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chl­°ic=acid=and=0K5=«l=­f=£²hyl>=alc­h­l,=all­µ=²h£=«ix²u°£=²­±²and
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i²a²£dK=Rubidiu«=ph­±ph­«­lybda²£=and=c£±iu«=ph­±ph­«­lybda²£

a°£=l£±±=±­lubl£=²han=p­²a±±iu«=ph­±ph­«­lybda²£K=Rubidiu«=and

c£±iu«=a°£=­f²£n=i±­la²£d=in=²h£=f­°«=­f=²h£±£=c­«p­und±K

If=a=c£±iu«=±al²=i±=add£d=²­=Cd,[F£(CN),]=±­lu²i­n=in=5=p£°=c£n²
­²a±±iu«=i­did£,=µhi²£=p°£cipi²a²£=­f=C±,Cd{F£(CN),]=i±=f­°«£d’

7,=8]K=F°­«=0K0O=²­=0KO=«g=­f=c£±iu«=can=b£=d£²£c²£d=in=²h£=f­°«

­f=²hi±=c­«p­und=in=10=«l=­f=²h£=final=±­lu²i­nK=q£nJf­ld=quan²i²i£±

­f=NH;=and=Rb,=and=al±­=h£avy=«£²al=i­n±,=µhich=f­°«=p°£cipi²a²£±

µi²h=²h£=[F£(CN),] ¼=i­n,=in²£°f£°£,=and=²h£=i­n±=­f=Li,=Na=and= 100Jf­ld

quan²i²i£±=­f=²h£=p­²a±±iu«=i­n=d­=n­²=in²£°f£°£=µi²h=²h£=d£²£°«inaJ

²i­nK

pilv£°J±­diu«=h£xani²°­bi±«u²hi²£,=Na,^gBi(NO,),,=p°£cipi²a²£±
quan²i²a²iv£ly=°ubidiu«=and=c£±iu«=i­n±K=qh£=y£ll­µ=c°y±²allin£
p°£cipi²a²£±=­f=va°iabl£=c­«p­±i²i­n=a°£=cha°ac²£°iz£d:=by=l­µ=±­luJ
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bili²yK=qh£=°£ag£n²=i±=u±£d=²­=±£pa°a²£=°ubidiu«=and=c£±iu«=f°­«
p­²a±±iu«K

Rubidiu«=and=c£±iu«=can=b£=i±­la²£d=f°­«=dilu²£=aqu£­u±=±­luJ
²i­n±=by=p°£cipi²a²i­n=µi²h=p­²a±±iu«=h£xani²°­c­bal²a²£=(c­bal²
p­²a±±iu«=ni²°i²£)K=q­=²ha²=£nd,=Na;{C­(NQ,),]=i±=add£d=²­=²h£

±­lu²i­n=a²=a=²£«p£°a²u°£=b£l­µ=10°CK=H£xani²°­c­bal²a²£±=­f=°ubiJ

diu«=and=c£±iu«=a°£=l£±±=±­lubl£=²han=p­²a±±iu«=h£xani²°­c­bal²J

a²£=(III)K=F°­«=1=²­=10=«g=­f=°ubidiu«=and=c£±iu«=can=b£=i±­la²£d
f°­«=10=li²°£±=­f=±­lu²i­n=by=²hi±=«£²h­d,=µhich=i±=u±£d=²­=d£²£°«in£

°ubidiu«=in=±£a=µa²£°K=]=|

p­diu«=²£²°aph£nylb­°a²£,=[B(C,H,),JNa,=p°£cipi²a²£±=quan²i²aJ

²iv£ly=K,=Rb=and=C±=i­n±=und£°=c£°²ain=c­ndi²i­n±K=qhi±=°£ag£n²=i±

­±=an=g°avi«£²°ic=and=²i²°i«£²°ic=d£²£°«ina²i­n=­f=²h£±£=£l£«£n²±

p­diu«=²°iph£nylcyan­b­°a²£,=[(C,H,),;B(CN)]Na,=al«­±²=quanJ

²i²a²iv£ly=p°£cipi²a²£±=²h£=C±*=i­n=[11]K=Wh£n=a=fil²£°£d3=p£°=c£n²K
±­lu²i­n=­f=²h£=°£ag£n²=i±=add£d=²­=a=0K005=j=±­lu²i­n=­f=C±,pQ,,
a=c­«pa°a²iv£ly=c­a°±£=µhi²£=p°£cipi²a²£=i±=i««£dia²£ly=±£pa°a²£dK

qh£=±­lubili²y=p°­duc²=­f=[(C,H,),B(CN)JC±=i±=3=x=10J8,=iK£K=ab­u²
100=²i«£±=high£°=²han=²ha²=­f=[B(C,H,),]C±K=qh£=°£ag£n²=d­£±=n­²
p°£cipi²a²£=²h£=Rb=i­n=f°­«=1K =x=10J?=j=±­lu²i­n=­f=Rb,pO,,=bu²

²h£=i­n=­f=Rb=i±=c­p°£cipi²a²£d=µi²h=(C,H,),B(CN)C±K=qh£=p­²a±±iu«
i­n=i±=n­²=p°£cipi²a²£d=f°­«=a=5=p£°=c£n²=±­lu²i­n=­f=KNO,K=qh£

i­n±=­f=Ca,=p°,=Ba,=jg,=Ni,=C­,=jn²l,=Zn,=F£llK=I,=Cd,=Pb,=Cull,

Uv>,=^l,=C£l²l,=C°i>l=­°=Bi=a°£=n­²=p°£cipi²a²£dK=qh£=i­n±=­f=qI},

^g,=Cul=a°£=p°£cipi²a²£dK=qh£=p°£cipi²a²£=[(C,H,),B(CN)IC±=i±=£a±ily

±­lubl£=in=ac£²­n£=and=i²±=«ix²u°£=µi²h=µa²£°=(1=:=1)K=I²=i±=p°ac²ically

in±­lubl£=in=b£nz£n£,=and=c­«pa°a²iv£ly=±pa°ingly=±­lubl£=in=di­xan£K

p­diu«=²°iph£nylcyan­b­°a²£=i±=u±£d=f­°=²h£=d£²£c²i­n=and=g°aviJ
«£²°ic=d£²£°«ina²i­n=­f=c£±iu«,=bu²=²h£=°£±ul²±=a°£=alµay±=l­µK=qh£

