellt, Ti, Zr, Cr!1, VIV Ce, U, Ni, Co, Mn, Zn do not interfere with
the determination. Te. Se, Re, Ru, Rh, Ir, Os, and Pt probably
do not interfere. The ions of Nh Si, Pd, W and Ta interfere. They
tontaminate the precipitate and should be separated. The effect of
the ions of VV and Cr¥T can be removed by reducing them with
sulphurous acid or Mchr's salt. Tartaric end hydrofluoric. acids
interfere with complete precipitation of molybdenum.
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The method can be used for the determination of molybdenum in
steels free from tungsten.

c-Benzeinoxime is one of the best reagents for the separation of
molybdenum from the accompanying elements.

Reagents

Mohr's salt, 5 per cent solution in 5 per cent sulphuric acid.
a-Benzoinozime. 0.05 M- solution in a mixture of acetone and water (1 : {).
Mixture of acelone and water, 1: 1.

Sulphuric aecid, density 1.84 pfeu.cmm and 1 per cent solution.

Procedure

Add 1-1.3 ml of sulphuric acid, density 1.8% g/cu.cm, Lo.the selution
containing 8-20 mg of MoYJ, dilute with water to 25 ml and add
excess solution of Mohr’s salt to reduce CrV! and VV. Add 10 ml of
a-benzoinoxime solution, drop by drop with stirring, and allow
the solution to stand for ten minutes, Decant the supernatant layer
through a filtering crucible with a porous bottom No. 2 or No. 3
dried to constant weight, wash the precipitate by decantation with
5 ml of 1 per cent sulphuric acid and transfer with water onto the
filter. See to it that the precipitate on the filter is covered with
liquid. Wash the crucible walls and the precipitate with two 5-ml
portions of a mixture of acetone and water, dry at 105°C to constant
weight, and weigh as MoQ,(C,,H,;,0,N},-

Note, ‘the precipitate can be calcined in a porcslain crucible in a mulfle
furnace at 500-550 °C and weighed as MoQj.

COMPLEXOMETRIC |[DETERMINATION OFJMOLYBDENUM

EDTA reacts with the MoV ion to form a stable complex compound,
the component ratio being 1:2. The formation constant is
{1.75 + 0.52) x 1041, MoV! is reduced to MoY by hydrazine in-a
sulphurie acid medium in the presence of excess EDTA which is
titrated with a standard solution of a zinc salt to eriochromse bhlack 7.
An aliguot should not contain more than 20 mg of molybdenum
because the sclutions of molybdenum eomplexonate are intensely
coloured and interfere with the location of the equivalence point.

The ions of manganese, alkali and alkaline-sarth elements do not
interfers with the determination. The iens of Ti, Nb, Ta, W, Th, A,
Cel’l  La aud UV do not interfere in the presence of tartaric acid
and potassium Auoride which are added after reduction of MoVl,
The determination is possible in the presence of the chloride, sul-
phate, nitrate, phosphate, acetate, tertrate, and citrate ions.

The method can be used for the determination of over 0.5 mg of
molybdenum, the error being +-0.2 mg. )

The method is applicable to the analysis of zlloys containing
bismuth, cadmiem, cobalt, zine, nickel, copper, mercury, vanadium
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chromium and lead, All accompanying elements are first titrated
in one portion of the solution without reducing MoVl. The total
amount of molybdenum (after its reduction) and the accompanying
elements are titrated in the other portion.

Reagenis

EDTA, 0.04 M selution.

Zinc sulphate, 0.01 M =solution.

Hydrazine sulphate, crystalline.

Sulphuric acid, 6 N solution and diluted 1 : 1.

Ammonia, 25 per ceat solution.

Chloride-ammonic  buffer solution, pH 10. Dissolve 54 g of ammonium chloride
in watler. add 350 ml of a 25 per cent solution of ammonia and dilute with water
to 1 litre. ' :

Eriockrome black T. A mixture with sodium chloride, 1 : 150.

Tartaric acid, crystalline, -

Sodium fluoride, crystalline,

Methy! red. Dissolve 0.2 g of the indicator in €0 ml of ethyl alcohol and add
40 ml of water,

Zinc sulphate, 0,006 M solution.,

Procedure

Determining Molybdenum in Solulions. Place a solution ¢ontaining
25-50 mg of molybdenum in the form of molybdate into a 30-ml
volumetric flask and add water to the mark. Mix the solution and,
using a pipette, transfer 10.0 m] into an Erlenmeyer flask {refractory
glass, capacity 300-mi). Add 10 ml of EDTA solution, 3 g of hydra-
zine sulphate, 10 ml of a 6 N sulphuric acid solution, water to
100 ml, heat, and boil for five minutes. Cool the solution, add 5 ml
of azmmonia solution, 20 ml of the chloride-ammonia huffer selution
and eriochrome black T, on the tip of a spatula (20-30 mg). Titrate
with zinc sulphate solation until the blue solution turns lilac.

1 ml of a 0.0100 M solution of EDTA is equivalent to 1.92 mg of
molybdenum. .

Determining Molybdenum in Alloys. Place & sample of an alloy
containing 10-50 mg of molybdenum in a 50-ml refractory-glass
beaker and dissolve in 10 ml of sulphuric acid (1:1) with heating on
a sand bath. Transfer the solution quantitatively into a 50-ml vol-
umeiric flask, add water to the mark and mix. Using a pipette trans-
fer 10 ml of the selution into a 300-ml Erlenmeyer flask, add 20 ml
of EDTA solution and heat on a hotplate to 70-80°C. Cool tha solu-
tion, add 2 g of tartarie acid, 5 ml of ammonia solution and 20 m}
of the chloride-ammonia buffer solution and mix. Add 20-30 mg
(at the tip of the spatuls) of eriochrome-black T and titrate with
zinc sulphate until the blue solution turns lilas, Record the volume
(V) of the EDTA solution spent for titration of the allby components
(Bi, Cd, Co, Ni, Zn, VVI, Crl'l and Pb). :

Using a pipette, transfer 10 ml of the alloy solution into another
300-ml Erlenmeyer flask, add 20 ml-of EDTA ‘solution, 5 ml of a 86 N
sulphuric acid, 3 g of hydrazine sulphate, 2 g of tartaric aeid, dilute: -

J . :
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the mixture with 60-70 ml of water, heat, and boil for five minutes.
Cool the solution, add 5 m! of ammonia solution, 20 ml of the chloride-
ammonia buffer-solution, eriochrome black T (at the tip of a spatula)
and titraie excess EDTA with zinc sulphate until the blue sclution
turns lilac. Record the volume (V) of the EDTA solution spent
for titration of molybdenum and the other components of the alloy.

The difference ¥V, — V¥ is the volume of the EDTA solution reacted
with the molybdenum,

Note. The guantities of the reagents are indicated for the determination
of molyhdenum in alloys containipg from 8 to 40 per cent of molybdenrum in
a sample weighing 0.025-0.05 g. If the molybdenum content is lower, the metal
should preliminarily be separated hecause the specified amount of EDTA is
insufficient to bind all components of the alloy. Small quantities of molyhdenum
can be determined complexometrically with titration of excess EDTA by zir-
conium sulphate in 0.3 N sulphuric acid in the presence of xylenol orange.

EXTRACTION-PHOTOMETRIC DETERMINATION
OF MOLYBDENUM IN STEEL BY THIOCYANATE METHOD

Thiocyanates react with MoV in an acid solution to form ¢oloured
compounds whose composition depepds on the thiocyanate con-
centration. The MoV¥! jon is reduced to MoY with stannous chloride,
potassium iodide, ascorbic acid or thiocarbamide in the presence of
divalent copper salts and other reductants. Depending on tha thio-
cyanate contentration, compounds with the molar ratio of Mo to
SCN from 1:1 te 1:6 can be formed. The colour is more intense in
the compounts with the Mo to S8CN :atio of 1:5 (the molar extinction
coefficient 1,50 X 10%) and 41:6 (the molar extimction coefficient
1.26 x 10%. The thiocyanate complexes of MoV are extractable
with diethyl ether and other extracting agents.

The ions of Al, Co, U, Ta, Na, K, 8i, Ca, Mg, Ti, V, Cr, Mn, Ni,
Zn, As, Ag, Sn, Sb and Hg do not interfere with the determination.
The ions of Felll and Cull intensify the colour probably due to the
formation of multinuclei thiocyanate complexes containing melyb-
denum and iron {or copper) in the molar ratio of 1:1. The interfering
effect of tungsten is removed by tartaric acid which prevents the
formation of its thiocyanate complex..

Reagents

Sodlum molybdate (ammonrium molybdate), siandard solution, 1 m} is equivalent
to 0.1 mg of molybdenum.

Sulphuric acid, diluted { : 4 and 1 : 1.
Hydrogen peroxide, 30 per cent selution.
Tartaric (citric} ecid, crystalline.

Sodium hydrozide, 10 per cent solution.
Potasium thiocyanate, 5 per cent solution.
Stannous chloride, 35 per tent solution. Digsolve 350 g of SnCly-2H,0 in 300 m]
of hydrochloric acid, density 1.19 g/cu.cm, with heating; dilute the clear solu-
tion with 800 ml of water and adﬁ a fow pieces of tin motal.

Diethyl ether. -

Perric sulphate, 8 per cent solution in {1 N sulphuric acid.

-
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Constructing @ Celibration Curve

Place 3-ml portions of ferric sulphate solution into five 50-ml separating funnels,
add 0.5, 1.0, 1.5, 2.0 and 2.5 ml of the spdium molybdate standard selution
into each funnel respectively, then add 5 ml of sulphuric acid {1 : 1) and 5 ml
of potassium thiocyanate into each funnel, and shake energetically for 2-3 min-
utes. Add 5 ml of stannous chloride solution and shake energetically again
for 1-2 minutes. The solutions gradually develop amber or reddish-brown colour.
Add 10-12 ml of cthyl ether to the coloured solutions, extract the molybdenum
compound for 2-3 minutes, trapsfer the ether layer into dry 25-ml volumetric
flasks and repeat the extraction. Dilute tie extracts with the ether to 25 ml
and measure their absorption on an absorptiometer using cells with covers
tc{)‘; pl_‘eciiude ether evaporation. Construct the calibration curve using the data
obtained.

Procedure

Place a sample of steel weighing 0.05-0.25 g (containing 0.05-0.1 per
cent of molybdenum) in a 100-ml beaker, add 10 ml of sulphuric
acid (1:4) and heat to 60-70°C. Add 2 m1l of hydrogen peroxide to the
solution, boil for a few minutes to oxidize carbides, pass through a
paper filter to remove carbon, wash the insoluble precipitate with-
water and discard. Reduce the volume of the filtrate and the washings
to 10-15 ml by evaporation in a beaker. If carbon or alloyed steel, or
steel containing tungsten is aralysed, do not filier off the precipitaie.
Add (.5 g of tartaric acid if the steel contains iungsten. Neutralize
the solution with sodium hydroxide to pH 89 (to a universal indi-
cator), add 5 ml of sulphuric acid (1:1) and transfer the solution
into a 50-ml separating funnel. Add 5 m! of potassium thiocyanate
solution, and proceed as for the construction of the calibration
curve. Determine the molybdenum content of the sample from the
calibration curve.

EXTRACTION-PHOTOMETRIC DETERMINATION OF MOLYBDENUM
IN STEEL WITH p-PHENETIDIDE-{-MERCAPTOPROPIONIC ACID

p-Phenetidide-1-mercaptopropionic acid reacts with the MoV and
MoV1 ions to form yellow compounds insoluble in water but soluble
in organic solvents. The compound of MoY with the reagent is formed
in the pH range of 0.7-6. The absorption of the extracts is maximum
at the pH of the aqueous phase of 1.6-3.8 (molybdenum concent-
ration, 2 X 10~* mole/litre, the reagent concentration, 2 x 10-%
mole/litre). The Mo“! ion reacts with p-phenetidide-1-mercaptopropio-
nic acid at pH 0-6; the maximum absorption of the extracts is at pH
0.5-4 (the molybdenum concentration, 2 X 10* mole/litre, the
reagent concentration, 2 X 10-% mole/litre). Excess reagent does
oot reduce the molybdenum (V1) ion at acidity of 0.3 44 HCL. Gradual
oxidation of the molyhdenum (V) compound begins at pH of about 4.

A mixture of isoamyl alcohol and benzene (1:1) is the recommended
extracting agenti. The maximum absorption of the extract is at
355-360 nm, the molar extinction coefficient is 2.7 x 10% for the
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MeY compounds and 4.6 X 10? for the MoV compounds. The molar
ratio of the molybdenum to the reagent is 1:2, irrespective of the
valency of molybdenum. The absorption of the extracts is propor-
tional to the molybdenum concentrations in the range from 10 to
200 pg in 5 m} of the solvent.

The ions of Fel!l, Cr, Ti, Co, Ni, Zn, Al and also W {hundred-fold
quantity) do not interfere with the determination. The Cu ions
interiere. - ’

Reagents

'godium paramelybdate, stundard solution. 1 ml is equivalent to 25 pg of molyh-
enum.

p-Phenetidide-I-mercaptopropionie geid, 1 per cent splution in a mixture of iso-
amyl aleohol and benzene (1 : 1),

Hydrochloric acid, 1: 1.

Nitrie acid, density 1.4 glou.em.

Constructing a Calibralion Curpe

Place 1, 2, 3, 4, 5,6, 7 and 8 ml of the sodium paramolybdate standard
solution into 50-ml separating funnels, and add 0.5 ml of hydrochloric acid
and water to 10 ml. Now add 5 ml of the reagent, shake for 30 minutes, decant
the organic phase into dry cells and measure the sbsorptien at 380 nm on a spec-
traphotometer or an absorptiometer against a blank solation, Construct the cali-
bration curve using the data obtained. '

Procedure

Place a sample of steel weighing 0.1 g in a 50-ml beaker, add 5-6 ml
of hydrochloric acid, and heat moderately on a sand bath. If steel
does not dissolve completely, add 1-2 ml of nitric acid. Evaporaie
the solution to dryness, dissolve the residue in 5 ml of hydrochloric
acid, transfer the solution into a 500-ml volumetric flask and add
water to the mark. Transfer from 1 to 10 ml of the obtained solution
into a 50-ml separating funnel, add water to 10 ml, hydrochloric
acid to adjust its concentration in the solution to 0.3 N and proceed
as for the construction of the calibration curve. Determine the
molybdenum content from the calibration curve.

EXTRACTION-PHOTOMETRIC DETERMINATION
OF MOLYBDENUM WITH 8-QUINOLINOL

molybdenum is extractable quantitatively and selectively by
chloroform (in the form of its compound with 8-quirclinol) from
sulphuric acid selutions with the pH 0.85. The absorption maximum
of the chloroform extract i3 at 385 nm. The method can therefore be
used both for the separation and for the spectrophotometric deter-
mination of molybdenum. 5 g of U, 4 g of Th, 3 g of Mg, 2 g of Al,
Be, Fe, Zr, 1 g of Zn, 90 mg of Cr, 46 mg of Ni, 45 mg of Cu, 10 mg
of Ti, 8.5 mg of Mn, 1 mg of Co, 0.5 mg of Sb!L.Y, Ph, V, AglILV,
0.05 mg of Bi, 0.025 mg of Cu, 0.005 mg of Cd and Ag do not inter-
fere with the determination of 50-200 ug of molybdenum. W, Nb
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and Ta, in amounts exceeding 100 pg, and halides interfere. Niobium
and tantalum are masked by sodium fluoride or precipitated as
hydroxides. .

The method can be used for the determination of >>5 X 10-3 per
cent of molybdenum in steels, zircorium and beryllium alleys, and
in the oxides of thorivm and uranium.

- Reagenis

Sodlum molybdate, standard solution. 4 ml is equivalent to 10 pg of molybdenum.
Sulphuric actd, 2 N solutlon and solution with ]iH 0.85.

8-Quinolinol, 4 per cent solution acidified with sulphuric acid 1o pH 0.85.
Ammonéum chloride, 4 per cent solution acidified with sulphuric acid to pH 0.85,
Chloreform.

Constructing a Calibration Curve

Place 1, 2, 3, 4, and 5 ml of the sodium molybdate standard solution into
separating funnels, acidify with 2 & sulphuric acid to pH ©.85, dilute the solu-
tions with sulpburic acid; with pH 0.85, to 60 ml and add 25 m} of 8-quinolincl,
Add 20 ml of chloroform and extract molybdenum fer two minutes. Transfer
the organic phase into another separating funnel, containing 50 ml of 4 per cent
ammeniom chloride solution and shake again for two minutes. Pass the organic
layer through a paper filter and measure the ahsorption at 385 nm in a cell with
the light path of 4 cm against ehloroform. Construct the calibration curve using
the data obtained.

Note, 1f the anticipated molybdesum content it 50-400 pg, the absorption
should be measured in a cell with the light path of 1 em.

Determination of Molybdenum in Thorium Ozxide

Reagents

Perchlorie acid, 70 per cent soh}tion.

Sodium fluoride, crystalline,

Boric acid, crystalline.

Ammonium chioride, 20 per cent solution acidified with sulphuric acid to pH 0.85.
8-Quinolinel, 4 per cent solution acidified with sulphuric acid to pH 0.85.
Potassium persulphete, crystalline.

Sulphuric acid, pH 0.85.

Procedure

Treat a sample of thorium oxide weighing about 4 g with 20 ml of
perchloric acid and 50 mg of sodium fluoride with heating. Add
50 ml of water, 0.5 g of boric acid and 5 ml of ammoniam chloride
to the selution. The pII of the resulting solution should be 0.85
{(neutralize free acid with dilute ammonia solution). Add 25 ml of
8-quinolinel solution and extract with 20 ml of chloroform. Evapo-
rate the extract to dryness, fuse the residue with 3 g of potassium
persulphate, dissolve in sulphuric acid and determine molybdenum
as for the construction of the calibration curve.

Note, Other objects should be dissoclved by a suitable method aveiding

the us¢ of nitrates, chlorides or fluorides, 1f these are still vsed, take measures
to remove them after dissolution of the object. '
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PHOTOMETRIC DETERMINATION OF MOLYBDENUM WITH
MAGNEZON IN ISOAMYL ACETATE EXTRACT

The method is based on the selective extraction of molybdenum
with isoamyl acetate from hydrochloric acid selutions and its deter-
mination in the organic phase using magnezon IREA. The optimum
acidity of the solution during the extraction is 9 A7 HCI. One-step
extraction separates 93.7 per cent of 0.01-5 mg of Mo. RelV.VII, VIV
are not extracted in these conditions. The other elements are extract-
ed in the following quantities (in per cent): WVYI 40.0; V¥, 95.0;
SbY, 99.4; Sn1V, 53.5; TilV, 16.6; NbY, 24.6; CrV!, 98.0; Felll, 83.9.
The colour of the Mo¥! compound with magnezon IREA develops
in the course of five minutes and persists for a few days. The absorp-
tion maximum of the solutions is at 560 nm, the molar extinction
coefficient, 6.7 X 10®. The allowable limit ratios of the interfering
ions to molybdenum are: FEII, 5; W, 15; VY, 2; Cr¥I, NbVY, 10; SbY,
1000; Sni¥, 200; GelY, 500; Ga, 16; and TItE, 30, The method is
used to determine 6.5-10 g of Mo in one litre of liquid fractions in
hydrometallurgy.

Reagents

Sodium molybdate, standard soldtion. 1 ml is equivalent to 400 ug of molyb-
denum.

Hydrochlorie acid, density 1.47-1.19 glcu.cm,

Tsoamyl acetate, saturated with 9 M hydrochloric acid.

Magnezon TREA, 10 M solution in ethapol.

.Sodium hydrozide, 2 per cent solution.

Isoomyl ocetate, + ethanol {1 :1).

Constructing a Calibration Curve

Place 0.4, 0.2, 0.3, 0.4 and 0.5 ml of the standar’ solution of molybdenum in
five 25-ml separating funnels, add 3.5 ml of hydi. hlorie acid, water to 4 ml
into each funnel and extract with 4 ml of isoamyl acetate for a minute. Transfer
the orFanic layer into dry test tubes fitted with ground-in stoppers, and take
0.5 ml from each test tube. Add 1.0 ml of magnezon IREA and dilute with
a mixture of isoamyl acetate and ethanol to 5 ml, In fivc minutes measure the
absorption of the solutions at 560 nm in a cell with a light path of 0.5 em against
a blank extract. Construct the calibration curve using the data obtained.

Praocedure

Determining Molybdenum in Liguid Fractions of Hydrometallurgical
Production. Place 10 m] of the testsolution into a 250-ml velumetric
flask, and add sedium hydroxide solution fo the mark. Transfer an
aliquot containing to 200 ug of molybdenum into a separating funnel
and proceed as for the construction of the calibration curve.

PHOTOMETRIC DETERMINATION OF MOLYBDENUM
AND TUNGSTEN WITH PYROCATECHOL IN ONE SAMPLE

Molybdenum (V1) reactsjwith pyrocatechol to form orange-yellow
soluble compounds. The compound which forms most completely
at pH about 6 absorbs maximum at 400 nm; the molar ratic of
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molybdenum to pyrocatechol is 1:2, the molar extinction coefficient
is 5.06 X 10%, the stability constant, 3.3 Xx 108,

~ In these conditions tungsten (VI) also reacts with pyrocatechol te
form a yellow soluble compound with the absorption maximum at
300-305 nm; the molar extinction coefficient, 5.9 X 107, the stahility
constant 5.2 X 105, and the molar ratio of tungsten to pyrocate-
chol, 1:2, '

A hundred-fold excess of pyrocatechol (pII 53-6) is required to
completely bind molybdenum and tungsten in a complex compound.
Both elements (in their hexavalent state) react with EDTA to form
colourless compounds, but the complexonate of Mo¥! is more stable.

The proposed method is based on masking molybdenum (VI)
complexonate aud on determining tungsten as the pyrocatecholate
after introducing a correction for the absorption of molybdenum
pyrocatecholate. The correction can be found by determining molyb-
denum (V) photometrically in the form of its complexonate in
another aliquot of the solution. The method can be used for the deter-
mination of molybdenum and tungsten in binary mixtures and
alloys, the tungsten to molybdenum ratio being from 5:1 to 1:10.

Reagents

dSodium molybdate, standard solution. 4 ml is equivalent to 1.0 mg of molvb-
enum,

Sodium tungsiate, standerd solution. 1 ral is equivalent to 0.4 mg of tungsten,
Pyrocatechol, 0.45 M aolution. Dissolve 3 g of Na,8,0; in 100 ml of a 0.4 per
cent splution of sodium hydroxide, then dissolve 10 g of sublimed pyrocatechol
and dilute with water to 200 m].

EDTA, 5 per cent solution.

Sulphuric acid, diluted 1 :1.

Ammonia, 25 per cent solution.

Hydrazine sulphate, solution, 1 ml contains 100 mg of hydrazine sulphate.
Sodium acetate, 1 -M solution.

Ammonia-gcetate buffer, pH 5.3-5.5. Dilute 63.9 ml of 97 per cent acetic acid
with xlvater, mix’ with 64,7 ml of 23 per cent ammonia solution, and add water
to 1 litre.

Consiructing Calibration Curves for. Molybdenum (VI
and Tungsgten (V1)

Place 1, 2, 3, 4 and 5 ml of the corresponding standard solution inte separate
25-ml volumetrie flasks, add 2 ml of pyrocatechol selution, 5 ml of the buffer
solution, 3 ml of EDTA solution and dilule with water to the mark. Allow
the solutionms to stand for tem minutes and measure their absorption on a
sgectruphotometer or an ahsorptiometer against a blank solution. Construct
the calibration curves using the data obtained.

Constructing a Calibration Curve for Molybdenum (V)

Place 1, 2, 3, 4 and 5 ml of the standard solution of sodium melyhdate intec
five 50-ml beakers, dilyte with water to 5 ml, add 2 mi of EDTA solution and
0.5 ml of hydrochloric acid, heat on a sand bath, then add 2 ml of hydrazine
sulphate solution and beil for five minutes. Cool the solutions quickly, transfer
into 26-ml volumetrie ffusks, add 2,5/ml of sodium acetate solution, adjust the
pH te 4-5 (to a universal indicatoff paper) using ammonia, and dilute with
the bufler solution to the mark. Measure the absorption of the soluticns at
wavelengths -selected for the construction of calibration curves for tungsten.
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Procedure

Dilute a solution containing from 2 to 10 wme oi tnuesten and from 5
to 25 mg of molybdenum with water to 25 wi, 1 a valunetric flask,
Determine molybdenum as the moelybdennm (V) complexonate in
a D.0-ml aliquot (absorption D;). Use another aligunot of the same
size to prepare pyrocatecholates of molybdenum (VI) and tungsten
(VD) (absorption D). Using the calibration curve for molybdenum
pyrocatecholate, determine the absorplion corresponding to the
molybdenum content of the aliquot found for the molybdenum (V)
complexonate {absorption D,). The difference D — D, is the absorp-
tion of tungsten pyrocatecholate whese content js found from the
calibration curve.

Note. The correctness of determination of malybdenum and tungsten de
pends on the constancy of pH in solutions of molyhdenum complexonate and the
pyrecatecholates of mol;%denum and tungsten. The ammonias-acetale huffer
solution should therefore he prepared e 2 M solutions of acetic acid and
ammonia.

DIFFERENTIAL PHOTOMETRIC DETERMINATION OF MOLYBDENUM
IN ALLOYS AND CONCENTRATES BY THE THIOCYANATE METHOD

The method can be used to determine 4-45 per cent of Mo in the
presence of nickel and cobalt with a relative error of 1 per cent,
The effcet of cliromivm {I1]) is removed by adding it to the reference
solution.

Reagents

Moeolybdenum, standard solution. 1 ml is equivalent to 0.1 mg of mulybdenum.
Plensphorie qcid, concentrated.

Arid mixture, Mix 1450 ml of water with 400 ml of concentrated sulphuric and
101+ ml of concentrated hydrochloric acids.

Copper sulphate, § per ceni solution.

Thiecarbamide, h per cent solution.

A arwonium thiocyanal?, 50 per cent solution,

Tartaric acid, 2h per cent solutaon.

Hydrochlorie rzrld diluted 1 :

Nitric acid. concentrated.

Swlphuric acid, concentrated.

Consfructing a Calibration -Curce

Place 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, {4 and 15 ml of the standard solution
of melybdenum into separate 1Mt-ml volumetric flasks, add 23 ml of the acid
mixture, 1 ml of eopprer sulpbate solution, 15 ml of thiorarhnmlde solution,
and 2 ml cf potassinm Lhiceyamate solution into euch flask and then add water
to the mark. Allow the solutions to stand for an hour and measure their absorp-
tion at 490-510 nm in A cell with a light path of 1 ¢m against a blank sclution
containing 1 mg of Mo. Construct the calibration curve using the data obteined.
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Procedure

Determining Yolybdenum in Alloys. Dissolve a sample of alloy
weighing 0.2 g in a2 mixture of 10 ml of hydrochloric acid {1:1), 10 ml
of nitric acid, and 5 ml of phosphoric acid. Evaporate the solution
two times with 5 ml of sulphuric acid to dense fumes of 50;. Dis-
solve the residue in 30-40 m] of hot water and filter. Collect the .
filtrate into a 100-ml volumetric flask and add water to the mark.
Transfer an aliquot (20.0 ml) into a 100-ml volumetric flask and
proceed as for the construction of the calibration curve.

Determining Molybdenum in Concentrates. Dissolve a sample of
concentrate weighing 0.2 g by fusing it first with alkali or by acid
decomposition, Transfer the solution into a 100-ml volumetric flask
and add water to the mark. Transfer an aliquot containing 0.5-
1.5 ;g of molybdenum into a 100-m] velumetric flask, add 2.5 ml
of tartaric acid, and proceed as for the constraction of the eali-
bration curve.

Determine the molybdenum content from the calibration curve.

EXTRACTION-PHOTOMETRIC DETERMINATION OF MOLYBDENUM
WITH TOLUENE-3,4-DITHIOL IN NIOBIUM AND ITS ALLOYS

Toluene-3,4-dithiol (dithiol} reacts with Mo'! in solutions of
4.6-12 M HCL (3-7 M H,80,) to reduce it to Mo and to form a green
compound soluble in amyl acetate and other organic solvents. Amyl
acetate extracts have two absorption maxima, at 430-440 and B70-
690 nm. The absorption maximum of petreleum ether and carbon
“tetrachloride exiracts is at 680 nm. Tungsten reaets in the same
conditions but with heating. To remove the effect of tungsten, citric
acid is added to the solution. Ten-fold quantities of Al, Fe, Cr, Co,
Ni and V do not interfere with the determination of 1 X 10-* per
cent of Mo. Large amounts of copper interfere. The reagent is suit-
able for the determination of molybdenum in rock, minerals, tung-
sten ores, soils,; water, steels, medicines, plant and animal materials,
metals and their oxides.

He;lgents

Molybdenum, standard solution. Dissolve 0.3684 g of ammeonium msalybdate,
{NH,)M0,0,, -4H;0, in water and dilute to { litre. 1 ml of the solution contains
0.2 mg of Mo, Dilute 25 ml of this solution with water to 1 litre. { ml of the
final solution contains 5 pg of Mo.

Dithiol, 0.5 per cent solution. Dissolve 1 g of dithiol in 100 ml of a 4 per cent
solution of sedium hydroxide with heating to 33 °C. Add 2 ml of thioglycolic
acid and dilute with water to 200 ml,

Niobium, standard solution. 1 inl contains 10 mg of niobium. Place 1 g of high
purity niochium into a 100-m} conical flask, dissolve in 5 g of a hot mixture of
potassium hydrosulphate and 2¢ ml of sulpharic acid, density 1.84 g/eu.cm,
and coal. Transfer the selution ipto a 100-ml volumaetric flask and add sulphuric
acid (1 : 2) to the mark, '

Hydrochlorte aeid, diluted 1 : 2.

Hydroflupric setd, 40 per cent solution.
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Hydroxylamine chioride, 10 per cent solution.

Cearbon tetrachloride,

Potassium hydrosulphate, vrystalline.

Sulphuric geid, density 1.84 gfcu.cm and diluted 13 2.

Constructing a Calibration Curve

Place 45 ml of the standard solution of nicbium into 100-ml Erlenmeyer facks,
and add 0.6, 1.2, 1.6, 2.4, and 3.0 ml of the standard solution of molybdenum.
Evaporate the solutions to fumes of sulphuric acid, and cool. Add 15 ml of
hydrochloric acid, 0.5 ml of hydrofivorie acid, 0.5 m! of hydroxylamine chlo-
ride into each flask, and cool. Transfer the solutions inlo 100-m} separating funnels
with the minimum of water, add 10 ml of dithiol sclution, mix theoroughly
by shaking for 15 minutes, add 20 ml of carbon tetrachloride, and shake for
ancther two minutes. Transfer the organic layer into 50-m] volumetric flasks
and repeat the extraction two times using 10-m! portions ef carbon tetrachlo-
ride and shaking the funnels for one minute. Transfer the extracts into the
original fasks and add carbon tetrachloride to the mark. Measure the absorp-
tion of the extracts at G680 nm in a cell with a light path of 4 em, Construct the
calibration curve using the data obtained.

Procedure

Place a sample weighing 0.5 g and containing 2 X 10-2 t0 2 X 10-2
per cent of Me into a dry 100-ml Erlenmeyer flask, dissolve, with
heating, in a mixture of 5 g of potassium hydrosulphate and 10 ml
of sulphuric acid, density 1.84 g/cu.cm, and cool. Transfer the
solution into a 50-ml volumetric flask with sulphuric acid (1:2)
and add the acid to the mark. Transfer 15 ml of the resultant solution
into & 100-ml Erlenmeyer flask, evaporate to sulphuric acid fumes,
¢cool, add 15 ml of hydrochloric acid, and proceed as for the con-
struction of the calibration curve. Determine the molybdenum con-
tent of an aliquot from the calibration curve.

Note. The method can be used for the determination of 2 X 10 tu 2 X
¥ 10-2 per cent of Mo in tantalum. The standard solution of tantalum contain-
ing 10 mg/ml of the metal should then be used instead of the niobium standard
golution,
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Tungsten

Tungsten, W, in its compounds lias the positive valency of 2, 3, 4, 5,
and 6. The compounds of penta- and hexavalent tungsten are the
most important ones.

The standard electrode potentials in an aqueous medium at 25°C
with reference to the standard hydrogen electrode) are as follows:

W4 2H,0 = WO, 4H* L 4= —0.419 V
W0, 1 H,0 = W,0,+2H* 12~  —0.031 V
& W,05+ ;0 = 2W0, 4-2H* + 2 —~0.029 V
W-4H,0 s= WO~ 8H* 4 6c~ 40049 V
[W(CN},J* == [W(CN),]¥ +-e- +0.457 V

Stannous chloride reduces tungstates to tungsten blue which is
stable in an acid solution (unlike molybdenum blue), The formation
of molybdenum blue underlies many methods for detecting the
WO?" ion.

Energetic reductants (Zn + HCl, amalgamated zinc) reduce WVYI
in concentrated hydrochloric acid solutions to brown ions of WIlI
which are unstable in air. If the solution is moderately acid (HCI)
tungsten blue is formed under these conditions.

Mercury metal also reduces WV1 to WY, Divalent iron (FeSO,)
does not reduce the ions WO} . The titrimetric method for the
determination of tungsten is based on the reduction of WVI to WV
by divalent chromium salts [1, 2].

The red ion of fervalent tungsten WCI:~ has a strong reducing
action. It converts into yellow or yellowish-green ion W,Cl3~. Ter-
valent tungsten in solution is oxidized by atmospheric oxygen, and
can be determined titrimetrically [3].

Divalent tungsten compounds are unstable in solution.

Tungsten metal is inactive. Hydrochloric acid does not act on it.
Concentrated nitric acid acts on compact tungsten slowly.

Hot concentrated phosphoric acid, as well as hydrofluoric acid,
dissolve tungsten to form complexes. Molten alkalies react with
tungsten metal, ‘especially in the presence of oxidants.

Acidified solutions of the alkali metal tungstates precipitate tung-
stic acid which is insoluble in excess HNOQ,, HCIO, and H,50,
(as distinet from molybdic acid). Tungstic acid precipitate is soluble
in 9-12 N hydrochloric acid. A cold sclution precipitates a white
amorphous substance, H,WO,-rH,0, If the solution is heated, the
precipitate is yellow and less hydrated. Tungstic acid tends to form
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colloidal solutivns, To preclude pepiizationp, iis precipitate is
washed wilhh an cle€lrolyile solution. Tungstic acid completely con-
verts into an insoluble form only by evaporation of acid solutions to
dryness.

}Iunmtir acid can be isolated from solutions of samples fused
with h}dr()\nii.s or carbonates of the alkali metals by acidifying
with hiydrochloric acid. The acid is precipitated together with silicie
acid (acid hydrolysis). When cvaporated with' hydrochloric acid,
the ucid modilications are less hydrated and less soluble. Tungsten
is thus separated from many elements.

Tungstic acid can be dissolved in excess standard solution of
NaOH with subscquent titration of unreacted alkali by a standard
solution of the acid. The method is used for the determination of
tungsten in steel [4].

Tungstic acid forms various polytungstic acids (similar to poly-
molybdic and polyvanadic acids) in acid solutions, the meodifica-
tions being dependent on the acid concentration and the pH of
solutions, They easily disintegrate in an slkaline medium to form
the tungstate ion WO}~ Tungstic acid is readily soluble in ammonia
solution and in solutions of the alkali metal hydroxides with the
formation of tungstates:

H,WO0; == H,WO- 4 I1* |
H,WO0}- = HWO}-+H* | pk =68
HWO} = WO +H+ )

The tungstates of silver, mercury (1), lead and the alkaline earths
are sparingly soluble in water (e.g. plag,wo, = 9.3). '

The chloride, fluoride, oxalate, tarirate and citrate ions react
with W'! to form various complexes.

Hydrogen sulphlde does not precipitate sulphides from solutions
containing the ion WOI~, Ammonium sulphide reacts with the
WO~ ion to form the yello“ -orange thio salt WS:~. When the
solution is acidified, a light brown precipitate WS, is formed. The
thio salt is completely destroyed at pH < 4.

Orthe-phesphoric acid reacts with the ion WYI to form a hetero-
polracid., The thiocyanate ion forms coloured complex compeunds
with pentavalent tungsien. The thiocyanates are used for the photo-
metric determination of tungsten [5-7].

Nitrogenous organic bases and some triphenylmethane dyes pre-
cipitate tungstic acid ions and are used for the quantitative separa-
tion of W¥! from solution. The precipitates are usually character-
ized by unstable composition. They are calcined toc WO;. Alkaloids
(quinine, cinchonine), benzidine, 1-naphthylamine, nitron, vanili-
denebenzidine, P-naphthoquinoline [8l, sulphamide-2,4-diamino-
azobenzene (red streptocide), dimethylaminoantipyrine {(amidopyri-
ne}, rhodamine B, etc. are used to precipitate tungstic acids.

Amidopyrine is of great practical value for the isolation of tung-
stic acid [9]. Hydrochleric acid is first added to a dilute solution of
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sodium tungstate, and then .amidopyrine is added. The reagent is
successfully vsed for the determination of tungsten in ferrotungsten.

Rhodamine B precipitates tungstic acid from acidified solutions
{10, 11]. The precipitation is tlie most complete from 0.10-0.15 Af
HCI solutions. The precipitate is not formed in neutral media. The
solubility product of this precipitate is 2 X 10-*® (in a 0.12 M
HCI medium). The reagent is used for the detection of W in minerals
and alloys, and also for ils gravimetric determination.

The numerouns derivatives of 2,3,7-trihydroxy-6-fluorone [12] react
with the tungstate ion in a weak acid medium {pH 2.0-3.5) to form
red compounds. (The molar ratio of the reactants is 1:1.) If the
tungstate ion comcentration is high enough, these compounds pre-
cipitate. The coloured solutions remain cleer in the presence of
gelatine. To prevent precipitation of tungstic acid, citric acid is
added to the tungstate sclution before acidification. Ethyl alcohol
is also added to prevent precipitation of the reagent.

Photometric methods have been proposed which are based on the
formation of intensely coloured threc-component compounds of
tungsten with magnezon CS, and hydrogen peroxide [13], with 3,5
dinitropyrocatechol and brilliant green [14], and with sulphonitro-
phenol M and hydrogen peroxide [15, 16].

The best reagents for the photometric determination of tungsten
are probably 9-(2-hydroxyphenyljtrihydroxyfluerone, 9-(9'-anthrace—
nyl)-2,3,7-irihydroxyfluorone and salicylfluorone [17-21].

8 Quinolinol precipitates the tungsten (VI) ion and is used for the
determination of tungsten.

The most important photometric methods for the determination of
tungsten are based on the ability of WV to form, under certain con-
ditions, stable coloured complexes with toluene-3,4-dithiol {22].

The oxidation-reduction reactions underlie various titrimetric
methods for the determination of tungsten.

The polarographic method is effective in the determination of
tungsten in the presence of large quantities of niobium and tantalum
[231.

The literature contains a review of the methods for the determina-
tion of tungsten [2, 24].

GRAVIMETRIC DETI;IRD;HNATION OF TUNGSTEN
IN FERROTUNGSTEN

The method is based on the precipitation of tungsten by f-naph-
thogquinoline at pH 1-6. Ni, Zn, Mn, Al, Ti, Pb, Be, Zr, V, Cr and
a small quantity of Fe do not ‘interfere with the determination. If
the iron content is high, the precipitate is treated with ammonia,
and tungsten is precipitated again by B-naphthoquinoline. If molyh-
denum is present, tungsten is precipitated in a more acid medium,

The method can be used for the analysis of pig iron, steel, alloys,
slags, and ores.
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Reafents

B-Naphthoguinoline, 2.per cent solution. Dissolve 2 g of the reagent in 100 m]
of water and acidify with a few drops of concentrated sulphurie acid.
Ozalic acid, saturated solution.

Hydrogen perezide, 30 per cent solution,

Sulphuric acid, diluted 1 : 1.

Hydrothloric acid, 2 per cent solution.

Ammonia, 10 and 2.5 per cent solutions.

Ammonium nitrate, 2 per cent solution.

Potassium ferrocyanide, crystalline.

Procedure

Place a sample of ferrotungsten weighing 0.25-0.50 g in a 500-ml
beaker and dissolve, with heating on a hotplate {(covered with an
asbestos sheet); in 30 ml of oxalic acid and 5 m! of hydrogen peroxide.
Evaporate the solution carefully to a small volume and add 15 ml
of sulphuric acid, drop by drop, to the cooled residue. Heat the heak-
er contents to fumes of sulphuric acid and continue heating for
3 minutes, Cool the solution, add 400 ml of cold water and heat
gradually to dissolve the salt. Add 30 ml of P-nmaphthoquinoline
and allow the mixture to stand for 1-2 hours (or overnight) at room
temperature.

Separate the precipitaie on a blue ribbon filter and wash with
hydrochloric acid to the negative reaction t6 the iron ion (K ,[Fe(CN),]
crystal test). Unfold the filtcr, place it into the precipitation beaker,
and treal with 50 ml of a 10 per cent ammonia solution. When the
precipitate has dissolved, disintegrate the filter by a glass rod. Heat
the beaker contents on a water bath for 20-30 minutes, separate the
paper pulp on a filter, and wash it with a 2.5 per cent ammonia
solution several times.

Cool and acidify the filtrate with hydrochloric acid to pH 3-4.
Add 20 ml of B-naphthoquineline solution, separate the precipitate,
wash it on the filter two times with hydrochloric acid and two times
with NH,NO,, place in a porcelain crucible, dry slightly on a hot-
plate covered with an asbestos sheet, and incinerate carefully in a
muffle furnace, first with gentle heating {tc preclude tungsten sub-
limation} and then, at 600-650°C. Cool the residue and weigh.

The conversion factor to tungsten is 0.7931.

POTENTIOMETRIC DETERMINATION OF TUNGSTEN WITH
CHROMOUS SALTS IN SCHEELITE CONCENTRATE

The method is based on the reduction of WYI to WV with salts
of divalent chromium in an acid medium.
WO,Cl5 + 2H*4-2C1- 4~ = WOCIZ4H,0
The equivalence point is detected potentiometrically. When the

reduction process is over, the platinum electrode potential sharply
changes. The potential at the platinum electrode is established im-
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mediately after adding each new portion of the chromous salt. The
litration is carried out in concentrated hydrochloric acid (100 or
150 ml of the acid are laken per 5 or 10 ml of 0.1 M sodium tung-’
state solution respectively). Two sharp changes in the potential are
cohserved in the presence of Feft!, Cyll, Cr¥! and Mov¥I, The first
jump corresponds to the termination of the reduction of the above
named elements, and the second jump corresponds to complete re-
duction of WYL, and also of MoV to Molll. WVI and the other ele-
ments are therefore first reduced by a solution of a chromous salt
and then tungsten (V) is titrated with a selution of potassium dichre-
mate, Citrie, tartaric, oxalic and formic acids do net produce any
effect on the titration.

Reagents

Hydrochlorie acid, density 1.19 g/eu.em,

Chromous sulphate, 0.1 N solution. Dissolve 20.421 g of pure dry K,Cr,0, in
500 ml of water iz a 2-litre flask and acidify the solution with 27.8 ml of 36 ¥
sulphuric acid. Add slowly {with stirring) 75 m! of a 30 per cenl solution of
hydrogen peroxide to reduce Cr,0}- to Cr+, Heat the solution to beiling, cool
to room temperature, transfer into a 2-litre volumetric flask and add water to
the mark. Fill a hottle 2/3 full with amalgamated zinc and connect with a titra-
ticn burette and a Kipp generator. Rinse tho bottle containing amalgamated
zinc with two small portions of the solution and then transfer the whole selu-
tion into it. The reduction of Cr®+ to Cr*+ is completed in 24 hours, The liberated
hydrogen should pass through a KipF generator. Determine the titre of Cr80,
golution using a standard solution of copper sulphate, CuS0Q,.5H,0. To that
end, add 3 ml of concentrated hydrochloric acid to 2 ml of a 0.1 M selution
of CuSQ, and titrate potentiometrically with a platinum indicator electrode.
The CrSO, solution, when kept in a bottle aver amalgamated zinc in a hydrogen
atmosphere, can he stored for a few weeks.

Sodium hydraxide, 20 per cent solution.

Ozxalic aeid, satorated solation.

Potasgium  bichromate, 0.1 N solution,

Procedure

Grind thoroughly a sample of scheelite concenlrate weighing 0.25 g,
place it in a small poreelain dish and treat with 4-5 ml of hydrochloric
acid with heating. Evaporate excess acid and wet an almost dry
residue with 3 ml of sodium hydroxide solution. Add 10 ml of oxalic
acid to the cbtained sclution and transfer the dish contenls with
water into a beaker containing 100 ml of hydrochloric acid. Cover
the beaker with a Tubber plug provided with holes to pass carbon
«dioxide inlet and outlet tubes, a burette, a salt bridge, and the pla-
tinum indicator electrode. Pass carbon dioxide from a Kipp generator
for 30 minutes into the solution to remove oxygen from it. Titrate
the solution with chromous sulphate without discontinuing the car-
bon dioxide current and with stirring {(by a magnstic stirrer) until
the potential jumps to indicate the reduction of hexavalent tung-
sten. Now titrate pentavalent tungsten with potassium dichromate
solution,
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BICHROMATOMETRIC DETERMINATION OF TUNGSTEN

The method is based on the reduction of W¥I to WIII in concen-
trated hydrochloric acid with granulated zine in the presence of
ammonium chloride. To ensure complete reduction, the solution ‘is
passed through a reductor filled with léad. The solution containing
the WIII jons is added to the solution of a ferrie salt. The Fe?* ion
which is formed in an equivalent quantity is titrated with potas-
sium bichromate in the presence of diphenylaminosulphonic acid
as an indicator.

Reagenis

Ferrigmmonium sulpkate. Dissolve 10 g of Fe{lNH,) {(§0,),-12H,0 in 20 m}
of concentrated hydrochloric acid and add 80 ml of water.

Potassium bichromate, 0.01 N and 0.05 N solutions.
Diphenglaminosulphonic acid, 0.005 M solution,

Lead, granules. Pface lead in an 18-cm high reduvctor {dia. 2 cm), wash with
a solution containing 15 g of NH,Cl in 150 ml of hot hydrochleric acid (2 : 1),
and then fill with %Jydrochloric acid (1 : 1).

Hydrochloric acid, density 1.19 gfcu.cm and diluted 1: 1.

Ammonium chloride, crystalline.

Procedure

Add water to a solution containing from 5 to 50 mg of tungsten to
make 25 ml, add 5-8 g of ammonium chloride and heat to dissolve
the salt. Add 25 ml of hydrochloric acid, density 1.1% g/cu.cm, and
boil. Add 10 g of lead, cover the flask with a watch glass and boil
for two minutes, Transfer the hot solution into the reductor and
wash the flask with three 8-m! portions of concentrated hydrochloric
acid. Pass the solution through the reductor at a rate of 20 ml/min.
Collect the outflowing solution in a flask containing excess hydro-
chloric acid solution of ferriammonium sulphate, Wash the reductor
with 10 ml of hydrochloric acid {1:1), with two 15-ml portions of -
water, and then with 15 ml of hydrochloric acid again. Add two drops
of an indicator and titrate the warm solution with a 0.05 ¥ solution
of potassium bichromate until violet colour develops and persists
for 15 seconds.

Deduce a correction for the indicator from the amount of the
potassium bichromate solution spent for titration. {(Determine the
correction by titrating a blank solution.)

ACIDIMETRIC DETERMINATION OF TUNGSTEN IN STEEL

Tungstic acid is separated by acid hydrolysis, dissolved in sodium
hydroxide solution, and excess sodium hydroxide is titrated by a
standard acid solution.

Reagenis

Hydrochloric acid, diluted 1 : 4 and 5 : 95,
Nitrie ccid, density 1.4 gfeu.cm.
Potassium nitrate, 1 per cent solution.
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Silver nitrate, 1 per cent solution. _

Standard alkali sclution. Add 1.8 litre of boiléd water and 0.5 g of BaCl,-2H,0
to 16 ml of concentrated solution of sodium hydroxide {200 g/l). Keep tﬁe solu-
tion in a 2-litre bottle provided with a calcium chloride tube. Standardize the
solution against accurately weighed H,C,0,-2H,0.

Standard acid solution. Dilute 65 ml of nitric acia. density 1.4 g/cu.cm, with
water to make 2 litres. Standardize the acid against the standard solution
of sodium hydroxide using phenolphthalein as an indicator.
Phenoiphthalein, 0.1 per cent solution in ethyl alcohel,

Procedure

Dissolve a sample of steel weighing 0.53-1 g in hot hydrochloric acid
(1:1) in a beaker, and add hot nitric acid. Boil the solution, add
60 ml of hot water, 5 ml of hydrochloric acid (1:1) and boil for
apother 5 minutes. Sepurate the precipitated tungstic acid on a
double filter (blue ribhon), wash with hot hydrochloric acid (5:93)
and with water to negative reaction to the chloride ion (test with
AgNOj). Rinse the beaker with potassium nitrate solution, place
the filter together with the precipitate inio the beaker, and add
60 mi of hot water. Shake to disintegrate the filter, add 2 drops of
phienolphthaiein and dissolve tungstic acid in excess standard solu-
“tion of alkali. Titrate excess alkali with nitric acid until the solu-
tion is colouriess. Carry out a blank test with the filter,

Calculate the tungsten content using the results of the tit-
ration.

PHOTOMETRIC DETEBRMINATION OF TUNGSTEN
BY THE THIOCYANATE METHOD

The thiocyanate ions react with WV {0 form a green-yellow com-
plex compound. The molar extinction coefficient of the complex
solution is 1.76 x 10* at 398 nm.

WVI is reduced to WY by titanium (III) chloride. The violet
colour of the reductant. excess does not practically afect the accuracy
of measurement of the absorption provided a blue filter is used.
Molybdenum (V1) does not interfere with the determination because
it is reduced to MolIll to form a slightly coloured complex compound
with the thiocyanate ion. Cr, V, Se and Te interfere. The effect of
As and 8b is removed by hypophosphite. Ti, Nb, Ta, Cu and the
platinum family elements, as well as F and P, do not interfere,

The method can be used to determine 1.5-0.003 per cent of tung-
sten in mineral materiais in the presence of arsenic (<10 per cent},
antimony (<3 per cent), molyhdenum (0.5 per cent), chromium
(< 0.3 per cent), vanadivm, selenium and tellurium (< 0.1 per
cent),

Reagents

Tungiten, standard solution. 1 ml is equivalent to 0,4 mg of W,
Potassium thiocyanate, 25 per c¢ent solution,
Sodium hydrozide, 2 per cent solution,
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Titanium (FI1} chloride, 0.1 N solution. Add ¢ volumes of hydrochloric acid
(1:1) to one volume of {5 per cent solution of TiCl, and use immediately.
Hydrochloric acid, density 1.19 g/cu.em.

Constracting a Calibration Curve

Place 1. 2, 3, 4 and 5 ml of the standard solution of tungstate into 50-ml
volumetric fQasks, and dilute with sodium hydroxide solution to 10 ml. Now
add 2 ml of potassium thiocyanate selution, 12 ml of hydrochloric acid and
0.2 m!} of titanium (IXI) chloride into each flask. In five minutes add water to
the mark and measure the absorption of the sclutions on an absorptiometer
with a blue filter. Construct the calibration curve using the data obtained.

