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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,
32



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.

a8



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
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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.
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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.

84



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.

85



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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