d£²£°«ina²i­n=­f=c£±iu«=can=b£=£nd£d=by=a°g£n²­«£²°ic=­°=²hall­J

«£²°ic=²i²°a²i­nK=}

qh£=±­diu«=±al²=­f=h£xani²°­diph£nyla«in£=(dipic°yla«in£)=giv£±

cha°ac²£°i±²ic=p°£cipi²a²£±=µi²h=²h£=i­n±=­f=p­²a±±iu«=°ubidiu«,

c£±iu«=and=²halliu«=(I)K=qh£=i­n±=­f=Na,=Li,=jg=and=­f²h£=alkalin£
£a°²h=«£²al±=a°£=n­²=p°£cipi²a²£dK=qh£=i­n±=­f=^l,=F£l>>,=C°ill,=Ni,
C­,=Bi=and=Hg=giv£=a«­°ph­u±=p°£cipi²a²£±K=qh£=°£ag£n²=i±=u±£d=f­°
²h£=d£²£c²i­n=and=ph­²­«£²°ic=d£²£°«ina²i­n=­f=°ubidiu«=and

c£±iu«,

qh£=c£±iu«=i­n=i±=c­p°£cipi²a²£d=i±­«­°phically=µi²h=±pa°ingly

±­lubl£=dipic°yla«ina²£±=­f=NH{,=K,=Rb=andK=ql>=[1O]K=Dipic°ylaJ
«ina²£±=­f=²halliu«=and=a««­niu«=can=b£=u±£d=a±=ca°°ying=ag£n²±

f­°=²h£=i±­la²i­n=­f=²°ac£±=­f=c£±iu«=(1O=µg)=f°­«=v£°y=dilu²£=±­luJ
²i­n±K=C£±iu«=dipic°yla«ina²£=i±=£x²°ac²abl£=µi²h=ni²°­b£nz£n£=f°­«

alkalin£=±­lu²i­n±=[13]K=qhi±=«ak£±=i²=p­±±ibl£=²­=i±­la²£=±«all
quan²i²i£±=­f=°adi­ac²iv£=c£±iu«=f°­«=«any=l­ngJliv£d=fi±±i­n=p°­J

duc²±=and=f°­«=la°g£=quan²i²y=­f=u°aniu«K=La°g£=quan²i²y=­f=²h£

±­diu«=i­n=in=±­lu²i­n=d£c°£a±£±=²h£=£x²°ac²abili²y=­f=c£±iu«K
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H£xani²°­hyd°az­b£nz£n£=in=²h£=f­°«=­f=i²±=«­n­±­diu«=±al²

(a=±a²u°a²£d=±­lu²i­n=in=µa²£°)=p°£cipi²a²£±=²h£=i­n±=­f=Rb,=C±=and=KK

I²=i±=u±£d=f­°=²h£=ph­²­«£²°ic=d£²£°«ina²i­n=­f=²h£±£=£l£«£n²±=[1 ]K
Fil²£°£d=p°£cipi²a²£±=a°£=di±±­lv£d=in=ac£²­n£=and=²h£=ab±­°p²i­n

­f=²h£=­b²ain£d=±­lu²i­n±=i±=«£a±u°£dK=F°­«=10=²­=130=µ£=­f=Rb

­°=C±=can=b£=d£²£°«in£dK=p«all=quan²i²i£±=­f=Na=and=c­«pa°a²iv£ly
la°g£=quan²i²i£±=­f=Li,=Ca,=p°,=Ba=and=jg=i­n±=d­=n­²=in²£°f£°£=µi²h

²h£=d£²£°«ina²i­nK
Pic°ic=and=pic°­l­nic=acid±=(alc­h­lic=±­lu²i­n±)=a°£=u±£d=f­°=²h£

«ic°­c°y±²all­±c­pic=d£²£c²i­n=­f=²h£=°ubidiu«=and=c£±iu«=i­n±K

Bu²=²h£=±­diu«,=a««­niu«=and=p­²a±±iu«=i­n±=f­°«=±i«ila°=c°y±²al±K

Dili²u°ic=acid=(5Jni²°­ba°bi²u°ic=acid),=O, Jdini²°­ph£n­l,=O, ,6J²°iJ
ni²°­J«Jc°£±­l,=O, ,6J²°ini²°­°£±­°cin­l,=and=dini²°­b£nz­fu°­xan£

a°£=u±£d=f­°=²h£=«ic°­c°y±²all­±c­pic=­°=²h£=d£²£c²i­n=­f=²h£=°ubidiu«

and=c£±iu«=i­n±=by=²h£=±p­²=²£±²K=^ll=²h£±£=°£ag£n²±=hav£=l­µ=±£l£c²ivJ
i²yK=I­n±=­f=«any=£l£«£n²±=in²£°f£°£=µi²h=²h£=d£²£°«ina²i­nK

qa°²a°ic=acid=­°=±­diu«=hyd°­²a°²°a²£=p°£cipi²a²£=µhi²£=c°y±²al±

­f=RbHC,H,O,=­°=C±HC,H,O,=f°­«=n£u²°al=±­lu²i­n±=­f=°ubidiu«

­°=c£±iu«=±al²±K=qh£y=a°£=°£adily=±­lubl£=in=«in£°al=acid±=bu²=±pa°J

ingly=±­lubl£=in=µa²£°=­°=ac£²ic=acidK=qh£=i­n±=­f=K=and=NHf=a°£

p°£cipi²a²£d=in=a=±i«ila°=µayK=Hyd°­²a°²°a²£±=­f=all=²h£±£=£l£«£n²±

°£adily=f­°«=±up£°±a²u°a²£d=±­lu²i­n±K

Rubidiu«=and=c£±iu«=i­n±=a°£=°£duc£d=­n=a=«£°cu°y=d°­pping

£l£c²°­d£=in=aqu£­u±=±­lu²i­n±=a²=v£°y=l­µ=p­²£n²ial±K=Rubidiu«

and=c£±iu«=cann­²=b£=d£²£°«in£d=p­la°­g°aphically=in=aqu£­u±

±­lu²i­n±K=qh£=halfJµav£=p­²£n²ial=­f=²h£=c£±iu«=i­n=in=a=p£°

c£n²=i±­p°­pyl]=alc­h­l=again±²=²h£=backJg°­und=­f=a=0K1=j=±­lu²i­n

­f=li²hiu«=hyd°­xid£=i±= OK03=s;=f­°=°ubidiu«=i­n=i²=i±= 1KV7=s

(a²=O0J30°C),=µi²h=°£f£°£nc£=²­=²h£=±a²u°a²£d=cal­«£l]=£l£c²°­d£=[15]K

H£nc£=²h£=£l£«£n²±=can=b£=d£²£°«in£d=p­la°­g°aphically=in=²h£±£

c­ndi²i­n±K=Wh£n=b­²h=a°£=p°£±£n²=in=±­lu²i­n,=²h£i°=±u«=i±=d£²£°J

«in£dK

Rubidiu«=±al²±=c­l­u°=a=fla«£=°£dJvi­l£²K=Bu²=p­²a±±iu«=±al²±
giv£=²h£=±a«£=c­l­u°=²­=fla«£=and=²h£=diff£°£nc£=cann­²=b£=d£²£c²£d