Procedure

Determine the tungsten content of the solution as instructed for
preparing the standard scale.

EXTRACTION-PHOTOMETRIC DETERMINATION OF TUNGSTEN
WITH TOLUENE-3,i-DITHIOL

Toluene-3,4-dithiol reacts with WV jons to form blue compounds
extractable with butyl, amyl or ispamyl.acetate. The molar extinc-
tion coefficient of the extract is 2.00 X 10* at 640 nm. Titanium
metal is usually used as the reductant and toluene-3,4-dithiol is
substituted by its zinc complex.

Lead and molybdenum ions when contained in quantities exceeding
1 mg and 10-20 pg respectively, interfere with the determination.
Bismuth, ant.mony and tin ions do not interfere. If the molybhdenum
content exceeds several times that of tungsten, -both elements should
be first separated and then determined. Their determination is based
on the reaction in which the ions of MoV (in contrast to WV ions)
react with dithiel to form a green complex, with the absorption
maximum at 690 nm. This makes it possible to determine 0.4 mg
of tungsten. After separaticn of molybdenum with dithiol, and
isoamyl acetate, tungsten is determined in the agueous phase,

Reagenis

Hydrochloric acid, density 1,19 g/cu.cm.

Toluene-3,4-dithiol, zinc salt, suspended in alcohol.

Grind 0.2 g of zine dithiol with the minimum guantity of alcoholina porcelain
‘mortar and add ethyl alcohol to 50 ml. Shake the suspension before use.

Titanium, metel chips,

froamyl acetale,

Sodium tungsiate, standard solution. 1 ml is equiValent to 2 pg of tungsten.
Sulphuric acid, density 1.84 g/cu.cm and diluted 1: 1.

Hydroftuoric acid, 40 per cent solution.

Hydrogen peroxide, 30 per cent solution,

Sodium carbonate or polassinm pyrosulphaie,

Ammonia, solution, density 0.9 g/cu.cm.

a-Benzoinoxime, 2 per cent soluiion in ethyl alcobol.

Chlarofarm. ' N

Acid mizture, tonsisting of 2-3 ml of distilled nitrie acid, 5 dropa of sulphuric
oacid, density i.84 g/eu.cm, and 5 drops of concentrated perchloric acid.
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Preparing o Siandard Series

Place standard tungstate solution containing ¢, 2, 3, 4 and 5 pg of tungsten
into five separate test tubes and dilute with water to 3 ml. Add 7 m] of hydrochlo-
ric acid and 100-200 mF of titanium metal into each test tnbe. Heat the solu-
tions until a slight violet colour develops, Transfer the solutions into tubes
fitted with glass stoppers, and add zinc-dithiol suspepsion until a slight turhb-
idity develops. Close the test tubes with their stoppers {not tightly!) and place
in a beaker with boiling water for 20 mioutes. Transier the solutions into separ-
ating funpels, ccol to room temperature, and extract with 2 ml of iscamyl
acotate for 90-120 seconds. Transafer the extracts into test tubes (with ground-in
stoppers) containing 10 ml of distilled hydrochlaric acid. The scale can be used
for 10-12 days provided it is kept in a refrigerator.

Procedure

Wetten a sample of silicate rock weighing 0.5-1.0 g in a platinum
dish with a small quantity of water. Add 1-2 ml of sulphuric acid
(1:1) and 8-10 ml of hydrofluoric acid. Heat the dish ona hotplate
periodically stirring its contents by a platinum rod. Repeat the
treatment with hydrofluoric acid two times. Evaporate the dish
‘contents to fumes of sulphuric acid. Cool the residue, add hot water,
and evaporate again to a small volume. Add hydreogen peroxide,
drop by drop, until the solution clarifies, dilute with hot water, and
boil until bubbling discontinues. Pass the solutivn through a paper
filter into a 50-ml or 100-ml volumetric flask. If the residue is large,
incinerate the filter with the residue in a platinum crucible, fuse
the residue with sodium carbonate or potassiumn pyrosulphate, dis-
solve and add the solution to the main filtrate.

Neutralize a 10-15 ml aliquot with ammonia solution until the
hydroxides precipitate. Dissolve the precipitate with 1-2 drops of
sulphuric acid (1:1), transfer the solution into a separating funnel,
add the same acid to the concentration of 2-4 per cent (v/v) and add
2 ml of x-benzoinoxime seolution, stirring the mixture after adding
each new reagent. Allow the sclution to stand for 5-10 minutes, and
extract with three 5-ml portions of chloroform shaking the column
for one minute. Collect the extracts in a beaker and distil chloroform,
Add the acid mixture to the dry residue and cover the bheaker with
a watch glass. Heat the beaker to fumes of suiphuric acid, keep for
15-20 minutes, remove the watch glass, evaporate to dryness, and
calcine the residue. Add 3 ml of water and 10 drops of concentrated
ammonia solution to the colourless residue, boil the solution till
the ammonia odour is not felt, add 7 ml of concentrated hydrochloric
acid and proceed as for the preparation of the standard scale solu-
tions. Compare the colour of the solution with the standards in the
scale and determine the tungsten content of the sample,

Note. In the analysis of polymetallic ores, extract tunﬁsten (and molyb-

denum) by chloroform in the jorm of a«-benzoinozime complex from sulphuric
aeid solution. .
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PHOTOMETRIC DETERMINATION OF SMALL QUANTITIES
OF TUNGSTEN IN MOLYBDENUM AND ITS COMPOUNDS
BY THE THIOCYANATE METHOD

The method is based on the reduction of Mo¥! in sulphuric acid
medium by hydrazine with subsequent binding of MoV with EDTA
and extraction of, WY¥! in the form of 8-hydroxyquinolinate by chloro-
form. The extraction of Mo‘ is insignificant in these conditicns.
After removal of chloroformn and decomposition of 8-hydroxyquinoli-
nate of lungsien, the metal is determined by the thiocyanate method
using titapium trichloride as the reductant., The effect of small
quantitics of molybdenum is removed in this case.

Reagenis

Sulphuric ocid, diluted 1:1 and B N solution.

Hydrochleric acid, depsity 1,19 g/cu.cm and diluted { : 4,

Nitric aeid, density 1.40 glew.cm,

A mmanie, 20 per cent solution.

Aqua regia.

EDTA, {0 per cent solution.

Hydrazine chloride, 20 per cent solution.

Mixtiure of butyl alcohol and chloroferm {1 : 2).

8-Quinslinel, 1 per cent solution, Dizsclve 1 g of the preparation in 100 ml of
the mixture of butyl alecchel and chloroform (1 : 2).

Potlassium thioeyanate or wmmonium thiocyanate, 50 per cent solution.
Trtantam (T11) chiloride, 1.5 per cent solution, (Dilute a 15 per cent solution.)
Tungstate, standard solution. 1 ml is equivalest to 0.01 mg of tungsten. Dissolve
0.126 g of WO, in & few millilitres of a 10 per cent solution of sodium hydroxide
and dilute with water to 1 litre: 4 m] contains 0.1 mg of tungsten. Dilute thix
solution to prepare a solution whose { ml is equivalent to 0.01 mg of W.

Preparing a Standard Scale

Place different portions of a standard splution of tungstaté containing 10, 15,
20, 25, 30, 35, 40, 45 and 50 pg of tungsten, or 2, 4, 8, 8, 10, 12, 14, 16,
18 and 20 pg into separate 25-rl volumetric asks. Add 12 ml of hydrochloric
acid {1 : 1}, dilute with water to about 22 m! and cool. Stir the solutions and
add 1 ml of potassium (or anmoniuya} thiccyanate and then, drop by drop with
stirring, titarium chloride sclutioriuntil the brown colour vanishes, Add five
drops ol the solution in excess,

Procedure

Dissolve a sample of molybdenum or its concentrate weighing 0.1~
0.2 g in 10-15 ml of aqua regia and O ml of sulphuric acid (1:1).
Evaporate the solution to fumes of sulphuric acid, wet the residue
with water and evaporate to fumes of sulphuric acid again. Add 5 m}
of water to the residue, heat to dissolve it, neutralize the soh:lion
with ammonie selution te neuntral or weakly acid reaction and
transfer into a 100-m] velumetric ilask. Take an aliquot centaining
not more than 50 pg of tungsten, add 5 ml of an 8 N solution of
sulphuric acid, 10-20 m} (depending on the molybdepum content)
of EDTA solution, water to 30 ml, and heat to boiling. Add 10 ml
of hydrazine chloride solution and boil for 2-3 minutes. Cool quickly
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the solution, neutralize it with ammonia solution to dissolve the
precipitate, and transfer into a 100-150 ml separating funnel.

Adjust the pll of the solution to 2-3 (not higher), add 10 ml of
8-quinolinol solution and shake the mixture for 1-2 minutes. Allow
the mixture to settle, withdraw the lower (organic) layer into another
separating funnel and repeat the extraction two times more, each
time adding 5 m! of a mixture of butyl alcohol with chloroform,
Wash the extracts with water (5-10 ml), transfer the organic layer
into a 50-ml beaker and evaporate on a water or & sand bath and
heat the residue with 2 mixture of concentrated sulphuric and nitric
acids to obtain a white dry residue. Add 12 ml of hydrochloric acid
(1:1), heat to dissolveé the residue, and transier the solution into a
25-ml volumetric flask with water to make 22 ml, and proceed further
as for the preparing a standard scale. Allow the solution to stand
sor 30 minutes and compnre its colour with those in the standard
feries.

Note. 1f ammounium molybdate is analyzed, dissolve its sample weighing
0.2gin 5-10 ml of 1 N sulphuric acid, add 20 ml of EDTA and proceed as in
the Pracedure.

PHOTOMETRIC DETERMINATION OF TUNGSTEN AS TRIPLE
COMPLEX WITH HYDROGEN PEROXIDE AND MAGNEZON CS

The method is based on the reaction of tungsten (VI) in an acid
medium in the presence of hydrogen peroxide with the formation of
a triple complex, tungsten-{(VI}-H,0,-magnezon CS, with the maxi-
mum absorption at 580 nm and the molar extinetion coefficient of
2 X 10% ‘The selectivity of the method is improved by adding mask-
ing substances, viz. EDTA, HF, and H,0,. 30-fold quantities of
iron, thorium, bismuth, titanium, do not interfere with the deter-
mination in these conditions. Nb, Ta and Mo interfere.

Reagents

Tungsten (VI), standard solutior. Dissolve Na,W0,-2H,0 in a 1 per cent solu-

tion of sodivm hydroxide to prepare a solution with the tungsten concentration
of 1 mgfmi. Dilute the solution to decrease the tungsten concentration to 20 pgfml,

Hydrogen perozide, 0.04 M solution.

Hyudrochlorie acid, 8 M solution.

Magnezon CS, 0.02 per cent water-acetone selution (4 : 1),

Constructing a Calibration Curve

Place 20, 40, 60, 80 and 100 pg of tungster into 25-ml volumetric flasks, add
0.5 ml of 0.01 M, hvdrogen peroxide, & ml of 6§ M hydrockloric acid (the final
acidity should be t+ M HCl), 5 ml of 0.02 per cent solution of magnezon CS
and water to the mark. Alinw 1he solutions to stand for two hours and measure
their absorptiorr on a spectrophotometer at 580 nm in a cell with a light path
of 2 ¢m against a blank solution,
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Procedure

Place a sample of the solution containing from 30 to 90 ug of W
in a 25-ml volumetric flask, add all the reagents and in the same
quantities as for the construetion of the calibration curve and measure
the absorption at 580 nm (! = 2 em}. Find the tungsten content of
the aliquot from the calibration curve.

EXTRACTION-PHOTOMETRIC DETERMINATION OF TUNGSTEN
WITH 3,5-DINITROPYROCATECHOL AND BRILLIANT GREEN
IN POTASSIUM HYDROXIDE

The complex WO;~ with 3,5-dinitropyrocatechol reacts with bril-
liant green to form an ionic association with the component ratio
of 1:2:2, which is floated at the inierface between water and petro-
leum ether. When chloroform is added to the ether, the floated pre-
cipitate of the association completely dissolves. The molar extinction
coefficient of the association in chleroform is'1.32 x 10 at 646 nm.
The Bouguer-Lambert-Beer law holds for the range of W concentra-

. tions from 0 to 6 pg in { ml. The method is used to determine tung-
sten in potassium hydroxide.

Reagents

Sodium tungsiate, standard solution. 1 ml is equivalent to 10 pg of tungsten.
3,5-Dinitropyrocatechol. 0.01 M solution in ethyl alcohol,

Brilliant green, 0.01 M solution in 25 per cent alcohol-water mixture,
Petroleum ether.

Chloroform.

Sulphuric acid, diluted 1 :1 and 0.1 N solution.

Constructing a Calibration Curve

Place 1, 2, 3, 4 and 5 ml of the standard solution of sodium tungstato in sep-
arating funnels, adjust the pH of the solution to 0.1 N H80,, add 0.8 ml of
dinitropyrocatechol sclution, 2 ml of brilliant green solution, and allow the
salution to stand for 30 miputes. Shake the soclution with 5 ml of petroleum
ether and separate the lower layer. Wash the ether layer with the floated pre-
cipitate of the association with 0.4 A& sulphuric acid using two 5-ml portions,
each time shaking for 10-15 seconds. Place the extract in & 25-ml volumetric
flask, rinse the separating funnel soveral times with chloroform and add the
washings to the flask contents. Add chloroform to the mark and measure the
absorption of the solution at 646 nm against a blank exiract. Construct the
calibration curve using the data obtained.

Procedure

Dissolve 10 g of KOH in 20 ml of water, neutralize the solution with
sulphuric acid (1:1) and adjust the acidity to 0.1 N (sulphuric acid).
Tranpsfer the solution into a separating funnel and proceed as for the
construction of the calibration curve. Determine the tungsten con-
tent from the calibration curve.

251



PHOTOMETRIC DETERMINATION OF TUNGSTEN WITH
SULPHONITROPHENOL M IN STEEL AND NICKEL ALLOYS

Sulphonitrophenol M reacts with WVT in the presence of H,0,
in 0.1-0.5 N hydrochloric acid solution to form a compound with the
absorption maxima at 580 and 630 nm, The molar ratio of the com-
ponents in the complex is 1:1, the molar extinction coefficient,
3.5 X 10% (630 nm). With the recommended wavelength of 650 nm,
the molar extinction coefficient is 3.1 % 10% The colour develops in
the course of one hour, after which the ahsorption of the solution
stays invariable for a long time. The optimum quantities of the
reagent and hydrogen peroxide are 20-25-fold with respect to tung-
sten. The solutions obey the Bouguer Lambert-Beer law within the
range of tungsten concentrations from 10 to 60 ug in 25 ml. If no
masking substances are used, Mo, Felll, Cull and oxalates interfere
with the determination in 0.1 N solutions of hydrochloric acid.
6.0 mg of EDTA, 0.2 mg of tartaric acid, 0.25 mg of fluoride ion
and also the parenthesized quantities (multiple masses) of the follow-
ing elements do not interfere with the determination: Na (10%),
K (5 X 10%), Mn (500), Zn and NH; (100), Re (80}, Pb (20), Co and
Ni (12), Al, Ta (10), La (4) and Nb (0.4). 20-fold quantities of Ti
and Zr do-not interfere in the presence of EDTA. The components of
steel and nickel alloys do not interfere with the determination of
. &£ 35-6 per cent of Mo in the presence of hexametaphosphate, The
method is used for the determination of 1.5-6.3 per cent of W in
nickel alloys, the relative error of determination being 1-3 per cent.

Reagenis

Tungsten, standard soletion. 1 ml is equivalent to 10 pg of tungsten. Prepare
a 1 per cent NaOR solution.

Background solution. Dissolve 0.4 g of alloy with the composition similar to
that of the alloy in question and dilute with water to 100 ml.

Acetate buffer solution, pH 4.5. Mix equal volumes of 1 M solutions of CH,COOH
and CHZCOONa.

Hydrogen peroxride, 0.1 per cent solution.

Sodium hexameinphosphate, 8 per cent snlution.

Hydrochloric acid, density 1.19 g/eu.cm.

Sulphonitrophenol M, (.02 percent sclution in a mixture (1 : 4) of acetone and
water.

Constructing a Calidration Curve

Place 1, 2, 3, 4 and 5 ml of the standard solution of tungsten in 25-m] volum-
etric flasks containing { ml of the backgreund solution. Add 2.5 ml of the buffer
solution, 1 ml of hydrogen peroxide, 0.1 ml of sodium hexametaphosphate and
dilate with water to 15 ml. Add 2 ml of hydrechloric acid, 5 ml of sulphonitro-
phenol M and water to the mark. Allow tﬁe solutions to stand for an hour and
measure the absorption at 630-B50 nm (I1,= 3 cm) against a blank sclution.
Construct the calibration curve using the data obtained.

Procedure

Dissolve a sample of the alloy weighing 0.1 g by a suitable method,
transfer the solution quantitatively into a 100-ml volumetric flask
and add water to the mark. Transfer an aliquot (1 ml) inta a 25-ml

252



volumetric flask, add 2.5 m] of the acetate bufler solution, and
proceed as for the construction of the calibration curve. Determine
the tungsten content from the calibration curve.

PHOTOMETRIC bETERMINAT[ON OF TUNGSTEN
IN ZIRCONIUM WITH SALICYLFLUORONE

Salicyliluorone reacts with W¥I to form a red compound. The
solution of the reagent in a 7 per cent aqueous solution of ethyl
aleohol has the absorption maximum at 468 nm. The absorption
maxima of the compound with W¥I are at 475 and 560 nm, the
molar extinction coefficient being 2.55 X 10* and the optimum pH,
0.5-3. The component ratio in the complex is 1:1, the constant of
formation, 5.5 X 10-% The reagent is used for the photometric
determination of tungsten in steel, vamadium, V,0,, ammonium
vanadate, caustic alkalies, steel, aluminium, zirconium and its
salts. The maximum sensitivity is 1 X 10-% per cent of W. To
remove the interfering effect of the accompanying ions, tungsten is
first extracted as the benzhydroxamate by a mixture (1:1) of isobutyl
aleohol and chloroform. 100 ug of Sn, Ti, Zr, Th, Bi, and In, 20 pg
of Nb, 40 pg of Ta, 10 pg oFMo and 500 ug of Sb do not interfere
with the determination of 2-9 ug of W. Ge and Ga interfere. When
=21 X 10-* per cent of W is determined (the variation coefficient 1}
in zirconium and its salts, tungsten is extracted as the benzhydroxam-
ate from solutions containing EDTA. But orly 77 per cent of the
total tungsten are extracted and the quantity found from the calib-
ration curve should therefore be multiplied by the factor of 1.3 to
find the true tungsten content of the aliquot. When tungsten is
determined in the presence of EDTA as the masking agent, 1.5 X 108-
fold quantity of zirconium does not interfere.

Reagents

Acid mixture (1: 3), consists of hydrochloric acid, density 1.18 g/eu.cm and
nitric acid, density 1.4 g/cu.cm.

Hydrochlorie acid, density 1.19 gfeu.em, 1, 2, and 4 M solutions.

EDTA, erystals and 0.05 per cent sclution, '

Potassium benzhydroramate, 4 per cent solution.

Mizture of isobulanol and chloroform (1 : 1),

Ascorbic actd, crystalline. :

Sodium carbonate, 2 per cent sclution.

Potassium chlorate, saturated solution.

Sodtum citrate, 0.01 M solution,

Thioglycolic acid, 10 per cent solution. _ _

Buffer solution, pH 2.54, Mix 9 ml of 0.01 M solution of glycol with 48.%4 ml
of 0.4 M hydrochloric acid. .

Ammonium fluoride, 1 per cent solution,

Salicylfiuorone, 1 per cent alcohol solutiop in 0.03 M hydrochloric acid.
Turgsten, standard solution, 1 ml is equivalent to 2 pg of tungsten.
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Constructing a Celibraticn Curve

Place 1, 2, 3, 4 and 5 ml of the standard solution of tungsten into 25-ml vol-
umetric flesks, add 0.2 ml of £ M hydrochlorie acid, 0.2 mi of sodium citrate
solution, { ] of EDTA solatien, 0.5 ml of thioglycolic acid, 10 ml of buffer
solution, 1 ml of ammonium flueride solution and 1 ml of salicylflzorone solu-
tion into each fiask. Mix thoroughly after adding each new component, Add
the buffer solution to the mark, allow the solutions to stand for two hours and
. measure their absorption at 530 nm in a cell with the light path of 5 ¢cm against
a Dlank solution. Consiruct the calibration curve using the data obtained.

Procedure

Dissolve 0.5-1 g of zirconium in a mixture of acids, evaporate to
dryness on a water hath, treat the residue with hydrechloric acid,
density 1.19 g/eu.cm, and cvaporate to dryness again. Dissolve the
residue in 25 ml of 2 }f hydrochloric acid. Add 2 g of EDTA to the
solution and boil for 10 minutes. Cool the solution, add 32 ml of
hydrochloric acid, density 1.19 gfcu.em, 5 ml of potassium benzhyd-
roxamate solulion and dilute with water to 100 ml. Extract the
solution twe times with two 10-m! portlions of chloroform mixiure
with iscbutanol for two minutes each time and allow ihe mixiure
to settle for at least 5 minutes after each extraction. Join the extracts,
wash them willy 40 ml of 4 M hydrochloric acid in a separating funnel
(adding a small quantity of aserrhic acid} and evaporate io dryness
in a platinum dish. Add 1 ml of Na,CO,4 solution, 0.2 ml of potas-
sium chlorate solutien to the dry residue, evaporaie the mixture,
dry slightly, and fusé it quickly in a muffle furnace at 800-300°C.
Dissolve the melt in a small portion of water, transfer the solution
into a 25-ml volumetric flask and proceed as for the construction of
the calibration curve. Multiply the quantity of tungsten found in
the calibration graph by the factor 1.3 to determine the true tung-
sten content in the sample,

POLAROGRAPHIC DETERMINATION OF TUNGSTEN IN NIOBIUM,
TANTALUM AND THEIR COMPOUNDS

The method is based on polarography of WVI in 18 M solution of
puosphoric acid, using an A.C. pelarograph with a dropping mercury
electrode. The peak potential of W is 0.75 V against the bottom
mercury.

Reagents

Fungsten, standard solution. 1 w1 is equivalent to 0.1 mg of tungsten. Prepare
the solution by dissolving tungsten metal.

Phosphoric acid, concentrated.

HNydrofluoric acid, 40 per cent solution.

Nitrie acid, density 1.4 gleu.cm.
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Procedure

Dissolve the metal or its oxide (0.1-0.3 g) in HF containing IINO,
in a platinum dish with heating. Evaporate the solution to the
minimum velume, and 25 m] of phosphoric acid and heat for 40 min-
utes to remove completely HF, NO, and H,0. Cool the solution,
dilute it with water, transfer in a 530-ml volumetric flask, and add
water to the mark. Transfer an aliquot into a polarographic cell
and carry out A.C. polarography in the range from —0.6 to —1 V.,
Determine the tungsten content from the calibration curve, con-
structed for the range of tungsten concentrations from 0.02 teo
0.1 mg/ml against the background of the base.
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Rhenium

Rhenium, Re, has the positive valency of 3, 4, 5, 6 and 7. The com-
pounds of heptavalent rhenium (perrhenates) and of tetravalent
rhenium are of the greatest importance in analytical chemistry.
The valency of rhenium in many of its compounds formed by the
reaction of potassium perrhenate with analytical reagents is not yet
known.

The chemical properties of rhenium are similar to those of molyb-
denum. The compounds of hepta- and tetravalent rhenium are, in
some respects, similar {0 the corresponding compounds of manga-
nese. _

The standard electrode potentials in an aqueous medium at 25°C
are as follows (with reference to the standard hydrogen electrode):

Re?*4-2H,0 == ReQ,;44H*}-e +-0.457 Vv
Re = Re¥* 4 3 —+0.300 V
Red* - 4H,0 == ReQ[ J-BH* 4 42— -+ 0.422 V
ReQ,+ 2H,0 = ReQg44H* 3e~ 40040 ¥V
Re?* +4H,0 = ReQ§ 4 8H*+ 3¢ +0.795 Vv

Bhenium metal is insoluble in hydrochloric, bydrofluoric and dilute
sulphurie acids. It is easily soluble in nitric acid with oxidation to
HReQ,. When fused with caustic alkali, it forms brown-green ions
of the rhenate ReQ? (similer to MnO:") which are disproportioned
immediately in an agueous solution with the formation of coleurless
ions of perrhenate ReQ; and black ReQ,:

3Re0j~ + 2H0 = 2ReQ; + Re0,+ 40H-

Rhenium oxide, ReQ,, is stable and resembles MnO,. But unlike
MnQ, it dissolves in concentrated hydrochloric acid to form the
chloride complex of rhenium (IV), chlororrhenate, H {ReCl,].

Rhenium (V) compounds are slowly disproportiogied in solutiox‘.
to form compounds of ReV!! and RelV. Oxalate and tartrate com-

_plexes are known for rhenium (V). :

The oxidizing propertiés of perrhenates are much weaker than
those of permanganates. Reduction reactions are characteristic of
ReO;. Relatively “weak reductants (SQ,, NaH,) probably reduce
rhenium {VII) to its hexavalent state to give yellow colour to the
solutions, More energetic Jeduotants (SnCl,, Zn} reduce the ReO;
jons to a greater extent in a hydrochloric acid medium and the sola-
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tions first turn brown and then green. A black turbidity (ReQ,-nH,0)
can finally develop or the solution can hecome colourless.

Liquid amalgams of zine, cadmium, lead and bismuth reduce the
perrhenate ion in sulphuric acid or hydrochloric acid solutions to
the ions of rhenium in its various states [1]. _

Amalgamated bismuth reduces heptavalent rhenium to its pen-
tavalent state in a medium of 3.5-9 M H,50, and to the valency
state close to 4 in solutions containing over 2 mole/! of hydrochloric
acid {1l

In titrimetric determination {1, 2], the ion of heptavalent rhe-
nium is reduced in ten minutes to the ion of ReV in a medium of
18 N sulphuric acid by 2-3 per cent amalgamated bismuth in carbon
dioxide atmosphere. The amalgam is then separated and the ReY
ion is titrated with K,Cr,0, solution in the presence of N-pheny-
lanthranilic acid or Ce(50,), solution. Satisfactory results are obtain-
ed with the determination of 4-11 mg of Re. It is recommended that
excess Fe,(S0,), be added to the sulphuric acid solution contain-
ing the ion of Re (V), with subsequent titration of the formed farrous
ion with Ce(SO,), solution.

The perrhenate ion is reduced guantitatively [3-5] to RelV ion
by CrSO, selution in a medium of 4-12 ¥ sulphuric acid at 60-70°C or
in a medium of 8 ¥ hydrochloric acid.

Solutions of chromous salts are used for potentiometric titration
of heptavalent rhenium.

Mercurous salts (nitrate or perchlorate) reduce [6] the ReQ; ion
in hydrochleric acid to the ion of tetravalert rhenium. Reduction
does not occur in a 0.5-1 N sulphuric acid in the presenmce of the
thiocyanate ion. It begins only in 3 N H,50,. The molybdate ion
is reduced in these conditions and the formed molybdenum-thiscya-
nate complex is extracted with ethyl ether. This reaction is used for
the sapsration of molybdenum from rhenium.

The reduction of ReO; ion with stannous chloride in the presence
of potassium thiocyanide gives a yellow componund extractable
with ethyl ether (like MoO3"). The valency of rhenium in this com-
pound is not determined. The formation of the thiocyanate compound
of rhenium underlies various photometric methods for the determi-
nation of this elemant. The thiocyanate method is used for the deter-
mminition of 0.0001-0.01 per ceat of Re in ores, molyhdenite and
concentrates {7]. The material in question ia sintered with Ca0
and KMnQO, or fused with CaO and Naj0,. fibeninm is then separat-
od from the interfering elements by extraction. with methy: ethyl
ketone from a 5 N solution of NaOH. The thiocyanate compound of
rhenium is extracted by n-butyl alcohol. The sensitivity of the’
method is 2 pg of Re in 20 ml of n-butanol. The thiocyanate meth-
od is used also for the determination of rhenium in molybdenum
and tungsten-containing alloys [S-10] and in molybdenite (6, 11].

Hydrogen sulphide precipitates the heptasulphide He,S, from
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strong hydrochloric acid solutions of ReVI! salts (4 & HCI), espe-
cially with heating. Sulphides of rhenium in its lower valency
states are also precipitated by this reaciion. The precipitate is hlack.
It is readily soluble in HNOj with the formation of HReO,. Hydro-
gen sulphide precipitates rhenium sulphide from an alkaline solu-
tion very slowly and only on standing. The sulphide precipitate is
sparingly soluble in solutions of ammonium polysulphide. Pure
Re,S; is formed by reacting perrhenate solution with excess sodium
sulphide or ammonium sulphide, great excess of ammonium sulphate
(20-25 g) and hydrochlorie acid (to adjust its concentration to 6 &)
with subsequent heating to boiling [12]). The precipitate of Re,S,
islwashed, dried, and weighed. The method gives satisfactory re-
sults, '

Perrhenic acid, HReO,, is strong. The ion ReQ; is colourless.
Perrhenates of thallium (I), silver, cesium, rubidium and potas-
sium are sparingly soluble in water. The selubility of KReO, is
0.95 g/l. Perrhenates of sodium and ammonium (lihe perchlorates)
are relatively well soluble. The anions ReO; form sparingly soluble
compounds with large organic cations {tetraphenylarsenium, nitron,
2,2 2"tripyridyl, methylene blue, methyl viclet, rhodamine
6G, butyl rhodamine B, and others). The obtained compounds are
soluble in various organic salvents. This is used for the separation,
gravimetric and especially photometric determination of rhenium.

Tetraphenylarsonium chloride precipitates gquantitatively the
ion ReO] at pH 8-9. The formed precipitate is extractable with
chloroform [13, 14]. The molybdate ion is not precipitated in these
conditions and remains-in the agqueous phase when the chloroform
extract is shaken with 6 & HCl, the ReO; ion passes into the aque-
ous phase. A coloured thiocyanide complex of rhenium is formed
in the aqueous phase (without separating the chloroform layer) by
successive addition of NaS8CN and SnCl;-2H,0 solutions. Iscamyl
alcohol is then added, the thiocyanide complex is extracted, and
its absorption measured at 430 nm. Good results are attained with
the determination of 0.01-0.1 mg of Re in solution containing 0.07 g
of molybdenum. The procedure continues for two hours.

From 0.1 to 10 per cent of Re can be determined in alloys contain-
ing molybdenum and tungsten. The method consists in extraction
of tetraphenylarsonium perrhenate from a citrate-containing solu-
tion (pH 8-9) by chloroform with subsequent measurement of the
absorption at 255 nm against chloroform as the standard [15]. The
ions of tin, permarganate, perchlorate, bromide and fluoride inter-
fere. Tetraphenylarsonium chloride is also used for the gravimetric
determination of rhenium.

In the presence of methylene blue, the perrhenate ion is extracted
by ethyl acetate. In the presence of methyl violet, the ion is ex-
tracted by ethyl acetate from neutral or ammonia solution and by
chloroform or ethyl acetate from sulphuric acid solutions [16], In
the extraction-photometric method, the perrhenate compound with

258



methyl violet is extracted from neutral solutions by ethyl acetate
[16], benzene or toluene [17].

Antipyrine dyes are very sensitive and are used for the extrac-
tion-photometric determination of rhenium in ores [18, 19].

Bhodamine 6G reacts with the perrhenate ion in a medium of
0.5-1.5 N sulphuric acid to form a compound extractable with
benzene. The extract gives an orange fluorescence [20]. The fluores-
cance spactrum is a structureless band with the maximum at 550-
560 nm. When the rhenium compouad is extracted from the aquecus
solution (10-25 ml) with 6 ml of benzene, from 1 to 30 pg of Re can
be determined. Relatively large quantities of the Hg!! ions inter-
fere with the determination since they glso form an extractable and
fluorescing compound. The intensity of flucrescence of the rhenium
compound decreases in the presence of ions of gold (III), chromate,
permanganate and tungstate. The ions of antimony and uranium,
in quantity of 510 mg, intensify fluorescence of 5 pg of Re by 30-
40 per cent. The ion of Mo (25-30 mg) does not interfere. Gallium,
indium, and thallium react with rhodamine 6G in the presence of
the halide ions to form fluorescing complexes ecxtractable with ben-
zene. The halide ions should therefore be absent from the solution
during the determinaticon of rhenium.

-‘Butyl rhodamine B reacts with the perrhenic acid ion in a medium
of 5 N sulphuric acid or 3 M phosphoric acid-to give a coloured
compound extractable with benzene [21]. The absorption of the
obtained extiract is measured and the rhenium content is determined.
The method can be used for the deftermination of rhenium in ores,
The sample is sintered with Mg0 and KMnO,. Vanadium, tungsten
and mercury (interfering elements) remain in the insoluble precipi-
tate and have no effect on the results of the determination. The
sensitivity of the method (sample weighing 2 g) is 0.002. per
cent. . '

Dimethyl glyoxime, a-furildioxime and other oximes react with
the reduced (by SnCl,) perrhenate to form a red compound of inde-
finite composition. The coloured compound formed by o-furildio-
xime is extractable with cyclohexanone. The oximes aro used for
the detection and photometric determination of rhenium [22, 23).

Thiocarbamide reacts with the compound of rheniuvm of lower
valency to form a coloured compound [24, 25]. The compound. is
formed when thiocarbamide and then SnCl,-2H,0 solution in
hydrochloric acid are added to the solution of perrhenic acid inhyds:
rochloric acid. Thiocarbamide is used for the photometric determi-
nation of rhenium [24, 26]. ' .

8-Mercaptoquinoline (thiooxine) reacts with the perrhenste ion
to form various coloured compoiunds [27] (depending on the acidity).
The valency of rhenium &nd the coruposition of the formed compounds
‘are not yet established.. A very stable compound of rbenium with
the reagent (formed. in 5-12 N HCL) is used for the extraction-photo-
metric determination of small quaptities of rhenium. The. reagent
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is used for the extraction-photometric determination of 0.05-7 per
cent of rhenium in titanium ailoys [28].

Diphenyl carbazide reacts with the ion of perrhenic acid in a me-
dium of 8 ¥ HCI to form a coloured compound extractable with
choloroform [29]. The absorption of the extract is measured at
540 nm. The following ions do net interfere with photometric deter-
mination: Cd, Ag, Bi, Zn, Mn, Al, Fe, Aul, CrIlf, W, Ti, Co, Ni,
Zr and Nb. Cu, Se, V, and Mo, as well as oxidants interfere. Diphe-
ny! carbazide can be used to determine rhenium in some alloys
without its preliminary separation. The sensitivity of determination
is 0.1 pg of Re in 1 ml.

When 2,4-diphenyl thiosemicarbazide is added to a warm (80°C)
solution of potassivm perrhenate in about 6 ¥ HCI or 14-16 ¥ H,S0,,
an intense red colour develops [30). The formed coloured compound
is easy to extract with chlornform. The absorption maximum &f the
vxtract is at 540 nm. The intensity of the colour of the aqueous solu-
tion or of the chloroform extract persists for several hours without.
appreciable changes. The nature of the compound is obscure. The
compounds of tetravalent rhenium (K,ReCl;) do not form coloured
compounds with the reagent. The photometric methods employin;
2,4-diphenyl thioscmicarbazide can be used to determine less tha
50 pg of Re in 10 ml of solution. Moderate quantity of the molybdate
ion does not interfere with the determination under special condi-
tions.

Thioglycolic acid reacts with ReVI! in an acid medium to reduce
rhenium to its lower valency with subsequent formation of a pink
chmplex suitable for the photometric determination of rhenium. As
a rile, stannous chloride is used as the reductant [31, 32]. An ionic
association is formed in the presence of diantipyrylmethane. It is
soluble in a mixture of isoamyl alecohol and chloroform.

Rhenium compounds show catalytic propertias. Traces of rhenium

. cataiyze the reduction of tellurate with stannous chloride.

NayTeO, -+ 3nCly +-B8HCl = To -+ 380Cl, 4+ 2NaC +4H,0

The reaction does not practically proceed in the absence of rhe-
nium compounds in the solution. Black tellurium which is liberated
in this reaction remains in solution in the presence of a protective
colloid. The proposed photometric method can determinve from 0.1
to 0.001 ug of thenium in 1.5 ml of solution 133, 34]. The absorption
of the obtained colloida! solutions depends on the concentration of
the reactants, the duration of the reaction, and the presence of other
electrolytes. All these factors are important for the determination
of rhonium. If the molybdate ion is present in relatively large quan-
tities, it catalyzes the above reaction and should therefore be sepa-
rated. Rhenium is separated from the greater part of molybdenum
by sintering the sample with calcium oxide and calcium nitrate
at 700-800°C with subsequent treatment with water. Almost ail
rhenium passes into solution while molybdenum remains in the
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precipitate as CaMoO,. The remaining molybdenum is then separaied
from rhenium by chloroform extraction in the form of 8-hydroxyqui-
nolinate. The method can be uwsed tu determine ten thousandth
f;;ction]s of a per cent of rhenium in molybdenite [34] and rock

, dal. .

The ion of rhenium (VII) can be determined polarographically.
Its reduction on a dropping-mercury electrode is a complicated
process [36]. Good results are attained [37] with polarography of the
perrhenate ion against the background of a 4 N solution of HCI or
4 N HCIO; in the presence of 0.005 per cent of gelatin and against
the background of a 5 N solution of sulphuric acid.

When rhenium is determnined in various materials it should, in
most cases, be [irst concentraled either by distillation from acid
solutions, or by extraction with various crganic solvents, or else by
precipitation with hydrogen sulphide in an acid medium in the
presence of the salts of copper, osmium, mercury and arsenic. The
molybdenum (VI) ion is precipitated with -ferric hydroxide at
pH 5-7.5.

Good results are aitained with thioacetamide which is used for
concentration of rhenium as the sulphide. When sulphuric acid
solutions of potassium perrhenate containing thicacetamide are
heated, a black substance, whose composition is close to Re,S,,
is precipitated {38). The precipitate is easy to separate by filtration.
When contained in the concentrations over 10 mg/l, rhenium can be
precipitated quantitatively from 2-6 N solutions of sulphuric acid.
Smaller quantities of thenium are separated by coprecipitation with
sulphides of copper and mercury from a 3 N solution of sulphuric
acid. It is possible to precipitate 5 pg of Re from 500 ml of solution.
(as sulphate) in the presence of 100 mg of copper.

The methods of separation of rhenium and molybdenum are of
great importance. Methods based on volatility of Re,0, in HCl cuxr-
rent, on the precipitation of molybdenum with w-benzoin oxime
and other organic reagents, on the extraction of molybdenum ecom-
pounds (e.g. with ethyl xanthogenate or thiocyanide), or rhenium
compounds, are available, Many modifications of chromatographic
separation of rhenium and molybdenum have been suggested. All
these methods take much time, are complicated, and the results
are not always satisfactory. Sintering with CaQO is used to separate
the major part of molybdenum during decomposition of molybde-
nem minerals. Sparingly soluble calcium molybdate is formed in
this reaction. Subsequent leaching partly dissolves it together with
perrhenate. Rhenium can be determined directly in the obtained
solution by the thiocyanide method without separating small amounts
of molybdenum, the concentration of HCl being 5 N (the thiocyanide
complex of molybdenum is unstable at higher mncid concentration).

The literature contains the review of the anslytical methods for
rheninm [39, 40).



GRAVIMETRIC DETERMINATION OF RHENIUM
AS TETRAPHENYLARSONIUM PERRHENATE

Tetraphenylarsonium chloride precipitates gquantitatively the
ion ReQ; within a wide range of acidities (from 5 M HCl to 6 M
NH,). The ions Hg?+, Bi®*, Pb?+, Ag*, Snll, VO, and algo MnOj,
ClO7, IO, I-, Br-, F-, "and S3CN- interfere with the determination.
Vanadates and tungstates do not interfere. Molybdates do not inter-
fere if rhenium is precipitated from ammonia solutions or if 0.6 M
tartaric acid is present.

Reagents

Tetraphenylarsenium chloride, 1 per cent solution,
Sodium chloride, crystalline,

Procedure

Add sodium chloride to 5-25 ml of a hot solution of perrhenats (con-
taining 0.5-100 mg of Re) to adjust the salt concentration to 0.5 N.
Add the reagent with stirring until the precipitation process stops.
Stir the mixture, cool, and allow to stand for a few hours. Separate
the precipitate on a glass filter No. 3, wash several times with ice-
cold water, dry at 110°C and weigh as (C,H;),AsReQ,. The conver-
sion factor for ReQ, is 0.3052. '

POYENTIOMETRIC DETERMINATION OF RHENIUM
IN 'ALLOYS

The method is based on the reduction of the perrhenate ion
RelY by a standard solution of a chromous salt:

ReO; +4H*+ 3¢ —> ReOy+-2H,0

The titration of ReV!! is carried out in a hot (60-70°C) solution
of sulphuric acid (4 N) in the presence of a small quantity of potas-
siym iodide as a catalyst. The equivalence point is detscted with
a platinum electrode (the reference electrode is a saturated calomel
half-cell). Equal quantity of molybdenum does not interfere with
the determination. The ioms Fe*; Ti*t, Cr**, V, Ni**, Co**, Nb
and Cu?, which interfere with the détermination, can be easily
separated Yy precipitation with ammonia or alkali.

The method can be used to determine over 0.5 per cent of Re in
alloys with a relative error of 1-3 per cent.

. Reagenis

Chromous sulphate, 0.4 N molution. See Sec. Potentiometrls Determination
of Tungsten with Chromous Salts Isi' Scheelite Concentrate (page 243)..
Hydrothloric acid, density 1.9 g/ed.am.

Nitric acid, density 1.4 g/cv.em. .
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Sulphuric acid, density 1.84 glen.cm,
Ammonia, :o]uhon. density 0.9 gfcu.cm.
Sodium hydroxide, D per cent solution.
Potassium iodide, crystalline.

Procedure

Dissolve with heating, a sample of an alloy weighing 0.5 g in a mix-
ture of 5 m! of hydrochloric and 5 ml of nitric acids. Evaporate the
solution on a water bath to 2-3 ml, add a small amount of water,
2 ml of sulphuric acid and evapora[‘.e again, first an a water bath ard
then on a hotplate (gentle heating) to fumes of sulphuric acid. Dis-
solve the residue in 50 m! of water with heating, precipitate the
hydroxides with ammonia (for Re alloys with Fe, Cr, V, Ti, and Nb)
or sodium hydroxide solution (for Re alloys with Co, Ni and Cu).
Evaporate the filtrate to a small volume, neutralize with sulphuric
acid to litmus, add sulphuric acid to 56 N concentration (7 ml of
the acid per each 50 ml of the final volume of the selution) and dilute
with water in a 530-ml volumetric flask.

Transfer an aliquot (5, 10, or 20 ml, depending ox the Re concen-
tration) into a sealed cell for potentiometric titration and pass
a nitrogen current through it. Heat the solution to 80°C, add 1 mg
of potassium iodide into the cell and titrate with chromium sul-
phate solution, first adding it in 1-ml portions, and as the point of
equivalence is approached, decrease the portion to 3.1 ml. Continue
the titration in the presence of the molybdenum ion to the second
jump of the potential. The amount of the solution spent for titration
of Re is equivalent to the difference in volumes of CtSO, betwepn
the second and the first jump of the potentials. 1 ml of a 0.100 N
solution of Cr30; is equivalent to 6.210 mg of Re.

PHOTOMETRIC DETERMINATION OF RHENIUM BY THE
THIGCYANIDE METHOD IN MOLYBDENUM AND TUNGSTEN ALLOYS

The method is based on the measurement of the absorption of
yellow-orange solutions of the thiocyanide complex of rherium whose
formula is probably K,[ReO4(SCN),l. Rhenium (VII) is reduced:
with stannous chloride in a hydrochloric acid medium. The absorp-
tion maximum of the solutions is at 420 nm. V, Ga, Ge, In, Ir, Co,
Ni, Os, Ru, Pb, T1, Cr,.V, and Ce in quantities loss than 2 mg do not
:nterfere with t.he det.ermmatlon MoV! and WVT intérfere. They are
soparated chromatographically, the method beinrg based on sorp-
tion of the anions of phosphomolyhdic and phosphotungstic hetero-
polyacids from a medium of 2 M phosphoric acid by the anion-ex-
change resin 3/[9-10 in the PO}~ form. Rheninm (V II} is not sorbed
in this process.



Reagents

KReO,, standard solution. 1 ml is equivalent to 10 pg of Re.

Potassium thiocyanide, 20 per cent solution.

Starnnous chloride, 35 per cent solution. Disselve 350 g of SnCl, -2H,0 in 200 m)
of l;yclimchloric acid (1 : 1), coel the solution and dilute with Doiled water
to itre. .

Hydrochloric acid, density 1.19 g/cu.cm. _

Acid mizture, concentrated nitric and hydrochloric acids (11 3).
Ammonia, concentrated solution.

Phosphoric acid, concentrated and 2 M solution,

Hydregen peroride, 30 per cent solution.

Constructing a Calibration Curve

Place 1, 2, 3, 4 and 5 ml of standard solution of rhenium inty 25-ml valu-
metric flasks, add 10 ml of hydrochloric acid, 4 m} of 2 M phosphoric acid into
each flask, and dilute the solutions with water to 20 ml. Cool the solutions in
a stream of cold water and add 2 m! of potassium thiocyanide solution and 1 ml
of stannous chloride sclution into the flasks. Mix the solutions thoroughly
after adding each new reagent. Add water to the mark and measure the absorp-
tion of sach solution on an absorptiometer, model ©®3K-M, using a blue optical
filter, Comstruct the calibration curve using the data ohtaina%.

Procedury

Dissolve a sample of alloy weighing 1 g in 30 m] of the acid mixture
and evaporate on a water bath two times: first after adding 10-45 ml
of hydrochloric acid and then after adding water. Dissolve the dry
residue in 10-15 ml of ammonia solution and add concentrated phos-
phoric acid to an acid reaction. To ensure complete dissolution of
-tungsten, add 30 per cent hydrogen peroxide solution and boil to
destroy its excess. Transfer the solution into a 200-m! volumetrie
flask and add water to the mark.

Pass 5 ml of the obtazined solution through a chromatographic
column (20 cm long, 6 cm in dia.) filled with anion-exchange resin
9M13-10 in the PO~ form. Next wash the column with a 2 Af solu-
tion of phosphoric acid. Collect 40 m! of the eluate issuing at a rate
of one drop every 15 seconds. Place the eluate containing rhenium
into a 50- or 100-ml volumetric flask and add 2 Af H,PO, to the
mark.

Take 5 ml of the solution for the photometric determination of
rhenium and proceed as for the construction of ihe calibration curve.

" Determine the rhenium content from the calibration curve.

PHOTOMETRIC DETERMINATION OF RHENIUM
IN MOLYBDENITE BY THE THIOCYANIDE METHOD

The colour of the molybdenum thiocyanide complex in & 5 M
solution of hydrochloric acid is unstable (as distinct from the colour
of the rhenium thiocyanide complex). In ten minutes the absorp-

“tion of the molybdenum complex solution decreases sharply to a
degree at which molybdenum contained in the quantity of less than
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100 pg in 25 ml of solution does not practically have any effect on
the determination of 4-175 ug of Re. To increase the sensitivity of
determination, FeCl, should be added to the solution.

Reagenis

KReO,, stardard solution. 1 ml is equivalent to 20 pg of Re.

Potassium permanganate, crystalline.

Celcium ozide, prepare immediately before the test.

Hydrochlorte acid, density 1.19 glcu.em.

Ferric chloride, 6 per cent solution,

Potassium thiocyanide, 20 per cent solution, )

Stannous chioride, SnCl, 2H,Q, 35 per cent solution {see the previous section).

Constructing a Calibration Curve

Place 1, 2, 3, 4 and 5 ml of KReQ, standard solution into separate 25-ml
volumaetric Nasks, add 10 m! of hydrochloric acid, 0.5 ml of FeCl, and 2 ml
of KSCN solution into each flask. Cool the solutions, add 1 ml of 5nCl; -2H.O
solution, water to the mark, and allow to stand for 30 minutes. Measure the
absorption of the solutions on an absorptiometer with a blue optical flter
(a light path, { cm). Construct the calibration curve using the data obtained.

Procedure

Mix a sample of molybdenite weighing 0.3-3 g with 0.2 g of KMnO,
in a porcelain crucible. Add 2-4 g of CaO (calcined before the test)
and mix again. Cover the mixture with 1.0-2.0 g of calcium oxide
and place the crucible in a cold muifle furnace. Raise slowly the
temperature in the furnace to 650-700°C and maintain it at this
level for two hours. Cool the crucible and leach its contents with
40-50 ml of water for an hour with periodically stirring. Pass the
solution through a filter into a 100-m] volumetric flask. Wash the
precipitate on the filter 34 times with water and add water to the
filtrate to make 100 ml.

Transfer 10 ml of the obtained solution into a 25-ml volumetric
flask and proceed as for the construction of the calibration curve.
Determine the rhenium content from the calibration curve.

Note. Leaching witn water dissulve 03-98 per cent of ‘Re,”while the main
part of molybdenum remains ie the precipitate as CaMoO,. 100 ml of the filtrate
contains from 0.6 to 1.0 mg of Mo. The molybdenum content in the aliquot
decreases to 100 pg. But during the analysis of materials containing about
10-* per cent of He it is not reasonable to take an aliquot. The molybdenum
concentration is therelore decreased by adding BaCl, solution to the filtrate.
100 m) of the solution contain now 30 ug of Mo and less thap 3 p% of W, About
5-6 ml of 10 per cent solution of BaCl;-2H,0 are added to the filtrate and the
mixture is evaporaled to 35-40 ml. The precipitate is separated on a dense iilter
and washed two times with small portions of hot water. The filtrate and the
washings are collected in a 50-ml volumetric Dask. After dilution, 25 ml of
the solution are evaporated to 7-8 ml, trapnsierred into a 25-ml volumetric
flask, and the procedure is continued as described above.
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EXTRACTION-PHOTOMETRIC DETERMINATION OF RHENIUM
‘WITE METHYL VIOLET

The compound of methyl violet with the perrhenate ion at pkH
:3.5-5 is extracted with toluene. The extract has the absorption
maximum at 540 and 600 nm. The molar extinction coefficients are
2.80 x 10* and 3.95 X 10* respectively. Ti, Bi and Sb, as well asg
a 40-fold quantity of molybdenum, do not interfere with the deter-
mination of rhenjum. If Mo, W, Ta, Nb are contained in large quan-
tities sodiumjtartrate is added to the solution. The following anions
must be absent: NO7, C10;, Cl10;, CH,CO00-, SCN-, I-, Br-, MnOy,
PiCl¥, RuClL™, Ruéi', OsCly-, IrCl;~, AuCl;, Cr,0;" and CrOf.

The method can be used for the analysis of raw materials contain-
ing much Mo, W, Ta; Nb, Ti and Zr. The detectable minimum of
Re is 0.1 pg/ml.

Reagenis

Potassivm perrhenale, stendard solution. 1 m) is equivalent to 10 pg of rhenium,
Sodium tertrate, saturated solutiocn.

Methy! violet. 1 ml contains 30 mg of the reagent.

ZPoluene.

Calclum ozide, solid.

Sodlum rrolybdate, solution, Dissolve 2.522 g of NayMo0,:2H,0 in water in
a i-litre volumetric flask.

Hydrothlorte acld, diluted 4 : 3.