µi²h=an=unaid£d=£y£K=qh£=±p£c²°a=­f=°ubidiu«=and=c£±iu«=hav£

cha°ac²£°i±²ic=lin£±=a²= O1K6=and= O0KO=n«K=C£±iu«=±al²±=c­l­u°=fla«£
vi­l£²Jblu£,=and=²h£=±p£c²°u«=ha±=cha°ac²£°i±²ic=lin£±=a²= 5VK3=n«

and= 55K5=n«K=qh£=fla«£Jph­²­«£²°ic=[16]=and=±p£c²°al=«£²h­d±=­f

d£²£°«ina²i­n=­f=°ubidiu«=and=c£±iu«=a°£=²h£=«­±²=°£liabl£=and

µid£ly=u±£d=f­°=²h£=analy±i±=­f=va°i­u±=«a²£°ial±K

qh£=fla«£Jph­²­«£²°ic=«£²h­d=can=b£=u±£d=²­=d£²£°«in£=°ubidiu«

and=c£±iu«=in=²h£=p°£±£nc£=­f=²h£=­²h£°=alkali=and=alkalin£=ca°²h

«£²al±K=qh£=«£²h­d=ha±=b££n=±ucc£±±fully=u±£d=f­°=²h£=d£²£°«ina²i­n

­f=±«all=quan²i²i£±=­f=c£±iu«=in=va°i­u±=°­ck±=[17,=18]K=qh£°£=a°£

n­=°£liabl£=ch£«ical=«£²h­d±=f­°=²h£=d£²£c²i­n=and=d£²£°«ina²i­n

­f=°ubidiu«=in=²h£=p°£±£nc£=­f=²h£=­²h£°=alkali=«£²al±K=qh£=ch£«ical

«£²h­d±=­f=d£²£°«ina²i­n=­f=c£±iu«=a°£=­nly=­f=±£c­nda°y=i«p­°J

²anc£K
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K=Rubidiu«=and=c£±iu«=a°£K=d£²£°«in£d=by=²h£=n£u²°­nJac²iva²i­n

«£²h­d=in=°­ck±,=«in£°al±,=and=£x²°a²£°°£±²°ial=­bj£c²±=(1V)K
qh£=«­n­g°aph=[O0]=i±=d£dica²£d=²­=²h£=analy²ical=ch£«i±²°y=­f

°ubidiu«=and=c£±iu«K=OJq£n­yl²°iflu­°­ac£²­n£=±£l£c²iv£ly=£x²°ac²±

c£±iu«=i­n=[O1)KK

pELECqIsE=EXqR^CqION=OF=CEpIUj=WIqH

OJqENOvLqRIFLUORO^CEqONE

C£±iy«=and=­²h£°=alkali=«£²al±=can=b£=£x²°ac²£d=µi²h=±­lu²i­n±
­f=OJ²£n­yl²°iflu­°­ac£²­n£=in=ni²°­«£²han£=­°=ni²°­b£nz£n£,=²h£
pil=­f=²h£=aqu£­u±=pha±£=b£ing=8K7JVK0K=^²=pH=high£°=²han=V=²h£

°£ag£n²=i±=d£c­«p­±£dK=In=²h£=p°£±£nc£=­f=EDq^,=c£±iu«=(alkali
«£²al±)=can=b£=±£pa°a²£d=f°­«=«any=i­n±=µhich=f­°«=±²abl£=c­«J

pl£x­na²£±=and=°£«ain=in=²h£=aqu£­u±=pha±£K=Chl­°id£±,=±ulpha²£±,

and=ni²°a²£±=c­n²ain£d=in=²h£=c­nc£n²°a²i­n=l£±±=²han=1j=d­=n­²

in²£°f£°£=µi²h=²h£=±£pa°a²i­n=­f=c£±iu«K=C£±iu«=i±=£x²°ac²£d=f°­«

an=­°ganic=pha±£=µi²h=acid±K=In=­p²i«u«=c­ndi²i­n±,=²h£=alkali

£l£«£n²±=a°£=£x²°ac²£d=in=²h£=f­ll­µing=quan²i²i£±=(pa°£n²h£±iz£d

a°£=quan²i²i£±=­f=²h£=£l£«£n²±=²ak£n=f­°=²h£=d£²£°«ina²i­n):=li²hiu«,

V K =p£°=c£n²=(13K6=«g);=±­diu«= K8=p£°=c£n²=(11O=«g);=p­²a±±iu«,

8OK =p£°=c£n²=(10K8=«g);=°ubidiu«,=VOKO=p£°=c£n²=(6KO=«g),=c£±iu«,

VVK5=p£°=c£n²=(7K =«g)K=qh£=«£²h­d=i±=°£c­««£nd£d=f­°=²h£=±£pa°a²i­n

­f=c£±iu«=f°­«=²h£=p°­duc²±=­f=u°aniu«=fi±±i­n=²­=p°£pa°£=highly

ac²iv£=p°£pa°a²i­n±=­f='’C±=and=²­=±£pa°a²£=c£±iu«=f°­«=nucl£a°

fu£l=p°­duc²i­n=£fflu£n²±=b£f­°£=²h£i°=di±p­±alK

R£ag£n²±

Li²h²u«=hyd°­zid£,= =N=±­lu²i­nK
p­diu«=ca°b­na²£,=O=N=±­lu²i­nK=|
OJq£n­yl²°ifiu­°­ac£²­n£,=0K5=j=±­lu²i­n=in=ni²°­«£²han£=­°=ni²°­b£nz£n£,

P°­c£du°£

^dd=5=«]=­f=li²hiu«=hyd°­xid£=±­lu²i­n=²­=²h£=±­lu²i­n=­f=²h£=±a«pl£,

dilu²£=µi²h=±­diu«=ca°b­na²£=±­lu²i­n=²­=«ak£=a=²­²al=­f=10=«l
and=£x²°ac²=µi²h=an=£qual=v­lu«£=­f=²h£=£x²°ac²ing=ag£n²=f­°=²h°££