Hydrogen perozide, 30 per cent solution,

Constructing a Calibration Curve

Place 1, 2, 3, 4 and 5 ml of the potassium perrhenate standard solution into
separating funoels, and add 40 ml of water and 1.25 ml of sodium molyhdate
solution (if molybdenum-containing material is under examination), Add 5 ml
of sodium tartrate and water to 50 ml. Acidify the sclutions with hydrochlorie
acid to pH 4-4.6, add 14 drops of methyl violet and extract the coloured rhenium
compound 4-5 times with 45 ml portions of toluene (the last portion should
be iﬂlaurlasl:). Collect the extracts in a 50-ml volumetric flask and add toluene
to the mark. ;

Measure the absorption of the extracts by a model ©3H-M absorptiometer
with a green optical filter. Construct thecalibration curve vsing the iataobtained.

Procedure

Grind thoroughly a sample weighing 0.05-0.5g (molybdenum glance,
ferromolybdenum, molybdenum concentrate} containing 0.01-0.001
per cent of Re and mix with 3-5 weights of calcium oxide in a nickel
crucible. Sinter the mixture in a muffle furnace at 700-750°C for
3.5-4 hours, then cool and leach with water containing 1 ml of 30 per
cent hydrogen peroxide with heating on a hotplate for 5-10 minutes
to gentle boiling. Pass the hot solution through a white ribbon filter
and rinse the beaker walls and the filter severa! times with hot
water. Evaporate the filtrate in a porcelain dish to 30 ml, Cool
the sclution, filter agiin, collect the filtrate in a separating funnel
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and proceed as for the construction of the calibration curve, except
that do not add molybdate sclution. )
Determine the rhenium cootent from the calibration curve.

EXTRACTION-PHOTOMETRIC DETERMINATION
OF RIENIUM WITH THIOOXINE

Thicoxine reacts with the perrhenate ion in a strong acid medium
(8-11 &N HCI) to form a compound extractable by chloroform. The
maximum absorption of the extract is at 438 nm; the molar extine-
tion coefficient is 8.5 X 10%. The Bouguer-Lambert-Beer law holds
for the rhenium concentrations in the range from 1 to 40 ug in 1 ml
of chloroform.

Au, Pt (over 0.7 mg), Pd, Ru (over 1 mg), Us (over 0.15 mg),
Rl (uver 2 mg), Ir (over 10 mg) interfere with the determinaticn
of rhenium in a medium of 8-10 ¥ HCL Mo (100 mg), W (10 mg),
AsY (17 mg), Se and Te (3-3 mg), Cu (4-H mg), 301! («. & mg), SnlV
(<. 30 mg) and large amounts of Cr, Ni, Co, Zn, Ud, In, 8h, Bi,
Mn, U, Pb, TII. Ge, T, Nb, Ta, Ga, Al, Zr, and rare earths do not
interfere. The folluwing aniens do not interfere: Br-, 1-, F-, 80:-,
P0?- and ClO;. The ions NO; and AsO}” must be absent,

Reagents

Potassinm perrivenate, stancard solution. 1 mul i equivalent to 20 ay of rheninm.
Thicozine hydrochloride, G poer cent salution in concentrated hydrochloric acid.
Chinroinrns.

Hydrnckforic arid, density 1,19 gleu.em, and 9 ¥ snlution,

Constructing a Calibration Curve

Place 1. 2, 3, 4 and 3l of the KRot, standard solulion Ivlo 100-mi Frlen-
mever Rasks, add 10 inl of hydrochlarie acid, density 419 g/fenem, and 5 ml
ol thiosxine hydenclloride solutini inta each Rask. Heat or a hoiling lath
Yor three minttes (not mor), cool quickly in o stream ol wiler and transler
the solulion inte separating fuinel~. Add 10 ml of chioroinrm and shake. Allow
the liquids {0 separate. and pass the chlaralorm exirset through o laver of dry
glass woil intn o cell with a light path of 1 e Measure the absorption of the
extract by an abaorptiometer with a Elue optival filier, Construet the calibra-
tion curve using the data oblained.

Procedare

Treat the test sclution as for the constructicn of the calibration curve
excopt that if tervalent iron is present, wash the exlract with a
9 .V solution of HC! (22 wl of the acid containing 2.5 ml of the rea-
gent solution). Determine the rhenium concentration from the calib-
ration curve.

DIFFERENTIAL-SPECTROPHOTOMETRIC DETERMINATION
OF RHENIUM WITH THIQCARBAMIDE

Thiocarbamide reacts with rhenium (V) to form a soluble ¢oloured
compound. [ts sclutions obey the Bouguer-Lambert-Beer law in the
range of rhenium concentrations from 5 to 200 ug/m!l. The maximum
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absorption of the solutions is at 390 nm. The optimum conditions
for the formation of the complex are as follows: the concentration
of hydrochloric acid, 2.5-5 ¥; the conceatration of the reductant,
stannous chloride, 0.8-1 per cent; and of thiocarbamide, 1 per cent.
The colour develops in 20 minutes and persists for over 5 hours.

Rhenium can be determined in the presence of 50 pg of Mo and
100 pg of W. Cd, Bi, Hg, Se, Te and As interfere with the determina-
tion. The anions of hydrofluoric, citric, tartaric, and oxalic acid do
not interfere provided their concentration does not exceed 0.1 N,
The interfering efiect of ShI!! can be removed by adding fluorides.

A solution containing the sought elemont in high concentration
and all the necessary reagents is used as a blank solution in differ-
ential spectrophotometric determination. The method is used for
the analysis of objects containing rhenium in large quantity.

Reagents

Dotasstum perrhenate selution. 1 m] contains 10 mg of Re. Place 1.00 g of pure
rhenium metal in a beaker and dissolve in 25 ml of a 5 per cent nitric acid with
slightly heatiog. Transfer the solution into a 100-m! volumetric flask and add
water to the mark,

Thiocarbamide, 5 per cent solution. _
Starnous chloride, 20 per cent solution in concentrated hydrochloric acid.
Hydrochloric acid, demsity 1.49 gfeu.em and diluted 1:1.

Sodium hydroxide, solid,

Hydrofluoric acid, concentrated, 38-40 per cent solution.

Boric acid, crystalline. :

Hydrogen perorzide, 3 per cent solution.

Sedium wnitrate, crystalline,

Procecure

Dissolve alloys containing to 30 per cent of Re in a mixture of acids.
To that end, place 50-100 mg of alloy in a 150-ml beaker, add
10 ml of hydrochloric (1 : 1) and 4 ml of HF, and dissolve in the
cold. Add 4 g of boric acid to the solution and boil until the solu-
tion is almost completely colourless, adding water periodically so
that the solution volume is 50-80 ml. Cool the solution, transfer
into & 50-100 ml volumetric flask and add water to the mark.

Decompose alloys containing 3040 per cent of Re by alkali fu-
sion. To that ¢nd, place 50-100 mg of the alloy in a nickel or a silver
crucible, add NaNQy (on the tip of a spatula), 2 g of NaOH, and fuse
in a muffle furnace at 400-500°C to obtain a clear melt. Cool the
fused material, add 20-40 m! f hot water, heat in a 150-ml beaker,
add 20-30 ml of hydrochloric acid (1 : 1) to prepare a clear solution,
cool it. transfer in a 50- or 100-ml volumetric flask and add water
to the mark,

Transfer an aliquot into @ 50-ml volumetric flask, add 10 ml of
concentrated hydroc*’aric acid, 10 ml of thiocarbamide and 2 ml.
of stannous chloride ...ution. Add water to the mark and mix. Allow



the solution to stand for 3540 minuies and measure its absorption
at 390 nm against a blank solution on the model CP-4 spectrophoto-
meter containing all the reagents and 2 mg of Re.

Calculation
Calculate the ¢, from the formula:
Cy = c° + D:F

where ¢, is the concentration of rhenium in the blank solution, mg/50 ml; D_ is
the absorption of the solutiorn; and F is a constant factor.

To calculate the constant factor F, measure the absorption of a
series of solutions with Re concentration varying from 2.0 to 2.7 mg
(gradient 0.1 mg) in 50 ml of solution. Calculate the factor using the
formula:

Ae

F=5—; Ac=¢,—¢

where c, is the concentration of rhenium in the standard series solutions from
2.0 to 2.7 mg in 50 ml; D is the absorption of the solution with the rhenium con-
centrathon ofcy-mexsured with reference to the solution with the rheninm con-
centration of &,.

SPECTROPHOTOMETRIC DETERMINATION OF RHENIUM
- WITH THIOGLYCOLIC ACID

In the presence of SnCl,, thioglyeolic acid reacts with Re¥!! to
form a complex with the component ratio of 1 : 2. The pink complex
absorbs maximum at 320-350 nm, the molar extinction coefficient
at 320 nm being 3.6 X 10%®. The complex is formed in a wide range
of pH (from pH 3 to 4 ¥ H,50, or HNO,}. The maximum intensity
of the colour is at a ten-fold molar excess of thioglycolic acid and
40-fold excess of SnCl,. The maximum absorption develops in 20-
30 minutes and pergists at this level for 24 hours. The Bouguer-Lam-
bert-Beer law holds for the solutions with Re concentrations in the
range from 0 to 700 ug in 25 ml. K, Na, Mg, Al, Co, Ni, Cr, Ge, Zn,
In, Ga, Tl, Cd, small quantities of Mn, Fe, Cu, MoV! (2.5-fold quan-
tities), UO;* and the citrate, oxalate, tartrate and acetate ions do
not interfere with the determination. The ferric ion can be masked
by ascorbic acid.

Reagenis

Rhentum, slandard solution. 1 ml is equivalent to 50 pg of rheniuvm.
Thioglycolic aeid, 0.01 N solution.

Stannous. chloride, 0.1 M solution.

.Sulphuric acid, 10' N solution.

Constructing o Calibration Curve

"Place 50, 100, 150, 200 and 250 ug of rhenium (standard solition) inte 25-1::1
volumetric flasks, and add 2 ml of sulphuric acid, { ml of thioglycolic acid
and 1 ml of stannous chloride into each flask. Mix thoroughly and add water



ta the mark. Allow the solutions to stand for 3) minutes and measure their absorp-
tion on a model C-4 spectrophntonieter at 320-350 nm using a blank solution
as the standard.

Procedure

Place an aliquot of the test solution containing 60-200 pg of rhe-
nivm into a 25-m! volumetric flask and proceed-as for the construc-
tion of the calibration curve.

Determine the rhenium content from the calibration curve.

EXTRACTION-PBOTOMETRIC DETERMINATION OF RHENIUM
WITH THIOGLYCOLIC ACID

The ionic association of the complex anion of Re with thioglycolic
acid and the cation of diantipyrylmethane is readily extractable
by a mixture of isoamy! alcohol and chloroform from a- solution
of 3.28 N HNO;. The abscrption maximum of the pink extract is
at 460 nm, the molar extinction coefficient being 1.7 < 104,

Reagents

Rhenivwm, standard solution. 1 ml i¢ equivalent to 10 up of Re.
Thioglycolic ecid, 0.1 M solution.

Stannous chloride, 10 per cent solution in HCY (1 : 4).
Mirture of ifspamyl wleohod and chiioroform (1 ).
Diantipyrnlmethane. 0.2 A wliutinn in hydrochloric acid.
Nibrie wgeid, 100N solntion.

Constructing a Calibration Curcve

Place 10, 20030, 40 and 30 ngoi the Re standard solution into separating fun-
nels, add 10 ml of FING,, 31l of thioglycolic acid and 3 ml of stannows ehloride
solution and keep for two hours. Add 3 ml of diantipyrylmethane solution, and
extract theninm for 4-2 minutes with 5 ml of the extracting mixture, Measure
the absorption ol the extract at 460 nm against a blank extract and construct
the calibration curve (2= 0.5 cm).

Procedure

Determine the rhenium content of an aliguot in the same conditions
as for the construction of the calibration curve. Find the rhenium con-
tent from the calibration curve.

[

EXTRALTION-PHOTOMETRIC DETERMINATION OF RUENIUM
IN ORES WITH BIS{4-METHYLBENZYLAMINOPHENYL)-ANTIPYRYL-
CARBINOL

The method is based on the reaction of Re(d¥] with the dye of the
antipyryle  =cries, bis(4’-methylbenzylaminuepliecnyl)-antipyrylcar-
binol, with the formalion of the ivnic association extractable by
benzene fram a 0.3-1.5 M phosphoric acid solution. The molar ex-
tinction cocllicient of the extract is 7.55 X 10%. 100 pg of Mo, 300 ug
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of W; 10C0 ug of Cu, 8U g of V, 50 mg of sulphate, tartrate, oxalate,
citrale, ethylenediaminetetraacetate, Ca, Ba, Fe, Co, Ni, Al tar-
trate, Nb and Ta do not interfere with the determination of 10 ug
of Re. The ions Ci-, S8CN-3§ AuCl;, SnCI}", Ru(OH)CI:~ interfere

Reagents

Ritenivm, standard selution, 1 mi g equivalent to 10 ug of Re. ]
Bis(4*-miethplbenzilominophenn)-antipyrylcarbinel, 0,05 per cent solution.
Phresplioric weid, M =ulvtion.

Bevzene.

Caleium wide.

Hydrogew poerexide, 30 per cent solution,

Constructing a Celibraiion Curve

Place from t to 10 pg of Re into reparating funnels, add 2 ml of phosphoric
acid and water to 8 mb. and finally add 2 ml of the reagent and extract with
5l of henrene for two minnles. Measure the absorption of the benzene exiracts.
atl 380 nm in s eell with a light path of 0.5 em against a blank solution, Construct
the calibralinn curve using the data obtained.

Procedure

Crind a sample of ore weighing 0.5-2.0 g, place it in a porcelain
crucible and mix with 3-4 g of CaO. Place the crucible inte a mufile
furnace and Lkeep for 2.5 hours at a temperature of 600-700°C. Cool
the sitntered waterial, leach with hot water in a 100-150 ml beaker
and add, drop by drop, 1.0 m! of hydrogen peroxide solution. Bail
for 15-20 minutes using a glass rod to break lumps. Separate the
precipitate on a filter (with a water-jet ejector) and wash several
limes with hot water. Coliect the filtrate and the washings, evapo-
rate, and transfer into a 25- or 30-ml volumetric flask, Add water
ta the mark. Clioose the aligunt size depending on the rhenium con-
tent, add phousphoric acid 1o 8 ml, and continue as for the construe-
tion of the calibration curve. Determine the rhenium content from
tlie calibration curve.

PHOTOMETHIC DETERMINATION OF RIENIUM
BY CATALYTIC (KINETIC) METHOD

The method is based on the ability of rhenium to catalyze {acceler=
ate} the reduction of sodium tellurate to tellurinium metal by stan-
nous chlaride, I'he liberated tellurivm, in tha presence of a protective
colloid (eclatin), covlours the solution brown-black. Cu, Hg, Ge,
Sn, Pb. sh, Bi, As, Ru or Os, contained in quantity over 100 pg
do not interfere with the determination of 0.1-0.004 pg of Re. The
interfering cffect of Mo and W can he removed by binding them into
a complex with tartaric acid. The method can be used for the deter-
mination of rhenivm in rock after its separation as sulphide.
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Reagents

Potassium. perrhenate, standard solutlors. 1 ml is equivalent to 0.05 or 0.005 pg
of rhenium. . :

Reagent mizture. Mix 5 ml of 2 0.5 ger cent selution of sodium tellurate, 2 ml
of tartaric acid solution (45 g in 100 ml), 1.5 ml of a 0.5 per cent solution of
gelatin and a solution of SnCl, -2H,0 obtained by dissolving 10 g of tin metal
in 25 ml of concentrated hydrochloric acid with heating. Prepare the mixture
immediately before the analysia,

Procedure

Place 1 ml of the test solution into three calibrated test tubes, add
Q.05 pg of Re (standard solution) into one test tube, 0.005 pg of
Re into another, and {1 m] of-distilled water into the third test tube
and add 1.0 ml of the reagent mixture into each of them. Mix the
solutions.and allow to stand for from 1-2 to 16-18 hours until the
tost solution develops colowr—of sufficient intensity. Measure its
absorption on an absorptiometer with a blue optical filter using
one of the standard solutions (in which the colour is more similar
to that of the test solution) as a refersnce solution.

Calculation
Caiculate the rhenium content, ¢, using the formulas

ey
4z x

where ¢, is the guantity of Re added to the test solution; D, is the absorption
oi the soltition; D,,, is the absorption of the solution containing the additive
of Re,.

DIFFERENTIAL-PHOTOMETRIC DETERMINATION
OF RHENIUM IN ITS ALLOYS WITH NIOBIUM AND HAFNIUM

Rhenium reacts with dimethyl glyoxime in an acid medium, in
the presence of stannous chloride as a reductant, to form a soluble
compound with the absorption maximum at 440 nm (the molar
extinction coefficiert, 6.9 X 10%. The componsnts react in the
ratio of 1 : 1. The composition of-the.complex varies depending on
oxcess of stannous chloride and the time of standing of the solutions.
The method is recommended for the determination of 5-50 per cent
of rhenium in binary alloys with niobium or hafnium. Sulphuric
acid is uwsed instead of hydrochloric acid to dissolve the alloys.
The optimum acidity is 1-2 ¥ H,S0,. Hydrolysis of niobium is
precluded by adding hydrogen psroxide. The analysis of the Hf-Re
alloy continues for two hours; of Nb-Re, three hours. The relative
standard deviation is, 0.005 for the rhenium content of 30-50 per
cent and 0.027-0,019 for the rhenium content of 10-50 per cent.
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Reagents

Rhkenium, standard selutions. 1 ml is equivalent to 1 mg and 0.1 mg of rhenium.
Sulphuric acid, density 1.84 gfcu.cm and diluted 1: 1. '
Ammenium sulphate, crystalline.

Hydrogen perozide, 30 per cent solution.

Dimethyl glyorime, 1 per cent solution in ethyl aleohol.

Stannpus chloride, 10 -por cent solution in 2 N sulphuric acid.

valenlating Factor F

Flace 4 m! of the standard rhenium solution comaim'nﬁ 1 mﬁ!ml of Re into
50-ml volumetric flasks, and add from Q to 5 ml of standard rhenium solution
containing 0.4 mg/ml of rhenium. Add 3 ml of sulphuric acid, (1 : 1}, 15 ml
of water, 5 ml of dimethyl giyoxime, 4 ml of stannous chloride solution, and
dilute with water to the mark. Allow the solutions to stand for two hours and
measure their absorption at 440 nm (I = 1 cm) using the first solution as a ref-
erence ons. Calenlate the factor F using the following equation:

F=£—°;, Ac=ey—c,

where ¢, is the rhenium concentration in the solution which is used as the stan-
dard; ¢, is the rhenium soncentration in the other solutions in the series; D, is
the absorption of the solution in the series.

Procedure

Dissolve a sample of the alloy weighing 0.100-0.200 g in 3 ml of
sulphuric acid, density 1.84 g/cu.cm and ‘0.3 g of aramonium sul-
phate with heating. Dissolve the melt in 30-40 ml of water containing
2 m! of hydrogen peroxide. Transfer the solution into a 250-m} volu-
metric flask (for the determination of rhenium cdntained 'in the
concentration of 30-40 per cent) or into & 200-ml flask’(if the rhenium
content is 50 per cent) and add water to the mark. Transfer an ali-
quot containing 1.1-1.4 mg of rhenium inte a 50-ml volumetric
flask and proceed as for the calculation of the factor 7. Find the
rhenium content from the formula:

. =¢y + D.F

POLAROGRAPHIC DETERMINATION OF RHENIUM
IN ITS ALLOYS WITH MOLYBDENUM

Rhenium is passed into solution and simultaneously separated
from molybdenum by sintering the sample with calcium oxide.
Rhenium is dissolved as perrhenate, while the greater part of molyb-
denum is removed as a sparingly soluble CaMoQO,. Rhenium is
determined in the obtained solution polarographically at the poten-

t.ia_ldfrom ~0.3 to —0.4 V against the background of 5 N sulphuric
acid.

Reagents

Cglctum oxide, solid,

Ammonium persulphate, 10 per cemt =solution,
Sulphuric acid, 5 N solution.
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Procedure

Mix a sample of alloy weighing 0.1 g with three weights of calcium
oxide und sinter in a muffle furnace at 700-750°C. Cool the melt,
transfer in a beaker contammg 50 ml of water, remove the crumhle
from the beaker, and rinse. Add 5 ml of ammonium persulphate
solution and heat to boiling. Separate the precipitate on a Biichner
funnel and wash 2-3 times with hot water. Transfer the filtrate into
a 100-ml volumetric flask and add water to the mark. Transfer an
aliquot (10 ml} into a 100-ml volumetric flask and add sulphuric acid
to the mark. Place the solution into an electrolyzer, pass niirogen
to remove oxygen; and carry out polarography at the potential from
—0.3 to —0.4 V. using a saturated calomel clectrode.
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Gallium

Gallium, Ga, has the positive valency of 3 (predominantly). The
compounds of divalent gallium, e.g. GaCl,, are unstable.

The standard electrode potentials in the agqueous solutions at
: ll"C. (Wlth reference to the standard hydrogen elecirode) are as
ollows!

Ga = Ga¥" +3 —0529 V
Ga-{-3H,0 = Ga(0OH),+3H*4-3 —0400 VY
Ga-+3H,0 = Ga0O} +6H"+3¢ 40319 Vv

Ga®* ions are colourless and their properties are similar to those
of A1®* and Zn®+.

Gallium hydroxide, Ga{OH},, is colourless and has amphoteric
properties; pLgaom, = 35-36.5. The hydroxide Ga(OH), hss
more marked amphoteric properties than the hydroxide of indium,
In(OH);- In contrast to Al{OH),, it is soluble in concentrated solu-
tion of ammonia (it has a more acid character); when boiled, gal-
livm hydroxide re-precipitates. Practically, pure hydroxide can
be obtained by adding 0.1 M solution of NaOH to a 0.01 M gal-
lium chloride solution at room temperature. A colloidal solution
is first formed at pH about 6.7 (when 2.9 equivalent weights of the
alkali have been added) and the coagulation becomes vivid. Aund
‘converssly, when a 0.1-M solution of NaOH is added to a 0.005 M
solution of gallium sulphate, a precipitate of basic gallium sulphate
is formed, which is fully coagulated at pH 4.5-5.0 (when 2.5-2.8
equivalent waights of NaOH have been added). When four equivalent
weights of NaOH are added at pH 9.7, the substances precipitated
by NaOH from the solutions of chloride or sulphate, are dissolved
with the formation of sodium gallate which can probably be described
by the formula NalGaO,l or NalGa(OH),l.

Gallium chloride, in the form of HGaCl,, is extracted from a 6 ¥
solution of HC] by ether. This reaction is used for tha separation of
gallium from aluminium and many other élements. Felll, Aulll,
Shul, TIr AsUT GelV, VYV and.Mo¥! are extracted (partly or
completely) together with gallium. Extraction is nsed for the sepa-
ration of gallium from raw materials [1].

The sulphide Ga,S; is easily converted to Ga(OH), in the pre-
sence Jof water.

Potassium ferrocyanide, K, [Fe(CN),], precipitates white
Ga,[Fe(CN},] even from strong acid solutions of gallium salts (33 per
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cent HCI). Indium reacts in the same conditions to form
 KIng{Fe(CN)l..

The azo compounds containing two OH groups in the ortho posi-
tion to the azo group react with the gallium ion to form coloured
and somstimes fluorescing compounds. These react also with the
jons In?*, Y3+, Thé+, Zn%*, Ce®*, Al®*+, Sc®*, Lad*, Fe®*, etc, [2].
2,2'-Hydroxy-4-sulphonaphthalene azo-paphthalene induces an or-
ange fluorescence in gallium salt solutions in the ultraviolet light [3].
Lumogallion reacts similarly. It is used for the fluirometric deter-
mination of gailium [4). The reagent was used for the analysis of
semiconductor materials.

Gallion (0.01 per cent agueous solution) reacts with the gallium
ions in a weak acid medium to form a blue compound. The optimum
pH is 2.4-3.4. The absorption maximum is at 600 nm. The sensitivity
of the method at pH 3.2 is 0.2 ug of Ga in 5 m] of solution. The se-

“lectivity of the reagent is not high (the ions of iron and other ele-
ments interfere). The reagent is used for the photometric determina-
tion of gallinm after its separation from most accompanying ele-
ments 5, 6.

Sodmm diethyldithiocarbamate precipitates the gallium ion at
pH 1.5-6. The whife precipitate is soluble in ethyl acetate [7]. Gal-
Iium diethyldithiocarbamate is less stable than indium dlet.hyldl-
thiocarbamate. “This is vsed for the separation of gallium from in-
dium (8L
. Gallium 8-hydroxyquinolinate is extractable with chloroform at
pH 2.6. The chioroform extract fluoresces in the ultraviolet light.

- This phenomenon underlies a highly sensitive method for the deter-
minatjén of galhum for example in bauxites [9]. But the selectivity
of - the method is low (ch,,‘o,s = 40.8).

Morin induces fluorescence in solutiom of salts of galhum and
indium as it does in aluminium salts. The difference resides in that
the fluorescence -of -gallium sclutions is not extinguished by the
addition of flueroborate, and of the indium solution, by NaF. This
makes it possible to detect the ions of gallium and indium in the
presence of Al*+ [10]. Morin is used as an indicator in complexo-
metric determination of gallium.

Pyridine azo-compounds can also be used as reagents for gallium.
For example, 1(2-pyridylazo)-2-naphthol reacts with the gallium
ion in an acid medium (pH 3.2) to form & crimson compound with
the melar ratio of 1 : 1 (the absorption maximum at 550 nm). The
compound is difficultly soluble in water but readily .soluble in
methanol, ethanol, higher alcohols and carbon tetrachloride. The
molar extinction coefficient [11] is 2.2 X 10* (sokution in 50 per
cent ethanol). Its soluble analogue, 1-(2-pyridylazo)resorcinel, is
used as a complexometric indicator for titration of gallium ions (121.

7-(5-Sulpho-2-naphthylazo)-8-quinelinol-5-sulphenic  acid, 7-(4-
sulpho-1-naphthylazo}-8-quinolinol-5-sulphonic acid, 7-(4,8-disul-
pho-2-naphthylazo)-8-quinolinol-5-sulphonic acid, 7-(5,7-disulpho-
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2-naphthylazo)-8-quinolincl-3-sulphonic acid and 7-(i-naphthyla-
20)-8-quinolinol-5-sulphonic acid (13, 14} react with the gallium ion
in a weak acid medium in the molar ratio of 1 : 1. The molar extinc-
tiou coefticients of the compounds formed are 2.1 x 40¢, 1.9 X 104,
1.6 X 10, 1.6 X 10* and 1.6 X 10* respectively. The equilibrium
constants of the reactions of their formation are 0.9 x 103, 3.1 x
X 102, 8.4 x 102, 3.6 X 10° and 1.0 X 102, All these azo compounds
on the basis of 8-quinolinel-5-sulphenic acid and sulpho-derivatives
of naplhthylamine are good indicators for direct complexometric
titration of the gallium ion at pH 2.2 and over. But the most selec-
tive of them is 7-(4-sulpho-1-naphthylazo)8-quinolinol-5-sulphonie
acid which can be used to determine gallium in the presence of suf-
ficiently large gquantities of ions of the alkaline earths, zine, cad-
mium, manganese, and aluminium,

The azo compounds of the thiazole series react with the gallium
ion to form intensely coloured compounds suitable for photometric
determination of gallium [{3).

Cuplerron precipitates Gallf from 10-20 per cent sulphuric acid
like it does Fel!T, NbY, TaV, TitV, Zrl¥, GelV, and VV. This rea-
gent can be used Lo separate (a from Al and Zn. The precipitate
is calcined to Ga,04 [16].

The basic triphenvimethane dyes and their antipyrine analogues
react with the GalCl] ion in a strong hydrochloric acid medium to
form jutensely coloured compounds extractable with some organic
solvenls. Excess dve remains in the agueous phase in some cases,
This phenomenon has been used in the highly sensitive photometric
methods for the determination of gallium after its separation from
the interfering elements.

Rfiodamine 8 is the most widely used basic triphenylmethane dye
[17-22]. Butyl rhodamine B is more sensitive. It is used for the
photometric deterruination of gallium in various materials [32].
In a hydrochloric acid solution {6-6.5 N} it reacts with gallium to
form a compound extractable with benzene and toluene. The extract
is pink-violet and absorbs maximum at 565 nm. The molar extine-
tion coefficient is 9.00 » 10* [{23], The ions of Aulll, Felll  ShV
and Tilll are reduced by TiCl,.

The chilorogallate ions GaCl; react in a strong hydrochloric acid
solution with various antipyrine dyes [24). Bis-{p-methylbenzyla-
winophenyl)-antipyrylcarbinol is a sufficiently sensitive and selec-
tive reagent for the spectrophotometric determination of gal-
lium.

Diantipyrylpropylmethans precipitates gallium quantitatively
from 5.5-6 N solutions of hydrochioric acid in the form of the com-
pound C,;H,,0,N,-HGACI,. This compound meets the resquire-
ments for the .weighing form. The determination of gallium can be
ended- gravimetrically, by weighing the precipitate CgzyH,,O,N,-
X HGaCly or by complexometric titration of gallium in the preci-
pitate in the presence of 1-(2-pyridylazo)-2-naphthol. Many ions

2



do not interfere with the precipitation of gallium in the form of the
above compound {25].

Diantipyrylmethane does not precipitate the galiium ion quan-
titatively from hydrochloric acid solutions. The composition of
the isolated compound [26] is described by the formula C,,H,,0,N,X
% HGaCl,.

Diantipyrylphenylmethane precipitates gallium quantitatively
from solutions containing the chloride, bromide or iodide ions. The
precipitates are readily soluble in chloroform. Diantipyrylphenyl-
methane can be used for the isolation of small quantities of gallium
by extraction [26].

Tartrates and oxalates react with the gallium ion at pH 9-11 to
form stable complex ions (Ga(C H,Qg),1* and (Ga(C,0,),1°~. They
are used to separate gallium in ammonia solutions from [Zn(NH,) %"
on cation-exchange resins in the NH{ form [27].

Gallium is detected by the spectral method by excitation in the
spark. The spectrum has two intense violet lines at 294.4 and
287.4 nm. Volatile gallium salts colour the flame violet and the
spectrum has a line at 417.2 nm.

The polarographic methods for the determination of gallinm are
also promising [28-30].

The literature contains reviews of the methods for the defection
and determination of gallium [31, 32].

GRAVIMETRIC DETERMINATION OF GALLIUM WITH CUPFERRON

The method is based on the precipitation of gallium by cupferron
from sulphuric acid solution in the form of the cupferronate with
subsequent caleining and weighing as Ga,0, The method is used
to separate Ga from In, Fe, Al and the lanthanides.

Heagents
Cupferron, 6 per cent solution prepared befors the analysis.
Sulphuric acid, diluted 1:1 and 5 per ceut solution.

Procedure

Neutralize a cold sulphuric acid solution of the sample containing
less than 0.1 g of Ga with ammonia, acidify with 10 ml of sulphuric
acid (1 : 1), add cold water to 200 ml and add, drop by drop with
stirring, a solution of cupferron until the precipitate coagulates.
Separate the precipitate on a red ribbon filter, wash with 5 per cent
sulphuric acid containing a small quantity of cupferron, If chlorides
are presemi, they should be removed by washing (to preclude the
loss of gallium on calcining in the form of an easily volatile chloride).
Char the filter and the precipitate carefully on a low flame, then raise
the temperature to burn out the cone and finally calcine at 1000-
1300 °C to constant mass. Gallium oxide caleined at 1000°C is hyg-
roscopic and should therefure be weighed immediately in the cru-
cible with a tightly fitting lid.’
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ISOLATION AND COMPLEXOMETRIC DETERMINATION
OF GALLIUM

The method is based on the precipitation of gallium by dianti-
pyrylpropylmethane from a 6 & hydrochloric acid solution in the
form of C,,H;,0;N,-HGaCl,. The precipitate is dissolved in water
and gallium is titrated complexometrically in the presence of 1-(2-
pyridylazo)-2-naphthol. The method i3 used for the separation of
Ga from Zn, Cd, In, Cu, Al, Ni, Mn, Mg, Co, and Bi. Fe**, T1%,
SLY interfere with the determination. The former two elements are
reduced before precipitation of gallium while Sb¥ is masked with
tariaric acid.

Reagents

Diantipyrylpropylmethane, 1 per cent solution in acetic acid (1 : 10},
Hydrochloric acid, density 1.19 gleu.cm.

I-(2-Pyridylato)-2-naphthol, 0.1 per cent =olution in methanol. .
Washing solution, containing (.05 per cent of diantipyrylpropylmethane in
a 6 M solution of hydrochloric acid.

EDT4A, 0.05 M solution.

Ammonivm acetate, erystalling,

Procedure

Add diantipyrylpropylmethane to the solution of the sample (1 ml-
of the solution per 1 mg of gallium). Add an equal volume of hydroch-
loric acid, coel the solution and separaie the precipitate on a filter.
Wash the precipitate several times with ths washing solution. Dis-
solve the precipitate on the filter in 50-70 ml of water and wash
the filter thoroughly with a few portions of water. Add ammoenjum
acetate to the solution to adjust the pH to 4-5, heat to 70-80 °C,
add a few drops of 1-(2-pyridylazo)-2-naphthol selution and titrate
slowly with EDTA solution until the red solution turns yellow.
Allow the solution to stand for 5 minutes {the red colour restores)
and coniinne the titration,until the red solution turns yellow again.
Wait for another five minutes (with heating from time to time} and
continue with the titration until the yellow colour becomes stable.

COMPLEXOMETRIC DETERMINATION OF GALLIUM

EDTA reacts with the gallium iop to form a stable complex com-
pound (pK == 20.26 3- 0.1) and gallium can therefore be determined
in an acid medivm (pH 2.0-3.0) in the presence of 7-(1-naphthylazo)-
8-hydroxyquinoline-5-sulphonic acid or 7-(4-sulpho-1-naphthylezo)-
8-quinolinol-5-sulphonic acid. At the point of eguivalence, the
yellow colour sharply changes to violet (the colour of the indicator
in an acid medidm). Gallium can be determined in the presence of
large quantities of Mg, Ca, Ba, Zn, Mn, Cd, and Al (provided the
latter is bound by NaF). The ions Fe®*, Ip®+, Ti*, Bi**, Cu®t,
Ni** and Co®* interfers with the determination,

280



Reagents

7~{1-N aphthylazo)-8-quinelinol-§ -sulphonic acid, 0.1 per cent solution in di-
methyl formamide, or 7-{$-sulpho-I-naphihylaze)-8-quinolinol-5-sulphonic acid,
0.1 per cent agueous eolution.

EDTA, 0.0f M solution.

Ammonte, 1 N solution.

Biphthalate buffer solution, pH 2.2-2.8,

Procedure

Adjust the pH of the solution te 2.0-2.6 by ammonia, add 15-20 ml
of the biphthalate buffer solution, heat to 70-80 °C, aud a few drcps
of the indicator and titrate with EDTA solution until the yellow
colour changes to violet,

COMPLEXOMETRIC DETERMINATION OF GALLIUM WITH
AMMONIUM SARCOSINEDITHIOCARBAMATE
I‘N THE PRESENCE OF INDIUM, BISMUTH AND CADMIUM

Ammonium sarcosinedithiocarbamate is used to mask indium in
complexometric titration. A fifty-fold quantity of bismuth does
not interfere with the determination, provided the titration is car-
ried out with a reference substance to compensate for the coffect
of the yellow colour of the bismuth complex with the reagent on the
colour change of the iddicater, 1(2-pyridylazo)resorcinol, at the
end peint of the titration.

Reagenis

EDTA, 0.01 M solution.

Ammenium sarcosinedithiocarbamate, 1 per cent solution.
1-{2-Pyridylazo)resorcine! (PAR), 0.4 per cent solution.
Acetic acid, 1 N solution.

Ammonla, 25 per cent solution.

Procedure

Neutralize the solution with ammonia until turbidity develops..
which can be dissolved by adding a {ew drops of acetic acid. Check
the pH by a universal indicater paper (the pH should be 2-3), add
the sarcosinedithiocarbamate in the quantity 25 times excecding
that of the interfering ion, 2-3 drops of PAR, and titrate with EDTA
until the red solution turps pure yellow.

EXTRACTION-PHOTOMETRIC DETERMINATION
OF GALLIUM IN BAIXITES WITH BUTYLRHODAMINE B

Gallium forms .a coloured association with butylrhodamine B
which is extractable with toluene. The absorption maximum of
butylrhodamine B chlorogallate extract is at 565 nm. The detect-
able minimum is 0.005 pg of Ga in millilitre. The molar extinction:
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coefficient is 9.0 X 10%. The optimum acidity of the aqueous phase
during extraction of the association with toluene is 6-6.5 N HCI.
The Bouguer-Lombert-Beer law holds in the range of gallium con-
centrations from 0.005 to 2 ug/ml. Au!", Felll, Sb¥, and TII
interfere and their effect is removed by adding titanium (III). If
aluminium is present in large quartity, it should be separated by
cxtraction of gallium with amyl acetate from a 6 N solution of HCI.

Reagents

CGalliwm salt, standerd solution, 1 ml is equivatent to 10 pg of Ga.
Butyl rhodamine B, 0.1 per cent solution.

Hydrochloric acid, 6 N solution.

Titanium chloride, 20 per cent solutiou.

Amyl acelaie.

Toluene.

Hydrogen perozidi.

Sodium kydroride, crystalline,

Constructing a Calibralion Curve

Place the standard gallium solutivn inte separating [unnels in quantities con-
Laining 2, 4, 6, 8 and 10 ug of Ga. Add 10 inl of hydrochloric acid and 2 ml of
titanium trichloride into each funnel, shake and add 1 m! of butyl rhodamine B,
Extract for two minutes with 10 ml of toluene. Separate the organic layers and
measure their absorption at 565 nm in a cell with a light path of 1 cm, using
a blank extract as the reference solution, Construct the calibration curve using
the data obtained.

Procedure

Fuse a sample weighing from 0.1 to 0.5 g depending on the gallium
concentration with 1-1.5 g of NaOH and 0.5 g of Na,Q, in a corun-
dum crucible at a temperature of 600-650 °C, Leach the fused mate-
rial with hot water and dissolve the precipitate of the hydroxides
in hydrochloric acid. Evaporate the solution on a water bath until
drv salts are obtained. Dissolve the residue in hydrechloric acid
and transfer the solution inte a separating funnel. Extract gallium
three times with amyl acetate in the presence of titanium chloride,
eacll time shaking for 90-120 secunds. Wash the extract three times
with HCl and re-extract gallium three times with water. Evaporate
the aqueous solutions on a water bath to prepare dry salts, dissolve
the residue in 5 ml of hydrochloric acid and transfer into a 25-ml
separating funnel. Rimse the porcelain dish where the solution was
evaporated with 2 ml of hydrochloric acid and transfer the solution
into the same separating funnel. Add 2 ml of titanium c¢hloride,
shake, and add 1 ml of butyl rhodamine B solution. Extract the
ionic association with 10 ml of toluene, shaking the mixture for
two minutes, When the phases have separated, remove the aqueous
"solution and pass the extract through a glass cotton filter to sepa-
rate water droplets. Collect the filtrate in a cell with a light path
of 1 cm. Measure the absorption of the extract in the above specified
conditions. Determine the gallium content from the calibration curve.
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EXTRACTION-PHOTOMETRIC DETERMINATION OF GALLIUM
WITH RHODAMINE S

Rhodamine S reacts with the gallium ion in a 6 N solution of HCI,
to form rhodamine chlorogallate extractable by benzeme mixture
with diethyl ether (3 : 1), butyl acetate (4: 1), or a mixture (3 : 1)
of chlorobenzene with carbon tetrachleride. The molar extinction
coefficient of the benzene extract at 585 nm is 6.00 X 10*, and of
the chlorobenzene and carbon tetrachloride extract (3 : 1) at 562 nm,
7.89 X 104 Felll, Sb¥, AsY, MoVI, TINI, TelV, SelV Al (over
0.3 mg), Cu (over 2 mg) interfere with the determination. The alu-
minium and copper ions are separated from the gallium ion by
extraction with butyl acetate from a 6 N solution of HCl. The effect
of Fe, Sh, As, Mo, Tl, Te and Se is removed by adding titanium (ITI)
chloride. _ . ’

The acguracy of the method is 35 per cent.

Reagents _

Er‘.alltum sait, standard solution in 6 N HCL, 1 ml is squivalent to pg of gal-
ium. . N

Hydrochloric acid, & N solation. '

Mlature of benzene and butyl acetate, 4 : 1.

Titanium (III) chloride, 5 per cent solutlon in HCI,

Rhedamine S, 0.5 per cent solution. :

Cdustructing a Calibration Curve

Place 1, 2, 3, 4 and 5 ml of the gallium standard solution into 25-50 ml sepa-
rating funnels and add hydrochloric acid to 5 ml. Add 0.2 ml of titanium chlo-
ride, 10 m! of the mixture of benzene and butyl acatateland 0.5 ml of rhodamine S
in each unnel. Shake the mixturss for two minutes and discard the separated
lower layer. Pass the coloured extract through a glass wool filter. Measure
the absorption of the extracts on an ahaorgtiomator with a green filter in a cell
with a light path of 1 em using benzene and butyl acetate as reference snlutions.
Construct the calibration curve using the data obtained.

Procedure

Determine gallium in the test solution as described for the construe-
tion of the calibration curve. Find the gallium contenf from the
calibration curve.

SEPARATION OF GALLIUM IN THE ANALYSIS
OF COMMERCIAL ALUMINIUM

The best method to separate gallium from the accompanying ele-
ménts for subsequent photemetric determination is extraction from
& 6 N solution of hydrochloric acid by ethyl ether or a less volatile .
butyl acetate, the phase ratio being 1 : 1. The distribution coeffi-
cient in the latter case is 400 Gallium is re-extracted with water
and determined by the thiocy:nide method,
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Reagenits

Butyl acetate,

Hydrochloric acid, 6 N solution,

Titanium (I} chloride, 5 per cent solution
Sodium chloride, crystalline.

Procedure

Dissolve 0.25 g of aluminium metal in 20-30 ml of hydrechloric
acid with moderate heating. Add titanivm chloride solution, drop
by drop, until violet celour develops. Allow the solution to stand
for 2-3 minutes and transfer inte a 100-ml separating funnel. Rinse
the beaker with 3-5 ml of hydrochloric acid. Add an equal volume
of butyl acetaie to the solution and shake energetically for a minute.
Discard the separated lower layer and wash the extract two times
with hydrochloric acid (2-3 ml portions). Re-extract gallium with
10-15 ml of water for a minute. Transfer the lower layer into a por-
celain dish. Repeat the re-extraction of gallium with water and add
the re-extract to the dish contents. Add 0.1 g of NaCl and evapoerate
the solution on a water bath to dryness. Dissolve the residue in
hydrochloric acid, tramsfer the solution inte a 25-ml velumetric
flask and add hydrochloric acid to the mark.

Transfer a 5-ml aligquot into a2 25-50 ml separating fumnel and
proceed as in the previous procedure.

FLUORIMETRIC DETERMINATION OF GALLIUM
WITH LUMOGALLION

The methed is based on the reaction of the gallium ion with lumo-
gallion, (2,2’ 4'-trihydroxy-5-chloro-(1-aze-1')benzene-3-sulphonic
acid, at pli 1.7-4.0 with the formation of a complex comﬁound fluo-
rescing with an orange-red light. The reagent does not fluoresce in
the same conditions in the absence of gallium. The compound is
extractable with isoamyl alcohol¥The extract fluoresces intensely.
The dependence between the inténsity of fluorescence and the gal-
lium concentration to (.5 pg in 5 ml is linear in the pH range from
1.7 to 4.0 for both the aguecus solution and the -extract. The sen-
sitivity of the determination of Ga in the agueous solution is
0.01 pg/5 ml, and in the isoamyl alcohol extract (L.005 pg/5 ml.

Thousand-fold quantities of Li, Na, K, Cs, NH}, Ag, Zn, Cd,
Hg, Be, Mg, Ca, Sr, Ba, Tl, Ge, Pb, As, SbUIL ¥  Bi, Cr, Se,
Te, Mn, Ru, Co, Th, Nd, Ce, Py, Ni, Cl, NO3, SO%-, phthalate, citrate
and acetate ions do not interfere with the determination of 0.05 pg
of gallium in 5 m] of solution in the pH range from 2.0 to 3.0. Less
than 5 pg in 5 ml of solution of Sn, Zr, Pd, and less then 0.5 pg
in 5 ml of Cu, Fe, ¥, and Mo do net interfere.

The fluorescence of aluminium in the presence of the reagent is
markedly less intense, But if the gallium to aluminium ratio is
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1:1 (pH 1.7-3.5), the presence of aluminium can be disregarded.
To reme¢ve the effect of a ten-fold quantity of aluminium, it is neces-
sary to build up the pH 1.7-2.7. If aluminium is contained in a hund-
red-fold quantity, the pH should be 1.7-2.2. The sensitivity of the
reagent to gallium is preserved.

Reagenis

Lumogallion, 0.01 per cent solution in acetogs,

EDTA, 0.05 M solution.

Gallium salt, standard solution, Dissolve 0.100 g of galliumm metal in 10 m! of
bydrochloric acid (1 : 1) containing a faw drops of 30 par cent hydrogen per-
oxide with heating on a water bath. Evaporate the solution to dryness with
1 ml of a 10 per cent solution of sodium chloride. Dissolve the residue in 2 ¥
hvdrochloric acid, transler the solution into a 100-ml volumetric flask and add
the acid of the same concentration to the mark (Solution A). Traosler 10 mnl
of solution A into a 100-ml velumaetric fask, add 10 ml of sodium chloride s0lu-
tion. and add water to the mark {Solution B). On the day of the analysis, place
1 ml of solution B into a 100-ml volumetric flask and add water to the mark
{Solution C), 1 ml of solution C contains 0.1 pg of gallium,

Buffer sclution, pH 3.0,

Procedure

Adjust the pH ol the test solution to pH 3.0-3.5 (to the universal
indicator paper), transfer it into a 23-ml volumetric flask and add
the buffer solution to the mark. Place 5 ml of the obtained solu-
tion into four test tubes. Add 0.1 ml of solution B into the first, the
same volume of solution C into the second, 0.1 ml of EDTA solu-
tion into the third, and 0.1 ml of water inte the fourth test tube.
Add 0.2 ml of the reagent solution into each test tube and allow the
solutions to stand for 60-80 minutes. Measure the intensity of the
fluorescence in a G-mi cell at 580 nm,

Calculation .
Calculdate the gallium content (z) usipg the forinula;s
_Mafe~—1n)
= fa—‘lx
where Az is the quaatity of gallium added, in pg; I, is the relative intensity

of fluorescence of the sample solution; [, is the reading of the blank solution

with EDTA, and {, is the intensity of flunrescence in the solution containing
gallium.

FLUORIMETRIC DETERMINATION OF GALLIUM IN GERMANIUM
PREPARATIONS WITH SULPHONAPHTHOLAZORESORCINOL

The method is based on the formation of Ga®*t complex with
sulphonaphtholazoresorcinel, [4-sulpho-2-naphthol-(1-azo-1'}-2*, 4'-
dinydroxybenzene]l. The reagent reacts with Ga?* in a water-ethanol
mixture at pH 3 to form a bright orange-red fluorescing compound
whose fluorescence intensity is proportional to the gallium concen-
¢ration. Fluorescence develops gradually to attain its maximum in
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about 30 minutes (1t remains further constant). The detectable
minimum is 0.01 pg of Ga. The fluorescence quenching effect of
the ferric ion is removed by adding hydroxylamine. Aluminium
reacts like gallium and when contained in the quantity exceeding
15 mg, it interferes with the determination of gallium,

Reagenis

Sulphonaphtholazoresorcinel, 0.01 per cent solution in ether.

Chlorvacetate buffer solution, a mixture of equal volumes of 0.5 M solutions
of CH,CICOOH and CH,CICOONH,. :

Hydrozylamine chloride, 10 per cent solution.

Ethyl aleohol, 96 per cent solution.

Hydrochloric acid, 7-8 N and 0.2 N solutions.

Sodium chloride, 10 per cent solution.

Gallium salt, standard solution, 1 ml is equivalent to 0.2 pg of gallium. Prepare
the solution to 0.2 N HCI.

Constructing ¢ Calibration Curve

FPlace 0.25, 0.5, 0.75 and 1.0 ml of the standard solution of gallium salt into
quartz test tubes and add 0.2 ¥ HCl to 1.0 ml. Add 0.2 ml of the buffer solu-~
tion, 0.2 m} of hydroxylamine chloride, 2 ml of ethancl and 0.2 ml of sul-
ghonaphtholazoresorcinol into each test tube. Allow the solutions to stand for
0 minutes and measure their absorption fluorescence. Construct the calibra-
tion curve using the data obtained.

Procedure

Dissolve a semple of germanium -dioxide or germanium metal.
Remove germanium as GeCl, by evaporation with 7-8 ¥ HCIL. 'Add
0.3 ml of sodium chloride solution, 2 ml of 7 N hydrochloric acid
to the residue, evaporate the solution to dryness, calcine the resi-
due for two minutes on a gas burner. Cool the residue and dissolve
in 0.2 ml of 0.2 N hydrochloric acid, and if necessary, pass the
solution through a small filter. Wash the filter with 0.8 ml of water.
Determine the gallium content from the calibration curve.

SPECTROPHOTOMETRIC DETERMINATION OF GALLIUM
ANDINDIUM WITH 1-(2-THIAZOLYLAZO)-2-NAPHTHOL-3,6-DISULPHONIC
ACID WHEN BOTH ARE PRESENT

The reagent 1-(2-thiazolylazo)-2-naphthol-3,6-disulphonic acid
{3,6-disulpho-TAN) reacts with the gallium ion in an acid medium
to form a crimson-red compound and with the indium ion to form
a dark-red (in transmitted light) and a violet (in reflected light)
vompound. Own colour of the reagent is orange yellow. The absorp-
tion spectra are characterized by two bands of maximum absorp-
tion, viz. at 530 pm apd 570 nm (gallium) and 540 and 570 nm
(indium). It is convenient for analytical purposes to measure
the absorption at 580 mm. The molar extinction coefficients are
{(1.93 & 0.12) X 10* and (2.40 = 0.03) X 10* for the complexes of
gallium and indium respectively, The molar extinction coefficient
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of the reagent is less than 300 in these conditions. Gallium and in-
dium react with the reagent to form sufficiently stable compounds
with the molar ratio of the components of 1: 41; pX are 8.19 and
9.27 for gallium and indium respectively. The Bouguer-Lambert-
Beer law holds for the range of concentrations from 0.2 to 2.5 ug/mi
for gallium and from 0.5 to 5.0 pg/mi for indium. The effect of tar-
trate on the determination of gallium and indium is of special interest:
a ten-fold excess of the tartrate ion destroys completely the gallium
compound with 3,6-disulpho-TAN while the indium compound with
this reagent is stable in the presence of a 250-fold excess of the tar-
trate ion. This makes it-possible to determine indium in the pre-
sence of gallium. Gallium and indium c¢an also be determined in
one solution.

Reagents ’ -

Gellium salt, standard solution, 1 ml is equivalent 10 10 pg of gallium.
Indium salt, standard solution. 1 ml is equivalent te 10 pg of indium.
2,6-Disulpho-TAN, 102 M solutign. :

Sodium tarirate, 0.01 M solution.

Constructing Calibration Curves for Gallium and Indium

Place from A0 to 50 If of gallium and from 20 to 400 pg of indium into 25-m}
volumetdic fasks, add 4 ml o 3,6-disulpho-TAN, adjust the pH to 3-4, and
add water to the mark. Mix the solutions and mieasure their ahsorption at
580 nm, uging water as the reference solution. Construct the calibration curves
using the data obtained.

Procedure

Place a solution containing 10-45 pg of gallium and 20-90 ug of
indium into a 25-m) volumetric flask, add 4 ml of 3,6-disulphoc-TAN
‘solution, adjust the pH to 3-4, add water to the mark, mix, and
measure the absorption of the resultant selution at 580 nm. The
ahsorption is proportienal to the total content of gallinm and in-
dium.

Place the same aliquot into ancther 25-ml volumetric flask, add
4 ml of 3,6-disulpko-TAN, 1 ml of sodium tartrate, adjust the pH
to 3-4, add water o the mark, mix, and measure the absorption of
the solution at 580 nm using water as a reference solution. The
absorption corresponds to the indium content which should be found
from the calibration =urve. The difference of absorptions corresponds
to the gallium contr$, which should be found from the calibration
curve.

POLAROGRAPHIC DETERMINATION OF GALLII.IM

Gallium (III} is reduced in an ammonincal solution against the
‘background of (NH,),80, or NH,C] on a dyopping-mercury electrade
at the potential of —1.4 to —1.8 V. The ammonia ¢concentration
of 1.38.6 N does not affect. the limit current. The most reliable
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‘method to remove oxygen is with hydrogen. But sodium sulphite
.can be also used for gallium concentrations over 0.01 mgrml. The
method is suitable for the determination of 0.01-0.3 mg/mi of gal-
lium.

Far polarographic determination of gallium in polymetallic ore
wastes, bauxites, and other materials, its small amounts can be
ssparated from the accompanying elements by the ion-exchenge
-ghromatography with alternation of the anion- and cation-exchange
processes. When a strong acid (6 N HCl) solution of the sample is
passed through a column packed with the basic anion-exchange
resin AB-17 in the Cl- form, the elements which do not forrn chloride
anion complexes (aluminium, ehromium, nickel, cobalt, and others)
arc not sorbed, while the other elements remain in the column. When
the anicn-exchange column is then washed with 4 N hydrochloric
acid, the greater part of copper and indium is eluted, while all gal-
lium remains on the cnion-exchanger together with tin, lead, cad-
mium, zinc, and other elements forming chloride complexes. Gal-
lium is extracted by a 4 N solution of ammonia. The ammoniacal
solution is separated finally from the accompanying elements on
a cation-exchange resin CBC in the NHY form, on which all posi-
tively charged ammonia complexes are retained, while gallium
passes into the eluate.

Reagents

Gallium salt, standard solution. 1 ml is equivalent to 0.5 mg of gillium,
Hydrochloric acid, density 1.19 g/cu.em and 4 N salution,

Ammonta, &4 N solution. .

Anion-exchange resin AB-17 in the Cl- form,

Cztion-ezchange resin CBC in the NH} form.

Polarographic background, 2.6 N solutiod of ammonia and 1.8 N solution of
(NH,),8J, or NHLCL

Sodium sulphile, saturated solution,

Gelatin, 0.2 per cent solution.

Constructing a Calibralion Curve

Place 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, and 5.0 ml of the standard solu=
tinn of gallium salt into 25-ml volumstric flasks, and add four dreps of sodium
sulphite, two drops of gelatin solution into each Mask, and finally add polaro-
graphic background to the mark. Carry out polarography of the solutions and
construct the calibration curve using the data obtained.

Procedure

Dilute the test solution with an equal volume of concentrated hydro-
<hloric acid and pass it through a column packed with anion-ex-
change resin AB-17 in the Cl- form. Wash the column with 100 ml
of 4 N hydrochloric acid and then with 10 ml of water. Transfer
the column contents into a separating funnel and extract gallium
with four 20-m] portions of 4 N ammonia solution. Pass the obteined
solution through a column packed with the cation-sxchange resin
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CBEC in the NH} form, wash the resin with 20 ml of 4 ¥ ammonia
solution and cvaporate the eluate tv 10 ml. Further proceed as for
the construction of the calibrativa curve. Determine the gallium
content from the calibration curve,

EXTRACTION-POLAROGRAPHI. DETERMINATION
OF GALLIUM

The selectivity of the polarographic melhod for the determinaz-
tion of gallium against the background. of sodium salicylate van
significantly be increased if gallium js st exiracted with butyt
acetate from a 6 N solution of hydrechlaric acid. The pelaregraphic
background is homogenized at the ratio of butyl acetate to agueous
solution of the electrolyle and to cothanol of 1:1: 2. The half-
wave potential of gallinm against this background is —1.40 V at
pH 3.0. The method can be used for the determination of gallium
in aluminivr,

Reugents

Pnlarographic background, 0.5 M solution of lithiom chloride plns 0.4 M solu-
tion of sediun salicvlate,

Fikhanol.

Buiyl acetate.

Hydrachloric acid, T M selution,

Procedure

Add 5 ml of butyl acetale 1o ) m] of the solution containing gallivm
and alwminiom (6 A7 HCD), 'and cxtract gallium for a minute. Sepa-
rate the organic phase, add & m] of ethanol and 10 ml of the hack-
ground solution, and adjust the pll to 3.0. Remove oxygen by a cur-
reut of pure nitrogen and carry oul pelarography. Note the eurrent
of gallium reduction at the jucrcury-dropping clecirode at the po-
tential of —1.43 V (nsing boliom inercury as the reference electrode).
Determine gallinm by the imcrement method.
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Indium

Indium, In, has the positive valency of 3. The compounds of
indium in its lower valency states are unstable. The chlorides,
InCl and InCl,, disproportionate in the presence of water as follows:

3InCl = 2in+InCl,
3nClg— In+42InCl,

The standard electrode potentials in an aqueous medium at 25 °C
are as follows (with reference {0 the standard electrode):

In* = In3* 42~ — 0443 V
In+Cl= = InCl+ e —-0M YV
In-}3H,0 = 1n(OH),+3H*+ 3¢~ —0472 V
In = Inv4¢ —0,439 V

In+2H;0 = In0 +4H*+3c 40446 V

The ion In?* is colourless.

The reactions of Inl!! resemble those of AIMM and Cd!L

When NaQH solution is added to a 0.005 M solution of InCl, at
pH 3.7, the hydroxide with a small admixture of the basic salt be-
gins precipitating. The precipitation ends at pH 6.70.

A 0.0025 M solution of In,(S0,), begins precipitating basic sul-
phate at pH 3.4. The precipitation ends at pH 3.75. A further ad-
dition of NaOH solution completely converts the basic sulphate
into indium hydroxide [1]. ,

The solubility product for indivm hydroxide, pL, is 33.9. Indivm
hydroxide is soluble in a concentrated solution of caustic alkelis
and has therefore marked amphoteric properties {see Fig. 6).

Hydrogen sulphide precipitates a yellow sulphide, IngS;, from
neutral or wezk acid (pH 3-4) solutions of indium salts. The com-
pound is readily seluble in dilute hydrochloric acid. The properties
of In.S, are similar to thase of CdS.

Ammonium sulphide precipitates a white hydroxide of indium,
In(OH),, from sclutions of indium salts (similarity of the In**
and Al** jons). Potassium ferrocyanide precipitates the indium jon as
a white compound KIngz{Fe(CN},],, which is more soluble in hydro-
chloric acid than the corresponding gallium salt.

Indium forms oxalate, fluoride, bromide complezes, In{C.0O,)z,
InF3-, and InBr;. The solubility of the compound KIn(C,0/), is
relatively low. The solubility of InF, is 0.5 mole/litre, while that
of Na,InF,, is .35 mole/litre.
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Indinmin the form of HInBr, is extractable {2} with diethyl
ether from 3-5 N solutions of HBr. Indium can afterwards be deter-
mined by the extraction-photometric method with 8-quinolinol.
The methed is highly selective [3].

Indiura is extractahle with benzene from 2.5 ¥ solutivn of HBr
in the presecnce of the basic dye rhodamine S with the addition of
small amounts of acetone [4]. Fell, Ca, Ga, Cr'¥, Ti, Th, Bi, Be,

S, mo'aft
12 LGa(OH), Ga{OH),
o, ||
|
)
[ |
! 1§
{ ’f
/ In{OH)
‘a-s 1 /( I/ f { ?

2§ 1@ 4 A

ig. 6. Dependence of the solubility of gallinm hydroxide und indium hydrox-
ide, Me{OH},, on pH

Pb, AstIL, UMY, V¥ Ni, Co, Zr do not interfere with the determina-
tion. Rhodamine OG is recommended for the extraction-fluorimetric
determination of indium in ores [5].

Satisfsctory resulis have been attained with the extraction-pho-
tometric determination of 6-22 pg of In [4]. Thern are a few variants
for the photometric and fluorescence determination of indium i6-3)
which ure‘based on the above mentioned principle. Fluorescence is
induced by the light of a mercury lamp. '

Sodium dietbyld:thiocarbamate precipitates quantitatively the
indibsuion at pH 1.5-9 in the form of [(C4H:},NC(S)Sl,In [9]. The
precipitate is extracted with ethyl acetate, carbon tetrachloride and
some other solvents. The reageit is used for the gravimetric deter-
minaticn of indium and its separation from gallinum [10].

The ioaic asseciation Inlj with malachite green is extracted with
carbon tetrachloride from a 2 N solution of H,50,. The reagent is
used for the extraction-photometric determination of indium in
gailinm [11]

Alizarine, quinalizaring, stilbazo, morin and other organie rea-
gents react with In®* as with A1, The’ compound of In?*+ with
alizarine flusresces [12].

1-(2-Pyridylazo)-2-naphthol and 1-(2-pyridylazo)resorcinol react
with {adivm in tha molar vatio of 1 : 1 with the formation of inten-
seiv colowred compounds [13, 14]. The s.iutions of the indium con-
pounds vith 1-(2-pyridylazo)-2-naphthol in a mixture of water and
ethanol, water and dioxane, or water and acetone are crimson-red.
Their absorption maximum is at 550 nm. The molar extinction coef-
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ficient is 1.87 x 104. The optimum pH is 4.3-6. t-(2-Pyridylazo)-
resorcinol is more sensitive. The reagents are used for the photomet-
ric determination of indium and as complexomsetric indicators
[15-19] for titration of the indium ion at pH 2.3-2.5.

Azo-compounds with 8-quinolinol containing the OH group in
the ortho-position to the azo group react with the indium ion to form
specifically coloured compounds [20, 21]. The best indicators for
direct complexometric titration of indium at pH 2.8-3.5 are 7-(1-
naphthylazo)-8-quinolinol-9-sulphonic acid, 7-(4-sulpho-2-naphthy-
lazo)-8-quinolinol-3-sulphonic acid, 7-(6-sulpho-2-naphthylazo)-8-
guinolinol-5-sulphanic acid, 7-(4,8-disulpho-2-naphthylazo)-8-qui-
nolinol-5-sulphonic acid, and 7-(5,7-disulpho-2-naphthylaze)-8-qui-
nolinol-5-sulphonic acid. 7-(4,8-Disulpho-2-naphthylazo)-8-quincli-
nol-5-sulphonic acid and 7-(5,7-disulpho-2-naphthylazo)-8-quinoli-
nol-5-sulphonic acid react with the indium ion in the molar ratio
of 1 : 1. The agueous solutions of the first reagent are crimson-red
(the absorption maximum at 520 nm) in an acid medium, and yellow-
orange (absorption maximum at 500 nm) in an alkaline medium.
The second reageni reacts with the indium ion to form a yellow
compound readi’y soluble in water. The absorption maximum of its
solutions is at 420 nm. The indium compound is formed at pH 2.8-
6.0. The molar extinction coefficient of this compound is 1.6 x 104
[20].

Trihydroxyfluorones offer good prospects for the photometric
determinaiion of indium.

Diphenylcarbazone reacts with the indium ion in a weak acid
medium (pH << 7) to form violet compounds. The absorption maxi-
mum is at about 530 nm, If the indium concentration is high, a pre-
cipitate of the same colour is liberated [23]. In the absence of in-
dium, the colour of the solution remains brownish-yellow, At pH
3-6, the ions of Mg, Ca, Al, Cr?'1, Ti, Mo, UVL Cd, Ph, Bi, Sal¥,
Sb, As, Ag, Ge and Tl de not interfere with the determinaticn
provided the content of either of them does mot exceed 50 ng.
Cull, Zn, Ga, Felil interfere (the effect of a small quantity of the
ferric iron being removed by thiocarbamide at pH 5.6). The reagent -
is used for the delermination of more than 2 X 10-* per cent of
indium in germanium (sample weighing 2 g) after distillation of
germanium as GeCl,.

Indium is select.lvely extracled with chloroform and dichloro-
ethane in the form of jonic asscciations of its halide complexes
with diantipyrylmethane [24].

Alkylphesphoric acids extract xpd.mm from sulphuric ‘acid golu-
tions and are used for separation of indium from many ions. The
selectivity of determination can be incressed by re-extraction of,
indium by hydrobromic acid {25}.

Indium compounds colour & flame in specific blue-violet shade.
The absorption spectrum has an intense line at 451.1 nm and a weak-
er line at 410.2 nm. The spark spectrum has many lines; the main
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lines at 325.6 and 303.9 nm can be mistaken for the lines of Al, Cr,
and Mn. oo

A selective amperometric method for the determination of indium
in various materials with EDTA {26, 27) has been developed. Pola-
rographic methods are widaly used as well [28, 29].

The review of the methods for the determination of indium is
given in the literature [9].

SEPARATION OF INDIUM AND GALLIUM WITH
DIETHYLDITHIOCARBAMATE

The method of separation of indium and gallium is based on the
precipitation (or extraction by ethyl acetate} at pH 3-5 in the form
of diethyldithiocarbamate in the presence-of excess sodium oxalate.
Gallium remains in solution, and is determined by precipitation
with 8-hydroxyquinoline. )

Reagenis

Ammonia, 1 N solution.

Sodium dicthyldithiocarbamate, 1 per cent asolution,
8-Guinolinol, 3 per cent solution in acetic acid,
Sodium ezalate, 2 per cent soluticn.

Methyl orange.

Procedure

Add sodium oxalate to the solution containing 2-10 mg of indium and
2.5-30 mg of gallinm (1-2 ml of soluticn per mg of Ga). Dilute the
solution to 40 ml and neutralize with ammonia to methyl orange.
Add sodivm diethyldithiocarbamate solution with stirring until
precipitation stops. Add a small excess of the reagent (three-fold
with respect to the indium content). Separate the precipitate in
a glags crucible No. 3, wash with water, dry to constant weight at
105 °C, and weigh.

The conversion factor for indium is 0.2050.

Collect the filtrate and the washings and determine gallium with
8-quinolinol or EDTA (see page 280).

COMPLEXOMETRIC DETERMINATION OF INDIUM

Indium reacts with EDTA in the molar ratio of 1 : 1 with the
formation of a stable complex (log Ks = 24.9 3= 0.1). The method
is based on the titration in an acid medium (pH 2.3-2.5) of the in-
dium ion In®* with a standard solution of EDTA in the presence of
1-(2-pyridylazo)-2-naphthol. At the end point of titration, the red
solution turns pure yeliow. The ions Ga®+, TI*+, Fe®+, Bi'*, Zr**
and Th**, which form stable complexonates at this pH, interfere
with the determination of indium. Pb*, Cd2%+, Zn** and the other
cations reacting with EDTA in neutral or weak alkaline medium do
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not interfere. 1-(2-Pyridylazo)resorcinol can also be used as an indica-
tor (the red colour changes to yellow). Various azoxines, e.g. 7-(1-
naphthylazo)-8-quinolinol-5-sulphonic acid, 7-(4-sulpho-1-naphthy-
lazo)-8-quinolinol-5-sulphenic acid, 7-(5-sulpho-2-naphthylazo)-8-
quinolinol-5-sulphonic acid, and 7-(5,7-djsulpho-2-naphthylazo}-8-
quinolinol-5-sulphonic acid can be used (the yellow colour changes
to crimson).

Reagenis

EDTA, 0.04 M solution.

Ammoria, 1 N solution.

Acetic acid, denmsity 1.05 gleu.cm,

I-(2-Pyridylazo)-2-naphthol, 0.1 per cent asclution in methyl aleohol,

Procedure

Neutralize the test solulion with ammonia until white turbidity
develeps. Add 2 ml of acetic acid to dissolve the precipitate, add
2 drops of the indicator solution and titrate with EDTA, adding it
dropwise, when the point of equivalence is approached, and thor-
oughly mixing until the red solution turns yellow. _

1 ml of 0.0100 M solution of EDTA is equivalent to 1.4¢8 g of

indium.

EXTRACTION-PHOTOMETRIC DETERMINATION OF SMALL
QUANTITY OF INDIUM WITH RHODAMINE 8

Rhodamine S reacts with the bromide complex of indium, InBrj,
to form an ionic association extractable with a mixture of henzene
and acetere (5:1) from a 2.5 N hydrobromic acid medium. The
absorption maximum i3 at 530 nm. The selectivity of the method
is low.

Reagents

Rhodamine §, 0.256 per cent solution.

Benzene.

Acetone,

Indium salt, stendard solution. 1 ml is equivalent to 20 pg of indium. Prepare
the solution in 2.5 ¥ HBr.

Hydrobromic aecid, 2.5 N solution.

Titanium trichloride, 5 per cent solution,

Constructing a Calibration Curve

Place 1, 2, 3, 4 and 5 ml of the standard solution of indium salt into separatin
funnels and add hydrobromic acid to 10 ml. Add 1 ml of rhodamine S, 0.2

of titanium chloride, 5 ml of benzene and 1 ml of acetone into each separating
funnel. Shake the mixtures for a minute and after separation of the phases,
meagure the absorption of the extracts on an absorptiometer, model ®3IR-M,
using a green filter and .a blank extract as a reference solution. Construct the
calibration curve using the data obtained,
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Procedure

When determining indium in puve solutions, proceed as instructed
for the consiruction of the calibration curve.

FHOTOMETRIC DETERMINATION OF INDIUM WITH
1-(2-PYRIDYLAZO)RESORCINOL

1-(2-Pyridylazo)resorcinol reacts with the indium ion to give
a red complex with the absorption maximum at 500 nm and the
molar extinction coefficient of 3.28 x 10%. The constancy of the
absorption of the coloured solutions is attained at pH 6-8. The Bou-
guer-Lambert-Beer law holds for the range of indium concentrations
from 5 to 120 pg in 25 ml of solution.

1000-10,000-fold quantities of Na*, K*, Mg®-, Ca*, Ba?*, Cl-,
Br-, 1-, 8CN-, CN-, 802-, 50}-, 8,0;-, NOs, CiO3, BrO;, 103,
Si0i-, BO3, BF;, WO:-, Cr0?-, ‘Mo0:- and CH,COO-, as also the
citrate, tartrate, and sulphosalicylate ions do not interfere with the
determination of indium. Fe®+, Fe?+, Co®+, Ni*+, V¥, ZrIV Bijs+,
8nit, F-, NO3, P,0f, C,0:- and ethylenediamine tetraacetate ions
interfere. Small quantities of Zn3*+, Cd**, Al%*, Mn’+, Cr3+, Pb¥,
Sn’v and Cu®** do not interfere if the determination is carried out
al pH 3 and the Cu®* ion is masked by thiosulphate.

The method is used for the determination of indium in its coneen-
trates and sublimates with the separation of indium from the inter-
fering elements by extraction in the form of the jodide from a 1.5 ¥
solution of hydriodic acid.

Reagenis

Indium salt, standard solution. 1 ml is equivalent to 20 pg of indium,
1-(2-Pyridylaza)resorcinol, 2 X 10-? M solution,

Acetate buffer solution, pH 3.

Hydrochloric acid, density 1.19 gleu.cm and diluted 1 : 4,

Nitric acid, density 1.4 gleu.cm.

Hydrazine chloride, crystalline.
Potassium bromide, crystalline.

Ammaonta, 25 per cent solution,

Ammanium chlortde, 1 per cenl sciution.

Sulphuric acid, {1 per cent, 3 ¥ and 3.5 ¥ solutions.
Sodium thissulphate, crystallina.

Potassium iodide, crystalline.

Ethyl ether.

Hydriodic ectd, 1.5 N solution,

Constructing a Calibration Curve

Place 1, 2, 3, 4 and 5 ml of the standard solution of indium irto 25-ml velu-
metric lasks and add 2 ml of 1-(2-pyridylazo)resorcinol into each flask and dilute
with the scetate buffer solution to the mark, Measure the absorption of the
polutions at 500 nm against a blank solution. Construct the calibration zurve
using tha data obtained,’



Procedure

Decompose a sample weighing from 0.1 to { g (depending on the
indium concentration) with hydrochloric and nitric acids. Evaporate
the sclution almost to dryness, add 5 ml of hydrochloric acid, den-
sity 1.19 g/cu.cm, to the residue, add 0.1 g of hydrazine chloride,
0.1 g of potassium bromide, and evaporate the solution almost
to dryness. Repeat the evaporstion with hydrochloric acid two times
more. Dissolve the residue in dilute hydrochloric acid, add concen-
trated sulphuric acid, evaporate to fumes of sulphuric acid, separate
the precipitated lead sulphate, and wash it with a { per cent solu-
tion of sulphuric acid.

Add 2 ml of vitric acid to the filtrate, heat the solution to boiling
and precipitate the hydroxides of tervalent metals with ammonium.
Separate the precipitate on a loose filter and wash with ammonium
' chloride solution containing a small amount of ammonia. Dissolve
the precipitate in dilute hydrochloric acid (% : 1) and repeat the
precipitation with ammonia. Dissolve the precipitate of the hydrox-
ides in a hot 3.5 N sulphuric acid, transfer the solution into &
25-m! volumetric flask and add 3 A sulphuric acid to the mark.

Transfer a 10-m] aliquot into a separating funnel, add 10 ml of
water, 0.1 g of sodium thiosulphate, 5 g of potassium iodide, mix
the solution and extract with 20 ml of ethyl ether. Repeat extraction
with ether. Join the extracts, wash them with hydriodic acid, add
5 ml of water, and evaporate the ether on a water bath. Filter the
solution into a 25-ml velumetric flask and proceed as for the con-
struction of the calibration curve. As soon as the absorption of the
solution has been measured determine the indium content from the
calibration curve.

EXTRACTION-PHOTOMETRIC DETERMINATION OF INDIUM
IN ORES WITH 8-QUINOLINOL

The method is based on the extraction of indium 8-hydroxyquino-
linate by carbon tetrachloride at pH 8.04-0.5. Indium is separated
from most interfering elements in the form of HInBr, by ether, while
traces of the inlerfering elements can be masked with citric acid
and cyanide. Ferric iron is first reduced with ascorbic acid. Copper,
nickel, zinc, cadmivm and cobalt are masked in a weak aikaline
medinm with cyanide.

Reagenis

Indivm salt, stendard solution. 1 ml is equivalent to 15 pg of indivm,
Ammonium chloride, crystalline,

Hydrechloric acid, density 1.19 gicu.em, 3 ¥, 6 N and 2 per cent selutions.
Hydrebromic ecid, concentrated, containing 1 per cent of Br.

Hydrofluoric acid.

Sodium bromide; dissolve 100 g of NaBr-2H,0 in 50 ml of water.

Sodium sulphite, anbydrous.

Hydrogen peroxide, 30 per cemt solution.
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Methyt orange, 0.02 per cent solution,

Ethyl ether, saturated with sedium bromide. Add 56 ml of sulphuric acid (1 : 1}
0 140 m] of sodium bromide solution (see above); cocl the solution, add 20 g
<of sodium sulphite and mix to dissolve the salt. Transfer the solution into
a 1000-m! separating funnel, add 600 ml of ether, shake for 2-3 minutes, and
spparate the agueous phase.

Ethyl ether, saturated with hydrochloric acid. Shake squal volumes of ether
.and & & hydrochloric acid in a separating funoel for 2-3 minutes and discard
the aqueous phase.

Sodium bromide solution in sulphuric acid, Use the aqueous phase obtained in
the preparation of ether saturated with bromide, Separate the precipitated crys-
tals on a filter.

Ascorbic acid, 5 per cent soluticn.

Sedium citrate, 20 per cent aquecus solution.

Potassium cyanide, 2 per cent solution. Add 150 ml of ammonia solution to 20 g
of the reagent and diliute with water to 1000 ml.

-8-Quinolinel, 0.15 per cemt solution in carbon tetrachloride,

Nitric acid, density 1.4 g/eu.em.

Sulphuric acid, 18 N solution.

Ammonia, 8 N aolution.

Consiructing a Calibration Curve

Place 2, 4, 6, 8 and 10 ml of the standard solution of indium salt into 50-ml
separating funnels, add 3 ml of 3 ¥ hydrochloric acid, 5 g of NH,CI, 2 ml of
.a 5 per cent solution of ascorbic acid, 2 ml of a 20 per cent sedium citrate solu-
tion, and 5 ml of potassium cyanide solution into each funnel and dilute the
solutions with water to 25 ml. Stir the solutions, and 5 ml of B-quinelinol solu-
tion and shake for 1-2 minutes. Allow the solutions to stand for 30 seconds and
measure their absorption on an absorptiometer ({ = 1 cm) wsing a blue optical
filter. Construct the calibration curve usiog the data obtained.

Procedure

Place a sample of ore weighing 0.5-1.0 g in a 250-ml beaker and de-
-compose it with heating in 15 m! of eoncentrated hydrochloric acid.
When the main part of the sample has dissolved, add 5 ml of HNOQ,
.and evaporate the solution to dryness. Add 5-10 ml of concentrated
hydrochloric acid and 50 m! of hot water to the residue and boil
to dissolve the salts. Pass the solution through a white ribbon filter
into a 250-ml beaker. Wash the residue on the filter with a 2 per-cent
solution of hot hydrochloric acid and then with water. When copper
and lead-zinc ores are analyzed, discard the residue. When analyzing
tin ores, transfer the residue into a nickel crucible, ineinerate, wet
with water, add 3-5 ml of hydrefluoric acid, and evaporate to dry-
ness. Wash off the precipitate into a small beaker with a small
amount of water and treat 2-3 times with a small amount of hydro-
bromic acid containing bromine. Evaporate the solution to dryness
each time (SnBr, is distilled during this operation). Dissolve the
residue in a 6 N solution of hydrochloric acid and add the sclution
to the main filtrate.

Add 10 m!l of sulphuric acid to the filtrate and evaporate to heavy
fumes of S0, (for 510 minutes). Cool the residue, rinse the heaker
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walls with a small amount of water and evaporate again to fumes
of sulphuric acid. Cool the solution, rinse the beaker walls with a
small quantity of water, add 18 ml of a hot solution of sodium bro-
mide and evaporate the solution to about 20 ml.

"~ Cool the solution and add 4 g of sodium sulphite. Stir the solu-
tion and allow to stand for 30 minutes. Transfer it into a 125-ml
separating funnel with.the minimum of water (not more than 5-
10 m!). Add 25 ml of ether saturated with sodium bromide to the
solution, shake for 1-2 minutss, and allow the sther layer to separate.
Remove the aqueous layer into another separating funnel and extract
again with 20 ml of ether saturated with sodium bromide. Discard
the aqueous layer, join the extracts and wash 4-2 times with 10-ml
portions of sodium bromide solution in sulphuric acid. If the wash-
ing is done in two steps, extract both portions of the washing solu-
tion, one after the other, with one portion of ether saturated with
sodium bromide (10 ml} and add it to the main extract. Add 25 ml
of 6 N hydrochloric acid and a few drops of 30 per cent hydrogen
peroxide to the extract, cool the mixture and shake for 1-2 minutes.
Transfer the acid solution into another separating funnel and shake
the ether extract again with 10 ml of 6 N hydrochloric acid.

Eack new acid solution should be shaken with one and the same
portion of ether (10 ml) saturated with hydrochloric acid. If the
hydrochlorlc acid solutions were joined, wash them twice with

10-ml portions of ether saturated with 6 & hydrochloric acid.

Shake the ether solutions obtained during washing the hydrochlo-
ric acid solutions, one after another, with the same 10-ml portion
of 6 N hydrochloric acid. Join the hydrochloric acid solutions and
dis.ard the ether solutions.

r.vaporate the acid solution to a small volume, add a few drops
of hydrogen peroxide and continue evaporating almost to dryness,
Dissolve the residue in water. Neutralize the obtained solution by
6 .N ammonia solution to methyl orange until the indicator colour
changes to yellow. Add 3 N hydrochloric acid until the solution
turns orange and 3 ml in excess. Add 2 ml of ascorbic acid and 2 ml
of sodium citrate, transfer the solution into a 50-ml separating
funnel, rinse the beaker with the minimum guantity of water, add
5 g of NH,CL, 5 ml of potassium cyanide solution and dilute with
water to 20 ml. Add 5 ml of 8-quinolinol solution, shake for 1-2 mi-
nutes, keap in the dark for 30 minutes, and transfer the sclution,
or its part, into & cell and measure the absorption on an, absorptio-
méter. Find the indium eontent from the calibration curve.

EXTRACTION-FLUORIMETRIC DETERMINATION OF INDIUM
IN ORES WITH RHODAMINE &G

The method is based on the reaction between brumide complexes
of indinm with rhodamine 6G. The compound is extracted with
benzene from 15 ¥ sulphuric acid and the indium concentration is
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found from the intensity of the fluorescence of the extract. The inter-
fering ions Fe’*, Cu?*, Snlv, Sbru, Thir, Aullt and Hg*+ should
be removed.

Reagents

Rhodamine 66, 0.25 per cent solution.

Ammonia, 25 per cent solution.

Ammonizm sulphate, 1 per cent solutiom,

Iron, reduced g hydrogen.

Sulphurtc acid, density 1.84 gfcu.cm, 15 N and diluted £: £ and 1: 2,
Titanium trichloride, 5 per cent solution,

Potasstum bromide, 40 per cent solution.

Irndtum salt, standord selutton. 1 ml is equivalent to 1 pg of indium.
Benzene.

Agua regia.

Constructing a Calibration Curve

Place a solution containing 0.4, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 apd 1.0 |.|ig
of indium into 10-ml teat tukes and dilute with 15 N sulphuric seid to 10 ml.
Add 100 mg of iren into each test tube and keep for 30 minutes. Using a Fipette,
transfer 5-ml aliguots (through cottom wool) inte 25-ml separating funnels.
Add 0.4 m! of rhodamine 8G solution, € ml of benzene and 0.5 ml of potassium
bromide solution and sheke immediately for 30 seconds. Allow the phases to
separate, transfer the extracts into dry test tubes and measura the intensity
of fluorescence on a fAuorimeter. Consiruct the calibration curve.

Procedure

Dissolve & sample of ore weighing 0.3 g in 25-30 ml of agua regia
with heating on a sand bath. As soon as the sample has dissolved,
evaporate the solution to 5 ml and dilute the' concentrate with water
to 25-30 ml. Precipitate hydroxides by adding a small excess of am-
monia solution. Separste the precipitate on a dense filier, wash
2-3 times with ammonivm sulphate solution and dissolve in hot sul-
phuric acid (1 : 2). Wash the filter 2-3 times with water and collect
the solution and the washings in the precipitation beaker. Precipi-
tate the hydroxides again. Separate the precipitate on a filier, wash
3-4 times with ammonium sulphate solution and %-2 times with
water. Dissolve the precipitate on the filter in a 45 N solution of
sulphuric acid and collect the filtrate in a test tube. Dilute it with
the same sulphuric acid to 10 ml. Cool the solution, add 0.15-0.20 g
of iron and allow to stand for an hour with periodically stirring. Trans-
fer the solution into another test tube, add 100 mg of iror and keep
for another 30 minutes. Take & 5-ml aliquot and proceed as for the
construction of the calibration curve. Find the indiuvm content from
the calibration curve. :

SEPARATION OF INDIUM BY EXTRACTION

The method is based on the extraction of indium with butyl ace-
tate from a 5 XV solution of hydrobromic acid.
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Reagents

Hydrochloric geid, density 1.19 g/cu.cm and 6 N solution.
Hydrobromic acid, concentrated, 5 N and 2.5 N solutions,
Nitric acld, density 1.4 g/cu.cm.

Sulphuric acid, density 1.84 g/cu.cm.

Hydrogen perozide, 30 per cent solution.

Butyl aretate,

Procedure

Treat a sample of ore weighing 0.1 g with 10 m! of nitric and 5 ml
of hydrochlorie acids, density 1.19 g/cu.cm, first without heating,
then evaporate the solution to dryness, add 3-4 ml of concentrated
hydrobromic acid to the dry residue, and evaporate to dryness
again. Dissolve the residue in 5 ml of 5 N hydrobromic acid, trans-
for the solution into a separating funnel, and rinse the beaker with
5N hydrobromic acid. Add 10 ml of butyl acetate to the solution
and extract for one minute. Separate the extract, wash it with two
2-3 ml poutions of 3 N hydrobromic acid with shaking for 10-15 sec-
onds. Be-extract indium with two 20-ml portions of 6 N hydrochlo-
ric acid containing 1-2 drops of hydrogen peroxide. Evaporate the
re-extract to dryness, add sulphuric acid to the residue apd heat
the solution to fumes of sulphuric acid. Treat the dry residue with
2.5 N hydrobromic acid.
Determine indium photometrically using rhodamine 3.

SEPARATION OF INDIUM FROM TIN BY EXTRACTION

The method is based on the combined extraction of indiam and
tin from sulphuric acid solutions with a mixture of algylphosphorie
acid in octane with subsequent re-extraction of indium by hydrobro-
mic acid. The method can be used to separate indium from a 1000-
fold quantity of tin. The determination ends photometrically with
rhodamine 6G. The method can bs used for the determination of
0.01-0.0001 per ceni of indium in sulphide and oxide concentrates
containing large quantity (15-50 per ceut) of tin.

Reagents

Ethylhezylphosphoric acid. Place 150 ml of 2-ethylhexyl alecohol and 150 ml
of octane in & 400-500.ml boaker; add, with stirring,”70-75 g of P,C;, and main-
tain the terapérature not above 70-75°C. Allow the solution to stand for 90-
120 minutes, dilute with octans or isooctane in the ratio ol 1: 1.5, and wash
the diluted extracting agent with 1 N sulpburic acid to remove PO2-_ the ratio
of the phases being 3: 1.

Ammeonium fuoride, 0.5 N solution,

Hydrobromic acid, diluted 5: 1.

Sulphuric acid, 1 N and 3-4 N solations.

Aescorble actd, crystalline.,

Ammonium sulphate, -2 per cent solution.

Sodium perezide, crystalline.

Magnesium Jeide, crystalline.



Procedure

Place a sample weighing 0.1-2 g into a corundum crucible and fuse
with 6-7 weights of sodium peroxide in the presence of 0.1-0.2 g of
“magnesia. Place the crucible into a cold muffle furnace, raise the
temperature gradually to 650-700 °C and fuse the sample for 6-8 min-
utes to obtain a uniform melt. Cool the crucible, transfer it care-
fully into a beaker containing 60-70 ml of water, and cover the beak-
er with a watch glass. When the vigorous reaction stops, pass the
solution through a filter and wash the precipitate on the filter with
a solution of ammonium sulphate containing free aramonia. Wash
the precipitate from the filter with 20-30 ml of 3-4 N sulphuric acid
into the precipitation beaker, heat to dissolve the precipitate, trans-
fer the solution into a 100-ml separating furnel and add 0.1-0.2 g of
ascorbic acid. Mix 30-35 ml of the solution with an equal volume of
the extracting agent and shake the mixture for 1-1.5 minutes. If a
stable emulsion is formed in the aqueous phase in 5-10 minutes, add
8-10 ml of ammonium fluoride. After the phases have separated, wash
the extract two times with 7-10 ml of 4 ¥ sulphuric acid and three
times with 2-ml portions of hydrobromic acid. Use the hydrebromic
acid solution for the photometric determination of indium with rho-
damine 6G.

PHOTOMETRIC DETERMINATION OF INDIUM WITH 8&-QUINOLINOL
WITH SEPARATION OF INDIUM HALIDE COMPLEXES
BY DIANTIPYRYLMETHANE EXTRACTION

The selectivity of the photometric determination of indium with
8-quinolinol can markedly be increased if indium is first extracted
as jonic associations of its iodide or bromide complexes with dianti-
pyrylmethane using chloroform or dichloroethane as extracting
agents. 8-Quinolinol is added to the extract and the absorption is
measured at 395 nm. Al, Fe**, Ga, Zn, Cd, Cu, Mn, Th, Co, and Ni
do not interfere with the determination. Ferric iron is reduced by
ascorbic acid and copper is masked by thiocarbamide. Zr; T! and
Bi interfere.

Reagents

Indizm salt, standard solutien. 1 ml is equivalent to 50 1';3 of indium.
Diantipyrylmethane, 0.3 per cent solutidn in ehloroform and 0.3 per cent solu-
tion in dichlorcethane.

Sodium thiosulphate, crystalline.

8-Quinolinol, 0.5 per cent sclution in chloroform and 0.5 per cemt solution ip
dichloroethane.

Sulphurie aeid, 1 N solution.

Acetate buffer solution, pH 5,

Chloroform.

DieRloroethu ne.

Potassium ivdide, 5 M solution.

Potassiam Yromide, 5 M sohation.
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Constructing a Calidbration Curve

Place the standard solution of indium =elt containing 50, 100, 4150, 200, 250
and 300 pg of indium into separating funnels and add 5 ml of the buffer sclution
into each Funnel. Next add 10 ml of 8-quinolinol sclution in chloroform (dichloro-
ethane) and shake for two minutes. When lﬂ: phases have separated, shalke
the agueous phase with 5 ml of the solvent. Collect the extracts and dilute them
with the solvent in a 25-ml volumetric flask to the mark. Measure the absorp-
tion at 395 nm in a cell with the layer thickness of 5 com and construct the cali-
bration curve.

Procedure

Place a solution containing 50-300 pg of indium (0.2 & sulphuric
acid) into a separating funpel, add XBr or KI solution to the con-
centration of 1 M and dilute with sulphuric acid to 20 ml. Shake
for two minutes with 10 ml of 0.3 per cent solution of diantipyryl-
methane in chloroform (if the iodide complex is extracted) or with
10 ml of diantipyrylmethane solution in dichloroethane (if the bro-
mide complex of indium is extracted). If indium is extracted from
the iodide solutions, add a few crystals of sodium thiosulphate to
the aqueous phase. After separation of the extract, shake the aque-
ous phase with 3 ml of the solvent and join the extracts. Wash the
joined extracts by shaking with 10 ml of 1 N sulphuric acid solu-
tion of KI or KBr. (f M solution of K] or KBr.) Transfer the organ-
ic phase into another separating funnel, add 6 ml of 8-quinolinol
solution in the same solvent which was used for the extraction of
indivm in the form of the ionic association, and shake with 5 ml
of the buffer solution to remove excess acidity. Transfer the organic
phase into a 25-m)] volumetric flask, wash the aqueous phase with
3 ml of pure solvent and add to the main extract. Dilute the extract
in the volumetric flask with pure solvent to the mark and measure
the absorption of the solution at 395 nm in a cell with a light path
of 5 cm. Find the indinm content from the calibration curve.

PHOTOMETRIC DETERMINATION OF INDIUM WITH
SALICYLFLUORONE

Trihydroxyfluorones react with the indium ion at pH 3-6 to form
from red to red-violet compounds soluble in water-ethanc! mixtures.
Salicylfluorone is the best reagent for the photometric determina-
tion of indium. The reagent sclutions have the maximum absorption
at 490 nm, the indium compound solution absorbs maximum at
535 nm, the optimum pH of the solution being 4.8. The molar ex-
tinction coefficient of the complex is 6.14 X 10%, of the reagent
jolution (at the same acidity and the same wavelength), 2.0 x 10°,
The solutions obey the Bouguer-L.ambert-Beer law with indium
:oncentrations from 0.02 to 2.0 pg/ml. The reagent is used for the
letermination of 2 X 10-* per cent of indium in sulphide ores, cop-
ier and sulphide concentrates, silicates, metallic lead and zine.
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Indium is first precipitated by ammonia in the form of hydroxide
and then extracted as the iodide complex with ethyl ether from sul-

phuric acid solutions. Traces of iron ¢can be masked by ortho-phe-
nanthroline.

Reagents

Indium chloride, standard solution. 1 ml is equivalent to 5 pg of indium,
Sallcylfiuorone, .05 per cont solution. Dissolve 50 mg of the reagent with mod-
erate heating in 93 ml of 96 per cent ethanol and 1 ml of 6 ¥ hydrochloric acid.
Acetate buffersolution, pH 4.6-4.8. Mix equal volumes of § M solutionsof sodium
acotate and acetic acid.

Gelstin, 1 per cent solution.

Hydrofluoric acid, 40 per cent solution, _

Nitrie acid, density f.4 g/cu.em and diluted 1: 1,

Sulphuric acid, 1 N, 1.8 ¥, 2 N solutions and diluted 1 : 1.

Hydrochloric acid, density 1.17 gfeu.cm and diluted 1: 1.

Ammenie, 25 per cent solution. .

Ammonium chloride, 1 per cent solution with pH adjusted te 9 with ammonia.
Potassium iodide, crystalline, ¥

Sodium thiesulphate, crystalline, and 5 per cent solution.

Thymal blue, 0.1 per cent solution in water-sthanel mixture containing 20 per
cent {v/v) of aethanol.

Ethyl ciher, froe from peroxides. Keep over sodium metal and then disti].
Ammonium fluoride, 1 per cent solution. )

Ascorbic aetd, 2 per cent solution prepared for the analysis.
ortho-Phenanthroline, 0.24 per cent solution.

Hydrogen peroxide, 30 per cent solution.

Washing liquid. Dissolve 8 g of potassium iodide in 50 ml of 1 N sulphuric acid
and add a few drops of & f per cent solution of sodium thiosulphate until the
solution becomes colourless. '

Ferric salt solution. 1 ml is squivalent to 20 mg of iron. Dissolve ferriammonium
sulphate in 0.1 N hydrochloric acid.

Constructing a Calibration Curve

Place 1, 2, 3, 4, 5, 6, 7 and 8 ml of the standard sclution of indium chloride,
inte B0-ml volumetric flasks and add 0.5 ml of ammoninm fluoride, 0.5 ml
of ascorbie acid, { ml of ortho-phenanthroline, 2 ml of gelatin and 2 mal'of sali-
cylilucrona, 20 ml of the buffer solution into each flask and dilute with water
to the mark. Allow the solutionsto stand for 45 minutesand measore their absorp-
tiomat 535 nm against a blank solution in a cell with a light path of 20-50 mm.
Construct the calibration curve using the data obtained.

Procedure

(a) Determining Indium in Silicates. Treat a sample weighing 0.5-1 g
in a platinum dish with 5 ml of hydrofluoric and 15 ml of sulphuric
acids (1 : 1) with heating first on a water and then a sand bath to
fumes of sulphuric acid. Cool the residue, dissolve in 100 ml of
water with heating, Rlter, and dilute the filtrate with water to
200 ml. If the sample contains sulphides, it should first be calcined
in a muffle furnace. Proceed further as in item (f).

{b) Determining Indium in Sulphides. Heat a sample weighing
0.5-1 g in nitric acid or 2 mixture of nitric and hydrechloricacids
(density 1.4 and 1.17 g/cu.cm respectively) to oxidize sulphur, then
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add 15 ml of sulphuric acid (1 : 1) and heat to heavy white fumes
of sulphuric acid. Dilute the solution with water to 100 ml, heat
to boiling, cool, filter, and dilute the filtrate with water to 200 ml.
Proceed further as in item (f}.

(c) Determining Indium in Iron Ores. Dissclve a sample weighing
1 g, with heating, in 15 m! of hydrochloric acid, density 1.47 g/cu.cm;
filter and wash the residue on the filter with hydrochloric acid (1 : 1)
and hot water, dilute the filtrate and the washings with water to
200 ml. Proceed further as in item (f).

(d) Determining Indium in Lead Metal. Dissolve a sample weighing
% g in nitric acid (1 : 1), add 15 m] of sulphuric acid {1 : 1) and evap-
orate to fumes of sulphuric acid. Dilute the residue with water and
evaporate again to fumes of sulphuric acid. Cool the solution, sepa-
rate the precipitated lead sulphate on a filter, wash with water,
and dilute the filtrate and the washings with water to 200 ml.
Proceed further as in item (f).

(e) Determining Indium in Zinc Metal. Dissolve a sample weighing
1 g in hydrochloric acid (1 : 1) with heating, and add 1 ml of nitric
agi.]d a} the end of dissolution. Dilute the solution with water to
200 ml.

(I} Separation of Indium from Accompanying Ions. Add 3 ml of
hydrogen peroxide to the obtained solution. If the sample contains
a very small quantity of iron, add 40 mg of ferric iron (as sulphate).
Add ammonia solution drop by drop with stirring until a precipitate
falls out and 2 ml in excess. Pass the settled solution through a filter,
wash the precipitate on the filter with ammonium chloride solution,
dissolve in 100 ml of warm 2 N sulphuric acid, dilute with water
to 200 ml, add 3 m! of hydrogen peroxide solution and repeat pre-
cipitation with ammonia. Wash the precipitate, disselve in 60 ml
of 1.8 N sulphuric acid, add 8 g of potassium iodide, and then so-
dium thiosulphate, drop by drop until the solution becomes colour-
less, and add 1-2 drops in excess. If the sample is rich in iron, first
add crystalline sodium thiosulphate to decolourize the solution and
then add the solution.

Transfer the colourless solution into a separating funnel, shake
two times with 30 m! of ethyl ether for two minutes. Add 2-3 drops
of sodium thiosulphate solution to the agueous phase before the
second extraction, join the ether layers, wash them 4 times with
10-ml portions of the washing liquid, adding 2-3 drops of sodium
thiosulphate to each portion of the washing solution. Re-extract
indium from the washed extracts by shaking thres times with 15 ml
of water for two minutes. Collect the re-extracts in a 50-m! volumet-
ric flask and add water to the mark. :

Transfer an aliquot of the solution containing 2-35 pg of indium
into a2 50-ml volumetric flask and determine indium.
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EXTRACTION-PHOTOMETRIC DETERMINATION OF INDIUM
IN GALLIUM WITH MALACHITE GREEN

The methed is based on the extraction of the ienic association of
Inl; with the cation of malachite green by carbon tetrachloride from
a 2 N solution of sulphuric acid. The absorption maximum of the
-extract is at 633 nm, the molar extipction coefficient, 8.3 x 10%.
Av®+ and TI*+ interfere. The interfering effect of Au* is removed
by extraction from 3-4 N H,S0,.

Reagents

Indium salt, stendard solution. 1 ml is equivalent 40 5 pp of indium.
Malachite green, 10-% M solution.

Carben tetrachloride.

Potassium isdide, 6 M solution.

Sulphurie acid, { XN and diluted 1: 1.

Nitric acid, density 1.4 glev.cm.

Constructing @ Celibration Curve

Place 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1 ml of the standard solution
of indium salt in 20-ml separating funnels, add 25 ml of K1 solution, 0.3 ml
of sulphuric acid (1 ; 1) and 0.8 ml of malachite green solvtion into each funnel,
Dilute the solution with bidistillate to 6 ml, add 6 ml of carbon tetrachloride
and extract for a minute. After the phases have separated, measurs the ahsorp-
tion of the extracts at 633 nm (I = 1 cimn) against a blank extract. Construct
the calibration curve using the data obtained.

Procedure

Dissolve a sample of gallium weighing 0.5 g in 5 ml of a mixture
(1 : 1) of nitric and sulphuric acids. Evaporate the solution to moist
salts, acd sulphuric acid and evaporate again. Dissolve the residue
in 1 N sulphuric acid and dilute the solution with 1 N sulphuric
acid to 10 ml. Place a 1-2 ml aliquot into a 25-ml separating funnel
and proceed as for the construction of the calibratior curve. Deter-
mine the indium content from the calibration curve.

AMPEROMETRIC DETERMINATION OF INDIUM
IN CONCENTRATES

The method is based on the titration of indium with EDTA sclu-
tion at pH 1.0. The equivalence point is detected by the disappear-
ance of the diffusion current of the ion In®* reduction on the drop-
ping-mercury electrode at the potential of —0.7 to 0.8 V with
reference to the saturated calomel electrode.

Many elements occurring in the materials containing indium,
e.g. Zn, Mn, Cd, Co, Al, do not interfere with the determination.
Considerable gtantities of ferrous iron (not more than 10 mg) do
not interfere with the titration either. Ferric iron is reduced to
Fe?*. The effect of the Sn ion (less than 5 mg) and Sb ion (less than
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2 mg) can be remaved by adding tertaric acid. Indium can be deter-
mined in the presence of a small quantity of copper (less thar 0.5 mg),
provided it is masked with thiocarbamide, and also Pb and As (less
thar 2 mg). Large quantities of these elements interfere with the
detection of the equivalence point since copper, lead and arsenic
cause diffusion current. But they can easily be separated from indium
during the analysis: arsenic and lead, by the decomposition with
a mixture of hydrochloric and sulphuric acid, with evaporation to
fumes of sulphuric acid; and copper, during precipitation of hydrox-
ides with excess ammonia, The bismuth ion interferes.

Reagenis

Hydrochloric gcid, density 1.19 gfcu.cm.

Sulphuric actd, density 1.84 gfcu.cm,

Ammonia, soluticn, density 0.9 glcu.cm,

Tartaric acid, crystalline,

Ascorbic acid, 4 per cent solution,

Thioearbamide, 5 per cent solution.

Fropaeclin 00, indicator solution, .

Buffer solutipn, pH 1.0. Mix 50 ml of a 0.2 M solution of potassium chioride
with 97 ml’of 0.2 ¥ hydrochloric acid and dilute with water to 200 ml.
EDTA, 0.005 or 0.02 M solution.

Procedure

Decompose a sample weighing 0.5 g with a mixture of hydrochloric
and sulphuric acid (5 ml of each acid) and evaporate the solution
to fumes of sulphuric acid. Dilute the residue with water to § m!}
and filter. Precipitate hydroxides from the filtrate by excess ammeo-
nia. Separate the precipitate and dissolve in hydrochloric acid.
Transfer the solution into a 50-100 ml volumetric flask and add water
to the mark. Place a 10-20 ml aliquot into a titration beaker, add
0.5-1 g of tartaric acid, 1-2 m! of ascorbic acid, and 0.2 ml of thio-
carbamide solution. Neutrslize the solution with ammonia to tro-
paeolin (0 until the red colour changes to yellow. Add 15-20 ml of
the buffer solution and titrate with EDTA solution from a 5-mli
semimicro-burette. Detect the equivalence point graphically hy
the change in the diffusion current of indium depending on the
smount of the EDTA solution added.

POLAROGRAFHIC DETERMINATION OF INDIUM

All elements which interfere with the determination are removed
befores polarography by amalgamated zinc in the presence of not
less than 20 per cent of a sulphate of an alkali metal. As, Sh, Bi,
Cu, T1, Se, Sn, Ti, Fe!’I, VV and CrV! are reduced energetically
to their elemental state or compounds of their lower valencies in
this reaction. Indium is determined in the obtained solution polaro-
graphically after' adding sodium chloride in the guantity of 40 per
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cent by weight. The half-wave potential for indium is —1.06 V with
reference to the saturated calomel half-cell.