«inu²£±K=qh£=£quilib°iu«=pH=­f=²h£=aqu£­u±=pha±£=±h­uld=b£

J7JVK0K

N­²£K=If=£x²°an£­u±=(n­²K=alkali)=i­n±=a°£=p°£±£n²,=EDq^=±h­uld=b£=add£d

in=²h£=quan²i²y=±uffici£n²=²­=«a±k=²h£=acc­«panying=i­n±=b£f­°£=adding=²h£
£x²°ac²ing=ag£n²K=qh£=­°ganic=pha±£=i±=²h£n=±£pa°a²£d=by=c£n²°ifugingK

GR^sIjEqRIC,=DEqERjIN^qION=OF=RUBIDIUj

INK=pCINqILL^qORp=WIqH=pODIUj=qEqR^PHENvLBOR^qE

|=p­diu«=²£²°aph£nylb­°a²£=p°£cipi²a²£±=°ubidiu«=a²=pH=3J6=a±
£pa°ingly:=±­luhi£=[B(C,H,),JRbK=qh£=p°£cipi²a²£=i±=±²abl£=²­=²£«J
p£°a²u°£±=b£l­µ=O 0°CK=^±=a=°ul£=i²=i±=d°i£d=²­=c­n±²an²=µ£igh²=a²



a=²£«p£°a²u°£=­f=105J 30°CK=qh£=fac²­°Jf­°=c­nv£°±i­n=in²­=°ubidiu«

i±=0KO OK=qh£=i­n±=­f=li²hiu«,=±­diu«,=«agn£±iu«,=calciu«,=ba°iu«,

cad«iu«,=c­pp£°,=dival£n²=«angan£±£,=l£ad,=c­bal²,=nick£l,=zinc,

i°­n,=ch°­«iu«=(III),=alu«iniu«,=a°±£nic=(11J),;°=an²i«­ny=(IqI),
²in=(Is),=²i²aniu«,=and=u°aniu«=(sI)=d­=n­²=in²£°f£°£=µi²h=²h£

d£²£°«ina²i­n=in=²h£=p°£±£nc£=­f=EDq^K=qh£=i­n±=­f=a««­niu«,
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qh£=b£°ylliu«=i­n=°£ac²±=µi²h=u°a«ylJN,NJdiac£²ic=acid=(a«in­J

ba°bi²u°icJN,NJdiac£²ic=acid)=²­=f­°«=²µ­=c­«p­und±,=vizK,=an=acid

c­«pl£x­na²£=B£HL,=µi²h=l­g=K===3K ,=and=a=n£u²°al=c­«pl£x­J

na²£=µi²h=l­g=K===10K36=(u===0K1,=O0°C)K=N£u²°al=c­«pl£x­na²£

i±=p°£d­«inan²ly=f­°«£d=a²=pH=5J6K=qh£=cu°°£n²=­f=°£ag£n²=­xida²i­n
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a²=E===0K6J0K8=s=i±=­b±£°v£d=a²=²hi±=acidi²y=a²=a=g°aphi²£=£l£c²°­d£
i«p°£gna²£d=in=pa°affinK=qh£=in²£°f£°ing=£ff£c²=­f=^l,=Ca,=jg,=F£²>±²>l,

jn>>,=Ni,=C­,=Zn,=and=Cu=i±=°£«­v£d=by=EDq^=µhich=d­£±=n­²=g£n£°J

a²£=­xida²i­n=cu°°£n²=a²=E===0K6J0K8=sK=^=O00Jf­ld=quan²i²y=­f

F£ll,=100Jf­ld=quan²i²i£±=­f=^l,=jg,=F£>>,=Zn=and=Cu,=a= Jf­ld=quanJ
²i²y=­f=C­,=²µ­Jf­ld=quan²i²i£±=­f=jn>>=and=Ni,=and=an=£qual]=quan²i²y

­f=Ca=(by=«a±±)=d­=n­²=in²£°f£°£=µi²h=²h£=d£²£°«ina²i­n=­f=0K 0=«g
­f=b£°ylliu«K=qh£=£°°­°=­f=²h£=d£²£°«ina²i­n=­f=1K0J6 KO=«g=­f=B£
i±=0K1JOKVK=«g=°£±p£c²iv£lyK=qh£=«£²h­d=i±=u±£d=in=²h£=analy±i±=­f
B£ ^] jg Zn=all­y±=c­n²aining=0K8J1K7=p£°=c£n²=­f=b£°ylliu«K

R£ag£n²±

liyd°­chl­°ic=acid,=dilu²£d=133K
EDq^,=5=p£°=c£n²=±­lu²i­nK=,

U°a«ylJN,NJdiac£²ic=acid,=0K =j=±²anda°d=±­lu²i­n
^c£²a²£=buff£°=±­lu²i­n,=pH=5J6K