The method can be used for the determination of indium in indus-
trial materials and wastes.

Reagenits

Nitric acid, density 1.4 g/cu.cm,

Sulphuric acid, density 1.84 g/cu.cm.

Amalgamated zinc. Dissolve zinc in mercury with heating in the presence of
diluted (1 : 5) sulphuric acid.

Sodium chloride, crystalline.

Procedure

Add a mixture of nitric and sulphuric acid to a sample weighing
1-3 g and. heat to white fumes. Add hot water to the cooled residue
and separate the precipitate on a filter. Add an equal quantity of
sulphuric acid {or an equivalent quantity of sulphate) to the solu-
tion so that the acid concentration is not less than 20 per cent.
Next add amalgamated zinc to the solution, mix by a stirrer at
a speed of 350-400 r.p.m. for 45 minutes. Filter the solution, add
about 10 per cent (by weight} of sodium chloride and carry out po-
larography at a potential of —1.06 V. Determine the indium content
by the increment method.

POLAROGRAPHIC DETERMINATION OF INDIUM
IN SULFHIDE ORES

The method is based on the polarographic determination of in-
dium in a medium of 3 N hydrochloric acid at a potential of from
—0.4 to —0.8 V with reference to the saturated calomel electrode.
Cu, Ph, Cd and Sn ions interfere with the determination. Indium is
precipitated as its hydroxide, using ferric hydroxide as the collect-
ing agent. The precipitation is carried cut from a hot strong alkaline
solution in the presence of EDTA. When the precipitate has dissolved
in hydrochloric acid, oxygen and ferric iron are reduced witl iron
metal,

Reagenis

Hydrochioric acid, density 1.19 g/cu.cm and 3 N solution.

Perchioric ‘acid, 60 per cent solution.

EDrA, 5 per cent sclution.

Sodium hydroride, 10 and 5 per cent solutiona,

Iron, reduced by hydrogen,

Sodium chloride, 1 per cent solution.

Indium salt, standard solution. 1 ml is equivalent to 0.1 mg of indium.

Procedure

Decompose a sample of ore weighing 0.1-1.0 g in 3 ml of concentrat-
ed hydrochloric acid and a few millilitres of perchloric acid with
heating. Evaporate the solution almost to dryness. Add 40-50 ml of
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hot water to the residue and heat to the boil. Separate the insolyuble
residue on a filter, wash with hot water and discard. Add 20-25 ml
of EDTA to the soluticen and then add 10 per cent solution of sodium
hydroxide until the solution reacts alkaline. Add 15-20 ml in excess.
Dilute the solution with water to 150-200 ml, heat slowly to the.
boil, maintain boiling for 3-5 minutes, and allow the solution to
stand on a boiling water hath until the precipitate fully coagulates
(30-40 minutes). Separate the precipitate on a filter washed prelimi-
narily with a hot 5 per cent solution of NaOH. Wash the precip-
itate on the filter with a hot solution of sodium chloride and 1-2 times
with hot water. Dissolve the precipitate in hot 3 N hydrochle-
ric acid, evaporate the selution (if necessary), transfer into a 25-ml
volumetric flask and add 3 & hydrochloric acid to the mark. Place
the solution into an electrolyzer, add 0.2-0.3 g (on a spatula tip) of
iron metal and carry out polarography in 40-50 minutes. Determine
the indium content by the increment method.
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Thallium

[;Thallium, T1, has the positive valency of 1 and 3. The staadard
electrode potentials in an aqueous medium at 25 °C are as follows
(with reference to the standard hydrogen electrode):

2T14-8* = T1,8+ 2. —-093 V

TI4T- = T4 —0.753 V
T14-Br == TIBr+e- —0.658 V
T1+4-C1- = TICl 4+~ —0.557 V
Tl = TI*+e~ —~0.338 V
TIOH;Tp;+20H~ = TI{OHlytrm -+ 2~ —~0.05 ¥

T1+H,O = TIOHrg-+HY 4~ 40,778 V
TI* = TP+ 2¢ --1.252 v

The TI** ion is colourless and easy to hydrolyse. Solutions con-
tain the ions TIOH?*, T1O* and others. The pK of the reaction

EV
1.6
TIO
12|
THOH),
08+
Tt
04
| | | I
~0 % ) 12 pH

Fig. 7. Dependence of approximate poteniials of the system TI™¥/TI! on pH.
Concentration of thallium, 102 A P

T3+ 61— H,0 2~ TIOH?** +H* is —0.8 (the ionic strength at 25 °C
“18°3.0). ' .
The ion of tervalent thallium irn acid solutions is a strong oxi-
dant; it is easily reduced to a colourless T1+ ion (Fig. 7). The forma-
tion of a sparingly soluble compound TICl.promotes reduction. But
the chloride, bromide and iodide ions decreass the ¢xidiziug poten-
tial of thallium (I1I) due ta complex formation. Monovalént thal-
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lium is oxidized only by energetic oxidants (MnO7, Cly) in a sirong
acid medium. Potassium bromate oxidizes quantitatively T
Tiil in an acid medivm and is used for the titrimetric determina-
tion of thallium (I). On the other hand, the ion TI* is an energetic
reductant in an alkaline medium. The chemical properties of the
T1* ion are similar to those of the alkali metals, silver, and also
the ion Pb?*r,

Thallium (I} hydroxide is soluble in water and is a strong base.

Thallium (I} salts of strong acids react neutral. Most of them are
soluble in water except the halides TICl, TiBr, TH (only TIF is
soluble), azide TIN,, sulphide T1,S, chromate T1,CrO,, chloroplatina-
te T1,[PtCl,], and cobaltinitrite Tl3[Co(NOQa),)

Thallium (I) does not form moare or less stable complexes For
example, it does not form complex compnunds with the ion 5,07
(as distinct from PbII and Agl) or ammonia (in contrast to Agl)
Thallium (I} belongs to the silver analytical subgroup . since its
chloride is sparingly soluble in water. Dilute hydrochloric acid
precipitates white TICl from solutions containing the TI' ion. The
precipitate is sparingly soluble in water at room temperature and in
dilute acids; better soluble in hot water; pLnicy = 3.7. Potassium
iodide precipitates a yellow sparingly soluble TIlI; pLpy; == 7.2.
The precipitete i insoluble in solutions of Na,5,0, (in contrast to
Agl and Pbl,). EDTA does not interferq with the precipitation of
TII [1]. This sharply increases the selectivity of precipitation of
the iodide. The interfering elements can also be masked by tartrate
or cyanlde ions. TI1' can be determined in TII microcrystalloscop-
ically.

Hydrogen sulphide precipitates a black substance T1,S (pLr,s =
= 22.2-23.% from a neutral solution.

Ammonium sulphide also precipitates T1,S which is insoluble
in excess precipitant.

Potassium chromate precipitates yellow T1,CrQ,, sparingly solu- .
ble in dilute acids. It is used for s$he gravimetric determination of
thallinm [2, 3]. Acid solutions precipitate an orange-red bichro-
mate T1,Cr,0,. When boiled in concentrated hydrochloric acid, the
precipitate dissolves and the soldtion liberates beautxful red crystals
on cooling.

Chloroplatinic acid precipitates an orange suhstanca, T, PtCl,
insoluble in cold water. Hot acid solutions of T1® salts precipitate
vellowish octahedral crystals suitable for microcrystalloscopic de-
tection of thallium.

Potassium ferricyanide oxidizes TIT in an alkaline mediuin- to
give a brown precipitate TI{OH}),.

Iodobismuthates of the alkeli metals react with Tir to form a red .
preclpltat.e [4]. The reaction is selective for TI1I.in the presence of

5,05 which removes the interfering eflect' of "Fell1,-CelV, Hgll,.
Gu"l Ptlv, AsV and SbY, Selenious and tellurous acui interfere
(precnpltate a black substance).
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Dipicrylamine is a selective reagent for the T1* ion. Unlike the
other ions of the silver subgroup {Ag*, Hgi*, Pb**), it precipitates
a red substance. The ions K+, NH}, Rb* and Cs* interfere with the
determination. The reagent is used [5] for microcrystalloscopic de-
tection of TI1*. .

Thiocarbamide precipitates white crystals from salt solutions
acidified with perchloric acid. The reaction is highly selective [6].

Thionalide precipitates selectively the TlI ion in the presence of
KCN, NaOH and tartaric acid. The reagent reacts only with the
Aultl ion in these conditions [7].

Thallium (III) salts are soluble only in the presence of strong acids.
The salts are easily hydrolysed.

The hydroxide T1(OH); is a reddish brown amorphous substance.
It begins precipitating from a (.01 M solution of THII salt at pH
of about 0.3 (pL = 43-45). It has no amphoteric properties.

The trioxide T1,0; is black. )

Thallium (III) ion forms many complex compounds. For exam-
ple, thallium (III) readily forms complexes of the type [TIX,]-
and [TIX ]~ (X == F-, Cl-, Br- and others). The complex compound
HITICL,} is extracted with ethyl ether_from hydrgchloric acid solu-
tions. Sulphate complexes of thallivm (I[I) arc not very stable. Thal-
lium (III} forms complex compounds with organic oxy-acids (tar-
taric, ¢itric and others), oxalic acid and other dicarboxylic acids.

The formation of thallium (III) complexes in svlutions with the
chloride or bromide ions occurs in steps [8], The following instabil-
ity constants have been established for the chloride complexes;
pK, = 7.50; pX, = 4.50; pK; = 2.75; pK, = 2.25; pK, = 1.95;
pKs = 1.75 (for the ionic strength of 0.4 and the temperature of
20 °C; the concentration of HCIO, is 0.34 mole/l). The instability
constants for the bromide complexes of thallium (III) in solutions
of the same ionic strength and concentration of HCIO, are as fol-
lows: pK, = 8.3; pK, = 6.3; pK, = 4.6; pK, = 3.4; pK, = 2.5,
and pK, = 1.7 (20 °C).

The chloride and bromide ions interfere with the complexometric
titration of thallium (III) and colour reactions with some organic
reagernts, : _

Thallium (I} is reduced quickly and quantitatively to TIF by
hydrazine sulphate in weak sulphuric acid solutions [9]. This makes
it possible to titrate the TMII jon potentiometrically using plati-
num-graphite electrodes.

Diantipyrylpropylmethane precipitates quantitatively the THII
ion from solutions containing the chloride ion in the form of the
compound. CygHyOyN,-HTICl,, which meets the requirements for
the weighing form (£0]. ' _ '
' The pyrazolone derivatives, amidopyrine, antipyrine, diantipy-
rylmethane, diantipyrylphenylmethane, diantipyrylpropylmethane,
precipitate the TIII jon as crystalline compounds in the presence
of the bromide ion {10, #1}]. Thallium can he determined gravimetri-
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cally as C,gH,,0,N, HTIBr, and C,¢H,0;N,-HTIBr, (10, 11]
in the presence of Cu, Zn, Cd, Bi, Fe, Sb. The reagents are also used
for the extraction-photometric determination of thallium [12].-

The thallium (III} ion reacts with basic dyes in the presence of
the chloride and bromide ions to form sparingly soluble compounds.
‘The bromide and chloride complexes of thallium react with the
basic dye rhodamine B to form a red-violet precipitate [13)] extract-
.able with organic solvents as bright red liquids. The reagent itself
is not extracted. The anions TICi; and TIBr; react similarly in a
‘weak acid solution with methyl violet {14-18] and other basic dyes
-of the diaminotriphenylmethane series [18-21]. The benzene extract
of HTICl,; with rhodamine B intensely fluoresces in the ultra-violet
light.

The named reagents are used for the extraction-photometric de-
termination of thallium, and also for its detection.

~When KI solution is added gradually to a dilute solution of
T14(S0,)s, the following reactions occur, one after another [22]:

TI* 421~ = TI%41, M
I+ = I3 (11
TI* 1~ I3 = TII; {11

Under certain conditions, tervalent thallium oxidizes the iodide
ion quantitatively to the elementary iodine. When excess I- ion is
.added, the thallinm’(I) ion, which is first formed, is oxidized by the
elementary iodine to form a stable jodide complex anion of tervalent
thallium, T, (the reaction of complexation is stepwise). The reac-
tion is feasible due to a strong reduction of the oxidation potential
-of thallium (III) during the complex formation reaction. If the
formed TII ion is removed from the reaction sphere by precipitation
with organic bases, e.g. pyrazolone derivatives, the reaction III will
shift completely from left to right.

The ion of tervalent thallium forms sufficiently stable tartrate
complexes under certain conditioms [23]. The ion of tartaric acid
.does not practically reduce tervalent thallium at pH 3-7 to its
monovalent state for several hours, while in an acid sclution
(pH 0.8-0.9) the reduction is effected by 8-10 per-cemnt during two
hours. The composition of the precipitate liberated from the solu-
tion containing Ti** and C,H,0i- at pH 2, corresponds to the for-
mula T1,(C,H O4)s. The solubility of this compound in water at

20 °C is (1.0 & 0.1) X 10-* mole/l and it increases sharply in the
presence of tartrate at pH higher than 2, probably due to the forma-
tion of TI{C,H ,O,)z and other complexes. At pH 4, thallium enters
the composition of the complex amion. At a temperatare of 20 °C
and the ionic strength of 1, the general successive stability constants
of the tartrate complexes of thallium (IIT) are:

By =3.7X1015; P, =6 5x 10{* and P,=2.2 x 10



EDTA reacts with the ion of tervalent thallium to form a stable
complex compound [24]. Its stability constant at 20 °C and the
ioni¢ strength of 0.4 is 3 x 10%9,

The value of log B at 20 °C and the ionic strength of 0.1 is
22,5 + 0,5.

Several variants of the complexometric determination of thallium
have been developed [25].

Various hydroxy-azo compounds react w1t.h tervalent thallium to
form coloured compounds.

1- (2 Pyridylazo)-2-naphthol reacts with TUI in the molar ratio
of 1:1 to form a red-violet compound sparingly soluble in water.
The solubility increases in the presence of water-miscible organic
solvents: methanol, ethanol, acetone. The absorption maximum of
the compound solutions at pH 4.5 is at 560 nm (the absorption maxi-
mum of the reagent solution iz at 470 nm in these conditions). The

‘molar extinétion coefficient is 2.2 X 410¢ (the solvent —50 per cent

methanol, pH 2.2). The equilibrium constant of the reaction of
formation of the complex compound is 1.9 X 10%. The reagent is
used as a complexometric indicator [26] for titration of Tl

In order to increase the selectivity of the photometric determina-
tion of thallium, it isextracted by a solution of di-2-ethylhexylphos-
phoric acid and then determined in the extract with 1-(2-pyridy-
lazo)-2-naphthol {27].

4-(2-Pyridylazojresorcinol also reacts with the ion of TIII to
form a red compound well soluble in water, butyl and iscamy! alco-
hol but insoluble in ethyl ether, benzene, carbon tetrachloride and
chloroform. The absorption maximum of the aqueous solution of
the compound is at 550 nm {pH 2.2); the absorption maximum of the
reagent solution is at 415 nm. The molar extinction coefficient of the
thallium compound is 1.9 X 104. The reagent is used as a complexo-
metric indicator for titration of T1rII,

7-(1-Naphthylazo)- and 7-(5,7-disulpho-2-naphthylazo)-8-quinoli-
nol-d-sulphonic acids react with the ion of TI1II at pH 2 and higher
to form soluble yellow compounds. When EDTA is added to these
solutions, a complexonate of TIil! is formed and free azo-compounds
are liberated. The solution is coloured violet in this reaction. The
change of colour is distinct. The reagents are used as complexometric
indicators for titration of TIrrx [28].

Xylenol orange reacts with TIIIr at pH 2.50 in the molar ratio
of 1 : 1 to form a compound whase solution has the absorption maxi-
mum at 380 nm. The molar extinction coefficient is 2 X 10%. The
reagent is used as a complexometric indicator for titration of terva-
lent thallium.

Thallium compounds colour flame into emerald-green shades. The
wide line of thallium in the visible region of the spectrum at 535 nm
is close to that of barium, but thallium's line is more intense. Thal-
lium is detected and determined by the spectral method and by
the colour of flame.
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Tl is determined polarographically in an ammonia medium in
the presence of many ions. Tie method is used for the delermination
of thallium in cadmium 129;.

The literature contains a review of the analytical methods for
deleclion and determinatlion of thallium [30, 31].

GRAVIMETRIC DETERMINATION OF THALLIUM (I)
AS THIONALIDATE

The method is based on ithe precipitation of monovalent thallium
in the forw of a sparingly sctuble thiornalidate, C; ,H,NHCOCH,STI,
Thionalide reacts also with the cations of heavy metals capable
of forming speavingly scluble sulplides. Solutions containing the
tartrate jun and NaOIl precipitate also Cu**, Cd2*, Hg®* and Aulil
hy the action of thionalide. Thionalide also precipitates Pb?*,
Ri*+ 8bI1 Snlt and Aulll from solutions containing the tartrate
ion and KCN. Jf a solulion contains the tartrate ion, KCN and
NaOH, thionalide precipitates only Tl+ and Aylll

Reagenis

Thionalide, 5 per ceunt solution in acctone, 0,4-0.5 g of thiopalide in 8-10 ml
of acetone are reguircd per 0.4 g of TL

Sodium ftartrate, crystailine,

Potassium cyunide, 1'.r:,‘5ta]lino.

Sodium hydrozide, 2 X solution,

Procedure

Neutralize 10-20 mJ of ihe sample solution {containing 0.1-0.025 g
of T1) by NaOll soluticn to phenolphthalein, add 2 g of sedium tar-
trate, 3-2 g of KCN, and add an equal volume of NaOIl solution.
Dilute with water to 10 ml. Add a 4-5-fold cxcess of thionalide
solution. Mix and heat to the beil: the amorpbous precipitate turns
int> crystals. Cool the mixture, separate the lemon-yellow precip-
itate on a glass crucible, wash with cold water to remove KCN,
and with acetone to remove excess reagent. Dry the residue at 100 °C
and weigh. The conversion factor for Tl is 0.4839.

GRAVIMETRIC DETERMINATION OF THALLIUM (I)
AS CHROMATE

The methad is based on the precipitation of thallium from an alka-
line soluiion by potassium ctiromate in the form of a sparingly solu-
ble T1,CrO, {the solubility in water at 20°C is 8.15 X 10-* mole/l;
in 96 per cent ethanol, 1.14 X 1075 mole/l). The ions reducing
Cr0?- {c.g. 8O?"), and also the ions precipitating from an ammoniacal
solntion of chromate as hydroxides (Al, Fe, Cr) or chromates (Ag,
Pb, Bi, Ba and Sr) interfere -vith the determination. The interfering
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effect of extraneous ions is removed by EDTA which reacts with
them in an alkaline medium to form stable soluble complex com-
pounds,

Reagents

Potassium chromate, 10 per cent and ¢ per cent selutions,
Ammonia, 20. per cent solutipn,
E'thyl alcokol, 50 per cent solution.

Procedure

Heat a neutral solution of the sample {containing about 1 mg of TI
in 1 ml) to 70-80°C, add ammonia solution (4 mi per each 100 ml)
and 10 per cent potassium chromate solution (10 ml per each 100 ml).
Coo! the solution and allow it to stand for at Jeast 12 hours. Separate
the precipitate of thallium chromate on a glass crucible No. 3, using
1 per cent. potassium chromate solution to transfer the mixture onto
the. filter, Wash the precipitate 2 or 3 times with small portions of
ethanol until the yellow colour of the filtrate vanishes, dry the
precipitate to constant mass at 120-130°C, and weigh. The conversion
factor for T1 is 0.7789.

GRAVIME‘T‘"RIC DETERMINATION OF THALLIUM (III)
WITH DIANTIPYRYLPROPYLMETHANE

The method is based on the precipitation of Tilll as C,gH 5,0,N,-
-HTICl, from hydrochloric acid solution by diantipyrylpropylmeth-
ane. The solubility of the precipitate in water at 20°C is 5.7 <
x 107% mole/l. The variation of the acidity in the range from 1 to
6 ¥ does not affect the results of the determination, the chloride ion
concentration being higher than 0.1 M. In+, Bi%, Zn?+, Cd%+,
Fe?+, Mg2+, PO;-, and AsO?~ do not interfere with the determination
of thallium (ITI) in a medium of 3 & hydrochloric acid.

Reagdents

Diantipyrylpropylmethkane, 1 per cent solution in CH,COOIL (1 : 1),

Wf:«(.iz}ung solution, 0.05 per cent diaptipyeylpropylmelhane in t A hydrochloric
- acid.

fydrochloric aeid, 1 M solution

Sodium chloride, crystalline.

Procedure

Add NaCl to an acid solution of TIII salt to adjust the chloride ivn
concentration to not lower than 0.1 Af. Add diantipyrylpropyimeth-
ane with stirring until the formation of precipitate discomniinues.
Allew the precipitate to coagulate and separate on a glass filter
No. 3 washing it several times with sinall portions of the washing
solution and then with hydrochloric acid. Dry to constant weight at
140-120°C and weigh. The conversion factor for Tl is 0.2628.
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BROMATOMETRIC DETERMINATION OF THALLIUM (I)

The method is based on the oxidation of TII with potassium bro-
mate in a hydrochloric acid medium {5-8 per cent HCl solution):

3T1%+ BrO; +-6H" = 37198+ Br-48H,0

The point of equivalence is established potentiometricazlly by the
change of the platinum electrode potential. A compensation poten-
tiometer is used for the purpose. A saturated calomel half-cell is
used as the reference electrode.

As, 8b, T1, and Cu interfere with the determination. If the Fe3+
ion is present, ammonium phosphete sheuld be added before titration.

Reagenis

Potassium bromate, 0.02 N solution.
Hydrochloric acid, density 1.19 gfeu.cm.

Procedure

Dilute the solution of the sample (containing 0.053-0.01 g of TI)
with water, adding it to the mark in a 50-ml volumetric flask. Trans-
fer a 20-m! aligquot of the solution into a titration beaker, add 15 ml
of hydrochloric acid and titrate with potassium bromate solution
until the potential jumps abruptly. During the first titration (ten-
tative), add potassium bromate by 1-ml portions, while in the second
{accurate) titration, add potassium bromate solution in 0.1 ml por-
tions when the point of equivalence is approached. 1 ml of 0.0200 &
solution of potassium bromate is equivalent to 2.044 mg of thallium.

COMPLEXOMETRIC DETERMINATION OF THALLIUM (III)
IN ALLOYS

The method is based on the titration of tervalent thallium at pH
of about 2 by a standard solution of EDTA. The equivalence point
is located with 1-(2-pyridylazo)-2-naphthol or 4-(2-pyridylazo)resor-
cinol which react with TP+ to form red-violet or red complexes re-
spectively. The complexes convert into thallium complexonates by
the action of EDTA. The colour abruptly changes to yellow at the
point of equivalence {(own colour of the indicator).

Thallium can be determined in the presence of prevailing quanti-
ties of Zn, Pb and Cd, and also in the presence of the ions of metals
forming stable complexonates only in neutral or weak alkaline me-
dium (Ca, Mg, Al). Fe?+, Bi®*+, In®, Ga?+, Cu®*, MnO; and ziso
the chloride, bromide and iodide ions, which destroy the thallium
complex with the dye, interfere with the determination. Thallium
can be determined in the presence of the Bi** ion by titrating the
sum of Bi* and T)1®* at pH 45. T+ is then reduced to TI* and the
liberated EDTA is titrated with a standerd solution of a copper salt.
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The method can be used for the analysis of magnesium and other
alloys containing not less than 0.5 per cent of T1. The error of deter-
mination of thallium does not exceed 0.5 per cent. The determination
continues for 20-25 minutes.

Reagents

Sulphurie acid, diluted 1 : 2.
Ammonium persulphate, crystalline.
Sedium fluoride, crystalline,
Ammenia, 2 N solution.
Monochloroacetic acid, 1 M solution.
Potasstum bromide, 2 M solution.
Sulphosalicylic acid, 20 per cent solution.
T4, 0.0 M solution.
Ammonium acetate, crystalline,
1-(2-Pyridylazo)-2-napkthel, 0.1 per cent solution in ethanol.
1-2-Pyridylaze)resorcinel, 0.1 per cent agueous solution,

Procedure

Determining Thallium in Magnesium Alloys. Dissolve a sample of
the alloy weighing 0.2-0.5 g in 10 m!} of sulphuric acid, dilute the
solution with water to 100 ml (the final acid comncentration should
be 1-2 N), add 0.5 g of ammonium persulphate and boil for a few
minutes to destroy its excess. Add 1-2 g of potassium fluoride (if the
sample contains Zr or a large quantity of Al) and ammonia to the
solution until it turns pale yeliow (T1{(CH), begins precipitating).
Then add raonochleroacetic acid, adjust the pH to 2 to universal
test paper, and add a few drops of 1-(2-pyridylaze}-2-naphthol solu-
tion. Titrate with EDTA solution until the red-vielet colour changes
to yellow. .

Determining Thallium in the Presence of Iron. Add 5-10 ml of
potassium bromide solution to 50-70 ml of the solution containing
Fe3* and T1** (t0 mask THIT) and adjust the pH of the solution 1o 2
by adding ammonia dropwise. Heat the solution to 40-60°C, add
3-5 drops of sulphosalicylic acid and titrate Felll with EDTA solu-
tion until the red-brown colour vanishes. Add ammonium acetate
(to adjust the pH to 4-5), a few drops of 4-(2-pyridylazo)resorcinol
solution {until the solution colour is distinet red) and titrate TIII
with EDTA solution until the colour changes to orange yellow.

If the thallium and iron contents are about the same, one and ithe
same solution of EDTA can be used for titration. If the iron content
oxceeds that of thallium, use 2 more concentrated solution of EDTA
for the first titration.

EXTRACTION-PHOTOMETRIC DETERMINATION
OF THALLIUM (I

The method is based on the formation of an iodide complex of
thallinm (IT11) with diantipyrylmethane or diantipyrylpropylmeth-
ane, (CoeH,y,0,N-HTII, or C,4Hg,0.N,-HTII,) with subsequent
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extraction of the complex with benzene. The molar extinction coef-
ficient of the benzene extract at 400-405 nm is 1.20 x 10% It does
uot depend on the nature of the base. Cu2+, Fe®+, Bi%, Cd**, Phi+,
Zn?, Ga** and In?* do not interfere with the determination in the
presence of EDTA at pIl 2-3.

Reagents

Digntipyrylmethane or . diantipyrylpropylmethane, .05 per cent solution in
acetig acid {1 : 10). )
Potassinm jodide, 0.1 per cent solution.

Sulphuric acid, 1 N solution.

Bramine water,

Benzene.

Thallium (£} salt, standard solution, 1 m] is equivalent to 40 pg ol thallium,

“Censtrucling a Calibration Curve

Place 1. 2, 3, 4 and 5 ml ol the thallium (I} salt standard =oletion into small
beakers und add 2-3 ml of hromine water into each ol them. Iieal the solnutinus
to the boil and maiatain boiling to remove excess hromine. Trausier ¢old sela-
tions inlo 15-30 ml separating [unnels, rinse the heakers with 2-3 m] of sulphuric
acid, and add 2-3 ml of potassium iodide solution and 1-2 ml of diantipyryl-
methane {or diantipyrylpropylmethane). Extract with 10 ml of henzence. Discard
the separated lower layer, and pass the upper layer through a dry paper filter.
Mcasnre the absorption of the filtered extract at 400 nm in a cell with a light
pathot t ¢cm on a spectrophotometer using benzene as a reference solution. Con-
struct the calibration curve using the data obtained.

Procedure

Add all the required reagents to the solution of the sample as in-
structed for the constructicn of the calibration curve, and measure
the absorption of the solution. Find the thallium content from. the
calibration curve.

EKTR;\CTION-PHGTOMET[{IC DETERMINATION OF SMALL
QQUANTITY OF THALLIUM (I} WITH METHYL YIOLEY

The method is based on the extraction with toluene (or benzene)
of a celoured compound of the anion TICl; with the cation of methyl
siolet. The absorption maximum of the extract is at 570 nm. The
molar extinction coefficient is about 5.0 > 10*. The change in the
acidity from 0.2 to 0.8 ¥ (HCI) does not affect the results of the detar-
mination. The interfering effect of antimiony can be removed by oxi-
dizing Tit to TII'I, the chloride ion concentration not exceeding
0.1-0.2 ¢g-eq./l (ShClg ion is not formed in these conditions). The
‘nterfering effect of Avlll and Hg!l can be removed by (calorization)
of the elements with copper metal.

Reagents

Methyl violet, (.2 per cent solution.
Phosphoric acid, density 1.46 glen.em. -
Hydrogen perozide, 30 per cent solution.
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Ferric chloride, 20 per cent soiution,

Copper spiral.

Thallium (I} salt, standard solution. 1 1l is equivalent to 10 pg of thallium,
Ifydrochloric acid, density 1.19 gleu.cm.

Nitric acid, density 1.4 gfcu.cm.

Toluene.

Constructing a Calibration Curve

Place the thallium (I} salt siandard selution in 100-ml beakera so that they
contain 4, 5, 15, and 20 pg of T1. *4d 30 ml of phosplaric acid, 1 ml of ferric
chloride and 7-8 drops of hydrogen peroxide into each hesker and allow the
solutions to stand for 30-40 minutes. Transier the solutions inte separating fun-
nels, dilute with water to 40 wl, add 25 ml of toluene, 1.0 ml of 1ethyl viclet
solufion and shake for a minute. Allow the phases to separate and transfer
the extract into a dry 50-ml beaker. Allow the svluiions to stapd for 20 minutes
and measure their absorption by an absorptiomneter in a cell with a light path
of 1 cm using & gresn optical filtar. Construct the ealihralion curve using the
data obtaired.

Procedure

Place a sample of ore weighing 1 g into a 150-ml beaker and add
20-40 ml of 2 mixture of hydrochloric and nitric acid {3 : 1). As soon
as the vigorous reaction stops, heat the soiution and evaporate to
3-5 ml. Transfer the beaker onto 2 water bath and evaporate the solu-
tion to dryness. Treat the residue with 5-10 m) of Lhivdrochloric acid
and evaporate again on a waler baih to dryness. I a sample con-
tains thallium bound with a silicate base, silicon is distilled as
SiF,. The residue is treated with concentrated hydrochloric acic
with subsequent removal of it= excess by evaporalion on 3 water bath,

Add 30 ml of phosphoric acid to the obtained soh:tion, heat it to
boiling and immerse a copper spiral {washed preliminarily with
dilute nitric acid and water). Remmove the beaker {rom the hotplate
in ten minutes. Remove the spiral, wash it with a small amount of
water, Separate the undissolved residue on a filier aund wash it 1-2
times with water. The volume of the filtrate and Lhe washings should
not exceed 30-35 ml. Proceed furiber as for 11 construction of th.
calibration curve. Find the thalliviz content irom the calibraticu
curve,

EXTRACTION OF THALLIUM (I1I) FROM ORES
AND THEIR PRODUCTS

Thallium (II]) is separated by extraction with ethyl ether {rom a
1 N solution of hvdrobromic acid. Hg?-, Sh¥ agd Awlil are extracted
together with TITII,

Reagents

Nitric acid, deneity 1.4 gleu,cm.
Hydrochloric acid, diluted 1 : 1 and $0 per cent solution.
Sulphuric octd, diluted 1: 4,
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Hydrobromic acid, 40 per cent solution saturated with bromine and 1 ¥ solu-
tion saturated with ether.

Ether, saturated with 1 ¥ hydrobromic acid.

Bromine. '

Procedure

Dissolve a sample of ore weighing 0.2-0.5 g in 20-50 m] of hydro-
chloric acid (1 : 1) with heating on a sand bath, add 2-3 ml of nitric
acid and evaporate to dryness. Treat the residue two times with
2-3 ml portions of hydrochloric acid (1 : 1), and evaporate o dryness
each time. Next, add 20-30 ml of a 10 per cent solution of hydro-
chloric acid, heat the solution, then cool it and separate the undercom-
posed residue and PhCl, on a filter. Wash the precipitate two or
three times with a 10 per cent solution of hydrochloric acid. Evapo-
rate the filtrate to dryness, treat the residue with 5-7 ml of a 40 per
cent solution of hydrobromic acid saturated with bromine and eva-
porate almost to dryness. Repeat this operation three times.

Dissolve the dry residue in 8-10 ml of 1 & hydrobromic acid satu-
rated with bromine, transfer the solution into a separating funnel
and rinse the beaker once or twice with 2-3 ml portions of the same
acid. Add an equal volume of ether to the solution and shake for
a minute. Allow the mixture to separate, transfer the aqueous layer
into another separating funnel washed with 1 & hydrobromic acid
saturated with ether, and repeat extraction. Wash the ether extracts
two times with 5-ml portions of the same acid, each time shaking
for 15-20 seconds. Remove ether by heating on a water bath and evap-
orate the solution to dryness. Add 0.5 ml of sulphuric acid and evap-
orate the solution on a sand bath to fumes of H,80,. (To oxidize
organic impurities, add a few drops of nitric acid.) Add 2-3 m! of
water and evaporate again to fumes of H,SO,. Repeat this operation
two or three times. Evaporate for the last time almost to dryness and
determine thallium in the residue pelarographically or photometri-
cally.

POLAROGRAPHIC DETERMINATION OF THALLIUM ({I)
IN CADMIUM

The thallium (I) ion is reduced reversibly on a dropping-mercury
electrode at the potential of about —0.50 V with reference toasatu-
rated calome] electrode. The half-wave potemtial does not depend
on the composition of the electrolyte. The wave height is proportional
to the thallium concentration in the solution against the background
of NH, or HCl. Monovalent thallium is easy to determine in cad-
mium or its salts in an ammonia medium in the absence of copper.
The half-wave potentials for Tl* and Sn or Pb aro indiscriminate.
‘{'a discriminate between the Sn and T! waves, the tartrate ion is
added to suppress the Sn wave, while to distinguish between the
waves of Pb and TI, it is recommended to add EDTA, which shifis
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the half-wave potential of Pb in a weak acid medium to the regioa of
more negative values (—1.1 V). The method is used for the determi-
nation of thallium in lead as well. In these conditions, copper is
reduced at the potential of —0.3 V. Polarography is usually carried
out after separation of thallium by extraction. -

Reagents

Sulphuric actd, diluted 1 : 1.
Ammonia, 25 per cent solution.

Sodium sulphite, crystalline,

Joiner's glue, 0.25 per cent solution.
Hydrogen peroxide 30 per cent selution,

Procedure

Distiil ether from its extracts from 1 A HBr solutions containing
thallium on a water bath. Add 3 ml of sulphuric acid (1 : 1) to the
residue and evaporate the solution to fumes of H,50,. Add 3-5 drops
of hydrogen peroxide to the hot solution in order to decolourize it.
Cool the solution, wash the flask walls with 5 m] of water and heat
the solution again to fumes of SQ,. Add 10-15 ml of water and 0.2-03 g
of sodium sulphite to the residue and boil for 5 minutes until SO,
odour is felt no longer. Transfer the selution into a 25-ml volumetric
flask, newtralize to Congo red with ammonia solution and add
2.5 ml in excess. Cool the solution, add water to the mark and mix
thoroughly. Transfer 15 m} of the sclution into a beaker, add 1 g
of sodium sulphite, 5 drops of joirer’s glue, mix, and carry out polar-
ography.

EXTRACTION OF THALLIUM WITH DI-2-EFTHYLHEXYLPHOSPHORIC
ACID AND ITS PHOTOMETRICIDETERMINATION WITH
1-{2-PYRIDYLAZ(Q}-2-NAPHTHOL -

Thallium (III) can be separated from Zn, Cd, Hg, Cu, Al, Co, Ni,
Ag, Mg, Cr and Mn by its extraction with di-2-ethylhexylphosphoric
acid in heptane from 0.1-0.5 N solutioms of sulphuric, nitric and
perchloric acids. Ga, In, Sh, Bi, Fe and the rare earths are extractad
together with thallium (II11). But only thallium (II1) practically reacts
in benzene extract with 1-(2-pyridylazo)-2-naphthol snd this ensures
sufficient selectivity in the determipation of thallium. Hundred-
fold quantities of Ga and Fe do not interfere with the determination. -
The molar extinction coefficient of the extract is (15.6 + 0.6) X
% 10% at 560 nm.

Heagenis )
Thaliium (II1), standard selution. 1 ml is equivalent to § pg of thallium,
gi-2-ethylhezy!phosphorn acid, 0.3 N eolution in heptane.

EnIene,

Sulphurie acid, (.5 N solution,
1-{2-Pyridylazo)-2-raphthol, 0.01 per cent eolution in bansene,
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Constructing a Calibration Curve

Place 4, 2, 3, 4, 5 and & ml of the standard solution of thallivm into 25-ml
spparating funnels and adjust the pH of the solutions to 0.1-0.5 ¥ H,80,.
Add 10 ml of di-2-ethylhexylphospboric acid and extract thalliam for two min-
utes, Allow the phases to separate, wash the organic layer two times with sulphu-
ric acid, add 2 ml of 1-(2-pyridylazo}-2-naphthol, transfer the mixtures into
25-ml volumetric flasks and add henzeno io the mark. Measure the absorption
of the axtractaat 560 nm in cells with a light path of | cm. Construct the calibra-
tion curve using the data obtained.

Procedure
Take an aliquot of the solution containing from 5 to 30 pg of thal-

liom and proceed as for the construction of the calibration curve.
Find the thallium content from the calibration curve.
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Germaniuin

Germarium, Ge, has the positive valency of 4 and 2 and the nega-
tive valency of 4. Compounds of Ge!V (GeQ,, GeCl,, many complex
compounds, etc.) are most important in analytical chemistry. Com-
pounds of divalent germanium easily oxidize to Ge*+. The gaseous
hydride GeH, is a compound in which germanium has the negative
valency of 4. When heated to 360°C, it decomposes to Ge and H,.
It is more stable than SbH,. The hydride GeH, is formed during re-
duction of germanium compounds with zinc metal or amalgamated
sodium. Black Ag,Ge is known.

The standard electrode polentials in aqueous solutions at 25°C
are as follows (with reference to the standard hydrogen potential:)

Ge?* 4 3H,0 — H,GeOy+4H* - 2¢~ —0.363 V
Ge4-2H,0 == GeO, - 4H" -+ 4e~ —0.246 V
Go 4 3H,0 == H,GeQ,-- 4H* -+ be- —0182 V
Ge = Ga?t{-2¢ 0.000 ¥

Germapium (IT) forms a tartrate complex from whose solutions
germunium cannot be precipitated by ammonia or hydrogen sulphide.

{-rrmanium sulphide, GeS, is a reddish-orange substance soluble
in ¢..centrated hydrochloric acid and solutions of ammenium sul-
phice Concentrated hydrochloric acid solutions contain the anion
G?ff' .. «nd others. Sulpho salts are present in solutions of ammonium
sulnnide,

Germanium hydroxide, Ge(OH),, is an orange-red substance solu-
ble in hydrochloric acid and alkalies, and very difficultly soluble in
smmonia solutions. '

The compounds of divalent germanium easily oxidize in air.
Dark brown or black GeO is known.

The ion of divalent germanium is formed during reduction of tetra-
valent germanium compounds by hypophosphorous acid in hydrochlo-
ric acid selutions. Arsenic is reduced to its elemental state and pre-
cipitates in these conditions. The reaction is used for the separation
of germanium and arsenic [1]. )

Germanium (IV) in aqueous solutions can be present in the form
of various anions and also cations {Ge*r, Ge(OH)}, etc.).

Aqueous solutions of germanjum dioxide contain ions of metager-
manic acid (H,GeD;) and pentagermanic acid (H,Ge;0,,), the equi-
librium between them being dependent on the pH and the total con-
centration of the tetravalent germanium ion. The dissociation con-
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stants of metagermanic acid are k; = 1.86 X 10~*and k; = 1.9 X

x 10-19, Equilibrium between germanic acid or germanium dioxide
and the anion -GeCly or GeCli~ is established in hydrochloric acid

solutions of germanium dioxide. One or two intermediate acid com-

plexes [Ge(OH),Cl, .- or [Ge(OH), Cl,_ .1~ (where z is 3 or 4)
are probably involved in the equilibrium. Selutions of germanium .
dioxide, in addition to anions, contain also cations [2, 3]. Germa-
pium cations are sbsent from an alkaline solution but appear at pH

below 7. The ion Ge**, germanyl GeO%* or Ge(OH)3* are formed in

solutions. Their concentration in weak or moderateiy acid solution

is small, but despite this many reactions of germanium with organic

reagents occur only due to the presence of these cations. For example,

the germanjum cation reacts with EDTA in acid solutions.

Hydrogen sulphide precipitates white GeS, from strong acid
solutions, The compound is sparingly soluble in 3 N hydrochloric
acid. It is easily hydrolyzed, and is soluble in solutions of sulphides
of the alkali metals with the formation of the ion GeSi~ and others.

Germanium (IV) forms complex compounds with the chloride,
fluoride, 2and oxalate ioms, polyhydric alcohols (glycerol, mannitol),
phenols, containing not less than two oxy-groups in the ortho-
position. The flnoride complex (GeF;~) and oxalate complexes of
germanium (IV} are very low dissociated. Germaniinm can be masked
by potassium flueride (or oxalate). Germanium is noi precipitated
by hydrogen sulpbide in the presence of KF from acid solutions. Arsen-
ic (II1) can therefore be separated from germanium (the sulphide
As,S, is precipitated in the presence of KF)., Hexafluorogermanates
are completely destroyed by alkalies.

Ammonium molybdate reacts with germanic acid in nitric, sulphu-
ri¢c or hydrochloric acid solution (like silicic acid) with the formation
of yellow ‘molybdogermanic acid H [Ge(Mo0304,)]. Germanium can
be determined photometrically in the form of this compound, either
directly or after reduction te a blue compound [4].

EDTA reacts with the germanium (IV) ion in acid solutions
{0.02-0.05 ) in the molar ratio of 1 : 1. The reaction is completed
in ten minutes with boiling only on the condition that the solutions
contain at least a 2.5-fold excess of EDTA. Tho reaction is slow in
the cold. Germanium cannot be displaced from the formed complex
by the zinc ion in an alkaline medium, by the bismuth ion in a weak
acid medium and by zirconium ion in a strong acid medium. This
makes it possible to determine germanium by titrating excess EDTA
with a solution of a salt of bismuth, zinc or zirconium using suitable
indicators (5. '

Excess polyhydric alecohols or monosaccharides {(glycerol, man-
nitol, fructose, galactose, ete.) react with the solution of germanium
dioxide in the molar ratio of 2 : { with the formation of monohasic
complex acids. The thermodynamic constants.of ionization of the
. formed difructosogermanic, digalactosogermanic, dimannitogerma-
nic, diglucosogermanic and diglycerogermanic acids are (1.04 +
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+ 0.01) x 10~%,  (2.39 4- 0.01) x 10-5,  (1.21 &+ 0.01) x 10-*,
(8.35 4+ 0.03) x 10-? and (5.05 + 0.02) x 10-% respectively (at
25°C) [6]. The thermodynamic imstability constants (7] of these
compounds at 25°C are 4.24 x 10°%, 7.64 x 10-%, 4.04 X 104,
3.54 X 10-* and 7.85 x 1072, respectively. A relatively great increase
in the solution acidity during the reactior between a weak ger-
manic acid and mannitol or fructose muakes it possible to easily
determine germapium by titration with & suitable indicator.

Germanium dioxide reacts in agueous solutions with simple diphe-
nols to form two series of complex compounds, viz. sparingly solu-
ble complexes GePh-2H,0 (so-called germanium-diphenols) and
soluble complexes H,GePh; (phenol-germanic acids). Tripyrocate-
cholgermanic and tripyrogaliolgermanic acids in 0.01 A (and more
dilute} solutions are completely ionized at the first step. The second
ionitation constants gre 1.85 X 10-2 and 2.21 x 10-? respectively
(at 25°C).

The dissociation constants of complexes aceording to the equation

HGePh; 4-3H,0 <= HGeOj-+3H,;Ph

are 2.16 X 10-? and 0.88 X 10~ respectively (at 25°C). When
diphenol is added to the solution of GeQ,, only one soiuble complex
acid is formed [8]. Phenalgermanic acids form salts with pyridine,
piperidine, quinoline, triphenylmethane dyes, cations of ortho-
phenanthrolinic complexes of Co, Ni, Cu, Zn .and Cd.

The formation of tripyrocatecholgermanic acid underlies the
alkalimetric method for the determination of germanium (the end
point of titration is established potentiometrically or to bromcresol
purple). The method ensures good reproducibility and accuracy of
the results [9, 10]. The same reaction is used for the gravimetric
determinetion of germanium [11].

Dinitropyrocatecholgermanic acid reacts with brilliant green to
form an ionic associntion (extractable with cerhon tetrachloride)
suitable for the extraction-photomeétric determination of germanium
[121. .

Orthodihydroxyazo compounds react with the ion of tetravalent
germanium to form coloured products [13). Resarsone is used for
fluorimetric determination of germanium [14-16]. Various substi-
tutes of 2,3,7-trihydroxy-6-fluorones react with the germanium (IV)
ion to form coloured compounds [£7-13]. Phenylfluorone is the most
suitable reagent for the photometric determination of microgram
quantities of germanium {20]. The reagent is used for the photometrie
determination of 0.0001-0.2 per cent of germanium in silicates, in
sulphide and other ores, and coals. Germanium is first separated as
GeCl, by exctraction with carbon tetrachloride from 9 ¥ solutions of
hydrochloric acid or by distillation from solutions of hydrochloric
and phosphoric acid.

o-Dihydroxychromenols react with the germamium (IV) ion to
form coloured compounds [21]. 6,7-Dibhydroxy-2,4-diphenylbenzopy-
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rilium chloride has the highest sensitivity. The reagent is used for-
the photometric determination of germanium. The method is used
for the analysis of various materials. EDTA masks Zr, Th, Fe'*,
SnT¥, BiflI, Phosphoric acid masks the titanium (III} jon, hydrogen
peroxide, and decreases the efiect of the ions of MoVI, WVI, Splll
and VV.

Purpurogallin reacts with germanium (IV) in the molar ratio of
2 : 1 in a wide range of pH [22] to form pale yellow or pale pink solu-
ble compounds. On standing the solution precipitates a pink substance,
The solutions remain clear in the presence of ethanol and gelatin.
The absorption turves of purpurogallin complex of germanium have
the maximum at 340 nm. Purpurogallin is suitable for the spectropho-
tometric determination of germanium. The molar extinction coef-
ficient in a 3 N hydrochloric acid solution is 3.4 X 10* at 340 nm.
The absorption is proportional in the range of Ge concentrations
from 0.1 to 3.4 ug/ml. . .

For the detection and determination of germanium, it is saparated
by distillation as GeCl, (b.p. 86°C) from hydrochloric acid solution
in a current of chloride and in the presence of an oxidant. Asi!! con-
verts into a non-volatile AsV in this process. A more convenient
method to separate germanium from many accompaning elements
is extraction of GeCl, with carbon tetrachloride from 8-10 N solutions
of hydrochloric acid. Small quantities of germanium are separated °
by co-precipitation with ferric hydroxide and also by precipitation
with tannic acid and by some other methods.

A relatively large quantity of germanium can be determined by
the alkalimetric titration with a monohasic mannitolgermanic acid
or dibasic tripyrocatecholgermanic acid. The methods give satis-
factory results. The gravimetric methods (weighing as GeO,, Mg,GeO,,
molybdogermanates of orgawic bases, etc.) are relatively seldom
used. The method bhased on weighing tripyrocatecholgermanate of
cadmium phenanthreline [CdPhen,] [Ge(0,C,H )] is also important.

A small quantity of germanium is determined photometrically
as a molybdogermanic complex with 9-phenyl-2,3,7-trihydroxyfluo-
rone and also other hydroxyl-containing organic substances. Polaro-
graphic and spectral methods of determining germanium are also
practically used.

The literature contains a review of the analytical methods for the
determination of germanium [23, 24} and a review of the chemisiry
of germanium [24] (complex formation and the state of germanium
in sclutions).

GRAYIMETRIC DETERMINATION OF GERMANIUM
AS TRIPYROCATECHOLGERMANATE

Tripyrocatecholgermanic acid is precipitated at pH 3.5-4.5 by
a doubly charged cation complex of cadmium with o-phenanthroline.
The obtained compound {CdPhen,] [Ge(0,CeH )5l is weighed. The
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error of the determination of 0.5-20 mg of Ge is less than 2 per cent,
The method is used after the separation of germanium by distillation
or. -extraction.

Reagents

Cadmium complex with o-phenanthroline, 0,01 M solution. Dissolve separately
0.21 g of aphydrous cadmium sulpbate in 50 ml of water and 0.364 g of o-phen-
anthroline in 50 ml of water, and mix the solutions.

Acetate buffer solution, pH 4.

" Pyrocateckol, 10 per cent solution, prepared for the test,

Sedium sulphate, 5 per cent sclution.

Ethy! aleshol, 96 per cent,

Procediire

Add 5 ml of pyrocatechol to 15 ml of the solution containing 0.5-
20 mg of Ge. Next add 2 ml of sodium sulphate (for a better coagu-
lation of the precipitate) and 8 ml of the acetate buffer solution.
Stir the solution and add 25 ml of the cadmium complex with phen-
anthrolive. In 15-30 minutes separate the precipitate on a glass
filter No. 3 or 4, wash with two 5-ml portions of water, once with
3 ml of ethanol, dry to constant weight at 100-110°C, and weigh.
The conversion factor for Ge is 0.08347.

POTENTIOMETRIC TITRATION OF TRIPYROCATECHOLGERMANIC ACID

Tripyrocatecholgermanic acid is titrated with sodium hydroxide
solution with detecting the end point by a glass electrode. The end
point can glse be located by using bromeresol purple. B, SbIlI,
Snl¥ and Fe'!! interfere with the determination. Germanium is deter-
mined as GeCl, by extraction or distillation.

Reagenis

Pyrocatechol, crystalline.

Sodium hydrozide, 1 N and 0.02 N solutions free from Na,G0, Standardize
a 0.02 N solution of NaCH against pure GeO,. To that end, dissolve a sample
of Go0, in NaOH solution {ree from Na,C0, and proceed as in the Procedure.
Hydmcgluric acid, 1 N solution.

Procedure

Add 1 N solution of sodium hydroxide or hydroechloric acid to pH 5
{glass electrode) to 250 ml of the test solution containing 20-100 mg
of Ge. Then add 3 g of pyrocatechal and titrate with a 0.02 N solu-
tion of NaOH to pH 5 at & rate of one drop per second.

COMPLEXOMETRIC DETERMINATION OF GERMANIUM (IV)

An acid solution of germanium dioxide is heated with excess
EDTA during which germanium (IV) complexonate is formed guan-
titatively. Ezcess EDTA is titrated with a solution of a zirconium
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or zink salt in the presence of a suitable indicator. Magnesium, alka-
line-earth metals, zine, lead, aluminium and many ter- and divalent
metals do not interfere with the titration of excess EDTA by a zir-
conium salt in a hydrochloric acid medium. 100 mg of arsenic, less
than 50 mg of antimony or less than 15 mg of melybdenum do not
interfere either. Magnesium, alkaline earths and all metals forming
complexonates in an ammeonia medium interfere with the determina-
tion of germanium by titration with a solution of a zinc salt. 100 mg
of arsenic, to 10 mg of antimony and to 15 mg of molybdenum do not
interfere.

Iron and tin interfere with the titration of excess EDTA both
in alkaline and acid mediuvm. Complexometric determination of
germanium in substances of complex composition is therefore pos-
sible only after its separation from many elements by distillation
of GeCl, or extraction of GeCl, with carbon tetrachloride.