P°­c£du°£

Di±±­lv£=a=±a«pl£=µ£ighing=50J100=«g=in=²h£=«ini«u«=p­±±ibl£

quan²i²y=­f=hyd°­chl­°ic=acid=µi²h=h£a²ing=­n=a=±and=ba²h,=²°an±f£°

²h£=±­lu²i­n=in²­=a=O5J«]=v­lu«£²°ic=fla±k=and=add=µa²£°=²­=²h£

«a°kK=‘q°an±f£°=an=aliqu­²=c­n²aining=1K0J1K5=«g=­f=b£°ylliu«=in²­

a=²i²°a²i­n=c£ll,=add=EDq^=in=²h£=quan²i²y=±uffici£n²=²­=bind=all=²h£

c­«p­n£n²±=­f=²h£=«£l²,=add=²h£=buff£°=±­lu²i­n,=and=²i²°a²£=µi²h

u°a«y]JN,NJdiac£²ic=acid=a²=0K6J0K8=sK

PHOqOjEqRIC=DEqERjIN^qION=OF=BERvLLIUj
WIqH=^LUjINON

^lu«in­n=(²h£=a««­niu«=±al²=­f=au°in=²°ica°b­xylic=acid)=°£ac²±

µi²h=²h£=b£°ylliu«=i­n=²­=f­°«=a=°£d=c­«pl£x=c­«p­und=µi²h=²h£

ab±­°p²i­n=«axi«u«=a²=530=n«K=qh£=c­l­u°£d=c­«p­und=i±=b£±²

­f=all=­b²ain£d=a²=pH= K6J5K ;=²h£=«­la°=ab±­°p²i­n=c­£ffici£n²=i±

VKOx=10%K=If=²h£=c­nc£n²°a²i­n=­f=b£°ylliu«=i±=OJ50=pg=in=50=«l

­f=±­lu²i­n,=i²=i±=n£c£±±a°y=²­=add=O=«l=­f=a=0K =p£°=c£n²=±­lu²i­n­f

alu«in­nK=qh£=f­ll­µing=£l£«£n²±=d­=n­²=inv£°f£°£=µi²h=²h£K=d£²£°J

«ina²i­n=­f=b£°ylliu«=in=²h£=p°£±£nc£=­f=100=«g=­f=EDq^:=Cu,=Ni,

C­,=W=(1000=pg=­f=£ach=£l£«£n²);=Pb=(5000=pg),=jn,=j­=(500=np

£ach),=C°@>,=CdK=(O00=ppg=£ach),=Bi=(100=pg),=^l,=F£l,=qi,=Z°,=­b
(p50=yg=£ach)K=Ni­biu«=can=b£=«a±k£d=µi²h=²a°²a°ic=acidK

D£²£°«ining=B£°ylliu«=in=Ni­biu«=^ll­y±

R£ag£n²±

B£°ylliu«=chl­°id£,=±²anda°d=±­lu²i­nK=1=«1=i±=£quival£n²=²­=5=pg=­f=b£°ylliu«K
EDq^,=5=p£°=c£n²=±­lu²i­nK

^lu«in­n,=0K =p£°=c£n²=±­lu²i­nK=Di±±­lv£= =g=­f=alu«in­nK=in=50J70=«l=­f=µa²£°
add=O=g=­f=b£nz­ic=acid=di±±­lv£d=p°£li«ina°ily=in=O5=«l=­f=£²hyl=alc­h­l,=and
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finally=100=«l=­f=ac£²a²£=buff£°=±­lu²i­n=having=²h£=pH=­f=5K 1J5K3K=Fil²£°=²h£
±­lu²i­n=in²­=a=O50J«l=v­lu«£²°ic=fla±k=and=add=µa²£°=²­=²h£=«a°kK=K££p=in
²h£=da°kK=qh£=°£ag£n²=can=b£=u±£d=f­°=7J10=day±K=:
^c£²a²£=buff£°=±­lu²i­n,=pH=5K 1J5K3K=Dilu²£=3 =«l=­f=ac£²ic=acid,=d£n±i²y

1K05=g/cuKc«,=µi²h=µa²£°=²­=«ak£=100=«l,=add=3O=«]=­f=a=O5=p£°=c£n²=±­lu²i­n=­f
a««­nia=and=add=µa²£°=²­=«ak£=1=li²°£K

P­²a±±iu«=py°­±ulpha²£,=c°y±²allin£K
^««­nia,=±­lu²i­n=dilu²£d=1:=3K

qa°²a°i£=acid,=10=p£°=c£n²=±­lu²i­nK

C­n±²°uc²ing=a=Calib°a²i­n=Cu°v£

Plac£=OJ«l=p­°²i­n±=­f=alu«in­n=±­lu²i­n=in²­=50J«l=v­lu«£²°ic=fla±k±,=add=b£J
°ylliu«=chl­°id£=±²anda°d=±­lu²i­n=c­n²aining=5,=10,=15,=O0=and=O5=pg=­f=b£°ylliu«,
O=«l=­f=EDq^,=and=10=«l=­f=²h£=ac£²a²£=buff£°=±­lu²i­n=in²­=£ach=fla±k=and=dilu²£
²h£=±­lu²i­n±=µi²h=µa²£°=²­=²h£=«a°kK=j£a±u°£=²h£=ab±­°p²i­n=­f=²h£=±­lu²i­n±
again±²=a=blank=±­lu²i­n=u±ing=a=g°££n=­p²ical=fil²£°K=C­n±²°uc²=²h£=calib°a²i­n
cu°v£=u±ing=²h£=da²a=­b²ain£dK

P°­c£du°£

Plac£=a=±a«pl£=µ£ighing=0K1=g=in=a=pla²inu«=­°=a=qua°²±=c°ucibl£
and=h£a²=in=a=«uffl£=fu°nac£=²­=700J800°CK=Fu±£=²h£=­b²ain£d=­xid£±
µi²h=1K5JOK0=g=­f=p­²a±±iu«=py°­±ulpha²£=²­=­b²ain=a=cl£a°=«£l²K

C­­l=²h£=«a²£°ial=and=l£ach=µi²h=10=«l=­f=²a°²a°ic=acid=in=a=100J150=«l

b£ak£°K=U±ing=a=gla±±=°­d,=°£«­v£=²h£=c°ucibl£=ca°£fully,=°in±£=i²

µi²h=10J1 5=«l=­f=h­²=µa²£°,=add=a««­nia=±­lu²i­n=²­=²h£=b£ak£°
c­n²£n²±=²­=adju±²=²h£=pH=²­=6=²­=a=univ£°±al=²£±²=pap£°K=Fil²£°=²h£

±­lu²i­n=in²­=a=100J«]=v­lu«£²°ic=fla±k=and=add=µa²£°=²­=²h£=«a°kK
Plac£=O=«l=­f=alu«in­n=±­lu²i­n=and=O=«l=­f=EDq^=±­lu²i­n=in²­

a=50J«l=v­lu«£²°ic=fla±k=and=²h£n=add=an=aliqu­²=­f=²h£=all­y=±­luJ

²i­n=(5JO5=µg=B£)K=^dd=10=«l=­f=²h£=ac£²a²£=buff£°=±­lu²i­n=²­=²h£

fla±k,=dilu²£=i²±=c­n²£n²±=µi²h=µa²£°=²­=²h£=«a°k,=and=«£a±u°£=²h£

ab±­°p²i­n=­f=²h£=±­lu²i­n=a±=in=c­n±²°uc²ing=²h£=calib°a²i­n=cu°v£K

Find=²h£=b£°ylliu«=c­n²£n²=­f=²h£=aliqu­²=u±ing=²h£=calib°a²i­n

cu°v£K

D£²£°«ining=B£°ylliu«=in=Ca°b­na²£±=­f=Calciu«,=p²°­n²iu«,
and=Ba°iu«=U±£d=in=El£c²°­nic=Engin££°ing

qh£=i­n±=­f=²h£=alkalin£=£a°²h=£l£«£n²±=d­=n­²=°£ac²=µi²h=alu«in­n
and=d­=n­²=²h£°£f­°£=in²£°f£°£=µi²h=²h£=ph­²­«£²°ic=d£²£°«ina²i­n

­f=b£°ylliu«K=qh£=alu«iniu«=i­n,=µhich=i±=al«­±²=alµay±=p°£±£n²

in=ca°b­na²£±=­f=²h£=alkalin£=£a°²h=«£²al±,=can=b£=«a±k£d=by=EDq^,

µhich=i±=add£d=b£f­°£=²h£=addi²i­nK=­f=alu«in­nK

R£a=g£n²£

B£°ylliu«=chl­°id£,=±²anda°d=±­lu²i­nK= =«l=i±=£quival£n²=²­=O=pg=­f=b£°ylliu«K
Hyd°­chl­°ic=acid,=dilu²£d= := K=|
qh­=­²h£°=°£ag£n²±=a°£=±p£cifi£din=²h£=p°£vi­u±=±£c²i­nK
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C­n±²°uc²ing=a=Calib°a²i­n=Cu°v£

Plac£=1,=O,=3,= =and=5K=«l=­f=b£°ylliu«=chl­°id£=±²anda°d=±­lu²i­n=in²­=5=±£paJ
°a²£=50J«>=v­lu«£²°ic=fla±k±,=add= =«l=­f=alu«in­n=±­lu²i­n=and=1=«l=­f=EDq^
±­lu²i­n=in²­=£ach=fla±k,=²h£n=add= 10=«l=­f=ac£²a²£=buff£°=±­lu²i­n=and=µa²£°=²­
«ak£=O5=«lK=H£a²=²h£=±­lu²i­n±=²­=70J80°C=­n=a=±and=ba²h,=c­­l,=add=µa²£°=²­
²h£=«a°k=and=±²i°K=j£a±u°£=²h£=ab±­°p²i­n=­f=²h£=±­lu²i­n±=by=an=allJpu°p­±£
ph­²­«£²£°=­°=an=ab±­°p²i­«£²£°=a²=530=n«=again±²=a=blank=±­lu²i­nK=C­n±²°uc²

²h£=calib°a²i­n=cu°v£=u±ing=²h£=da²a=­b²ain£dK=|

P°­c£du°£

Plac£=a=ca°b­na²£=±a«pl£=µ£ighing=0K05J0K1=g=in²­=a=50J«l=b£ak£°

and=²°£a²=ca°£fully=µi²h=±«all=p­°²i­n±=­f=hyd°­chl­°ic=acid=un²il

CQ,=±²­p±=£v­lvingK=Evap­°a²£=²h£=±­lu²i­n=²­=d°yn£±±=­n=a=±and

ba²h,=di±±­lv£=²h£=°£±idu£=in=µa²£°,=²°an±f£°=²h£=±­lu²i­n=in²­=a

100J«1=v­lu«£²°ic=fla±k=and=add=µa²£°=²­=²h£=«a°kK=U±ing=a=pip£²²£,

²°an±f£°=0K5=«l=­f=²h£=±­lu²i­n=in²­=a=50J«i=v­lu«£²°ic=fla±k=and

ca°°y=²h°­ugh=all=­p£°a²i­n±=a±=f­°=²h£=c­n±²°uc²i­n=­f=²h£=calib°a²i­n

cu°v£K

D£²£°«in£=²h£=b£°ylliu«=c­n²£n²=f°­«=²h£=calib°a²i­n=cu°v£K

D£²£°«ining=B£°ylliu«=in=B°­nz£

R£ag£n²±

B£°ylliu«=chl­°id£,=±²anda°d=±­lu²i­nK=1=«l=i±=£quival£n²=²­=10=pg=­f=b£°ylliu«K

R£ag£n²=±­lu²i­nK=Plac£=100=«l=­f=a=buff£°=±­lu²i­n=(pH= K ),=µhich=i±=a=«ix²u°£
­f=75=«l=­f=0K =N=±­lu²i­n=­f=CH,COOH=and=O5=«l=­f=a=0K =N=a««­nia=±­lu²i­n,
in²­=a=O50J«l=v­lu«£²°ic=fla±k=and=add=1KO5=g=­f=EDq^=and=0K1055=g=­f=au°inJ

²°ica°b­xylic=acid=­°=0K118O=g­f=alu«in­nK=Wh£n=²h£=°£ag£n²±=hav£=b££n=di±¼
±­lv£d,=add=²h£=±a«£=buff£°=²­=²h£=«a°kK=K££p=in=a=±²­pp£°£d=b­²²l£=in=²h£=da°kK
qh£=±­lu²i­n=can=b£=u±£d=f­°=­v£°=²µ­=«­n²h±K
Ni²°i£=acid,=dilu²£d=1:5K=K
qh£=­²h£°=°£ag£n²±=a°£=²h£=±a«£=a±=in=“D£²£°«ining=B£°ylliu«=in=Ni­biu«=^lJ
­y±’K=:

C­n±²°uc²ing=a=Calib°a²i­n=Cu°v£

Plac£=1,=O,=3,= ,=5=and=6=«l=­f=²h£=±²anda°d=±­lu²i­n=­f=b£°ylliu«=chl­°id£=in²­=K
100J«I=v­lu«£²°ic=fla±k±,=add=µa²£°=²­=«ak£=6=«l,=add=6=«>=­f=²h£=°£ag£n²=±­luJ
²i­n=in²­=£ach=fla±kK=H£a²=²h£=«ix²u°£=f­°=5=«inu²£±=­n=a=b­iling=µa²£°=ba²h=­°
all­µ=i²=²­=±²and=f­°=30=«inu²£±=a²=°­­«=²£«pc°a²u°£,=²h£n=c­­l,=and:=«£a±u°£
²h£=ab±­°p²i­n=in=a=c£ll=µi²h=a=lay£°=²hickn£±±=­f=1=c«‘a²=5O0=n«K=P°£pa°£=a
°£f£°£nc£=±­lu²i­n=by=«ixing=£qual=v­lu«£±=­f=²h£=°£ag£n²=±­lu²i­n,and=a=±­luJ

²i­n=c­n²aining=²h£=c­pp£°=i­n=in=²h£=quan²i²y=£quival£n²=²­=²h£=c­pp£°=c­n²£n²K=J
­f=²h£=aliqu­²K=C­n±²°uc²=²h£=calib°a²i­n=cu°v£=u±ing=²h£=da²a=­b²ain£dK=¼¼