The method can be used to determine from 0.05 io dozens of per
cent of germanium in commercial materials,

The method is used for the analysis of ash, coals rich in germa-
nium, concentrates of germanium dioxide containing 20-60 per cent
of Fe,0,, 10-20 per cent of Si0,, a few per cent of As,0,, Al,0,,
Ca0, MgO and oxides of other elements. During the analysis of ash,
germanium is separated by exiraction with carbon tetrachloride,
and during the analysis of concentrates, by distillation from 6 N
hydrochloric acid. It is unnecessary to separate germanium from
arsenic during extraction or distillation because srsenic does not
interfere with subsequent complexometric determination of ger-
manium.

Reagents

Nitric acid, density 1.4 gfon.cm,

Hydrofluoric acid, 40 ger cent solution.

Orthophosphoric acid, density 1.8 gleu.cm.

Hydrochloric acid, density 1.9 g/cu.em and { and 6 N solutions.
Carbon !etmchloride pure,

Hydrozylamine chloride, 2 per cent solution in 9 ¥ HCL
Phenolphthalein, 0.1 per cent ethanel solution.

Sodium hydroxide, 18 N solutior.

EDTA, 0.005, 0.05 and 0.4 M soclutions.

Xylenol orange, 0.1 per cent solution.

Zirconium ozychloride, 0.005, 0.05 and 0.1 M solutions in 1 N hydrochloric
acid.

Ammenia, 25 per cent sclution.

Chromogen black, ET-00, 0.1 per cent solution.

Zinc sulphate, 0.005, 0.05 and 0.4 A solutions.

Procedure

Determining Germanium tn Ash. Add 2 ml of nitric acid and 3 ml
of hydrofluoric acid to a sample of ash weighing 0.5-1 g in a plati-
num dish and evaporate on a water bath to 1.0-1.5 ml. Add 2 ml of
nitric, 5 ml of hydrofluoric, and 3 ml of orthophosphoric acid. Evapo-
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rate first on a water bath and then on a sand bath to a syrapy con-
sistency, cool, wash the dish walls with water and evaporate again to
prepare a thick syrup. Transfer the liquid into a separating funnel
with 25 m! of water, add 75 ml of concentrated hydrochloric acid
and extract three times with 10-ml portions of carbon tetrachloride.
Wash the extracts three times with 10-ml portions of hydrexylamine
chloride solution and extract GeCl, three times with 10-ml portions
of water in another separating funnel.

Add a drop of phenolphthalein to the re-extract in a conical flask
and then add 18 A’ sodium hydroxide solution, drep by drop, until
the pink colour appears. The colour is destroyed by adding 2-3 drops
of 1 & hydrochloric acid. Add 2.5 ml of 1 ¥ hydrochloric acid, dilute
with water to 30 ml, add 25 ml of 0.005 M EDTA solution, heat
to boiling and beil carefully for 15 minutes, adding water from time
to time to replenish the eveporated water. Titrate EDTA excess by
zirconium oxychloride solution. To that end, add 3 m] of'4 ¥ hydro-
chloric acid, 3 drops of xylenol orange to the solution, cool it to
55°C apnd titrate with a 0.005 M solution of zirconium oxychioride
in 1 N hydrochloric acid until the yellow sclution turns bright pink.

Excess EDTA can be titrated with a solution of zinc sulphate.
Cool the solution to room temperature, add 2 ml of ammonia solution,
0 drops of chromogen black ET-00 solution and titrate with a 0.005 M
solution of zinc sulphate until the blue-green solution turns pink
without a blue hue.

1 ml of a 0.005 M solution of EDTA is equivalent to 0.363 mg of
germanium.

Determining Germanium in Concentrates. Take a sample of con-
centrate weighing 0.25-1.0 g (depending on the germanium content)
and distil GeCl, from 15 ml of 6 ¥ hydrochloric acid in a special
apparalus. Instal a partial condenser in a rubber plug of a 100-ml
round-bottomed flask with a 9-cm neck. The distance from the end
of the widened part of the condenser to the outlet tube should be
7-8 cm. The condenser should be filled with glass fragments and closed
with a rubber stopper. Connect the condenser outlet tube (end-to-end
connection with a piece of rubber tubing) with a vertical condenser
tube bent at an obtuse angle. The inner tube should be 20-25 ¢m long.
Pass ita Jower end into a 100-mi conical flask containing 20 m] of
water. ’

Place the receptecle inte cold water during distillation and pass
a fast stream of water through the condenser.

Place the sample of the concentrate into the flask of the apparatus
and add 15 ml of 6 N hydrochloric acid. Close the flask with a plug
carrying the partial condenser, astemble the apparatus, heat the
flask on a gas burner, and disti]! for 15 minutes until the residual
volume of the liquid is 2-3 ml. Cool the still, add 15 m] of 6 /¥ hy-
drochloric acid thraugh the partial condenser and distill again-at the
same .rate to reduce the liquid volume in the flask to 2-3 m], Repeat
the operation once agiin. ) '
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Transfer the obtained distillates into a 500-ml Erlenmeyer flask,
add 2-3 drops of phenolphthalein and 18 & sodium hydroxide, drop
by drop until the solution turns pink. The colour shiould be destroyed
by 3-5 drops of 1 & hydrochloric acid. Add 4.5 ml of ¥ ¥ hydrochlo-
ric acid, 50 ml of 0.1 M (or 0.05 M) solution of EDTA and water
to make 150 ml. Heat to the boil and maintain the liquid boiling
quietly for 15 minutes. Add water from time to time to replenish
.the loss on evaporation. Titrate excess EDTA with a 0.1 M (or
0.05 M) solution of zirconium oxychloride. To that end, dilute the
~nlution with water to 300 ml, heat to 55 °C, add 20 ml of 1 N hydro-

4 and 0.5 ml of 0.1 per cent salution of xylenol orange, and
" A for 0,05 M) sclution of zirconinum oxychlaride.
ated with zinc sulpiate solution, Gool
emperature, add water to 300 ml, 6 ml
. ml of chromogen black ET-00 solution,
(or 0.05 M) solution of zinc gulphate.
1m: o a of EDTA is equivalent to 7.26 mg of ger-
maniurna.

PHOTOMETRIC DETERMINATION OF GERMANIUM
AS MOLYBDOGERMANIC HETEROPOLYACID

Germanium is separated by ext:fction from a 9 N solution of
hydrochloric acid with carbon tetrachloride (the distribution coel-
ficient, 500). As'I and osmic acid are extracted together with ger-
manivm. Germanium is re-extracted with water and the determine-
tion ends photometrically (molybdogermanic acid is yellow}. Thou-
sand-fold quantities of Si, Felll and As¥ do not interfere with the
deterimination.

Heagends

Germanium compound, standard solution. 4 ml is equivalent to 0.2 mgof GeO,.
Carbon tetrachloride, pure.

Hydrochloric acid, density 1.19 gleu.cm and 9 N solution.

Ammonium molybdate, D per cent solution,

Sulphurie acid, 2 N solution.

bomtructin; a Calibration Curve

Place 1, 2, 3, 4 and 5 ml of the standard solution of germanium inte five sep-
arating funneis, add 20 ml of hydrochloric meid, density 1.19 gfcu.cm, to each
funnel and water to make 23 ml. Cool the solutions, add 10 ml of CCl, 4nd shake
for two minutes. Repeat the extraction two times with 5-n] portions of carbon
tetrachloride. Collect the extracts in other separating {uwnuels, wash with Sml
of @ N HCl, separate the phases, and re-oxtract germanium two times with
6 m] of watep for 2 minutes, Add 10 ml of ammonium mnlibdate and § mi
of sulphuric acid solution 1o the aqueous phase and water to the mark (25 mh).
Allow the solutions to stand for 10 minutes and measure their abserption on an
abgorptiometer using ‘& blua. optical filter. {The light path 5 cm.) Construet
the calibration .curve using the data obtained. :



Procedure

Add all the required reagents to the test solution and proceed as for
the constroction of the calibration curve. Measure the abscrption of
the solution obtained, and find the germanium content from the cali-

bration curve.

PHOTOMETRIC DETERMINATION OF GERMANIUM
WITH PHENYLFLUORONE

The germanium (IV) ion reacts with phenyliluorone (9-phenyl-

2,3, 7-trihydroxy-6-fluorone) in an acid solution in the molar ratio
of 1:2 to form a red substance. 1f the germanium content is low,
a suspension is formed whicl: can be stabilized by a protective col-
loid. The variation of acidity within a comparalively wide range
{0.3-1.5 ¥) does not affect the formation of a phenyliluorone compound
of germanium. The reagent precipitales at acidity below 0.3 V.
0.5-1.5 N solutions of hydrachloric acid develop colour in 15-20 min-
utes. .
The absorptien maximuin of colloidal solutious is at 500 nm but
the absorption should be measured with an optical filter with the
maximum transmittance at 530 pm. The molar extinction coef-
ficient is 3.85 x 108,

Ti, Zr, B, Sn1V, Nb, Ta, Sbll1, Te, Mo¥!, WYL, ¥V, Cr¥1, Mn¥!!
and Ce!V interfere with the determination. Ga and As do not react
with phenylfluorone in acid soluticns. F~ (less than 1 mg in 10 ml)
and Fe?* (less than 100 g in 10 ml) do not interfere. In the analysis
of various materials, germanium is separaled from ihe interfering
ions by extraction with carbon tetrachloride frem 9 N solution of
hydrochloric acid or by Jistillation of GeCl, (in the presence of an
oxidant). '

Reagenis

Caleium ozide, solid.

Calcium nitrate, saturated agueous solution.

Nitric acid, density 1.4 g/cu.cm.

Hydrofluoric arid, concentrated (3B-40 per cent solutjor).
Phosphoric acid, density 1.7 glcu.cm.

Sulphu-ic ecid, diluted £ :1 and {: 16.

Sodium perozide, solid.

Ammonium nitrate, 2 per cent solution. :

Hydrozylamine chioride, 2 per cent sclution in 9 N HCI.

Carbon tetrachioride, pure. :
Germanium, standard solutton. 1 wl is equivalent to 5 pg o germamnium.
Hydrochloric acid, 9 N, and 12 N solutions.

Gelatin, 1 per cent solution. .
Phenylfiuorone, 0.05 per cent solution, Dimolve 50 mg of the reagent in 100 ml
of 96 per cent ethyl alcohol with heating, and add 0.5 ml of 6 N hydrochloric acid.

Conmtructing a Celibration Cnrve

Placed, 2, 3, 4 and 5 ml of the standard selution of germanium into 25-ml
volwinetric lasks, and add 4 ml of 6 N HCI, water to 20 ml, and 4 1l of gelatin
solitron into each flask. Mix the contents and add 1.5 ml of phenylfiuorone.,
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Mix again and add water to the mark. Measure the absorption of the solutions
in 30 minutes on an absosptiometer or a photometer with an optical filter with
the maximum transmittance at 530 nm. Use a blank solution as the standard.
Construct the calibration curve using the data obtained.

Procedure

Dissolving Sample. Place a sample of coal or coke weighing 1 g in
a platinum dish, add 0.5 g of Ca0, mix, add 6 ml of Ca(NOy), solution
and evaporate, first almost to dryress on a water bath, and then on
a sand bath. Heat the residue slowly in a muffle furnace to 400-450°C
(the greater part of carbonaceous particles burn out) and elevate
the temperature to 700-8C0°C. 1f the heating is too fast, the material
will *ake flame and be dispersed. Some coals should be incinerated
without Ca(NQs), to avoid flashing and dispersion of the material,
When the main part of coal has burnt, stir the residue by a spatula
two or three times to accelerate incineration (the residue is a white
or a brownish substance). Cool the residue, add*5 ml of HNO, drop-
wise, and evaporate on a water bath to dryness. Add 5 ml of hydre-
flucric acid to the residue and evaporate to dryness again. Add 5 ml
of hydrofluoric acid and 10 ml of phosphoric acid, evaporate on a
water bath and then on a sand bath to remove hydrofluoric acid.
Wash the syrupy residue with 25 ml of water into a beaker and heat
to destroy lumps.

When ferric oxide ores are analysed, germanium can be extracted
by decomposing a sample with hydrofluoric, nitric and phosphoric
acid. Place the sample of ore weighing 0.5-1.0 g into a platinum dish,
add dropwise, from a pipette, 5 m} of nitric acid avoiding vigorous
reaction, and evaporate on a water bath to dryness. Repeat the nitric
acid treatment and evaporation one or two times. Add 5 ml of hydre-
fucric acid and 5 ml of phosphoric acid to the residue and evaporate
to remove hydrofluoric acid. Wash the syrupy residue with 25 ml
of water into a beaker and heat to dissolve the solid.

To analyze silicates, they are decomposed with a mixture of
hydrofluoric, sulphuric and nitric acid (or a mixture of hydrofluoric,
phosphoric and nitric acid). Place a sample weighing 0.5 g into a
platinum dish, treat with 3 ml of sulphuric acid (1 ; 16}, 0.5 ml
of concentrated HNO; and 5 ml of hydrofluoric acid. Evaporate to
white fumes. Add 5 ml of water to the residue and dissolve it with
heating. .

In analysing sulphide ores, heat a sample weighing 0.5-1 g in a
crucible in a muffle furnace at 400-500°C and treat the residue with
a mixture of acids (as instructed above) or heat with calcium oxide
and calcivm nitrate (as in the analysis of coals).

Separating Germanium by Ezxtraction. Cool the obtained solution
(25 ml) to room temperature, add 75 ml of concentrated hydrochloric
acid (disregarding possible turbidity), cool, transfer into a 200-ml
scparating funoel, add 20 ml of carbon tetrachlaride, and extract
two times for itwo minutes. Wash the extract threer times with hydro-
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xylamine chloride solution in 9 & hydrochloric acid (10-ml portions)
with shaking. Re-extract germanium by two 6-ml portions of water,
shaking each time for one minute.

Transfer the aqueous solutions inte a 25-ml volumetric fask and
proceed further as for the construction of the calibration ecurve.
Find the germanium content of the sample from the calibration curve.

PI{OTOHETRIC DETERMINATION OF GERMAN UM WITH
6,;7-DIHYDROXY-Z,Q;DIPHENYLBENZOPYR_ANOL

The method is based on the formation of an orange-red complex
germanium with 6,7-dihydroxy-2,4-diphenylbenzopyranol hydrochle-
ride. The absorption maximum of solutions of this complex is at
470 nm. The molar extinciion coefficient of the complex is 2.530 X
X 40*. The optimum acidity, 0.1-0.6 ¥ HCL. Zr, Hf, Ti, Th, Mo,
W, V, Ta, Nb, and Sn interfere with the determination, and ger-
manium should therefore be separated by extraction. The method
can be used to determine 0.4-25 pg of Ge in 10 ml.

Heagents

A 7-Dih{wro=r-2 Mlphmy!bmzopyrnml Aydrochioride, 0.2 per cent solution in
othyl a

Gelstin, 1 per cent solution.

Hydrochlorte acid, 5 N solution.

Germanium, standard solution, 1 ml is equivalent to 5 pg of germanium.

Comtrucimg a Calidration Curve

Place 1, 2, 3, 4 and 5 ml of the standard solution of germanium into volumetric
flasks and add 4 ml of hydrochloric acid, 1 ml of gelatin aplution snd 1.25 mi
of the reagent solution inte each flask. Now add water to 25 ml and, in three
minuges, measure the absorption of the solutions an an abserptiometer with
a green optical filter using a hlank solut{on as the standurd Construct the cali-
bration curve using the data obtajned,

[Procedure

Add all the requisite reagents to the test solution and measure its
absorption. Find the germanium content from the calibration curve.

EXTRACTION-PHOTOMETRIC DETERMINATION OF GERMANIUM

The method is hased on the extraction by carbon tetrachloride of
an ionic assaciation formed by dinitropyrocatecholgermanic acid
with the cation of brilliant green. The molar extinction coefficient
of the extract at 620 nm is 1.41 X 10°, Germanium should be sepa-
rated by extraction with carbon tetrachloride from 9 & HCI s¢lution
before the determination.

Reagenta

Nitric acid, density 1.4 plcu.cm.
Hydraﬂuorlc acid, 40 per cent solution,
Phospheric acid, "concentrated.
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Moagnesium nitrete, 40 per cent solution,
Hydrochloric acid, 11, 3 and 2 N solutions.
Carbon tetrachloride.

o-Nitrophenol, 0.1 per cent solution,
Sodium hydroxide, 0.1 N solution.
3.5-Dinitropyrocatechol, 0.02 per cent solutiop in ethyl alcohsl.
Brilliant green, 0.05 per cent seiution. .
Germanium, standard. solution. 1 ml is equivalent to 1 pg of germanium,

Constructing a Calibration Curve

Place 0.5, 1.0, 1.5, 2.0 and 2.5 ml of the germanium standard solution into
50-ml separating funnels and add three volumes of 11-12 N solution of hydre-
chloric acid and extract two times with 10-ml portions of earbon tetrachloride.
Wash the extract two times with 10-m! portions of a 9 ¥ solution of bydrochloric
acid. Add 10 ml of water to the washed extract and shake for a minute. Without
selparating CCl,, add a drop of 0.1 per cent p-nitrophenol solution and alkalize
with NaOH solution until the solution turns yellow. Add { ml of 2 ¥ HCI,
1.5 ml of 3,5-dinitropyrocatechol, & ml of brilliant green, mix, and shake for
1 minute, After the phases have separated, transfar the organic phase into
a 50-ml volumettic flask, extract two times with 10-ml portions of carbon tetra-
chloride, and collect the exiracts in the same volumetric flask. Add 5 ml of
96 per cent ethanol and CCl, to the mark. Mix the solution and measure its
absorption at 625 nm ip a cell with a light path of 5 cm vusing carbon tetrachloride
as a referance solution. Construct the calibration curve using the data obtained.

Procedure

Dissolve a sample weighing 0.1-1 g in a platinum dish in a mixture
of 5 ml of HNO,, 5 ml of HF and 5 ml of H,PO,, evaporate on a water
bath to remove HNO,; and HF and then heat on a sand bath. If a
sample of sulphide ore, or material containing carbon is analyzed,
wet the sample with 2.5 ml of Mg(NO,),-6H 0, dry on a sand bath
and place into a muffle furnace heated to 800-850°C for ten minutes.
Cool the dish, add 5 ml of the acid mixture and continue the destruc-
tion of the sample. Rinse the dish walls with water and keep it on a
sand bath until a clear syrup is obtained. If the germanium content
is low transfer the residue into a separating funnel with 15 ml of
water. If the germanium content is high, dilute the residue with
water in a volumetric flask to 50 ml and determine germanium in an
aliquot as for the construction of the ealibration curve. Find the
germanium content from the calibration curve,

FLUORIMETRIC DETERMINATION OF GERMANIUM WITH
RESARSONE IN NATURAL MATERIALS '

Resarsone (2',2',4'-trihydroxy-3-arsono-G-chlorazobenzens) roacta
in an acid medinum with germanium in the ratio of 1 : { {0 form an
orange-red soluble compound fluorescing with a pink light, the max-
imum fuorescence being at 610 nm. Equal quantities of other ca-
tions, 10 pg of Cu, 500 pg of Al and Zr, 1 wg of FelH do not interfere
with the determination of 0.03 pg of germanium. Fluorsscence is
quenched by 1 pg of Nb, 100 pg of Cu and 10 mg of Fe!Il, The deter-
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mination of germanium by this method is only possible after the sepa-
ration of the interfering ions by extraction from hydrochloric acid
solution with carbon tetrachloride.

Reagenis

Germanium solt, standard selution. 1 ml ig equivalent to 1 p.f of germanium.
Resarsone, (.005 per cent solution in % mixture of water and acetome (1: 1).
Acid mizture. Dilute 52 ml of HCl, density 1.19 g/feu,cm, and 250 ml of H,PQ;,
density 1.7 glcu.cm, with water to make 1 litre,

Nitrle acid, density 1.4 gfcu.cm.

Hydrochloric actd, density 1.19 g/feu.cm and & N solution.

Phosphorie acid, density 1.7 gfcu.cm.

Hydrofluorie acid, 40 per cent solution.

Sulphuric actd, density 1.84 gfcu.cm.

Sodium hydrosulphite, crystalline.

Boric acid, 2 per cent solution.

Carbon tleirachloride,

Constructing o Calibration Curpe

Place 0.2, 0.4, 0.8, 0.8 and 1.0 ml of the ?manium solution into 100-ml sep-
aratiog funnels rinsed with 9 ¥ HC! and add 70 m} of hydrochloric acid, density
1.19 g/cu.cm, and 10 ml of carbon tetrachloride into each funnel, and shake for
one minute, After the phases have separated, wash the organic layer with 5 ml

_of 9 N HCI for a minute. Transfer the extract into & quartz test tube, add 8 ml
of the acid mixture and 2 ml of the reagent solution. Shake the scolution for
aminute, allow it to stand for an hour ang measure fluoreacencs of the solution.

"Construct the caelibration curve using the data obtained.

Procedure

Rosst sulphide ores before the analysis in a muffle furnace at 500-
600°C ‘with sufficient air to burn out the sulphide sulphur, Incinerate
coals by raising the temperature slowly to 500-550°C to burn out car-
bonaceous material completely. '

Grind thoroughly a sample of silicate rock weighing (.5-1 g, place
it in a platinum dish, wet with water, add 5 ml of nitric acid and
evaporate on a water bath to dryness. Add 5 ml of hydrofluoric acid
and 5 ml of phosphoric acid stirring the mixture occasionally. Heat
on g water bath for 1-2.5 hours tg remove excess HF. Add 0.5 ml of
sulphuric acid, place on an electric hotplate and evaporate at mod-
erate temperature to fumes of SQ;. If the decomposition is incomplete,
repeat the evaporation with hydrofluoric acid. If the residue is violet,
add a small amount of water, sodium hydrosulphite by portions, and
evaporate again to white fumes. Transfer the remaining syrup with
25 ml of a hot solution of boric acid into a 50-ml beaker, cool the
solution, wash the dish with 5 ml of hydrochloric acid, density
1.19 g/cu.cm, and add the liguid to the main solution. Proceed fur-
ther as for the construction of the calibration curve. Find the ger-
manium content from the calibration curve.
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POLAROGRAPHIC DETERMINATION OF GERMANIUM
IN SULPHIDE ORE

The methed is based on the extraction of germanium tetrachloride
with CCl, and its, polarography in the carbonate-complexonate solu-
tion at pH 8.0-9.0. The half-wave potential of germanium is —1.5V
(with reference to the saturated calomel electrode). The method can
be used to determine 0.0005-C.01 per cent of germanium in a sample
weighing 1 g or 0.001-0.02 per cent of Ge in a sample weighing 0.5 g.

Reagenis

Nitrie acid, density 1.4 gleu.cm. . .

Hydrochloric acid, density 1.19 g/cu.cmand 9 A solution.

Sulphuric acid, diluted 1: 100,

Prosphorie acid, density 1.17 gleu.cm.

Hydrofivoric acid, 40 per cent soclution. . )
Carbonate mizture. Grind 2 g of anhydrous Na,COy with 20 g of sodium bydro-
carbonate in & mortar.

-Sodium sulphate, crysialline,

Sodium hydroxide, 10 M solution:

Carbon ietrachloride, pure,

EDTA, 0.1 M solution.

Phenolphthalein, 0.1 per ceni solution in ethyl alcobol. .
Germanlum, standard solution. 1 ml is equivalent to 25 pg of germanium. Dilute.
the solulion with ten volumes of water to construct a calibration curve.

- Constructing a Calibration Curve

Place 0.0, 0.2, 0.4, 1.0, 2.0 and 4.0 pg ol germanium into 100-m] beakers and
extract with carbon tetrachloride as described in Sec. Photometric Determina-
tion of Germanium with Phenylflucrone (separation of germanium by extrac-
tion) and then re-extract germanium. Add 2.5 ml of sodium hydroxide solution,
neutralize excess alkali with hydrochloric acid to phenolphthalein, and add
1-2 drops of the alkali until pink colour develops. Boil 2 weak alkaline solution
for 3-5 minutes, evaporate to 4-7 ml and, depending on the anticipated gerina-
nium content, transier into a 25-ml volumetric flask or into a 10-ml test tube.
Add 0.4 g of dry mixture of sodium carbonate and bicarbonate, 1 ml of EDTA
solution and 0.2 g of sodium sulphite per each 10 ml of the final solution and
dilule with water to the mark. Transfer a part of the solution into an electro-
lyzer, pass a stream of pure bydrogen or nitrogen and carry out polarography
in the voltage range from —1.2 to —-1.B V. Measure the height of the polara-
graphic wave and construct the calibration curve using the data obtaircdl.

Procedure

Grind thoroughly a sample of sulphite ore weighing 0.5-1.0 g.
dissolve it with HNQOg,, HF and H,PO,. Proceed further as for the
construction of the calibration curve. Find the germanium contcnt
from the calibration curve.
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Bismuth

Bismuth, Bi, has the positive valency of 3 and 5. Compounds of
tetravalent bismuth can also exist. In the hydride Bill,; bismutk
has the negative valency of 3. Varicus bismuth (I11) compovnds are
very important for analytical chemistiry.

The standard electrode potentials in an aqueous medium at 25°C
are as follows (with reference to the standard hydrogen clectrode):

Bi-+ HyO0 4 Cl- == BiOCl 4 2H* ! 3e~ +0.46 V

Bi4-4Cl- = BiCl; -3¢ +0,48 V

Bi == Bit* |3~ +0.245 V
Bi+Hg0 == BiOH2* + H* 4 3¢~ +0.254 V
Bi+H,0 == BiQ*4- 2H* 4 e~ +0.320 V
2Bi-+3H,0 = Big0, + 6F1* - 6e~ 40371 V
2B1,0y - H,0 == Bi Oyt 2H*+-2¢" +1.338 V
Bl 0,+Hy0 == 2Bi 0, + 2H* 4 2¢~ +1.541 V
Bi;0,4-H,0 = Biy0y-}2H* + 2¢= +1.607 V
2B§% 4 5H,0 == Bi,O 4 10H* - 4e- 41,759 V

Compounds of pentavalent bismuth, bismuthates of the alkali
motals, can exist only in the solid state. The bismuth (V) ion does
not exist in solution. Bismuthates have strong oxidizing properties.
In acid solutions they oxidize the manganese (1I} ion to permanga-
nate, and the tervalent cerium ion to the tetravalent ion.

The cation Bi®* prevails in the solution of bismuth perchlorate at
pH O and at a higher acidity, Less acid solutions contain the ions
FiOH’*, BiO+, Bi,0%, Bi0%* and others. All of them are colour-
oss.

Bismuth oxide, Bi,04, is a yellow substance, practically inscluble
in water and soluble in acids. It meets the requirements for the
weighing form and can be obtained by calcining bismuth hydroxid:,
basic bismuth carbonate, and some bismuth compounds with or-
ganic reagents.

Unlike antimony (II1) hydrexide, bismuth hydroxide, Bi(OH},,
has a marked basic character and does not show amphoteric prop-
erties. It is soluble in acids and practically insoluble in alkali solu-
tion. Small quantities of {Bi(OH),] can only be obtained by beiling
the hydroxide in concentrated (50 per cent) solutions of the alkal:
metal hydroxides.

41



Salts of Bifll are hydrolyzed in an aqueous solution at pH 2 to
precipitate basic salts. At higher alkalinity, the basic salts are con-
verted into an amofphous hydroxide Bi(OH),, which forms a yellow
compound BiO(OH} on heating. Bismuth salts are hydrolyzed in
solutions when ammonia, caustic alkalies, carbonates of the alkali
metals, sodium formate or sodium acetate, various organic bases,
and solid oxides of zinc or mercury are added. The chloride of ter-
valent bismuth is the easiest 10 hydrolyze. Next follow the nitrate
and perchlorate. The degree of hydrolysis of BiCl, in solution decreases
with increasing concentration of the ions H* and Cl- (when chlo-
rides of the alkali metals are added) because chloride complexes of
bismuth are formed. When acidity decreases, BiCl; and Bi(NQ,),
solutions precipitate white basic chlorides and nitrates. Their com-
position correspouds approximately to the formulas BiOCl and
BiONOQOj. The precipitates of the basic salts are insoluble in a2 ¥
solntion of NaOH (in contrast to the products of hydrolysis of salts
of Sb111 Spll gnd SnlV).

Hydrogern sulphide precipitates brown Bi,S, which is insoluble
in cold dilute acids, solutions of ammonium sulphide and ammonium
polysulphide (in contrast to Sb,S; SnS and SaS5,). The sulphide
BiySy is soluble in hot dilute nitric and concentrated hydrochloric
acid.

Acid sodium phosphate precipitates white BiPO, from solutions
of tervalent bismuth. Unlike the phosphates of other metals, it is
practically insoluble in 0.2 & nitric acid. The solubility produet
index, plmeq,, is 19-20. The sclubility of BiPO, in HNOQ, sharply
increases in the presence of the chloride ion (due to complexation).
Only Zr'Y, ThIV and TilV form sparingly soluble phosphates in a
0.2 N solution of aitric acid. The phosphate BiPO, is comparatively
well soluble in dilute solutions of hydrochloric acid.

Bismuth (III) forms various complex ions with the chloride ions
BiCl;, BiCli-, BiCl}~, Bi,Cl}- and others, with manmnitol, SCN~,
§,0;", etc. The orange complexes Bil;, Bil;-, BiI}- and others are
more stable.

Tartrate complexes of bismuth are less stable than their analogues
with SblII, Citrate and oxalate complexes are known.

Bismuth does not form ammonia complexes (in contrast to Cull,
Agl, Cd!, and others).

A black-brown iodide Bily which precipitates when KI is added
to a solution of a bismuth salt, and also a red oxyiodide BiOT (the
product of hydrolysis of Bil,) are scluble in excess KI solution to
form yellow iodobismuihite solutions. The iodobismuthite ion is
precipitated by various organic bases (quinipe, cinchonine, and many
others) in the form of BH[Bil,] and other yellow or red compounds
(B is the molecule of base). The precipitates are soluble in organic
polar liquids. :

EDTA reacts with the bismuth ions [1] in the molar ratio of 1 : 1.
The reagent is used for the titrimetric determination of bismuth in
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various materials [2]. The end point of titration isestablished ampero-
metrically or by chemical indicators, viz., pyrocatechol violet,
xylenol orange, 1-(2-pyridylazo)-2-napbthol, etc. The complexo-
metric method is superior to all other titrimetric methods for the
determination of bismuth by its selectivity, accuracy, speed and
reliability.

8-Quinolinol precipitates quantitatively the bismuth ion from
a weak acetic acid solution in the form of a compound Bi{C,H;ON},
of constant composition. The formation of this compound underlies
the gravimetric, titrimeiric and photometric methods of determi-
nation of bismuth. It is convenient to titrate 8-quinolinol after dis-
solution of the filtered and washed precipitate of bismuth 8-hydro-
xyquinolinate, using an apparatus for potentiometric (bromatome-
tric) non-compensated titration [3]. .

Thiocarbamide, CS{NH,),, reacts with the bismuth ion in nitrie
or sulphuric acid solution to form a bright yellow compound [4].
Thiocarbamide is a highly selective reagent for the detection and
photometric determination of small quantities of bismuth in various
materials [5-7]. Derivatives of thiocarbamide are even more sensitive
and selective (e.g. o-tolylthiocarbamide, which is used for the extrac-
tion-photometric determination of bismuth [8]. O,0-Diethyl ether
of dithiophosphoric acid, (CgH0),PSSH, precipitates quantitatively
the bismuth ion from acid solutions in the form of the compound
[(C,H ;0),PSS14Bi. A greenish-yellow precipitaie, melting at 55°C, has
a constant composition. It is practically insoluble in water or acids
and well soluble in organic solvents. Solutions of [(C,H,0),PSS],Bi
in organic solvents are greenish-yellow and absorb in the ultra-
violet and visible regions of the spectrum. The solutions of this com-
pound in CCl; are quite stable and obey the Beer law. The molar
extinction cosfficient at 330 nm is 1.6 X 10%, and at 400 nm, 4.5 X
X 1(®, Diethyldithiophosphoric acid is used in the form of its nickel
salt for the gravimetric, titrimetric, and extraction-photometric deter-
mination of bismuth in the presence of some elements [9].

Bismuthol I and bismuthol II react with the Bi** ion in an acid
medium to form a red precipitate. The ions of other metals form pre-
cipitates of other colours. The reagents are used for the identification
of bismuth after its separation from other elements [10].

1,5-Diphenyithiocarbazone (dithizome), dinaphthylthiocarbazone
end their numerous derivatives react with the bismuth ion to form
intensely coloured compounds extractable with chloroform and other
organic solvents {11, 12]. Dithizone, dinaphthylthiocarbazone and
some of their derivatives are valuable reagents for the extraction-
photometric determination of small amounts of bismuth.

Zine reduces the ions of Bil"! (and ShIY) {a hydrochloric acid
solutions to black metal which (after removal of zine) is insoluble
in hydrochloric acid'{in contrast to Sn). The ions of silver and mer-
cury' car bo masked by adding excess KCN [13, 14).

Sodiom. mtannite (Na,Sn0,) solution reduces pegmuth salts in an
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alkaline medium with liberation of a dark brown precipitate of ele-
mental hismuth.

The ions of divalent chromium (solutions of the salts CrCl,, CrSO,)
reduce quantitatively the tervalent bismuth ion to the elemental
state [15-17). The reaction is strictly stoichiometrie:

Bi®¥ 4 3C* = Blyopg +-3Cr®

At the end of the reduction reaction, the potential of the platinum
or tungsten indicator elecirode jumps abruptly and this makes it
possible to titrate bismuth potentiometrically in the presence of lead,
cadmium, and other elementa.

Potassium hexacyanomanganate, K,IMn(CN)g;l, whose solution
¢an be prepared by the reaction of Mn!! with excess KCN, precipitates
a black substance, probably a mixture of BiO and bismuth metal
from an acidified solution of a bismuth salt. The reagent is oxidized
in this reaction to [Mn(CN)s]*-. The ions Ag*, Hg!* and Hg?* can
be masked by cyanide [18].

Traces of bismuth stimulate the raduction of PbI! by formaldehyde
in the presence of excess alkali (19]. This is used to detect small
amounts of hismuth in the presence of Pb.

The review of the methods for the determination of bismuth is
given in the literature [4].

COMPLEXOMETRIC DETERMINATION OF BISMUTH WITH
PYROCATECHOL VIOLET AS INDICATOR

Bismuth reacts with EDTA to form a stable soluble compound.
(log § = 27.94; 20°C, p = 0.1, KNO,). Pyrocatechol violet is the
‘most convenient -indicator for this reaction. At pH 2.0-2.5 it forms
a blue bismuth complex. Own colour of the indicator at this acidity
is yellow. Large amounts of divalent cations, or a 5000-fold quantity
of lead do not interfere with the determination. FellI, Hgll SpIIL V
Zr, Th, phosphates, tartrates, chlorides, citrates, oxalates and fluo-
rides interfers. The interfering effect offFelT and Hg!! canlbefremoved
by adding ascorbic acid. Hg'! can be reduced to its elemental state by
formic acid.

Reagenis

EDTA, 0.0{ M solution.

Ammonia, 1 M solution.

Sulphosalicylie acid, 2 per cent solation.

Ascorbic acid, 1 per cent solution..’

Pyrocatechol violet, 0.4 cent solution,

Formlc acid, 5 per cent solution,

Nitric actd, density 1.4 gleuem and 0.1 M solutlon.

Procedure

‘Determining Bismuth in the Presence of Iron ([II). Dissolve the
sample in nitric scid, density 1.4 g/cu.cm, evaporate to a small-
volume, transfer into 4 50-ml velumetris flask and add 0.1 A nitric
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--acid to the mark. Take an aliquot containing 10-15 mg of bismuth,
dilute with water to make ahout 5 mi, adjust the pH of the solu
tion to 2.0-2.5 with ammonia to umversal test paper, and add 5 drops.
of sulphosalicylic acid and ascorbic acid to decolourize the solution.
Add 1-2 m] in excess. Ahout { ml of sscorbic acid is required to reduce
4 ml of Felll, Add 1-2 drops of fyrocatechol violet solution and titrate
with EDTA until the blue solution turns lemon-yellow.

1 ml of 0.0100 M EDTA solution is equivalent to 2. 09 mg of bis-
muth.

Determining Bismuth in the Presence of Mereury (IT). Adjust the
pH of the solution of nitrates to 2.0-2.5 with ammeonia, and add
formic acid (1.5 ml per each 10 mg of mercury, and 0.5 m! in excess).
Heat the solution to boiling, maintain boiling for 1-2 minutes, cool,
add 1-2 drops of pyrocatechol vialet apd titrate as for the determi-
nation of bismuth in the presence of iren.

PHOTOMETRIC DETERMINATION OF BISMUTH WITH
THIOCARBAMIDE

Biamuth reacts with thiocerbamide to form compounds which

. are_approximately described by various formulas: Bi(CSN,H,),Cly

Bi(CSN,H ,)- (NO,)4OH, or Bi(CSN,H,)Cl,, The determinatiop is
carried out in a nitric acid medium at the optimum coneentration of
0.4-4.2 N, The concentration of thiocarbamide is 1 per cent. The
absorption-of the solutions of thiccarbamide complexes-is propor-
tional to the bismuth concentration-in the range from 2 to 16 pg/ml.
The colour of the solutions persists for about 80 minutes. The method
is suitable for the determination of bismuth in lead and aluminium
alloys and in many other materials,

Pb, Cu and many other elements do not interfere with the deter-
mination. Large quantity of ShIfI which forms a yellow compound
with :thiocarb&mide, -intérferes. Aulil (brown) and large quantities
of Hg! and Se!V also interfabe

Detemining Bismuth, in Aluminium Alloys

Alloys are dissolved in hydrochloric scid. All bismuth and the
main bulk of copper and lead precipitate. The precipit.ate i3 separat-
ed on a filter, dissolved in nitri¢c acid and bismith is determined
photometrically in the obtained solution. The method can bo used
for the determination of bismuth in aluminium alloys containing
3.56 per vent of copper and 0.2-0.6 per cent of lead.

Reagentr

Blemuth nitrote, standerd. solution. 1 ml I» oquiulent to 0.4 mg of biatbuth

Dissolve 0. ﬂfs g-&f bjsmuth-oxide in 20 ml of -nitrle. 2 {) and dllut'
. carsfully with water in a volumetric flask to make { Htre |lu soluiion, -
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Hydrachloric acid, diluted 1: 1,
Nitrie acid, diluted {1 :1 and 1: 10,
Thtocarbamide, saturated solution,

Coastructing a Calibration Curve

Place the standard solution of bismuth nitrate containing from 0,05 to 0.25 mg
of bismuth into 50-ml volumetric flasks and add 7 ml of nitric acid {1 : 1),
if bismuth is determined in aluminium alloys, or nitric acid (1 : 4) if bismut
is determined in lead, into each flagk. Next add 10 ml of thiccarbamide solution
and water to tha mark. Mix the solutions and measure their absorption on an
absorptiomater with a blue filter. Construoct the calibration curve using the
data obtained,

Procedure

Treat a sample of an aluminium alloy weighing 0.1 g in 5 ml of
hydrochloric acid without heating in a 100-150 ml beaker. Alu-
minium, magnesium, and other elements are dissolved, while all bis-
muth and the main part of lead and copper precipitate. When the
reaction has been completed, add immediately 5 ml of distilled water
and separate the insoluble precipitate on a small filter washing it
quickly two times with small portions of hot water. The filtration
and washing operations should be as rapid as possible since otherwise
the results will be low. Dissclve the precipitate on the filter in 5-10 ml
of hot nitric acid (1:1) and <¢ollect the liquid in a 50-m! volu-
metric flask. Wash the filter with small portions of nitric acid (1 : 10)
and then with water. Collect the washings in the same flask, add
10 ml of thiocarbamide solution and water to make 50 ml. Measure
the absorption of the solution on an absorptiomseter.
Find the bismuth content from the calibration curve,

Deiermining Bismuth in Lead

Bismuth is separated from the main bulk of lead by precipitation
in the form of bismuth carbonate. The bismuth ion is precipitated
quantitatively from a weak nitric acid solution at pH 4.1 &= 0.2
while lead is precipitated as its basic salt from a dilute solutjon of
lead nitrate at pH 6. Zn, Cd, Ga, Ni, Cu, As (<1 per cent), Sn (<Z0.1
per cent), FelIl (<20,05 per cent) and a small quantity of the chlaride
ion does not interfere with the determination. The fons which form
coloured compounds with thidcarbamide interfere. The interfering
effect of antimony is removed by adding tartaric acid to the solution.

Reagents

Bismuth niirate, standard solution (see the previous  section)
Nitric acid, diluied 1:4 and 1:1.

Sodium carbonate, 2 N solution.

Tartaric acid, crystalline.

Thiocarbamide, saturated solution.

Constructing a Calibration Curve
Construct the celibration curve as in the previous section
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Procedure

Dissolve a sample of lead weighing 1 g and containing 0.005-0.05
per cent of bismuth {(or weighing 10 g, if the bismuth conteat is
0.0005-0.005 per cent) in mitric acid (1 : 1) with heating. Remove
excess acid by evaporation, dissolve the residue in.a small quantity
of distilled water and neutiralize with sodium carbonate selution
until turbidity develops (basic salts precipitate). Add 4-5 ml of
sodium carbonate in axcess and boil for 1-2 minutes. The precipitate
contains all bismuth and a small quantity of lead.

Decant as much as possible of the liquid through a small filter,
transfer the filter with the precipitate without washing into the beaker
where the sample was dissolved, and dissolve the precipitate in
5-10 m! of nitric acid (1 : 4). If considerable quantity of antimony is
present in the lead, add 1:2 g of tartaric acid. Transfer the solution
into a 50-ml volumetric flask, add 10 ml of thiocarbamide solution
and water to the mark, and measure the absorption of the resultant
solution.

Find the bismuth content from the calibration curve.

EXTRACTION-PHOTOMETRIC DETERMINATION OF
BISMUTH IN NICKEL ALLOYS AND IN LEAD
CONCENTRATES USING o-TOLYLTHIOCARBAMIDE

Bismuth reacts with N-phenyl-substituted thiocarbamides, such
as o-tolyl-, diphenyl-, di-o-tolyl-thiccarbermides in the presence o'
the anions I-, SCN -, ClO; to form coloured compounds. The deter-
mination of bismuth is most sensitive and selective with o-tolyl-
thiocarbamide in the presence of the perchlorate ion and perchlozic
acid. The formed compound BiRg(ClO,),- nH,O is extractable with
dichloroethane and chloroform from 1-6.5 M HCIQ, in the presence
of about 3 g-ion/l of ClO;. The molar extinction coefficient of the
dichloroethane solution is 1.14 X 104. The extracts absorb maximum
at 425-430 nm. Large quantities of nickel, cobalt, lead and iron,
moderate quantities of zinc (2.5 mg), copper (1 mg) end indium
(5 mg) do not interfere with the determination. The method is used
for the determination of (3.3-8) X 103 per cent of bismuth in nickel
metal, 2.6 X 10-® per cent of Bi ir nickel alloys and 2.7 X 10-?
per cent of Bi in lead concentrate.

Reagents

Biamuth perchlorate, stendard solution, 1 ml iz equivalent to 10 pg of bismuth.
Sodium perehlorate, 3 M solution,

Perchloric acid, 42 per cent solution,

o-Tolylthiocarbamide, 0.03 M solution in dJdichloroethane (or chloroform).

Constructing a Calibration Curve

Place the standard bismuth perchlorate solution containing 0, 20, 40, 60,
80 and 100 pg of Bi in separating funnels and add 5 ml of sodium perchlorate
and 5 ml of perchloric acid into sach fuanel. Add 5 ml of the reagent and axtract
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for one minute, Separate the extracts and measure their absorption at 480 nm
in & eoll with a light path of 4 em using water as a refersnce solution, Construet
the calibration corve using the data cbtained.

Procedure

Dissolve a sample of a nickel alloy or lead concentrate weighing
0.5-1 g and containing from 10 tc 100 pg of hismuth in 10 ml of
perchloric acid and evaporate to white fumes. Transfer the solution
into a separatirg funnel and proceed further as for the construction of
the calibration curve, wjthout adding any perchloric acid. It is
recommended that the extract be washed with perchloric acid and
then its absorption measured. Find the bismuth content from the
calibration curve.
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Selenium and Tellurium

Selenium, So, and tellirium, Te, have the positive valency of 2,
4 and 6, and also the nsgative valency of 2. The compounds of tetra-
valent selenium and tellurium are mest important for analytical
chemistey [1].

“Many compounds of selenium and tellurium in the same valency
states have similar properties and are very much like analogous com-
pounds of sulphur.

Elemental selenium and tellurium exist in several allotropic
modifications. During the reduction of selenites or during oxidation
of hydrogen selenide, H,Se, a red amorphous sslenium is liberated.
This modification of selenium is only shghtly (0.05 per cent) soluble
in carbon disulphide. Itis soluble in ammonium sulphide, (NH,),S.
Red-brown moneciynic prisms or needles are precipitated from CS,
solutions. When heated to 90-100°C, the red modification of selenium
converts into its grey modification (m.p. 217°C, b.p. 690°C). The grey
moedification of selenium is insoluble in CS,; and conducts electric-
ity, the conductivity being dependent on the temperature and the
intensity of illumination. A vitreous modification of amorphous se-
lenium is also known. At 90°C it turns into the crystalline modifica~
tion.

Colloidal solutions contain selenium in the amorphous form.
They are brick-red and used for the photometric determination of
selenium. _

Several brown or black modifications are known for tellurium.
When its compounds are reduced, brown-black amorphous tellurium
is obtained. It easily forms colloidal solutions used for photometric
determinations, and is soluble in solutions of ammonium sulphide,
(NH,),S.

The standard electrode potentials in the agueous solutions at
25°C are as follows (with reference to the standard hydrogen elec-

trode):
For selenium
Set— = So-2e- —0.92V
Se-+3H,0 = H,8¢0,+4H*+ 4= J-0.741 V
250+ 2C1- == Se,Cly} 2¢- +44 Vv

For tellurium
Te} == 2Te-+ 2e~ —084 ¥V
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The most important forms of selenium in various valency states
and the corresponding actual oxidation-reduction potentials ere
given in Fig. 8.

When selenium and tellurium are dissolved in nitric acid, selenious
and tellurous acids are formed. Tellurium is secluble in a mixture
of nitric and hydrochloric acid with the formation of telluric and
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Fig. 8. Pependence ¢f approximate potentials of selenium on pH. Solenium
concentration, {0-* M

tellurous acid. Hydrochloric acid slone does not act on tellurium.
Tellurium is soluble in concentrated sulphuric acid. A bright red
solution precipitates black tellurium on dilution.

Selenious acid is reduced to the red modification of selenium sven
by a weak reductant (salts of divalent iron, SO,, iodides, organic
acids, thiocarbamides, etc.). Hydrazine, hydroxylamine, ascorbic
acid, ammonium thiocyanide, thiocarbamide, chlorides of tin (I}
and titanium (1II) or chromium {11}, metallic zinc, magnesium, iron,
copper and wany others are used as reductants. Very energetic reduc-
tants reduce selenivm partly to H,Se.

Tellurous acid is reduced to tellurium by more active reduetants
{8nCl,, zinc, etc.) than selenious acid., Sulphurous acid reduces tel-
lurous acid only in weak acid solutions and does not reduce it in
strong acid media. Hydroxylamine reduces teflurous acid in am-
monia solutions and does not reduce it in acid solutions. Elemental
tellurium is liberated in the form of a brownish-black powder.

Conditions can be provided in which selenious acid can be reduced,
e.g. by hydroxylamine chloride or KI to the elemental seleniun,
while tellurous acid remains in solution.

When hydrogen sulphide is passed through a solution of selenious
acid acidified with hydrochloric acid, a yellow substance precipitates

350



in the cold, and an orange substance with heating (2 mixture of sul-
phur and selenium). The precipitate is soluble in ammonium sulphide
solutions.

Sulphur dioxide reduces selenious acid to the red modification of
selenium in the cold in a medium of a dilute or concentrated solution
of hydrochloric acid [2]). Tellurous acid is reduced in the medium of
8 10 per cent solution of hydrochloric acid with heating (the reduc-
tion reaction discontinues in the cold). Selenious acid is also reduced
in a medium of a 50 per cent sulphuric acid while tellurous acid is
not reduced in these conditioms. )

A solution of sulphur dioxide in acetone is sometimes used for the
quantitative reduction of selenisus acid.

The reaction of reduction of selenious acid

SeOF" +41-4-GH® = Se-21y-3H,0

underlies various methods for the deteciion and for the photometric
and titrimetric determination of selenium.

Ascorbic acid reduces quantitatively selenicus acid to the ele-
mental state in a medivm of 0.1 N hydrochloric acid (with the for-
mation ¢f dehydroascorbic acid). Two moles of ascorbic acid are
spent per mole of H,SeO; This reaction is employed in the micro-
titrimetric determination of selenium in commercial selenium. Excess
ascorbic acid is titrated with iodine solution in the presence of starch.

Ammonium thiocyanide reduces selenious acid in hydrochloric
acid solutions (about 0.5 & HCI) with boiling. Tellurous and tel-
luric acids are not reduced by this reaction.

Thiocarbamide reduces selenious acid to the elemental seleninm
in acidified solutions., Tellurous acid reacts with thiocarbamide to
form yellow soluble complex compounds which are used for the pho-
tometric determination of tellurium [3). Solutions contain complex
ions of divalent tellurium [Te(SCN,H,},]**. Alkalization of these
solutions 'precipitates black elemental telluriym.

If selenium and tellurium are to be precipitated together, SuCl,,
salts of hydrazine, or a solution of SO, and hydrazine salt should be
used. Hydrazine is used to separate selemium from tellurium [4].
Selenious acid is oxidized to selenic acid in solution by oxidants
whicth are more energetic than thejoxidants required to oxidize sul-
phurous acid.

In contrast to selenious acid, selenic acid is reduced with difficulty
and only by energetic reductants (TiCl;, CrCl,, hypophosphorous
acid, ete.). Hydrogen sulphide, sulphurcus acid anhydride and cther
mild reductants do not reduce selenic acid. '

Selenic acid, H,SeQ,, reacts with concentrated (12 M) hydrochlo-
ric acid:

H.&O‘-f"zHCl = C];-!- H_—-“?O..—I-H,O

The reaction is reversible. Chlorine .dizes H 8e0; to H,SeO,

in an alkaline medium.
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Telluric acid (like selanic acid) is reduced only with energetic
reductants. When reduced with tin (SnCl,) or sodium hypophcesphite
in an acid medium, black elemental tellurium is precipitated.

Stannite reduces tellurate (and tellurites) to the elemental tel-
lurinm in a strong alkaline medium:

TeOi 43500~ = To43500f 2
TeO}~+45n0;" = Te+ 45n0]" +2¢~

Selenium and tellurium form gaseous hydrogen selenide H,Se,
and hydrogen telluride, HyTe. Hydrogen selenide in aqueous solu-
tions is a stronger acid than hydrogen sulphide {pX, and pK, for
H,Se at 18°C are 3.77 and 11.0 reapectively, while for H,S at 25°C
these are 7.2 and 14.0). The pX for H,Te at 25°C is 3.0.

The oxidability increases in the series H,S, H,Se and H,Te. These
compounds ars oxidized by atmospheric oxygen.