P°­c£du°£

Di±±­lv£=a=±a«pl£=­f=b°­nz£=µ£ighing=0K10=g=in=a=±«all=a«­un²:=­f

ni²°ic=acid,=²°an±f£°=²h£=±­lu²i­n=in²­=a=100J«l=v­lu«£²°ic=fla±k

and=add=µa²£°=²­=²h£=«a°kK=q°an±f£°=10=«l]=­f=²h£=­b²ain£d=±­lu²i­n:
in²­=a=100J«l=v­lu«£²°ic=fla±k,=add=a««­nia=±­lu²i­n=un²il=±ligh²
²u°bidi²y=d£v£l­p±=µhich=°£±­lv£±=f°­«=²h£=addi²i­nK=­f=‘a=d°­p=­f

ni²°ic=acid,=and=add=µa²£°K²­=²h£=«a°kK=Dilu²£an=aliqu­²=c­n²aining=K

V



O0J50=pg=­f=B£=µi²h=µa²£°=²­=«ak£=6=«l=and=p°­c££d=a±=in=c­n±²°uc²J
ing=²h£=calib°a²i­n=cu°v£K=D£²£°«in£=²h£=b£°ylliu«=c­n²£n²=­f=²h£
aliqu­²=f°­«=²h£=calib°a²i­n=cu°v£K

‘PHOqOjEqRIC=DEqERjIN^qION=OF=BERvLLIUj
N=^LUjINIUj=^LLOvp=WIqH=BERvLLON=Is

B£°yll­n=Is,=b£nz£n£JOJa°±­nic=facidJ(1Jaz­JO)J1Jhyd°­xynaphJ
²hal£n£J6Ji«in­diac£²icJ3J±ulph­nic=acid,=°£ac²±=µi²h=²h£=b£°ylliu«

d­n=²­=f­°«=a=c°i«±­n=c­«p­undK=qh£=±£n±i²ivi²y=­f=²h£=°£ag£n²

i±=0K0O=ng/«lK=qh£=c­«p­und=i±=f­°«£d=du°ing=fiv£=«inu²£±=and=i±

±²abl£=f­°=ab­u²=5=day±K=qh£=­p²i«u«=pH=i±=5J7K=qh£=«£²h­d=i±

u±£d=f­°=²h£=d£²£°«ina²i­n=­f=0K01J0KV=p£°=c£n²=­f=b£°ylliu«=in
alu«iniu«=all­y±K=qh£=in²£°f£°ing=£ff£c²=­f=alu«iniu«,=i°­n,=«anJ

gµan£±£,=c­pp£°=and=nick£l=can=b£=°£«­v£d=by=EDq^K=|

R£ag£n²±

B£°ylliu«=±ulpha²£,=±²anda°d=±­lu²i­nK=1=«l=i±=£quival£n²=²­=O=µg=­f=b£°ylliu«K
yd°­chl­°ic=acid,=dilu²£d=1:=1K
Ni²°ic=acid,=d£n±i²y=1K =g/cuKc«K
EDq^,=10=p£°c£n²=±­lu²i­nK

U°­²°­pin,=O5=p£°=c£n²=±­lu²i­nK

B£°yll­n=Is,=0K1=p£°=c£n²=±­lu²i­nK

C­n±²°uc²ing=a=Calib°a²i­n=Cu°v£

Plac£=O,= ,=6,=8,=10=and=1O=pg=­f=b£°ylliu«=in=²h£=f­°«=­f=²h£=±²anda°d=±­lu²i­n
an²­=100J«l>=v­lu«£²°ic=fla±k±K=^dd=O=«l=­f=EDq^=±­lu²i­n,= 0=«l=­f=b£°yll­nu=Is

and=30=«l=­f=u°­²°­pin=±­lu²i­n=in²­=£ach=fla±k=and=dilu²£=µi²h=µa²£°=²y=²h£=«a°kK
J^ll­µ=²h£=±­lu²i­n±=²­=±²and=f­°=²£n=«inu²£±=and=«£a±u°£=²h£i°=ab±­°p²i­n=a²

3530=n«=in=a=c£ll=µi²h=a=lay£°=²hickn£±±=­f={=c«=u±ing=a’=ank=±­lu²i­n=a±=°£fJ
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£vap­°a²£=²­=­b²ain=«­i±²=±al²±K=Di±±­lv£=²h£=°£±idu£=in=OJ3=«l=­f
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^««­niu«=²a°²°a²£=°£ac²±=µi²h=²h£=±candiu«=in=²h£=p°£±£nc£

­f=£xc£±±=a««­nia=²­=f­°«=a««­niu«J±candiu«=²a°²°a²£,=µh­±£

app°­xi«a²£=f­°«ula=i±=NH,QOCCH(OQH)CH(OH)COOp¢c(OH),J

JnH,OK=qh£=c­«pl£²£n£±±=­f=p°£cipi²a²i­n=d£p£nd±=­n=²h£=pH=­f

²h£=±­lu²i­nK=qh£=«ini«u«=±­lubili²y=­f=²h£=a««­niu«J±candiu«

²a°²°a²£=i±=a²=pH=7=(0KO5=«g=­f=pc,O,=p£°=li²°£)K=qh£=±­lubili²y=inJ

c°£a±£±=µi²h=acidi²y=­°=alkalini²y=­f=²h£=«£diu«K=qh£=±­lubili²y

­f=a««­niu«J±candiu«=²a°²°a²£=«a°k£dly=diff£°±=f°­«=²ha²=­f

pi«ila°=c­«p­und±=­f=Z°,=Hf,=qh,=jn,=F£>>>,=^l,=qi=and=²h£=£l£«£n²±

­f=²h£=c£°iu«=±ubg°­upK=^««­niu«=²a°²°a²£=i±=u±£d=f­°=±£pa°a²i­n

­f=±candiu«K

In­±i²­lh£xaph­±ph­°ic=acid,=C,H,O,{P(OH),OP(OH),],,=°£ac²±

µi²h=²h£=±candiu«=i­n=²­=f­°«=a=v£°y=±pa°ingly=±­lubl£=c­«p­und
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C,H,O,IP(V3pc)OP(O,pc)],;=i²±=µhi²£=flak£±=a°£=in±­lubl£=£v£n=in

c­nc£n²°a²£±=hyd°­chl­°ic=acid,=HNO±,=a=«ix²u°£=­f=HC]=and=HNO,
­°=H,O,K=qh£=°£ag£n²=p°£cipi²a²£±=al±­=²h£=i­n±=­f=qi,=Z°,=Hf=and=qh
qh£=p°£cipi²a²£±=a°£=in±­lubl£=in=acid±K=Unlik£=±candiu«=and=²h­°iu«

c­«p­und±,=²h£=c­«p­und±=­f=zi°c­niu«=and=hafniu«=a°£=°£adily
±­lubl£=in=­xalic=acid,=²h£=²i²aniu«=c­«p­und=i±=±­lubl£=in=²h£
p°£±£nc£=­f=flu­°id£±=­f=²h£=alkali=«£²al±K=^=±al²=­f=²h­°iu«=µi²h
in­±i²­lh£xaph­±ph­°ic=acid=i±=°£adily=±­lubl£=in=²h£=Jp°£±£nc£=­f
ni²°il­²°iac£²ic=acidK=In­±i²­lh£xaph­±ph­°ic=acid=i±=u±£d=f­°=²h£
d£²£c²i­n=and=d£²£°«ina²i­n=­f=±candiu«K