Hydrogen telluride, H,Te, decomposes spontaneously into Hg
and Te. Aqueous solutions of H,Te are unstable; they are easily oxi-
dized by atmospheric oxygen with liberation of black tellurium.

Selenides and tellurides of metals resemble aulphides as regards
their properties. Selutions of selenides and tellurides of the alkali
metals are oxidized by atmospheric oxygen on standing, they lib-
erate elemsntal tellurium and selenium and become turbid.

Salts of the alkali and alkaline earth metals and of hydroselenious
and hydrotellurous acid are soluble in water. Selenides and tellurides
of other metals are sparingly soluble. Silver telluride is less soluble
than silver sulphide.

Polyselenides and polytellurides are red.

Selenium dioxide, SeQ,, has an acid character. When dissolved
anat.ex%. 3it. formsa weak selenious acid, H,Se0,, (pKX, = 2.46 and
phy = 7.3).

1 The solutions of sadium selenite and potassium selenite react alka-
ine. '

Selenites of most metals are sparingly scluble in water but are
solved in solutions of stromg acids.

Barium chloride precipitates a white substance, BaSeQ,, from
solutions of selenites of the alkali metals. The precipitate is soluble
in nitric or hydrochloric acid (pZpaseo, = 7.0).

Lead acetate precipitates PbSe0O,. The white substunce is sparingly
soluble in hydrochloric or nitric acid (pLebsesy + $0).

Silver nitrate forms a white precipitate, Ag,Se0,. _

Mercurous nitrate, Hge(NOy),, in dilute nitric acid, forms a crys-
talline precipitate Hg,S500s which is suitable for mitroceyatalline
detection of selenium. .

Tellurium dioxide is a white amphoteric substance soluble in
hydrochloric acid and in solutiens of hydroxides of the alkali metals.
TeQOy4 is sparingly soluble in water. When an acid solution 13 dilw
with water, it precipitates TeQ,. '
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Tellurous acid, H,TeO,, is weak (pK, = 2.5; pK; = 7.7). The
solubility of tellurous acid is not high. 1t is precipitated from an ace-
tate buffer solution and is relatively sparingly soluble in strong
acids to form mainly the ions TeQOH~ and Tet*. The solubility of
tellurous acid in 1 & hydrochleric acid or 1 N perchloric acid is
0.01 mole/l. Alkaline solutions contain the ion TeO}-,

The following equilibria have heen studied for Telv:

TeOguonw - HyO = HTe0F {-OR-  pK=16.1

HgTﬂOs(so“d) - HTeO;“:F OH- pK—_— 11
3H,0 +ToQf- == Tet* - GOH- pK =146
Tet* +2H,0 = HTeO} 4 3H* PR =0.7

Most salts of tellurous acid are sparingly soluble in water. Tellu-
rites are soluble in strong acids.

Barium chloride precipitates a white substance from tellurite
solutions which is soluble in dilute nitrie acid.

Tellurium (IV) is oxidized quantitatively to Te¥! by potassium
bichromate in a sulphuric acid medium. This reaction underlies the
titrimetric determination of tellurium [3).

Selenic acid, H,SeQ,, is similar to sulpburic acid with respect to
its strength. Selenates of most metals are soluble in water. Sparingly
soluble are BaSeQO,, StSeQ,, PbSeO, {(pLassco, = 7.0; pLsesen, =
= 5.0). -

Telluric acid, H,TeQ,.2H,0, is a colourless crystalline substance
well soluble in water. It is a weak acid (K, =2 X 108, X, =
= 5 x 10-"). Salts Ag,TeO, or Hg,TeQ, are known. These are
salts of ortho-telluric acid, H,TeO;. Tellurates of most metals are
sparingly soluble in water. Potassium tellurate, K,H,TeQ,-3H,0,
is well soluble in water while the sodium salt, Na,H,TeO,, is only
gparingly soluble. When heated, H,TeO,-2H,0 forms H,TeO,.

Hexavalent tellurium does not form cations. '

Some organic reagents of various classes are used for the detection
and determination of selenium and tellurium.

3,3'-Diaminobenzidine reacts with selenious acid at pk 2-3 with
the formation of yellow diphenylpiazselenol [6, 7). The reagent is
~uged for the oxtraction-photometric determination of selenium [6-9].
v 3,%'-Diaminobenzidine is used to determine microgram quantities
of selenium in the presence of grams of arsenic (without its separation)
[7, 8]. The reagent can be used to determine selenium in gallium
arsenide without its separation [8]. Large quantities of indium inter-
fore with the determination of selenium. In this case, selenium {micro-
gram quantities) is separated by reduction with a mixture of SnCl,
and hypophosphite in hydrochloric acid sdlution (1 : 7) in the pre-

"sence of a collecting ageni (arsenic). This method is used in the analy-
" sis of indium, indium antimonide, and indium arsenide.

o-Phenylenediamine {10, 11] can be used instead of 3,3'-diamino-

benzidine in the photometric determination of selsmium. [t reacts
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with selenious acid at pH 1.5-2.5 to form a practically colourless
crystalline compound extractable with toluene. The absorption of a
toluene extract is measured at 335 nm. Large quantities of ions do
not interfere with the determination, Only Felll, Sni¥v and I- inter-
fere. The ferric ion can be masked with EDTA.

Some organic reagents containing the sulphohydryl group —SH
react with selenions acid to form coloured compounds. 2-Mercapto-
benzimidazol is among them. When a 1 per cent solution of the reagent
is added to a dilute solution of selenious acid in 1-3 M hydrochloric
acid, a yellow colour develops [12]. The formed compound is well
extractahla with a mixture of butyl alcohol and.chloroform (1 : 5),
the colour of the solution being persistent. The concentration of the
reagent and selenious acid is high, the solution immediately precipi-
tates yellow crystals. The precipitate is unstable. The extracts
absorh maximum at 330 nm, the molar extinction coefficient being
1.00 % 10° Selenious acid reacts with the reagent in the molar
ratio of 1 : 4. The reagent is nused for the photometric determination
of seleninm, the absorption being measured not at the absorption
maximum of the formed compound (the reagent proper absorbs at
this wavelength as well) but at 420 nm. Hg, Ag, Au, Cd, Pb and
others do not interfere with the determination. Te, Bi and Cu interfere.

When selenious acid is added to an acid solution of N- (mercapto-
acetyl)-p-anizidine oz N-(mercaptoacetyl)-p-toluidine, a yellow col-
our, yellowish-brown turbidity or precipitate (depending on the
concentration of selenious acid) develop immediately. The formed
compounds are well extractable with chloroform, carbon tetrachloride,
benzene, toluene, isoamyl and isobutyl alcohol. The extracts are
yellow. They are stable. The best extracting agent is a mixture of
butyl alcohol and chloroform (1 : 5). The maximum absorption of
the extract is in a medium of 0.05-0.5 M solution of hydrochloric
acid. Elemental selenium is liberated from a 6 M solution of hydro-
chlori¢ acid, The maximum absorption of the extracts is at 315-
320 am. The molar extinction coefficient is 1.2 x 10%, The reagents
react with selenious acid in the molar ratio of 2 : 1. They are used
for the photometric determination of selenium in various technical
materials [13]. Tel¥, Cull, Billl, and MoV! interfere with the deter-
mination.

The salt of divalent selenium [{C,H 0),PSSI,Se is a yellow crystal-
line substance. It is very stable and soluble in organic solvents [14].

Sodium diethyldithiocarbamate and other derivatives of dithio-
carbamic acid are valuable reagents for the extraction-photometric
determination of tellurium. The diethyldithioecarbamate method is
used for the determination of microgram quantities of tellurium in
the presence of up to 0.5 g of arsenic without separation {15]. In order
to increase sensitivity, tellurium diethyldithiocarbamate in carbon
tetrachloride is converted into copper diethyldithiocarbamate.
Large guantities of indium and gallium interfere with the determina-
tion of tellurium. Therefore, during the determination of traces of.
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tellurium in indium, indium arsenide and gallium arsenide, tellu-
rium is separated by reductmn with a mixture of SnCl2 and hypophos-
phite in hydrochloric acid solution (1 : 7) using arsenic as a collector.’
Derivatives of carbamic acids containing heterocyclic substitutes
are more promising [16].

Bismuthol II reacts with tellurous acid at pH 3.3-4.4 to form a
vellow compound [17, 18]. Seleniouns acid reacts with bismuthol II
also to form a yellow compound whlch however, is very slowly ex-
tractable.

Selenium and tellurium form vellow complexes with 5-mercapto-
3-(naphthyl-2)-1,3,4-thiadiazolthione-2 soluble in chloroform and
benzene. Conditions have heen found to separate extraction-photo-
meotric determination of selenium and tellurium [19].

Tellurium (IV) in hydrochloric, hydrobromic and hydriodic acid
solutions is in the form of the halide complex ions. Crystals of vari-
ous compounds contzining the anions TeX;- (here X is Cl, Br or I}
and cations of the alkali metals or organic cations have been isola-
ted from these solutions. The complex iodide Tel?- is used for the
photometric determination of tellurium in steel [20].

Diantipyrylmethane, diantipyrylmethylmethane, diantipyrylpro-
pylmethane and diantipyrylphenylmethane precipitate compounds
of tetravalent tellurium from hydrobromic acid solutions. The reac-
tion, by whith some of these compounds are formed, underlies the
extractmn—phot.ometnc determination of tellurium in lead and in
some other materials [21-23).

The chloride complexes of tetravalent tellurium are not preci-
pitated by the pyrazolone derivatives but are extractable quantita-
tively by dichloroethane in their presence. The selenivm {(IV) ion
is not precipitated from hydrochloric acid solutions and is mot extract-
ed in the presence of pyrazolone derivatives either. Tellurium can
therefore be easily separated from selenium. Chlorotelluric acid is
extracted by a mixture of benzene and ethyl ether (2 : 1) from solu-
tions of 5-7 per cent hydrochloric acid in the presence of rhodamine B.
Tellurium is determined by the intensity of fluorescence of the extract
in ultraviolet light [24). Rhodamine 6G is less suitable for the deter-
mination of tellurium than rhodamine B.

Butyl rhodamire B is & highly sensitive reageni for the extraction-
photometric determination of tellurium [25]. It can determine over
10-* per cent of tellurium. A butyl rhodamine B compound with
the bromide anion complex of tellurium is extractable by a mixture
of benzene and ethyl ether (3 : 1). In, Sh, Au, Hg, large quantities
of the ions of Folll and Cu! interfere. Whan tellurium is determined
in mineral raw materials, it is separated (simultaneously with sele=
nium) by hypophosph:ta from a 6 N solution of hydrochloric aeid
using arsenic as a collecting agent, or by titanium trichloride from
2.5 M sulphuric scid medium and a 2.5 N hydrochigric acid medinni.’

Polerographic [26, 27] and extraction-polarographic [28] methods.
of det.armlmng selemum and tellurium are used.
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GRAVIMETRIC DETERMINATION OF SELENIUM IN STEEL

Selenium is reduced to the elemental state by sulphur dioxide
and weighed after drying;__ ‘at 105°C.

Reagenis

Hydrochloric acid, density 1.19 glemem and diluted 1: 1,
Nitric gcid, deunsity 1.4 gfcu.cm. ,

Sulphur dioride. Act by concentraied. .ujphuric acid on NagS0,.
Ethyl aleohol, 96 per cent solutior, ~

Ethyl ether.

Procedure

Dissolve a sample of steel weighing 5 g (containing from 0.1 to 0.5
per cent of selenium}) or 2 g (conteining from 0.5 to 1 per cent of
selenium) in 60 ml of & mixture of hydrochloric and nitric acid. Evap-
orate the solution on a water bath to dryness (without calcining),
add 20 m] of hydrochloric acid {1 : 1), 20 ml of water, and dissolve the
salts with slowly heating. Separate silicic acid on a filter and discard
it. Add 60 m! of concentrated hydroehloric acid to the filtrate and
dilute with water to 100 ml. Pass sulphur dioxide gas through the
hydrochloric acid solution with stirring it to accelerate coagulation
of selenium. Allow the mixture to stand overnight, then separate the
precipitate on a glass filter No. 3 or 4, and wash the precipitate with
hydrochloric acid {1 : 1), then with warm water to remove the acid,
and gnoaély with ethanol and once with ether. Dry 1o constant weight
at 105°C.

DETERMINING SELENIUM AND TELLURIUM IN ORES AND
INTERMEDIATES

‘Selenium and tellurium are separated by hydrazine in 9.5 ¥ hyd-
rochloric acid solution. The method is based on the interaction of
selenious acid with excess standard solution of thiosulphate:

4N8yS;05+HySe03+ 4HC] == NaySeS,04-} NagS,0; +4NaCl 4-3H,0

The unreacted thiosulphate is titrated with iodine solution.
Tellurium is determined by the reaction between tellurous acid
and excess potassium iodide:

11, TeOy 4 41- +4H* = Te } 21,--3H,0

Small quantities of selenium and tellurium are separated in the
presence of a collecting agent (Hg,Cl,). '

Reagents

Nitric acid, density 1.42 g/en.cm,

Mizture of bromine and carbon felrachloride, (2: 3).

Sulphuric acid, concentrated.

Hydroehlorte acid, density 1.19 g/cu.cm, 5 per cent solution and dijuted 2 : 100,
Mereurte chloride, solution contsfning ¢ mg Hg in 4 mls. -~ -
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Stannous chlertde, crystalline, SnCl;-2H,;0, and 20 per cent solution in 20 per
cent hydrochloric acid.

Hydrazine hydrochloride, 10 per cent solution.

Carbamide.

Sodium thiosulphate, 0.02 N solution.

Tadine, 0.02 N solution.

Potussium lodide, 30 per cent solution,

Procedure

Dzsso!ving the Sample. Grind thoroughly a sample weighing1.0-10 g,
place it in a 300-800 ml refractory glass beaker, add 8-30 ml of a
mixture of bromine and carbon tetrachloride, and allow the mixture
to stand for 10-20 min. Add 10-75 ml of nitric acid by small portions
with stirring, and allow the solution to stand in the cold. Then heat
carefully and evaporate to a small volume. After the sample has com-
pletely decomposed, add 10-60 ml of sulphuric acid and evaporate
the solution to H,50, fumes. Cool the residue, add a small amount
of cold water and evaporate again to H SO, fumes. Repeat this oper-
ation until all nitrogen oxides and organic substances are completely
removed.

Dissolve the residue in 60-200 ml of water and 1.0 50 ml of hydro-
chloric acid, density 1.19 g/cu.cm, with boiling in a beaker (covered
with a glass) for 5-10 minutes. Separate the insoluble precipitate and
wash with hot water. Depending on the size of the sample, add hyd-
rochloric acid to adjust its concentration to 15 per cent (v/v). (The
total volume of the solution, 100-300 ml.) Heat the solution to the
boil. Add 5 ml of mercurous chloride solution to the boiling solution
and reduce the ferric iron by small portions of 20 per cent solution of
stannous chloride. When the solution becomes colourless, add 3-10 ml
of the reductant in excess, a small amount of paper pulp, boil for
five minutes and allow to stand for ten minutes at a temperatnre
about the boiling point. Separate the selenium and tellurium preci-
pitate gn a; paper pulp filter and wash 3-4 times with hot hydrochloric
acid (

Separation oj Selentum and Tellurium. Place the selenium and tel-
Jurium precipitates back in the precipitation beaker, edd 20 ml of
concentrated hydrochlorie acid and 4-5 drops of nitric acid. Loosen
the filter and heat on a water bath to dissolve the precipitate (the
filter whitens). Add 40 m! of concentrated hydrochloric acid, 50 ml
of water, heat the solution almost to the boil and add 15—20 ml of
hydrazine solution. Stir the mixture and allow to stand for four
hours in a warm place. Separate the selenium precipitate on a double
filter and wash 7 or 8 times with a hot 5 per cent hydrochloric acid.

To iselate tellurium, dilute the filtrate with water to 250 m}, add
a small quantity of filter pulp, heat to the boil, add 0.3 g of stannons
chleride and boil until the solution fully clem Separate the pre-
cipitated tellurium on a double filter and wash 7-8 times with & hot
5 per cent hydrochloric acid.
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Determining Selenium. Transfer the selenium precipitate on the
filter into a beaker, add 10 ml of concentrated hydrochloric acid,
loosen the filter by a glass rod, add 3-4 drops of nitric acid and heat
the mixture on a water bath to dissolve the precipitate completely.
Add 150 ml of water, and 4 g of carbamide, and boil for 2-3 minutes.
Cool the solution to room temperature, add 10-20 ml of sodium thio-
sulphate and titrate its excess with jodine solution in the presence
of starch.

Determining Tellurium. Transfer the teliurium precipitate on the
filter into a flask, add 10 ml of concentrated hydrochloric acid and
3-4 drops of nitric acid, and heat on a water bath to dissolve the
precipitate completely. Add 100 ml of water, 4 g of carbamide, and
boil for 2-3 minutes. Cool the sclution, add 10 ml of potassium iodide
solution and titrate excess iodine with sodium thiosulphate solution
in the presence of starch until the blue or dark cherry solution
{depending on the tellurium content) turns pale yellow.

BICHROMATOMETRIC DETERMINATION OF TELLURIUM
IN TELLURIDES OF CADMIUM, ZINC AND MERCURY

The method is based on the oxidation of Te!V to Te¥! by potas-
sium bichromate in a sulphuric acid medium. The end point is
established with phenylanthranilic acid. If hydrochloric acid is
present, manganous sulphate should be added to preclude the oxi-
dation of the chloride ion by potassium bichromate.

Heagenis

Potassium bichromate, 0.05 N solution. 1 ml is equivalent to 3.19 mg of Te.
Mohr's salt. 0.05 N solution.

Sulphuric acid, density 1.84 g/cu.cm,

Phosphoric acid, BS per cent solution.

Phenylanthranilic acid, 0.1 per cent solution,

Procedure

Grind thoroughly a sample of telluride weighing 0.1 g and dissolve
it in 10 ml of sulphuric acid with heating on a hotplate (closed spi-
ralj. Cool the solution, mix with 50 ml of water, add 25 ml of potas-
sium bichromate solution and allow to stand for 10-15 minutes. Next
add 5 ml of Hy,PO,, 2-3 drops of phenylanthranilic acid and titrate
with Mohr's salt until the red-violet solution turns purely green.

SPECTROPHOTOMETRIC DETERMINATION OF SELENIUM
BY o-PHENYLENEDIAMINE IN METALLURGICAL PRODUCTS

The compound of SelV with ¢-phenylenediamine is extracted from
a more acid medium than the compound with 3,3'-diaminobenzidiae,
which makes this reagent more selective. Many elements are hydro-
lyzed and therefore interfere with the determination of selenium by



3,3'-diaminobenzidine, but the same elements do not 1aterfere with
the determination of selenium by o-phenylenediamine. The inter-
fering effect of iron and bismuth can easily be removed by binding
them in complexes with phosphoric acid and EDTA in an acid medium
(pH 1-2). This makes it possible to determine selenium in non-fer-
rous metallurgy products of complicated composition without its
separation.

Reagents

Selenium, stgndard solution. 1 ml i3 equivaleni to 5 pg of selenium,
Nitric actd, density 1.4 g/cu.cm.

Sulphuric geid, diluted 1:1 and 2 per cent solution,

Phosphoric acid, B5 per cent sclution.

Formic acid, 85 per cent solution.

EDT4, 0.4 M solution.

Ammeonia, 25 per cent solution.

o-Phenylenediamine, 1 per cent solution.

Toluene.

Constructing a Calibration Curve

Flace 2.5, 5,0, 7.5, 10, 12,5 and 15 pg of selenium into separate 50-ml beakers
and add 1 ml of lormic acid, 5 ml of phosphoric acid, and 0.5 ml of EDTA solu-
tion into each beaker. Adjust the pH of the solutions to 1 by adding ammonia
dropwise. Add 3 ml of o-phenylenegiamine and allow the solutions to stand for
20 minutes. Transfer the solutfons into separating funnels, add 5 ml of toluene
and extract for two minutes. Transfer the extracts into dry test tubes and measure
their absorption on a spectrophotometer at 335 nm in a cell with a light path
of 1 em. Use a blank extract as a reference solution, Construct the calibration
curve using the datas obtained.

Procedure

Place a sample weighing 0.25-1 g into a 100-m! Erlenmeyer flask,
add 20 ml of nitric acid and allow to stand in the cold (if the sample
contains sulphides). Heat the mixture to dissolve the sample, evap-
orate the solution to 4-5 ml, add 20 ml of sulphuric acid (1 : 1) and
heat to white fumes. Add 5 ml of water and heat again to white fumes.
Add 15-20 ml of water after the second evaporation and heat the
solution to boiling. Cool the solution, filter it into a 50-ml volu-
metric flask, wash the precipitate first with a 2 per cent solution of
sulphurie acid and then with water. Dilute the fiitrate with water
to the mark and mix thoroughly. Transfer an aliquot into a 100-ml
Erlenmeyer flask, add water so that the final volume of the solution
is not over 30-35 ml and proceed further as for the construction of the
calibration curve. Find the selenium conteni from the calibration
curve.

PHOTOMETRIC DETERMINATION OF SELENIUM WITH
3,3-DIAMINOBENZIDINE WITHOUT EXTRACTION

The method is based on the reaction of the ion Se():* with 3,3'-
diaminobenzidine in a neutral, acid, or alkaline medium, with
the formation of a yellow sparingly soluble diphenylpiazselenol.
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"1t is stable in acid, neutra}, and alkaline solutions. It is well ex-
tractable by toluene and other organic solvents at pH 6-7. At pH 5
and below the extraction is slow.

Dilute agueous solutions of diphenylpiazselencl obey Bouguer-
Lambert-Beer law in the range of selenium concentrations from 0.25
te 2.5 ug/ml. The molar extinction coefficient at 347-349 nm is
1.02 % 10* (the acidity heing 0.1 N). The colour of the solution devel-
ops in these conditions during 50 minules and persists at this level
for five hours. The ions of Al,Ba, Ca, Cd, Co, K, Cr1I, Mg, Mn, MoV,
Ni, TelV, Na, NH;, Zn, Br, Cl, NOj, PO}{-, 50%-, and also the citrate,
oxalite and tartrate ions do not interfere with the determination.
The ferric ion can be masked by fluoride or oxalate.

Reagents

- 8,8 -Diaminobenzidine, (.1 per cent solution of tetrachlarohydrate in dilute
bydrochloric acid.

Hydrochlorie actd, 5 ¥ solution,

Selenlous acid, standard selution. { ml is equivalent to 20 pg of selenium.

Constructing & Calibration Curve

" Place 0.5, 1, 2, 3. 4 and 5 ml of the standard solution of selenious acid into
- 50~ml volumetric flasks, add 25 ml of the reagent into each flask and adjust the
total agldity of the selutions to 0.1 ¥ by adding 5 M hydrochloric acid. Add
watsr to the mark, allow the solutions to stand for an hour and measure their
absorption on an absorptiometer with a blue filter in a cell with a light path
of 1 cm. Construct the calibration curve using the data obtained.

Procedure

Add all the requisite reagents into the solution of the sample and
measure its absorption as instructed above. Find the selenium con-
tent from the calibration curve.

EXTRACTION-PHOTOMETRIC DETERMINATION OF SELENIUM
WITH 3,3'-DJAMINOBENZIDINE

The toluese extract of diphenylpiazselenol has two absorption
maxima, at 340 and 420 nm. 3,3'-Diaminobenzidine in toluene ab-
sorbs maximum at 340 nm, and the absorption of diphenylpiazselenol
in toluena is therefore measured at 420 nm, VV, Felll Culf and other
oxidants, which form coloured products, interfere with the deter-.
mination, £DTA is used to mask all interfering ions except VV.
All coloured ions remain in the aqueous solution during extraction.
Substances reducing the tetravalent seleninum ion also interfere.

The method is used to determine selenium in tellurium, arsenic,
sulphur, indium, copper, stainless steel, some semiconducter com-
pounds and in ores.

The method can be used to determine 1 X 10-* per cent of sele-
niuvm in a sample weighing 1 g. The sensitivily of determination can
be slighlty increased if fluorescence of the toluens extract of diphe-
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nylpiazselenium is measured (instead of its absorption). Diphenyl-
piazselenol fluoresces intensely at 580 nm while 3,3’-diaminobenzi-
dine fluoresces at 420 nm. A 10-ml portion of the toluene extract is
irradiated by a source of wavelengths at 420 nm ard the induced
fluorescence is measured at 550-600 nm. The selenium content is
calculated with reference to the standard containing 0.5 pg of sele-
nium in 10 ml.

Note. The sensitivity 10 Se of a naphthyl analogue of 3,3'-diaminchenzi-
dine is higher both in spectrophoetometric and flugrescence variantsef the methed.

Reagents

Sodium selenite, standard solution. | ml is equivalent to 2 pg of selenium.
Hydrockioric acid, density 1.19 g/cu.cm and diluted 1 : 7.

Nitrie actd, density 1.5 gfeu.tm.

Ammonia, solution diluted 1 :1.

EDTA, 2.5 per cent and 0.1 M solutions,

Formic acid, solution diluted 1 : 9.

Stannous chloride. Dissolve 10 g of the preparation in 4 ml of hydrochlorie acid,.
density 1.19 gfcu.cm, with heating, and dilute with 16 m! of water. Prepare
the solution imrpediately before the analysis.

Sodium kyp?kosphtte, 10 per cent solution in hydrochloric acid (1: 7).
Carbamide, per cent solution.

Citric acid, 25 and 40 per cent solution.

Sodium arsenate solution. 1 ml is equivalent to 50 mg of arsenic.

Cresol red, 0.1 per cent solution in 20 per cent ethanol.
3,3'-Diamingbenzidine, 0.5 per cent solution. (Keep in the dark and cold.}

Toluene or benzene.

Constructing a Calibraetion Curve

Place solution containing 1.0, 3.0, 5.0 and 7.0 pg of selenium into 50-m] beakers
and add 40 ml of water into each beaker. Now add {1 m] of a 2.5 per cent solu-
tionof EDTA, 2 ml of formic acid into each beaker and adjust the pH to 2-3 with
ammonia to cresol red (the yellow colour of the indicator). Now add 2 ml of
g 0.5 per cont solution of 3,3'-diaminobenzidine prepared for the analysis.
Allow the solutions to stand for 30 minuiles, add ammenia to adjust the pH
to 8 (violet colour of the indicator), transfer the solutions to 75-100 ml separat-
ing funnels, add 14 ml of toluene or benzene and extract the coloured compound
for one minute, Pass the extracts through dry paper filters into cells with a light
path of 3 ¢m and measure the absorption of the solutions at 415-420 nm on
a medel ®IHH-54 abscrptiometer using a blank solution as the standard..
Construct the calibration curve using the data obtained.

Procedure

Determining Selenium in Tellurium. Grind a sample of tellurium
weighing 1.0 g and dissolve it with heating in a mixture of 15 ml of
concentrated hydrochloric acid and 2 ml of nitric acid. Evaporate
the solution to a very small volume (about 1 ml), add 20 m! of water,
cool, transfer the solution into a 50-ml volumetric flnsk, and add water
to the mark. Using a pipette, transfer 25 ml of the solution into
a 100-ml beaker, dilute with water to 50 ml, add 3 ml of 2 0.1 A
solution of EDTA, 2 m} of formic acid, 10 m!l of a 40 per cent solution
of citric acid and ammonia sclution, drop by drop, to pH 2.5-3.0'
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(universal test paper). Add 2 ml of 3,3'-diaminobenzidine sclution,
heat to the boil, allow to stand for teri minutes at room temperature,
and then cool in a stream of tap water. Adjust the pH to 7.0-8.0,
by ammonia solution: tellurous acid precipitates and then dissolves.
Transfer the solution into a 100-m! separating funnel and extract
diphenylpiazselenol for one minute with 11 ml] of benzene or
toluene. Proceed further as for the construction of the calibration
curve.

Determining Selenium in Arsenic. Dissolve 1.0 g of arsenic in 6 ml
-of a mixture of equal volumes of concentrated nitric and hydrochloric
acid with moderate heating (avoiding vigorous reaction). Evaporate
the solution almost to dryness, add 15-20 m! of water, and heat to
prepare a clear solution. Cool and dilute with water to 40 ml, add
EDTA and formic acid and proceed further as for the construction
of the calibration curve.

Determining Selenium in Indium. Dissolve 0.5 g of indium in 3 ml
of nitric acid with moderate heating and evaporate the sclution
almost to dryness. Dissolve the residue in 20 ml of hydrochloric
acid (1 : 7), add sodium arsenate solution, 1 ml of stannous chloride
and 10 ml of sodium hypophosphite solution, and a small quantity
of paper pulp (the liberated arsenic acts like a collector). Heat the
solution to boiling, boil for 5-7 minutes until precipitation begins,
dilute with hydrochloric acid (1 : 7) to 50 ml and allow to stand
overnight.

Separate the precipitate on a filter with the paper pulp and wash
8B-10 times with hydrochloric acid (1 : 7). Transfer the washed pre-
cipitate together with the filter pad into the precipitation beaker,
add 6 ml of concentrated hydrochloric acid and 3-5 drops of nitric
acid. Place the beaker on a water bath and keep at 70-80°C until
the solid dissolves. Add 10-15 ml of hot water, 2 ml of carbamide
solution to destroy excess oxidant, mix, and pass through a white
ribbon filter. Wash the filter 2-3 times with warm water. Add 4 ml
of citric acid to the filtrate, cool the solution, and proceed further
as for the construction of the calibration curve.

Determining Selenium in Arsenide and Antimonide of Indium.
Dissolve 0.5 g of indium arsenide or indium antimonide in 6 ml
of a mixture of equal volumes of hydrochloric and nitric acid with
moderate heating, and evaporate the solution almost to dryness.

If indium arsenide is analyzed, dissolve the residue in 20 m! of
hydrochloric acid (1 : 7} with heating, add 1 ml of stannous chloride,
10 ml of sodium hypophosphite and a small amount of paper pulp.
Add 1 ml of sodium arsenate solution (30 mg of arsemic) into the
blank solution.

If indium antimonide is analyzed, dissolve the residue in 5 ml
of a 25 per cent solution of citric acid with heating, add *20 ml of
hydrochloric acid {1 : 7), 0.5 ml of sodium arsenate, 1 ml of stan-
nous chloride and 10 m! of sodium hypophosphite solution and a
small amount of filter paper pulp.

LY
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In both cases heat the solution to the boil, maintain boiling for
3-10 minutes until precipitate falls out, dilute with hydrochloric
acid (1 : 7) to 50 m! and allow to stand overnight. Proceed further
as for the determination of selenium in indium metal, except that
in the case with indium antimonide add 4 m! (instead of 2 ml) of
3,3"diaminobenzidine. '

DETERMINING SMALL QUANTITY OF SELENIUM
IN ORES

Reagents

Nitric acid, density 1.4 gfeu.cm.

Hydrochloric acid, density 1.19 g/cu.cm, and 3 per cent solution.

Sulphuric acid, diluted 1:1. -

Asy0, solution. 1 ml is equivalent to 1 mg of arsenic.

Copper sulphate, CuS0,.5H,0, crystalline.

Potassium (or sodium) hypophosphite, crystalline.

For the other reagents see Sec. Extraction-Photometric Determination of Sele-
nium with 3,3'-Diaminobenzidine,

Constructing a Calibration Curve
Construct the calibration curve as instructed in Sec. Procedure.

Procedure ' -

Treat a sample weighing 2 g with 40 ml of nitric acid. (If sulphide
ore is analyzed, add 0.05-0.1 g of KI or 0.1-0.2 g of KC10,.) Allow
the mixture to stand overnight, then evaporate to 5-10 ml, add 10 mi
of sulphuric acid, and evaporate to white fumes. Dissolve the residue
in 5-10 m! of water and repeat the evaporation. Add 25-30 ml of
walter, heat to the boil, separate the insoluble precipitate on a filter,
and collect the filtrate in a 150-m] beaker. Wash the precipitate on
the filter with 2-3 small portions of hot water. Add an equal volume
(50 ml) of hydrochloric acid to the filtrate, then add 1 ml of As,O,
solution and 0.1 g of copper sulphate. Add a small amount of paper
pulp, heat to 80-90°C and then add potassium (or sodium) hypophos-
phite into the hot soiution by small portiouns with stirring to reduce
the ferric ion. Add 1-2 g in excess. "

Heat the solution to the boil, maintain it boiling for ten minutes,
and allow to stand for 2-3 hours or overnight. Separate the precipi-
tate on a filter, wash it 4 or 5 times with a hot 3 per cent solution of
hydrochloric acid and 3-4 times with water. Dissolve the precipitate
on & filter in 5-8 ml of an acid mixture (5 m) of concentrated nitrie
acid and 2-3 drops of concentrated %jdrochloric acid) and wash
the filter with water. Add 2 inl of sniplr:siv acid to the solution and
evaporaté to white fumes. Wash the rexidue into a 10-ml test tube.
Take a 3-m! portion of the zolution zid determine selenium as. in
Sec. Extraction-Photometrir etermination of Selenium with 3,3"-
Diaminobenrzidine.
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PHOTOMETRIC DETERMINATION OF TELLURIUM
IN STEEL WITH POTASSIUM 10DIDE

The absorption of yellow solutions of the iodide complex Tel}-,
which have two maxima, at 285 and 333 nm is measured. Felll,
Cul!l, Billl and SelV interfere with the determination. Tellurium can
be separated from the former three elements by reduction with stan-
nous chloride. Selenium is also precipitated in this reaction. There-
fore, if steel contains selenium, it should be separated. But as a rule,
steels always contain either selemium or tellurium alone.

The optimum cenditions for the determination of tellurium are
as follows: the concentration of sulphuric acid is 1 N, of potassium
iodide, 0.2 M, the time of retention, not less than ten minutes.

Reagents

Tellurous acid, stordard solution. { ml is equivalent to 0.1 mg of teliurium.
Stannous chioride, 10 per cent solution. Dissolve 100 g of the reagent with heat-
ing in 250 ml of concentrated hydrochloric acid and then dilute to 1 litre.
Carbamide, crystalline.

Hydrochlorie acid, demsity 1,19 g/eu.em and diluted 1 : 20.

Nitrie acid, density 1.4 g/eu.cm. .

Potassium iodide, 2 M solution prepared for the test.

Sulphuric aeid, diluted 1:85,

Constructing a Calibration Curve

Place 2, 4, 6, 8,and 10ml of the standard solution of telluroys acid intoe
100-ml volumetric flagks, add 25 m) of water, 10 ml of concentrated hydrochloric
acid, 10 mi of potassium iodide, and 3 g of carbamide into each flask, mix the
solutions and allew to stand for 20 minutes in the dark, Measure the absorption
of the solutions on an absorptiometer with a blne optical-fiiter (I = 4 cm).
Construct the calibration curve using the data. obtained.

?rocedure

Dissalve n sample of steel weighing 0.5-4.0 g (depending on the tel-
furium content) in 50-100 ml of sulphuric acid with mederate heat-
ing. When the sample has dissolved, separate the undissolved resi-
due on -a filter and wash several times with hot water. Transfer the
filter with the precipitate into the dissolution beaker, add 10 ml of
concentrated hydrochloric acid and 5-6 drops of nitric acid, and heat
for 2-3 minutes to complete decomposition of the residue (more nitric
acid is sometimes  quired}. Add 25-30 m! of hot water to the solution,
separate the paper pulp, and wash it several times with sulphuric
acid (1 : 20). Heat the filtrate to boiling, add 3 g of carbamide and
stannovs chloride sol :tion to discolour the solution, then add 5 ml
in excess, and boil for ten mwinutes to coagulate tellurium precipitate.
Add a small amount of paper pulp, heat the solution to the boil-and
allow it to stand in a warm place for 10-15 minutes. Separate the
precipitate on a white ribbon filter and wash with hot hydrechleric
acid (1 : 20). :
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Transfer the filter with the precipitate into the beaker where
tellurium was precipitated, add] 10 ml of hydrochloric acid, density
1.19 g/cu.cm, and 5-6 drops of nitric acid. Heat the solution with
shaking the flask energetically from time to time. When the tellu-
rium is all dissolved, dilute the solution to 30-40 ml, pass it through
a white ribbon paper filter into a 100-ml volumetric flask and wash
with hot water. Proceed further as for the construction of the cali-
bration curve. Prepare a reference solution for the absorptiometric
determination as follows: place 25-30 ml of distilled water into a
'400-m] volumetriec flask, add 10 ml of councentrated hydrochloric
acid and two drops of nitrie acid, and finally add 3 g of carbamida,
10 ml of potassium iedide solution and water to the mark.

EXTRACTION-PHOTOMETRIC DETERMINATION OF SELENIUM
AND TELLURIUM IN NATIVE SULPHUR WITH 5-MERCAPTO-
3-(NAPHTHYL-2)-1,3,4-THIADIAZOLTHIONE-2

The reagent forms yellow-orange complex compounds with TelV
and Se!V. These are practically insoluble (in water) substances, which
are readily ex.ractable by chloroform and benzene. The reaction
with tellurium is more sensitive and occurs in a-wide rapge of acid-
ity, from 9 M H,S0, to pH 6. The molar extinction coefficient is
2.95 x 10* at A = 320 nm. Selenium forms compounds at pH < 2.
At pH 4.8-5.0, only tellurium complex is extracted and tellurium can
be determined by the extraction-photometric method in the pres-
ence of a 200-fold quantity of selemium. If selenium ang tellurium -
are present in one sclution, the absorption of the chloroform extract
at pH 1.5 corresponds to the summary content of selenium and tel-
lurinm. The tellurium content is found from the calibration curve .
constructed at pH 4.8. The calibration graph for selenium is con-
structed at pH 1.5. The absorption corresponding to the selemium
content is the difference in absorptions of the extracts obtained at
pH. of the agueous phase 1.5 and 4.8 respectively. To remove the
effect of the reagent, the absorption at pH 1.5 is measured against the
reagent extract. : ' '

Reagents

Nitric acid, density 1.4 g/cu.cm,

Sulphuric ageid, density 1.84 ghu.cm.

Bromine. )

Buffer solution, pH 1.5-2.0 and 4.8-5.0.

Chlarsform. :
S-Mercapto-3(naphthyl-2)-1,3,4-thiediazolthioney2, 0.1 per cent solution pre-
pared for the test. .

Constructing.a Calibration Curve

For Selentum. Place 10 ml of the bulfer solution with pH 4.5-2.0 into 10-ml
saparatingfunpels and-add 1, 2, 3, 4 and 5 ml of the standard solution of sele-
nious acid, Then add 2 ml of the m?nntnnd 10 m] &f chloroform into sach fan-
nel. Extract the coloured complex for 2-3 mimutes and pass the extract through
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a dry paper filter into a dry cell with a Iiﬂ:t path of { cm. Measure the absorption
of the extracts on an absorptiometer with an optical filter No. 2 using the reag-
ent extract in chloroform as a reference solution.

For Telturium. Place 10 ml of the bufler solution with pH 4.8-5.0 into separat-
ing funnels and add 1, 2, 3, 4 and 5 ml of the standard solution of tellurium
(IV) respectively. Next add 2 ml of the reagent and 10 ml of chloreform and
exiract the complex for 5 minutes, Filter the extracts as described above and
measurtla their absorption in the same conditions but using chleroform as a refer-
ence sclution,

Procedure

Place a gample of ground sulphur weighing 1 or 2 grams in a 100-m!
beaker and wet with water. Add 5-10 ml of nitric acid, and, carefully,
‘a few drops of bromine. Heat on a water bath and add bromine again
to decompose the sample completely. Add 2-3 mi of sulphuric acid
and heat to white fumes. Cool, transfer into a 25-ml volumetric
flask and add water to the mark.

To determine the summary content of selenium and tellurium,
take a 10.0-m) aliquot, add 2 ml of the reagent solution and extract
with 10 ml of chloroform for 5-7 minutes. After the phases have
separated pass the extract through a dry paper filitr into a dry cell
with a light path of 1 ¢cm and measure its absorption (D,) on an
absorptiometer with an optical filter No. 2 using the chloroform
extract of the reagent as a reference solution.

To determine tellurium adjust the pH of another 10.0-ml aliquot
%t0+4.8 by adding the buffer solution, add the reegent, and ‘extract
the tellurium complex with chloroform. Measure the absorption of
the extract as described above (D,). ' _

Find the ahsorption corresponding to the sclenium content as the
difference D, — D,. Determine the selenium and tellurium coutents
from the calibration curves.

SPECTROPHOTOMETRIC DETERMINATION OF TELLURIUM
IN SELENTUM WITH SODIUM 3,5-DIPHENYLPYRAZOLINE-
1-DITHIOCARBAMATE

The method is based on the formation of a tellurium compound
with sodivm 3,5-diphenylpyrazoline-1-dithiocarbamate. This is
a yollow substance soluble in chloreform and carbon tetrachloride.
It is extractable in a wide range of acidities, from 12 M HCI to
pH 8. The abserption maximum of it chloroform extracts isat 415 nm.
The apparent molar extinction coefficient is 2.04 X 10% The absorp-
tion of the extracts romains constant for a long time.

Microgram gquantities of tellurium can be determined directly
at pH about 8 in the presence of the tartrate ion, the tellurium to sele-
ninm ratio being 1 : 100.. ' -

The ions of all elements which react with dithiocarbamates in
the specified conditiona interfere with the determination. Seleninm
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{over 1 g) and also As, Bi, Cd, Ni, FellI, Cu, Mn!I, Pd4!I, Sh, Sn, Zn
{over 1 mg each) and other elements can be masked during extraction
of over 2 pg of tellurium. T1IT and TI! also interfers but they can he
extracted by pyrazolinedithiocarbamates in a strongly alkaline me-
dium (pH %4, and higher). '

The method can be used for the sepatation and determination of
tellurium in selenious acid and semiconductor metal (selenium) and
also in sulphur and phosphorus. The sslenium ion and the ions ot
the accompanying elements can be masked with cyanide, EDTA,
and tartrate in an alkaline medium at pH 8-9.

Relagents

Tellurium compound, stendard selution. 1 ml is equivalent to 1 pg of telurium.
Selenious arid, Purify the acid as follows. Dissolve the acid sample in water,.
adjust its pH to 8.7-8.9 with a wrer cent solution of sodium hydroxidé, and add:
2 ml of a 0.1 per cent =olution of sedium 3,5-diphenylpyrazoline-1-dithipcarba~
mate. Extract the turbidity several times with 10-ml portions of chloroform shak-~
ing for 2-3 minutes and addin%l 0.5-1.0 ml of the reagent hefore each extraction.
Repeat the extraction until the addition of the resgent does not produce any
turbidity. Discard the extracts and use the solution to prepare the standards..
Sedium 3,5-diphkenylpyrazoline-I-dithiocarbamate, 1 per cent solution,
Chloroform. :

Masking mizture. Mix 10 g of sodium cyanide, 1 g of EDTA, and 5 g of sodium.
tartrate and add water to make 100 ml. '
Nitric acid, density 1.4 g/cu.cm.

Constructing a Calibration Curve

Place selenious acid purified from tellurium (about 1 g of Sej into separating-
funnels, add 10-15 mY of the masking mixture, adjust the pH af the splution
to 8.6 and finally add C.5, 1.0, 1.5, 2.0 and 2.5 ml of the standard solution of
the tellurium compound. Now add 1-2 ml of a 1 per cent solution of the Meagent
and extract with chloroform {10, 10 and 5 ml portions). Filter the extracts
into 25.ml volumetric flasks and add chloroform to the mark. Mix the solutions .
and measure their sbsorption on a spectrophotometer at 415 nm. Construct the
calibration curve using the data obtained.

Procedure

Dissolve a sample of elemental selenium weighing 0.5-1.0 § in nitric
acid,. density 1.4 g/cu.cm, with very slightly heating on a water
bath, and adding a few drops of concentrated hydrochlori¢ acid.
Transfer the acid sclution into a 500-ml separating funnel, neutral~
ize with sodium hydroxide solution and add the masking mixture.
Adjust the pH to 8.5 and proceed as for the construction of the cali-
bration curve. Find the tellurium content from the calibration curve.

PHOTOMETRIC DETERMINATION OF JELLURIUM RY COPPER
DIETHYLDITHIOCARBAMATE IN COMMERCIAL INDIUM,
ARSENIC, AND IN THEIR SEMICONDUCTOR COMPOUNDS

Tellurium reacts with diethyldithiocarbamate to form acolour-atf
compound exiractable by carbon tetrachloride. Only hismuth, gal-
lium and antimony are extracted together with tellurium in the
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form of diethyldithiocarbamates in the presence of potassium cyanide
and EDTA. The extract of tellurium compound with diethyldithio-
carbamate is shaken with a solution of a copper salt: an intensely
coloured solution of copper diethyldithiocarbamate in CCl, is formed.
‘The absorption of the solution containing 1 pg of copper as the diethyl-
dithiocarbamate is the same as thb absorption of a solution containing
7 ug of tellurium in the form of a similar compound. The sensitivity
ol the photometric determination is thus increased.

The method can be used to determine 5 X 10-° per cent of tellu-
gium in a sample weighing 0.5 g.

Reagents

Sodium tellurite, stendard solution. 1 ml is equivalent to 1.ug of tellurium.
Hydrochloric acid, density 1.19 g/cu.cm, and diluted 1 :7 and 1 ¥ solution.
Nitric acid, density 1.4 glcu.cm,

Sulphuric acid, diluted 1 : 1.

Potassium hydrozide, 20 per cent solution.

Potassium cyenide, 10 per cent solution.

Buffer solution, pH 8.4-8.5, Dissolve 5 g of boric acid, 10 g of EDTA, and 10 g

of KH,PO, in 500-600 ml of hot water, neutralize to pH 8.5 with a 20 per.cent

solution of potassium hydroxide (potentiometric control) and dilute with water
to 1 litre, :

Sodium diethyldithiocarbamate, 0.5 per cent solution.

Lopper sulphate, 0.02 per cent solution. Dissolve 0.1 g of anhydrous copper sul-
hate in 0.5 litre of water containing 7 ml of sulphuric acid. Before use, add an-
ydrous sodiumi carbonate to part of the solution until a pale blue colour devel-

ops.’ The solution must be clear,

Sodium agrsenate, solution. 1 ml is equivalent te 50 mg of arsenic.

Sodium hypophosphite, 10 per cent solution in hydrochloric acid {1 : 7).

Stannous chloride, 10 per cent solution in 2 M HCL

Citric acid, 25 per cent solution. :

Phenolphthalein, 1 per cent solution in 80 per cent ethyl alcohol.

Carbon tetrachloride.

Constructing a Calibration Curve

Place 1, 2, 4, 4 and 5 ml of the standard solution of tellgrivm inte 50-ml
beakers, and add 20 ml of water, a drop of phenolphthalein, 4 drops of potas-
gium cyanide solution and 5 ml of the buffer into each beaker. Adjust the pH
to 8.4-8.5 and proceed as for the determination of telluriun. in arsenic. Construct
the calibration. curve using the data obtained.

Procedure

Determining Tellurium in Arsenic. Dissolve 0.5 g of ground arsenic
in 6 ml of a mixture of equal volumes of concentrated hydrochloric
and nitric acid. Evaporate the greater part of the solution, add 1 ml
of sulphuric acid (1 : 1) and continue evaporation to white fumes
of sulphuric acid. Conl the solution, add 15 ml of water, a drop of
phenolphthalein, and neutralize with a 20 per cent solution of potas-
sium hydroxide until the solution becomes pale pink. Add 8-10 drops
of potassium cyanide, 1 & hydrochloric acid until the seclution be-
comes colourless, and 5 ml of the buffer solution (when pink colour de-
velops, remove it by adding 1 N hydrochloric acid). Transfer the
solution into a 75-400 ml separating funnel, add 2 ml of sodium die-
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thyldithiocarbamate solution, keep for ten minutes in the -dark,
add 12 m] of carbon tetrachloride, and shake energetically for two min-
utes. Pass the extract through a dry filter into another separating
funnel containing 10 ml of copper sulphate solution and shake ener-
getically for a minute. Place the organic layer into a cell with a light
path of 3 cm and measure the absorption on a model DIK-H-54
absorptiometer using an optical filter No. 2 {transmitting maximum
at 415 nm). Use chloroform as the standard.
Find the tellurium content from the calibration curve.
Determining Tellurium in Indium Metal. Dissolve 0.5 g of indium
with moderate heating in 3 ml of nitric acid. Evaporate the solution
almost to dryness, dissolve the residue in 20 ml of hydrochloric acid
(1 :.7), add 1 m] of sodium arsenate solution, 1 ml of stannous chloride
solution, 10 ml of sodium hypophosphite solution and a small amount
of paper pulp. Boil the solution until precipitation begins, dilute
with hydrochloric acid (1 : 7) to 50 ml, and allow to stand overnight.
Separate the precipitate on a filter with ‘paper pulp and wash
8-10 times with hot hydsochloric acid (1 : 7). Dissolve the precipi-
tate on the filter with 6-8 m] of hot nitric acid containing 2-3 drops
of concentrated hydrochloric acid and wash the filter 2-3 times with
hot water. Add 1 ml of sulphuric acid (1 : 1) to the filtrate and evap-
orate to fumes of sulphuric acid. Cool the solution, add 2 ml of
citric acid solution, neutralize, and proceed as for the determination
of tellurium in arsenic. .
Determining Tellurium in Semiconductor Indium Arsenide. Act as
for the determination of tellurivm in indivm metal. Use arsenic as
the collector to precipitate microquantities of tellurium. Sodium
arsenate should be added to the blank solution as well.

EXTRACTION-PHOTOMETRIC DETERMINATION OF TELLURIUM
IN COMMERCIAL SELENIUM USING PYRAZOLONE DERIVATIVES

A chloride complex of tellurium (1V) with diantipyrylpropylmeth-
ane is exracted quantitatively by dichloreethane from hydrochloric
acid solutions. All selenium (IV) remains in the aqueous phase (at
any acid concentration). Any quantity of tellurium can thus be easily
separated from selenium. To determine tellurium the chloride com:
plex is converted into the bromide complex with diantipyrylpropyl-
methane and the absorption of the resultant solution is measured.
The method is very simple and the results are reproducible. Moreover,
it does not take much time. _

The other methods of separating small quantities of tellurium from
selenium when analysing commercial grades of selenium are very
complicated, take much time (over two days) and involve the use
of the strong poison, potassium cyanide. The analysis consists ol
many stages and this deteriorates the reliability of the results.

If the tellurium content of selenium exceeds 0.5 per cent, the deter
mination can be ended titrimetrically,
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Reagenis

Nitric acid, density 1.4 gfouw.cm.

Sulphuric acid, diluted 1 : 1,

Hydrochloric acid, density 1.19 g/cu.cm and diluted 1: 4.

Hydrobromic acid, 40 per cent, distilled. o
Diantipyrylpropylmethgne, 3 and 1 per cent sclutions in acetic acid (1 : 1),
Dissolve 5 g of antipgrine in a small quantity of water, add 2 ml of hydrochloric
acid, 2 ml of distilied butyric aldehyde and heat on a water bath for 30 minutes.
Cool, add water to about 200 ml and a 25 Eer cent solution of ammonia until
a faint odour is felt. The oily liquid quickly crystallizes. Filter the crystals
in a Biichner funnel, wash with water, and recrystallize from ethyl or methyl
alcohol. Tho crystals melt at 156 °C.

1. 2-Dichiorocthane.

Tellurous acid, standard solutien. 1 ml is equivalent to 0.001 g of tellurium.
Diesolve 1 g of pure tellurium in nitric acid, density 1.4 g/cu.cm (add a small
quantity oigh drochloric acid, if tellurivm dissolves slowly). Transfer the sclu-
tion into a 1-litre volumetric flask and add 5 per cent hydrochloric acid to the
mark. 1 m] contains 0.001 g of tellurium (solution A). Place 1 ml of solution A into
a 100-ml beaker, and evaporate twice with 5 ml of 1 per cent sulphuyic acid.
Transfer the residue into & 100-ml volumetric flask using sulphuric acid (1 : 1}
and add the acid to the mark. 1 ml of the new solution contains 0.00001 .g of
Ts (solution B). ’

EDTA, 0.02 M splution.

Aseorbic acid. Prepare the solution containing 1 g in 20 ml immediately before

the analysis.

Constructing a Calibration Curve

Place 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 ml of tellurous acid (solution B) into
ten 60-ml separating funoels, add water to 4Uml, 5 ml of distilled hydrobromic
acid, and allow to stand {or 1-2 minutes. Add 0.5 ml of ascorhic acid, 1 ml
of a 1 per cent solution of diantipyrylpropylmethane, 5 ml of dichloroethane
into each flask and shake the mixtures for & minute. When the phases have sep-
arated, pass the extracts through dry filters into cells with a light path of 1 cm
and measure the absorption on an sbsorptiometer with the optical filter No. 3
or a spectrophotometer, nging dichloroethane as the standard. Construct the
calibration curve using the data obtained.
The colour of the extracts persists for a long time.

Procedure

Dissolve 0.5 g of selenium metal in 15-20 ml of nitric acid, add 5 ml
of sulphuric acid and evaporate the solution to fumes of sulphuric
acid. Cool the residue, add carefully 5 ml of water, and evaporate
again to fumes of sulphurie¢ acid. Cool the residue and transfer into
2 50-ml volumetric flask using hydrochloric acid (1 : 1). Transfer
a 9- or 10-m! aliquot (depending on the tellurium content) into a
100-m] separating funnel, add 1-2 ml of a 5 per ¢cent solution of dian-
tipyrylpropylmethane, hydrochloric acid (1 : 1) to 20 ml and .5 ml
of dichloroethane, and shake for one minute.

After the phases have separated, transfer the extract into a clean
30-ml separating funnel. Add 5 ml of dichloroethane to the remaining
aqueous phase, Shake for a minute and separate the extract. Join the
dichloroethane extracts and discard the aqueous solution. Wash the
extracts two times with 10 ml of hydrochlorie acid (I : 1). Extract
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the tellurium compound from the joined extract by shaking with
10 ml of EDTA solution. When the phases have separated, discard
dichloroethane, Add 5 ml of hydrobromic acid to the remaining
aqueous solution and proceed as described above.

Find the tellurium content from the calibration curve.

EXTRACTION-PHOTOMETRIC DETERMINATION OF TELLURIUM
IN COMMERCIAL LEAD AND BISMUTH WITH PYRAZOLONE
DERIVATIYES

Tellurium is separated from lead and bismuth by extraction of
the tellurium (IV) chloride complex with diantipyrylpropylmethans
from hydrochloric acid solution (after adding EDTA). The procedure
ends with the extraction-photometric determination of tellurium in
the form of its bromide complex with pyrazolene derivatives (dian-
tipyrylpropylmethane, diantipyrylmethane, diantipyrylmethylmeth-
ane), The yellow solutions of the bromide complexes of tellurium
are stable for a long time. The method ensures accurate and reliable
results, and takes relatively little time.

Reagenis

EDTA, 04 M and 0.02 M solutions,
For the other resgents see the previous section.

Constructing a Calibration Curve

Place 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 ml of tellurous acid {solution B)into
ten 50-ml separating funnels and dilute with water to 10 ml. Now add 5 ml
af hydrobromic acid inte each funnel and allow to stand for 1-2 minutes. Add
1 ml of a 1 per cent solution of diantipyrylpropylmethane, 5 ml of dichloroe-
thane into each funne! and shake for a minute. Separate the extracts, pass them
through dry filters into cells with a light path of 1 cm, and measure the absor
tions of the extracts on an absorptiometer or spectmﬂhotometer against di-
chloroethane. Construct the calibration curve using the data obtained. The
colour of the extract persists for a long time. '

Procedure

Dissolve 0.2-0.3 g of lead or bismuth in 20-25 ml of nitric acid (1 : 3).
Evaporate the solution almost to dryness, rinse the flask walls with
water and evaporate the solution to dryness. Dissolve the residue
“in 15-40 ml of 0.1 M solution of EDTA with heating, add an equal
volume of concentrated hydrochloric acid and transfer the solution
into a 100- or 200-m) separating funnel. Add 2 ml of 5 per cent dian-
tipyrylpropylmethane solution, mix, add 5 ml of dichloroethane
and shake for a minute. When the phases have separated, transfer
the extract into a 50-ml separating funnel. Add 5 ml of dichloro-
ethane to.the remaining aqueous phase and shake for a minute again,

Join the extracts and discard the aqueous solution. Wash the ex-
tracts twice with 10 ml of hydrochloric acid (1 : 1). Separate tellu-
rium from the extract by shaking with 10 ml of 0.02 M EDTA
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solution. Re; at Lhis operation two times. As soon as the phases
have separated, decant dichloroethane. Join the agueous solutions
and transfer them into a 50- or 100-ml. volumetric flask. Add 0.02 &
solution of EDTA to the mark.

Take a 3-ml aliquot of the solution, add 5 ml of 0.02 Af EDTA
solution, 10 ml of hydrobromic acid, 1 ml of a 1 per cent solution of
diantipyrylpropylmethane and 5 ml of dichloroethane, and shake
the mixture for a minule. Proceed further as for the construction of
the calibration curve.

Find the telluriurn content from the calibration curve.

Note. The reagents should be Jree fram iron. 1f, however, small quantities
of iron are present, add 0.5 ml of ascorbic acid solution (1 g per 20 ml of water)
alter adding hydrobromic acid,

EXTRACTION-PHOTOMETRIC DETERMINATION OF TELLURIUM
IN COMMERCIAL COPFER WITH DIANTIPYRYLPROPYLMETHANE

Small amounts of tellurium are separated from copper by extrac-
tion of its chloride complex with diantipyrylpropylmethane by di-
chloroethane. Tellurium is then determined photometrically as its
bromide complex with dianlipyrylpropylmethane. The method. is
very simple. The other methods for determining tellurium in copper
often give unreliable results, are complicated, and take much time.

Reagents

Nitric acid, diluted 1 : 3.

Sulphuric acid, diluted 1 : 1.

Hydrochloric acid, diluted 1:1. .

Diantipyrylpropyimethgne, 5 and 1 per cent sclutioris in acetic acid. Prepare
as in Sec. Extraction-Photometric Determination of Tellurium in Commercial
Selenium.

1,2-Dichioroethane.

Hydrobromic acid, 40 per cent solution, distilled.

Pfatassium bromide, saturated sdlution, containing about 80 g of KBr in 100 ml
of water,

Tellurous acid. 1 ml is equivalent to 0.0000f g of Te,

Ascorbic acid, 5 per cent solution prepared before the test.

Constructing a Calibration Curve

Place 1, 2, 3, 4, 5, 6, 7 and 8 ml of tellurous acid into separating funnels,
dilute with water to 5 ml, add 8 il of saturated solution of potassium bromide
and 0.5 ml of ascorbic acid into cach funnel. Mix the solutions, add 3 ml of
hydrobromic acid, 1 ml of a 1 per rent solution of diantipyrylpropylmethane
and 5 ml of dichloroethane and shake the mixtures for a minute, Proceed further
as in Sec. Procedure. Construct the calibration curve using the data ohtained.

Procedure

Dissolve a sample of copper metal weighing 10 g in 50 ml of aitric
acid. Transfer the solution into a 200-ml volumetric Dask and add
water to the mark. Take a 10-m1 portion, add 5 ml of sulphuric acid
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and evaporate to fumes of sulphuric acid. Rinse the walls of the beak-
~r with water and evaporate again to fumes of the acid. Dissolve
the residue in 20 ml of hvdrochloric acid, transfer the solution into
a 100-m1 separating funnel, add 2 ml of a 5 per cent solution of dian-
tipyrylpropylmethane and 5 ml of dichloroethane, and shake the
mixture for 2 minutes. Transfer the extract into a clean separating
funnel. Add another 5-mY portion of dichloroethane to the remaining
agueous solution and shake the mixture for a minute.

Join the dichloroethane extracts (discarding the aqueous solution)
and wash two times with 10 ml of hydrochloric acid. Separate the
tellurium compound by shaking with 10 ml of water. Repeat this
operation two or three times. Collect the agueous solutions in a
50-ml volumetric flask.

- If the tellurivm content is (L.02-0.01 per cent, take 5 ml of the
solution from the volumetric flask, add 8 ml of a saturated solution
of potassium bromide and U.5 m] of ascorbic acid, stir the mixture,
add 3 ml of hydrobromic acid, 1 ,m! of a 1 per cent solution of dian-
tipyrylpropylmethane and 5 ml of dichloroethane, and shake the
mixture for a minute.

Separate the extract from the aqueous phase, filter into a cell
with a light path of 1 ¢cm and measure the absorption of the extract
on a model ®IK-H-57 absorptiometer, using a blue optical filter
No. 3, or on a spectrophotometer. Find the tellurium content from
the calibration curve.

Note. If the tellurium content of copper is high, the determination can be
completed titrimetrically.

PHOTOMETRIC DETERMINATION OF TELLURIUM WITH
BISMUTHOL 1

The tellurium (IV) ion reacts with bismuthol II in an agqueous
sotution at pH 2.3 to form a complex with the absorption maximum
at 395-400 nm and the molar extinction coefficient of 1.47 x 104,
The absorption maximum of its chloroform extract is at 335-340 nm,
the molar extinction coefficient being 2.80 x 10%. The ions of Fe,
Cu, Aulll, PtIV, VV, Se and NO; interfere with the determmatlon
The other cations, those of Cd and Bi in particular, can be masked
with EDTA and a citrate. The extraction-photometric variant of
the method can be used to determine over 0.01 per cent of Te direct!y
in ures. Jf the tellurium content is lower, it is first separated by re-
duction with SnCl, in the presence of a collecting agent.

Reagents

Bismuthel I'F, 1 per ecent soluliop in 0.1 N selution of KOH.
Citric acid, 1 M solution.

EDTA, 0.4 M solution.

Ammenia, 6 M solution,

73



Y
Pelyvinyl alcohel, 2 per cant solution.
Ammonium sulphate, 50 per cent solution in sulphurie¢ acid; pH 2.2
‘Tellurous acid, stgndard solutions, 1 ml is equivalent to 25 and 10 pg of tellurium.

Consiructing a Calibration Curve

For Determination of Te Without Exiraction. Take 4, 2, 3, 4 and 5 ml of the stand-
ard solution of tellurous acid containing 25 ug of Te in 1 ml, and add 1 ml of
citric ecid, 1 ml polyvinyl alcohol and water to 15 ml. Now add 2 ml] of bismuthol
II to each solution and allow to stand for 20-30 minutes. Adjust the pH of the
solutions to 6.5 with ammonia and dilute with water to 25 ml. Measure the
absorption of the solutions at 400 nm (Z = 1 em) and construct the calibration
curve using the data obtained.

For Determinatior o] Te with Extrection. Place 1, 2, 3, 4 and 5 ml of the stand-
ard solution of tellurous acid¢ with the concentratjon of tellurium of 10 pg/ml
into 125-ml separating funnels and add 5 ml of ammonium sulphate solution
{for a hetter extraction}, 1 ml of citric acid, 3 ml of bismuthol 1Y solulion into
each funnel and allow to stand for 20-30 minutes. Now adjust the pH to 6.5
ammonia solution, shake the solutions for a mipute with 10 ml of chloroform
and measure the absorption of the extracts at 340 nm. Construct the calibration
curve using the data obtained.

Procedure

Add the requisite reagents to the iest solution as for the construction
of the calibration curve and measure the ahsorption of the resultant
solution. Find the tellurium content from the calibration curve.

To determine tellurium by the extraction-photometric method
add all the requisite reagents to the test solution, extract the tellu-
rium compound by chloroform and measurs the absorption of the
extract at 340 nm. Find the tellurium content from the calibration
curve.

POLAROGRAFPHIC DETERMINATION OF SELENIUM
AND TELLURIUM

The following background is recommended for the determination
of selenium. and tellurium contained in the concentration of 0.05-2
mmole/];

Ammonium chloride 0.75 mole/l
Ammonia 0.25 mole/l
Sodium sulphite 0.1 mole/d
Gelatin 0.002 per cent

The telluriuin con€entration should not exceed that of selenium.
The half-wave potential for tellurium is 0.83 V, and for selenium,
—1.5 V (with reference to the saturated calomel electrode).

When selenium and tellurium are determined in ores, the sum of
the elemenls is first precipitated, and the precipitate is then dis-
solved in hydrochloric acid containing an additive of potassium
chlorate (which does not interfere with further polarographic deter-
mination).
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Reagents

Hydrochlorit acid, density 1.19 gleu.cm.

Potassium chlorate, crystalline.

Sodium hydrozide, 30 per cent solution.

Background solution. Dissolve 56 g of NH,C], 25 g of Na,80,, 20 m] of concentrat-
ed ammonia solution ard 20 mg of gelatin in one litre of water.

Procedure

Add 10 ml of hydrochioric acid to the precipitate of Se and Te, heat
the mixture [for 5-10 minutes on a water bath. Add periodically
small quant(ties of potassium chlorate to complete disselution of
the solid. Cool the selution, and neutralize with sedium hydroxide
to phenol red. Add 5 drops of sedium hydroxide in excess. (If the
tellurium content is over 2 mg, add 7 drops of potassinm hydroxide,
and if the selenium content is low, add 1-2 drops.) Dilute the solu-
tion to 100 m] with the background solution and determine Te and
Se polarographically at —0.4 to —1.0 V and from —1.2 to —1.8V
respectively.

EXTRACTION-POLAROGRAPHIC DETERMINATION
OF TELLVRIUM IN SULPHIDE ORE

The method is based on the separation of tellurium by extraction
of a 4.5 N solution of hydrochloric acid with methyl isobutyl ketone
and polarography of the extract on an AC polarograph model I{JIA,
using a dropping-mercury electrode. A mixture of equal volumes of
6 & HCl, methy! isobuty) ketone, and ethyl alcohol is used as the
background solution. The elements, which are not extractable by
methyl isobutyl ketone and are not reduced at potentials close to
the half-peak potential of tellurium (Cu, Co, Ni, Cr}, do not inter-
fere. 200-fold quantities of zinc and cadmium do not interfere either.
The interfering effect of a large quantity of tervalent iron can be
removed by carrying cut the extraction in the presence of ascorbic
acid. The sensitivity of the determination of tellurium is 1 x 102
per cent in a sample weighing 0.5 g.

Reagents

Tellurium, standard solution. Dissolve tellurium metal in sulphuric acid. 1 ml is
equivalent to 50 pg of Te.

Nitric actd, density 1.4 g/cu.cm, : .
Hydrochloric acid, density 1.18 gfcu.cm, 4.5 N solution saturated with methyl
isobutyl kefone, and & N solution. -

Bromine, ' |

Ethyl alcohol.

Ascorbic acid, trystalline,

Methyl isobutyl ketone,

Constructing a Calibration Curoe

Place 40, 20, 30, 40 and 50 pg of Te into separating funnels, and add 5.0 ml
of 45 N HCl saturated with methy] {sobutyl ketone. Then add 3 mt of methyl
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isobutyl ketone into each funnel, and extract for two minutes. Add 3 ml of
ethylaleohol, 2 ml of 6 ¥ HCl to the Dannic extract, remove oxygen by bubblin
a mixture of nitrogen and hydrogen for 20 minutes, and determine the pea
at —0.6 V.

Procedure

Treat a finely ground sample of ore weighing 0.5 g with 10 ml of
nitric acid with heating, add a few drops of bromine and heat on a
closed-spiral hotplate. Continue adding bromine to complete dis-
solution of the sulphur. Add 5ml of hydrochloric acid, density 1.18
g/cu.cm, and evaporate with 5 mlof 6 &/ HC1 (to remove HNO, and
reduce TeVl to TeIV), Using 6-9 ml of 4.5 N HCl saturated with
methyl isobutyl ketone, transfer the dry residus into aseparating
funnel and add a precalculated quantity of ascorbic acid (sothat
the Felll to ascorbic acid ratiois 1 : 1). Add 3 ml of methyl isobutyl
ketone, and extract tellurium for two minutes. Wash the organic
layer two times with 5ml of 4.5 N HCl saturated with methyl iso-
butyl ketone, Add 3 ml of ethyl alechol and 2 ml of 6 N hydrochleric
acid to the extract, remove oxygen by blowing a mixture of nitro-
gen and hydrogen for 20 minutes and determine the tellurium peak
at —0.6 V with reference to botiom mercury. Find the tellurivm
content from the calibration curve.
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Appendix II. Masking Substances for Some Rare Elements

Eletment Masking Substange

De Fluoride, tartrate, sulphosalicylic acid

Bi Aminopolycarboxylic acids, chloride, dithizone, iodide, 1,2-di-
mercaptopropanol, citrate, Na;P;0,,, tartrate, triethanolamine

Ce Aminopolycarboxylic acids, citrate, Ouoride, tartrate, tiron;

Ge Oxalate, fuoride

Mo Aminopolycarboxylic acids, ascorbic acid, citrate, oxalate, fuo-
:@de, s, NsgR,044, hydroxylamine, thiocyanate, tartrate,
iron :

Nb Oxalate, Quoride, H;Q,, OH-, tartrate

Rars EDTA

carths

Sc Tartrate

Se Sulphide, sulphite|

Sr Aminopelycarboxylic acids, citrate, sulphate, tartrate

Ta Citrate, Auorida, H,04, OH-, tartrate

Te Todide)

Th Amioopolycarboxylic acids, citrate, fluoride, sulphate, 4-salp-
hohenzenearsonic acid, tartrate, triethanclainine

Ti Aminopolycarboxyiic scids, ascorbic acid, citrate, fluoride,
H 04, OH-, Na;P,0;,, sulphats, sulphosalicylic acid, tartrate,
triethanclamine, tiron

T1 Amiuopolycarboxylic acids, citrate, chloride, cyanide, hydroxyl-
amine, tartrate, triethanolamine

u Citrate, carbonate, oxalate, fluoride, tartrate, HyO,

v Ascorbic acid, EDTA, fuoride, H,0,, hydroxylamine, triethanol-
amine, tiron

w Fluoride, H,0,, Na,P;0,o, hydroxylamine, thiocyanate, tartrate,
tiron

Zr

Aminopolycarboxylic acids, tartrate, citrate, triethanolamine,
oxalate, fluoride, H,;0,, phosphate, pyrophosphate, sulphate




Appendix I1], Elements Precipitated by General Analytical Reagents
1. The usual solvent for a precipitating egent is given in paremtheses

after its name,

2. The elements given in hold type may be quantitatively determined
by the reagent in question.

3. The asterisk is used in the Table to mark the elemnents which are
vsually precipitated only in the presence of other members of the group,

4. Two asterisks mark the elements whose precipitation is prevented

by tartrate.
I
Reagents Conditions SuBstance precipitated
Ammonia  (aqueous | After removal of H,S,| Al, Au, Be, Co* Cr, Cu, Fe,
solution) B, F group ions Ga, In, Ir, La, Nb, Ni, Os, P*,

Ammonfum polysul-
phide (dqueous solu-
tion)

Anthranilic acid (sth-
¥l alechol sclution)

Benzidine {athanol so-
lution; 0.4 M HCI)
Cinchonine {§ M HCl
solution)

Cupierron

{aqueous
solution)

Diammonivm (or di-

sodium) hydrogen
phosphate  (aqueous
solution)
Dimethylglyoxime

(ethanol solutiom)

Hexameth'ylenetMra-
mine {agueous solu-
tion) -

Hydrazine.
solution)

Hydrogen sulphide

(aquecus

p-Hydroxyphenylarao-
nic acid (aqueous so-
lution)

After remova]l of H,S
and (NH,),8 group,
and B ana F ions

(a) acid medium

(b} ammoniacal medi-
um containing Cit
or Tart

{a) Ammoniacal
dium
Tart

(b) Dilute acid

See Ammonie

me-
coutaining

{a) 0.2-0.5 M H*

(b) Ammeoniacal solu-
tion (after removal
of HS group ions)

Dilute acid soln.

Pb, R.E., Sc, S}, Sm, Ta, Th,
Tl, U, V*, W*, Y, Zn*, Zr

Co, Mn, Ni, Si, Te, V*, W*
Zn

gf; Sﬂ: é—gl Cu, Fe, Hg, Mb,
Cd, [FB&CN).]"'. 103,
POI-, SOI- W

Ir, Mo, Pt, W

Al, Bi, Cu, Fe, Ga, R.E,, Mo,
Nb, Pd, Sb, Sn, Ta, Th, Ti,
TL U, ¥V, W, Zr

Bi, Co, Bf, In, Ti*, Zn, Zr,

Au, Ba, Be, Ca, Hg, In, Mg,
Mn, Pb, R.E., Sr, Th, U, Zr

Ni (Co and Fe if

present In
very large amounts) :

(Au, Pd, Se

Ag, Au, Cu, Hg, Jr, Os, P4,
| Pt, Rh, Ru, Se, Te

Ag, A8, Au, Bi, Cd, Cu, Ge,
Hg, In, Ir, Mo, Os, Pd, Pb,
Pt, Re, Rh, Hu, 8b, Se, 5n,
Te, T1, V#*, W*, Zn .

Co, Fe, Ga, In, Mn, Ni, TI,

Us*, Va* Zn

Ce, Sn, Th, Ti, Zr
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Reagents

Conditions

Ap. TI] (concluded)

Substance preclpitated

8-Quinolinol (ethanol
solution)

2-Mercaptohenzothia-
zole (acetic acid so-
lution)

Neocu?[ermn {aqué-
ous solulion)
Nitron (5 per cent

acetic acid)

{-Nitroso-2-naphthol
{very dilute alkali}

Oxalic acid (aqueous
solytion)
Phenylaysonic  acid
{aqueous solution}
Phenylthichydantoic
acid {nqueous or alco-
SOIic solution)
icrolonic acid {aque-
ocusg solution)
Pyridine and thiccy-
anate
Quinaldic acid (acid
solution)

Salicylaldoxime
(ethanol solution)

Silver nitrate (ague-
aus solution)

Tannic acid {agusous
solution)

Tartaric acid (ague-

ous solution)

Tetraphenylarsonium
chloride (aquecus so-
lution)

Thioglycolic-f-amino-
naphthalide (ethanol
solution)

{a} Acetate buffer so-
Iution

{b) Ammoniacal soln.

Ammoniacal soln. 8x-
cept for Cu, when
dilute acid solution
is used

See Cupferran

Dilute H,50, soln.
Acid soluticons

Dilute acid solution

Acid medium

Acid soln.

Noutral soln.
Dilute acid solution
Dilute acid solution

Dilute acid solution

Dilute HNQ, solu-
tions
Ammoniaca) soln.

contg, Tart and elec-
trolyte

Ag, Al, Bi, Cd, Co, Cr, Cu, Fe,
Ga, Hg, In, R.E,, Mn, Mo, Nb,
Ni, Pb, Pd, Sb, Ta, Th, Ti, U,
vV, W, Zn, Ir

The seme BS in {(a) except for
Ag. Also Ba, Be, Ca, Mg, Sn, Sr
Ag, Au, Bi, Cd, Cu, Hp, I,
Pb, Pt, Rh, T1

B, Cl07, Cl0;, NO3, ReO;, W

Ag. Au, B, Ce, Cr, Cu, Fe, Mo,
Pd, Ti, V, W, Zr

Ag. Au, Cu, Hg, La, R.E., Ni,
Pb, Se, Th, UV, Zn

Bi, Ce(IV), Fe, Kf, Nb, Sn, Ta,
Th, Ti, U{V), W, Zr

Bi, Cd, Co, Cu, Fe, Hg, Ni,
Pb, 5b

Ca, Mg, P, Th

Ag, Cd, Cu, Mn, Ni
Af, Cd, Co, Cu, Fe, . Mo,
Ni, Pb, Pd, PL(II), U, , Ln

Ag. Bi, Cd, Co, Cu, Fe, Hg,
Mg, Mu, Ni, Pb, Pd, V, Zn

As(V), Br-, CN-, OCN-, SCN-,
Cl-, I+, 105, Mo(VT), N5, 8%,
YY)

Al, Be, Cr, Ga, Ge, Nb, Sb,
Sn, Ta, Th, Ti, U, V, W, Zr
Ca, K, Nb, 5S¢, 5r, Ta

Re, Tl

As, Au, Bi, Cu, Hg, Os,
Qg: Pd, Rh, Ru, Sb, 5o, T1
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:‘ppendlx IV. Solubility Products ol Some Sparingly Soluble Compounds
Rare Elements at 18-25°C

Substance rK, K, Substance PK, X,
AgyMoO, 11.55| 2.8x107% [KUO,AsO, 22.60 2.9xt(-1=
AgSeCN 15.40| 4.0%1071% A Lay(C,0,)y 9H,0 [26.60( 2.5x10-%7
Ag,Se(y 15.01 | S.7x10°** § La(I0,), i1.24| 6.2x1(12
AgeSeO, 7.25| 5.6x10"? | LajOH), 1B.7 2x (e
AgVQ, 6.3 Sx1077 ||La,S, 12.70] 2.0x 1013
AgIVO, 113.7 210714 (| LiUO,4A80, 18.82| 1.5x 101+
Ag WO, 11.26] 5.5x10712 I Lu{OH), 23.72] 1.9x102
Bo(NbO,)y 15.92( 1.2x10-1% | Mg NbO,), 16.64| 2.3x10-1?
Be!OH), 21.2 7x10-13 | MpSeO, 4.89] 1.3x10°5
BiAsO, 9,36 4.4x10°1° (| MnSe0, 6.9 1107
Bilg 18.09| 8.1x10-'* [NH,UQA80, 23.77) 1.1x1024
BiOOH 9.4 4x10-10 | NaUOQ4Aa0, 21,87 1.3x10
BiPQ, 22,891 1.3x10% | Nd{OH), 21.49) 3.2xi02
Bi,R, 97 1 x40~  NiSeQ, L] 1 10ms
Ca(NbO,), 17.06( B.8xip's [Pb(NhD,), 16.621 2.4x 1027
CaSe0; 5.53| 3.0x1v-% | PhSe0, 11.5 Ix 1012
Cawo, 8.08| B8.7%10% [ Pb3e0, 6.84) 1.4x10°7
CdSe0, _ 8.89| 1.3x10~ | Pr(OH), 21.17} B8.8x 1022
Ceg(Cy0,)y 9HO | 28.5 310~ [ Pu(OH), 1.7 24030
Ceg(C H,0,)y-9H,01 19,01 | 9.7x10-1 [RaSO, 10,37 4.3x10-11
Ce(104), 9.50% 3.2x1071 | RbCLO, 2,601 2.5x10°8
Ce{OH), 19.8 2x10-% | Se(OH), 3.4 Bx10-
CeySy 10.22] 6.0x10-1 } Sm({OH), 22.08| B.3x10-22
Ceg(Sely), 24 .43 | 3.7xX107% || Sry(AsO,), 18.09| 8.1 x10-1*
CoSe0, 6.8 2x10-7 [[8rC0, 9.98| 1.1x10-10
CsClo, 2.401 4.0x10® | Sr0,0,-H 0 6.80] 1.8x10-7
CuSeOy, 7.68| 2.4x10°% [ SrCr0, &.44| 3.6x10-%
Er{OH), 23.39] 4.4xi0-v [ SeF, B.61] 2.5x10~®
Eu{OH), 25.05| B.9x10-¥ [ SKIO,), 6.48) 3.3x10~7
Fey(Se0,), 30.7 2 10r3 | S(NbO,), 17.38] 4.2x10-10
Go jFe(CN),]y 33.82| 1.5x1073 [ 51850, 6.49| 3.2x1077
Ga{OH), 35.15] 7.1x1073 [ SrSeQ, 9.74] 1.8x10-t
GA{HCOy), 1.7 2x40% || Th{OHy, 44.4% 43 10~48
Gd(OH), 22.74] L.Bx{0 [ Th(HPO,), 20 1x 102
Hi{0H), 25.4 440~ § Ti(OH), 40 1% 1040
HgSe % 1x4u-v § TiQ(OH), 29 1x40~20
HgSe0, 14.2 Gx 10 { TIBr 5.471 3.4x10-8
HgSe0, 13.82| 1.5x10~4 I TI[ v0, 4.07| 8.5x10-s
Hg, WO, 16.98] 1.1xi0v T 0, 3.7 2104
In,[Fe(CN), 1 43.121 1.9xt0~w |TI0 3.76] 1.7x4n4
In{OH), 3.2 Oy 1088 | TLorly, 12.4] 9.8x10~s

. W



Ap. fV (concluded)

Substance pK, Ky Substance i K, K,
TH 7.19] 6.5x10-* | U0,C,0,-3H,0 3.7 2x40-¢
TLIO, 5.51| 3.4x10-¢ [(UOy)[Fe(CN),] [13.15] 7.4x 1014
TIN, 3.86| 2.2x10-1 | UQ,{0OH), 21,95} t.4xt02a
T, 20.3 | 5x140-2 |UO.HPO, 16.67] 2.1x40-u
TISCN 3.77] 1.7x10¢ | VO{OH), 22 13| 7.4xi0-23
UO,HAsO, 10.50] 3.0% 10721 | (VO)5(POa 2.1 8x 10
U0,KAsO, 22.80| 2.5x10-3 | Y{OH), 22.1 Bx {023
U0,LiAsO, 18.82| 1.5x10-% | YB{OH), 23.6 31072
UO,NH,As0, 23.77| 1.7x40-% | ZnSeO, 6.59| 2.6x10-7
U0,NaAsO, 21.871 1.3x40-2 | Zr(OH), 52 1x10~62

Appendix V. Separstion of Rare Elements by Extraction
The following abbreviationa are used in this Table:

BPHA— benzoylphenylhydroxylamine,

Na-salt;

DDTC— disthyldithio-

carbamate, Na-salt; S5A— sulphosalicylic acid; TBP--tributyl phoaphate;
TOPO - tri-n-octy]l phosphine oxide, (CyH,;,);P0; TTA— tenoyltrifluoracetone;
EDTA—ethylenediamine tetracetic acid, disodium salt.

Ele-
;:f:‘:_ Separated from Aqueous phase Extracting agent
cted
Ac  |Ra pH 5.5 0.25 M TTA/C.H,
Be Al }Igltgthyl-s_-quinolinol, Chleroform
P
Al, Cu, Fe Butyric acid, EDTA, |Chloroform
) KCl, pH 9,395
Al, 8r, Y pH 6-7 0.02 M 'I‘T-A_IC.H‘.,|
Al, In pH 2 | Acetylacetone
Divaleni cations, | Acetylacetone, EDTA Carbon tetrachloride
slements in bronze

Many elements
Many elements

7 M NH,SCN, 0.5 M HC]1
EDTA, pH 57
Sodium benzoate, pH 7

Ethyl ether
Acetylacetone/C,H,

Ethyl acetate, butanol.
or pentancl

EDTA, pH 56 | Acetylacetone -
| 2-Methyl-8-hydroxyquin- | Chloroform
aldine, pH 8.1 : _
Bk | pHabout 2.5 0.2 M TTAICH,
Ce  jFerrous materials [ KCN, pH 9.4-10.5" 3 per cent B-quinoli-
' nol/GHCl, .
Fission products (9 M HNO, Methy! isobutyl ketons
0.5 M H.50; 0.5 M TTA/ylene
Many metals. {EDTA, pH >4 Acetylacetone '
Cupferron, pH 2 Butyl acetats
8-10 M HNO; -+ TBP
+3 M NaNQ, ' : .
8 M HNQ, - . Ethyl ether _.




Ap. .V {continued)

Ele-
eTte::- Separated [rom Aguecus phase Extracting agent
cted
Na.tart., pH 8,5 0.4% 5,7-dibromo-8-qui-
nolinol/CHCL,
cm pH 3.5 0.2 M TTA/C,H,
Cs Iodide sein. in KI Nitromsethane/C,H,
0.4 M HPF, Nitromethane
0.001 M NaB(C,Hy),, | Nitrobenzene
pH 6.6
Er pH > 8.3 0.02 M 57-dibromo-%
quinolinel/CHCI,
ca [Al, Tn pH 1.2 Acctylacetone
pH 3.0 1% 8-Quinolinoi/CH],
Al, 1o, Sb, T1, W, [ Rhodamine B, 6 M HCl | Benzene
and others
Fs 6.5 M HCl, TiCl, Diisopropyl ether

Hf

In

Many elements
Many elements

Many elements
Silicate rock

As, Hg, Sb, others

ir

Al

Al," Be, Bi, Fa,
Ga, Mo, W

Al, Ga

Al, Ga, TI1, Za,

maADY others

HBr
HCl

3-7 M NH,SCN, 0.5 M HCI

8-Quinolinol
Hydroxylemine hyvdro-
chloride, CH4COONa,
pH 3.9

Na benzoate, pH 7

HCl.

Erio OS

5,7-Dibrom uinoki-

nol, KH phthaiste, hyd-
rp;ylamina bydrochlo-
ride

17 & HC)

18 M HC]

Cupferron in weak acid
solution '

(NH,)yMeO,, H,y80,
SCN-

'2 M HC10,

1 M HCL

pH 3

4.5 & KI, 0,15 M
H,80,

pH-8

0.58 M HBr

Ethytl ether

Ethyl ether, diisopropyl
ether, or TBP

Ethyl ether

Chloroform

Ethyl acetate, butanol

or pentanol
Amyl acetate
CHCI,

CHQCY,

04 M TOPO/cyclohexane
Benzene, CCl,, others
Methyl iscbuty} ketone

Iscamyl elcohol
Ethyl ethsr or, methyl

‘isobutyl ketone

04 M TTA/C.H,

0.1 M TOPQ/cyciobexans
1% .8-Oyinolinol/CHCL,
Ethyl ether

Acet laceione/CHCL, (1:1)
Ethyl ether or diisopro-

Pyl sther :
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Ap. V (continued)

Ele-
e’:::':. Suparated from Agueois phase Extracting agent
cted
Mo [|W Toluene-3,4-dithiol, Light patrolenm
H,PO,, citric acid
W, other ferrous |Strong acid Toluene-3,4-dithiol/amyl
materials acetate
ir KS3CN, acid solution Butyl acetate
All clements ex- | Acid splution a-Benzoinoxime/CHCl,
tept W

Ferrous slloys

Many elements
Most metals

Silicate rock

EDTA, pH 1.5
3 M H,;50,

1.7 M NH,SCN, 0.5 M HCI
NaF or EDTA, 01-0.0 M
HCl

S0%-, pH 0.85

a-Benzoinoxime,
=18 M HII}A
& M HCi
EDTA, HCL

1 M HCI

K ethyl zanthate,
pH 1.11-1.56

1% 8-Quinelinol/CHCl,
Acetyl acetone/CHCL,
(1:1)

Ethyl ether
Morin/n-butanol

0.: M TOPO/kerosene
+2% capry] aleohol
Chloroform

Ethyl Ether

Chloroform

0.1 M TOPO/cyelobexans
CHCl,, C,H.Cl, or to]luene

Nb Al, Fe, Ga, Mn, |10 M HF, 22 M Methy! ischutyl ketone
Sn, Ti, U, Zr NH,F, 6 M 1,50, _
Pa 6 M HF, 8 M H,50, Diisgbutylcarbinol
Ta Coned. HCL Methyl dioctylamine/xy-
lene or tribenzylamine
HCHCly or CH,Cly)
Fission producis | HF, H,S50, Tributyl phosphate
Fissicn sproducts | Oxalic acid, { M Hy80,,10.6 M dibutylphosphoric
2.5 M (NH,),S0, acid/n-butyl ether
Many elements 20 M HF Ethyl ether
F-, pH { BPHA/CHCI,
Cupferron (acid soln.) |CHCI,
9 M HF, 6 M H,50, Diisopropyl ketone
{ M Ammoniacal solution| 8-Quinolino}/CHCI,
KSCN, SnCl,, HCI Ethyl ether
Nd pH > 8.3 5,7-Dichloro-8-guinoli-
nol/CHC1,
Np |Am, Bl Cf, Cm |1 M HCI TTA/zylene
Pu, U, Afassion
products
88 4 HNO, Diethyl ether, methyl
isobutyl kstone or dibum-
& - o F_tyl Carbitol
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Ap. V (continued)

Ele-
Joent | Separated trom Aqueous phese Exiracting agent
cted
HNOQ, satd, with Ethyl ether
NH,NO,
Pa Al, Ba, Cr, Mg, {0.6 M HF, 8 M HCI Diisopropy] ketone

Palss

{avy

Po

Pu

Rb

Re’

Mu, Th, Ti, V
Mn, Ti, U, Zr

Nb, Th

Ti, Zn and many-
othera

Nh#®
Pa(V)

All elements ex-
cept Nb and Zr

Bi, Pb
Pa

Al

Nb, Ru, Th, Zr,
R.E., alk. and alk,
earth metals

Figsion products

Fissicn products

Mo

Mo, W

satd, with AlCl,

Cupferron, 0.1-4 M HCI
6 M HCI .
8§ M HCl sstd. with
MgCly

Oxalic acid, 6 M HC]
6 M HCl

4 M HNO,

6 M HCI
7T M HCl
Ha(}’, 8 M HNOa

pH 0.2-5

pH 1.5-2.0

AlNO,)5, 5 M HNO,
4.8 ¥ HOCl

HNO, or HNO,+
4 Ca(NOs)q

pH 4.5

pH 2.5-4.5!

DDTC Na-salt, pH 3
HNO, satd. with NH,NO,}

pH 48

0.5 MzHNO,

{ M HNO,, NaNO,,
NH,0H .
Iodine solution in KI-
NaB(CyH,)¢
Benzildioxime, 6 M H,50,
4{-Hydroxy-3-marcapto-
toluens, 6 M HCl

(CgH;)AsCl, pH 9

CHCL,, or amyl
acetate
Diisobutylecarbinol

B.p’-Dichloroethyl ether
]

Diisohutylcarbinol
Hexone or TBP/C,H,

0.4 M TTA/C,H,

20% TBP/dibutyl ether
Diisopropyl ketone
Ethyl ether, hexone or
diisopropyl ketone, n- or
iso-amyl alcohol

Dithizone/CHCl,
25 M TTA/CH,
TBP

5% Triiscoctylamine/xy-
lena

Mathyl isebutyl ketona

Acetylacetone/CHCl,

Cinnamic acid/amyl
acatate

Amyl acetate
Amyl scetate
8-Quinolinol/amyl
tate

TTA/CH,

0.5 M TTAl/xylene

Aca-

Nitromethane-C,H,
Nitrobenzene
Benzyl elcohol
CHCl,/isobutanol

CHCI,
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Ap. V (continued

Ele-
eTf%t_ Separated from Afquesus phase Extraciing agent
cte
Mapy elements 20 M HF Ethyl ether
DDTA, coned, HCI Ethyl acetate
2,4-Diplenylthiosemi- CHCI,
carbazide, § M HCI1
4 M NaOH Pyridine
SKCN,.HCI, &nCl, Butanol
Toluene-3,4-dithiol  in [ CHCl; or amy) acetate
acid medium
Sc¢ | Al, Be, Cr, B.E., Ti| H,0,. HC] Tributyl phesphate
al, Ca\.r Mg, Na,|[6 M HCl Tributyl phoaphate
.E.,
RE.,Y pH L.5 0.5 M TTA/CH,
Many elements 1 M HNQ,, satd. with | Eithyl etker
LiNQ, ot 35°C
7 M NH,SCN, 0,5M HC] |Ethyl ether
Ores SCN- Ethyl ether
Na benzoate, pH 7 Ethyl acetate, butyl or
amy!l aleghol
8-quinolinol, pH 9.7-10.5 | C,H,
pH 8.0-8.5 &-Quinolinol /CHCI,
Quinalizarine, alk, soln. | Isoamy] &leahnl
Se Cu, Fe, Te 3,%-Dieminocbenzidine | Teluene
EDTA, pH 67
Many metals Na diethyldithiocarba-_| CCI,
mate, EDTA, pH 5-6
pH 11.3 1 M 8-Quinolinol/CHCI,
pH > 10 TTAICH,
Ta Al, Fe, Ga, Mn, |10 M HF, 2.2 M NH,F, | Methyl isobutyl ketone
8n, Ti, U, Zr 6 M H,50,

Cr, Ge, Nb, Sb, Ti
Hi, Mn, Nh, Se,
Si, Sn, Ti, Zr
Nb, Ti

Nb, Zr

Nb, Zr

All metals except

Nb

All ¢lements [ex-

cept elemental

g‘alogens, Nb, Se,
e

Many olements

HF, HCI
0.4 M HF, 6 M HCl

20% Pyrocatechol,
(NH,)2Cs0,, pH 3

HF, H,S0,

HF, HNO,, (NH,),80,
0.4 M HF, 6 M H,80,

0.4 M HF, 6 M H,80,

20 M HF
F-, pH 4

Hexone
Diisopropyl ketcme

n-Butanol

Cyclohexanone
Acetone/isobutanol
Methyl isobutyl ketone

Diisopropyl ketone

Ethyl ether
BPHA/CHCI,
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Ap. V (continued)

Ele-
e":{-‘;‘_ Separated from Agqueous phase Exiracting agent
cted
1 N HNQ, (.6 M Dibutylphospho-
ric acid/n-dibutyl ketone
Methyl violet, HF, pH 2.3| C,H, :
Te |Mo, U (CoH;)4AsC1, pH 1041 | CHCI,
4 M NaQH Pyridine
Ta Bi, Ch, Cu HCl, SnCl, Ethyl acetate
Se, other metals |DDTC, NaCN, EDTA CCl,

Th

Sepn. of Te(lV)
from Te(VI)

Many elements

Al

Am, Cm, Np, Pu,
Ra, U

Ce, V, Y

La, ((VI)

R.E.

1B.E., Se, Y

R.E., Zr

'All elements ex-
cept Po

Divalent metals
Many metals
Ores

pi 8.5-8.8
2-10 M HCl

0.6 M Nal, 1 M HQC)

36 M HCl

pH 1
HNO, 4 LiNG,
HNO,, pH 1.41.5

ALNO,),
pH 2
NH,SCN

6 M NH,NO,+
+0.3 M HNO,

Satd. Th(NO,),

pH 1

Cupferron, pH 0.3-0.8
Ca(NO,),+ HNO,
Al(NO,)y +HNO,

pH > 538 -
Cupferron, 0.25 M H,50,
1 M HNO,, satd. with
Al, Ca, Fe, Li, Mg or
Zn nitrate

1 Phenvlcarboxydic acids
| Quercetin, pH 6.5

FH 4

pH > 4.9
pH 2.0

e =k =

Tributyl phosphate

Fthyl
alcohol

DDTC/TBP
Bithizone/CCl,
Mesityl oxide

0.5 M TTA/xylene

other/n-iscamyl-

Mesity]l oxide
0.4 M BPlA/CHCl,
n-Amyl alcohol

Ethyl ether/dibutexvte-
trasthylene glycol (1:2)

Methyl-n-hexyl Lketone,
n-hexanol, hexone or
ethyl butyrate

0.25 M TTA/C,H,

CeHg/isoamyl alcohol
TBP

Mesity]l oxide, or hexo-
ne/TBP

Acetylacetone/C H,
Butyl acatate
Ethyl ether

CHCl, or methyl isobu-
tyl ketone

Isoamy] alcohal
%,7-Dichloro-8-quinoli-
nol/CHCI,

| 8-Quinolinol/CRCI,
|05 M TTA/CC),
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Ap. V (continued)

Mn, Mo, Ni, Pb, Th
Fe, ¥

La

Nd, Pr

Th

Th, others

Th, monazite

{-Nitrosy-2-naphthol
pH 3.5
Acetate jon, pH 556

NO;, pH 1.0
t-(2-Pyridylazo)2-raph-

thol,EDTA
7 M HC]

Ele-
ET::';_ Separated from Afueors DDA Extracting agent
cted
Ti Al 8-Quinolinol, H,0,.[ CHCI,
PH 2.2
Al, Cr, Ga, V Cupferron, HCI (1:9) CHCL,
Al, Fe |pH 5.3 2-Methyl-8-quinoli-
nol/CHCl,
Co, Ni, Zn pH 1.6 Acetylacetone-CHCl,
Cu Salicylaldoxime, thio- |Isobutyl alcohol
urea, pH 5.3
Nb 20% catechol, G40, pH 3| n-Butanol
Nb, Ta Cll_llpiﬁarron, (NH,}y Tart, | Isoamyl alcohol
P
Mapy metals EDTA, pH 89 8-Quinelinol/CHCI,
Many elements 3 M NH,5CN, 0.5 M HC) { Ethyl sther
Cupferron, EDTA, pH 5.5 | Hexone
Morin, acid soln. - Amyl alcohol
7 M HC] 0.1 M TOPO/cyclohexane
‘Sulphosalicylic acid, CHCl,
(n-Bu)y-NHOAe, pH 2.44
Tt As. Au, Cuy, ¥e, Hg,| NaCN, pH 912 Dithizone/cyclohsxane
Pd, Sh, W, Zn .
Bi, Mo, W Bis(dimethyleminophe- ]C,H,/CCl, (2:3)
' nyl)-antipyrylearbinol
All elements ex-|DDTC, Na€CN-4EDTA, |CCl,
cept Bi pH 11
Many elementa 1-6 M HBr Ethyl ather
Many metala SSA, methyl violet, HC1 | C,H,
Many elements |Rhodsmine B, Brywater | C,H,
' 8 M HCI Ethyl ether
0.5 M HCl Ethyl ether )
pH 6.5-7.0 8-Quinolinel /CHCI,
pH 3.8 0.25 M TTA/CH,
u Bi, Th EDTA, pH 7 8-Quinolinol/hexone
Bi and ores 47 M HNO, TBP-ethyl ether
Co, Cr, Cu, Fe,)AKNQ,),, pH 0-3 Methyl isobutyl ketone

Isoamyl alcochol

0.4 M BPHA/CHCI,
DDTC of diethylammo-
nium/CHCl,

0.4 M TOPG/CCL,
kerosene

o-Dichlorobenzene

or

TBP-methyl isobutyl ke-
tone
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Ap. V (contlnued)

in acid solution

Ele-
e?t'r'l‘l‘- Neparated from Aqueous phase Extracting agent
cted
All elements ex- |Ca(NQ4),, EDTA, pH 7 | Dibenzoylmethane/ethyl
cept Be ' acetate
All elemants »x-)H,30,, pH 0.85 0.4 M TOPO/karosene
cept Mo and V {contg. 2% capryl ale,
U Fisalon products |HNO;+Ca{NO;)y Methyl isobutyl ketone
Many elements DDTC, EDTA, pyridine | C,I1,, CHCl,, ethyl ace-
. tate, or isoamyl alco-
) hol/C,H,
Many elements HNO, -} salting out agts. | Ethyl ether, ethyl ace-
[AKNOy)y, NH.NO,, | tate, nitromethane,
NaNQ,, etc.] methyl isobutyl ketone,
TBP-{CHCly, C,Hg, or i~
o¢tane), hexone, 2-meth-
¥l cyclohexanone, or
dibutylcarbinol
Many elements Pr,HNG;, AYNO,); Hexone
Meny elemenis [1 M HC] 0.1 M TOPO/cyelohexane
Many elements T M HCIl 'i'i% Triisooctylamine/xy-
Ny ene
Most metals EDTA, pH 4.8 Acetylacetone .
Mosl metals EDTA, pH 8.8 B-Quinelincl/CHC],
Monovalent and | Perfluorchutyric acid Ethyl ether
some divalent ca-
tions ] _
2-Acetoacetylpyridine Butyl acetate
pH 7.0-1.7
Asgcorbic acid, NH,SCN, | TBP-CCl,
EDTA
Pherylcarboxylic acids |CHCl, or hexope
Dilute HS0, Cuplerron/ethyl ether
DDTC, pH 6 CHCl,
Weakly acid soln. 5,7-Dichloro-8-quinoli-
nol/CHCl,
PH 3 0.2 M TTA/CgH,
v Mo, U { Salicylhydroxamic acid, { Ethyl acetate
pH 3.03.5
Ti DDTC, pH 4.5-5.0 CHCl,
U DDTC, Tart.,, pH 0.40.5 | Amy] acetats
Ferrous materials | pH 2.0 Acetylacetone-CHCI,
Many elements Cuglarron, $:9 HCl or|Ethyl acetate, elbyl
H,50, ather, or CHCl,
Many metals Ca-EDTA, pH 5.0 8-Quinolinol /CHCI,
Benzobydroxamic acid | n-Hexanol
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Ap. V (concluded}

Ele-
erg;:]p:- ©  Beparated from Aqueous phase Extrgcting agent
cted
BPHA in acid solution | C.H,
8-Quinolinol, acetate jon,| CHCl, or isoamy] aleco-
PH 3.5-4.5 kol
.| K&CN, 5nCly Ethyl acetate or hexone
7 M HC] 0,1 M TOPO/cyelohexans
| Nitric acid, pH 1.5-2.0 |0.6 M TOPO/kerosene
w Al, Cr, Mn, 8b,|Toluene-8,4dithiol Amyl acetate
Ni, S,Ta, Ti, V {m{,onj,-n,so., dilute
HC :
Mo HCl, SnCl, Toluene-3,4-dithiol/amyl
acetate
ANl elements ex-|z-Benzoinoxime,  acid | CHCl,
cept Mo | solution

Ir

Many eiements
Most metals

Al Mg, R.E.
%roup of rare
eart

R.E.
Sr

Al, Fe, R.E.,Th,V,

Ce, V, Y
Bf

Nb, fission pro-
ducts

Divalent metals
Many slements
Many elements
Many elements

Dithiol,

HyPO,, 3 M H,SO,
EDTA, pH 2.4
Cuplerron, HCI (1:3)
DDTC, pH 1-1.5

HCl

0.45 M KSCN, 6 M HCI
SCN-, SnCl,, HCI

15.6 M- HNO,
{ M HNO,, H,0,

pH>6
04 M HNO,

pH 8.5

6 M HCl

Al(NO,),

HNOy

H,C.:0,, H,0,, 1 M H,80,,
2.8 M (NTL,),80,
Cupferron, pH 0.341.0
1 M HCl

7T M HNO,

NH,SCN, 7 M HC
>5 M HCIO,

HC1

HNO,

Cupferron, HaS0, (1:9)

HOAC+ OAe~

n-Amyl alcohol
8-Quinolinél/CHCI,
Ethyl acetate
Ethyl acetgte
Buty] acetate
Ethy| ether

Ethyl ether, dilso ¥l
ketone or i-C I-f d)
CHCI,

TBP

0.6 M leutylphosphorlc
acid/(n-Bu)g0

TTA/C¢H,
Dibutylphosphoric

‘| acid/GHCl,

8-Quinelinol/CHC],

0.5 M TTAfxylene
Mesityl oxide
TEP/dibutyl ether

0.8 M leutyghospho-
ri¢c acld/(n-Bu);
CoHphCyH,, OH

Q.1 M TOPO/cyclohexane
TOPQ/cyclohexane -
TOPG jcyclohexane
TEP/CCl,

TBP/CeH,

TBP/kernsens

Ethyl acetate
8-Quinolinel/CHAL,

ia