‘B£nz£n£=±£l£ninic=acic=p°£cipi²a²£±=²h£=±candiu«=i­n±=quan²i²aJ

²iv£ly=and=if=i±=²h£°£f­°£=u±£d=f­°=²h£=g°avi«£²°ic=d£²£°«ina²i­n
­f=±candiu«=[O,=3]K

jand£lic=acid;:C,H,CH(GU)COOH,=p°£cipi²a²£±=²h£=±candiu«=i­n

quan²i²a²iv£ly=f°é«=±­lu²i­n±=a²=pli= 1K8J3KO=[ ]KK=qh£=c­«p­±i²i­n
­f=²h£=p°£cipi²a²£=c­°°£±p­nd±=i­=²h£=f­°«ula=H,{pc(C­H,0,)K J=nH,K0OK
I²=i±=±­lubl£=in=a««­nia=µi²h=²h£=f­°«a²i­n=­f=(NH,)3[pc(C,H,0O35),]K
jand£lic=acid=i±=u±£d=²­=±£pa°a²£=±candiu«=f°­«=²h£=lan²hanid£±=and

±«all=quan²i²i£±=­f=²h­°iu«K=qh£=p°£cipi²a²£=u±ually=c­n²ain±=ad«ixJ
²u°£±=­f=«and£lic=acid=and=i²=i±=²h£°£f­°£=calcin£d=²­=pc,O,=a²=800°CK

8JQuin­lin­l=p°£cipi²a²£±=a=l£«­nJy£ll­µ=c­«p­und=pc(C,H,ON),J

JC,H,ON=f°­«=an=aqu£­u±=±­lu²i­n=­f=pc(C1O,),=a²=pH=7K5K=q­=p°£J

cipi²a²£=²h£=±candiu«=i­n,=£xc£±±=8Jquin­lin­l=i±=fi°±²=add£d,=and

²h£n=a=buff£°=«ix²u°£=(a««­niu«=dc£²a²£=and=a««­nia)K=qh£=fil²£°£d

and=µa±h£d=p°£cipi²a²£=i±=d°i£d=a²=100J110°C=and=µ£igh£dK=^ll=i­n±
p°£cipi²a²£d=by=&Jhyd°­xyquin­lin£=in²£°f£°£=µi²h=²h£=d£²£°«ina²i­n

­f=±candiu«:=qh£=c­«p­und=­f=±candiu«=µi²h=8Jquin­lin­l=i±=±­lubl£

in=b£nz£n£,=chl­°­f­°«=and=­²h£°=­°ganic=±­lv£n²±K

pcandiu«=°£ac²±=µi²h=²h£=IJ=i­n=and=dian²ipy°yl«£²han£=²­=f­°«

a=c­«pl£x=c­«p­und=£x²°ac²abl£=byK=chl­°­f­°«K=qhi±=«ak£±=i²

p­±±ibl£=²­=±£pa°a²£=±candiu«=f°­«=²h£=acc­«panying=£l£«£n²±=[5}K
^liza°in£,=«­°ih,=and=au°in²°ica°b­xylicacid=°£ac²=µi²h=²h£

p£**=i­n=a±:=µi²h=^}**K=|

Quinaliza°iné,=°£ac²p=µi²h=²h£=pc=i­n=andJal±­=µi²h=²h£=i­n±=­f

B£,=jg=and=lan²hanid£±,=²­=f­°«=blu£=c­«p­und±K=pcandiu«=quinaJ

liza°ina²£=diff£°±=f°­«=²h£=c­°°£±p­nding=c­«p­und±=­f=b£°ylliu«,
and=«agn£±iu«=in=²ha²=i²=can=b£=±£pa°a²£d=quan²i²a²iv£ly=f°­«=²h£

aqu£­u±=pha±£=µi²h=£²hyl=ac£²a²£=­°=i±­a«y]=alc­h­lK=Quinaliza°in£

i±=u±£d=f­°=²h£=d£²£c²i­n=­f=±candiu«K

pchiff=ba±£=°£ac²±=µi²h=²h£=±candiu«=i­n=in=a=n£u²°al=­°=a=µ£ak
ac£²ic=acid=±­lu²i­n=²­=f­°«=a=y£ll­µ=±­lu²i­n=­°=a=b°igh²=y£ll­µ

p°£cipi²a²£={6]K=In=­°d£°=²­=d£²£c²=²h£=±candiu«=i­n,=i²=i±=n­²=°£c­«J

«£nd£d=²­=u±£=a=c­««£°cial=°£ag£n²,=±inc£=i²=i±=­nly=±pa°ingly=±­lubl£K=K

In±²£ad,=i²=i±=°£c­««£nd£d=²­=p°£pa°£=²h£=°£ag£n²=by=adding=±aliJ

cylic=ald£hyd£=and=²h£a=­Ja«in­ph£nyla°±­nic=acid=²­=²h£=±a«pl£

±­lu²i­nK=qh£=li«i²=­f=d£²£c²i­n=i±=1=jig=­f=pc=in=1=«l=­f=±­lu²i­n

(li«i²=dilu²i­n= 1=:10°)K=qh£=i­n±=­f=^l,=v,=lan²hanid£±,=In,=and=qI’,

and=al±­=²h£=i­n±=­f=dival£n²=£l£«£n²±=d­=n­²=in²£°f£°£=µi²h=²h£
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d£²£°«ina²i­n=­f=±candiu«K=qh£=galliu«=i­n=f­°«±=a=y£ll­µ=p°£J
cipi²a²£K=qh£=i­n±=­f=qi,=Z°,=Nb,=qh,=U>v,=Hf,=pn>¥,=qa,=pb,=Bi,
F£lll,=sv,=and=Pd>>=in²£°f£°£K

^°±£naz­=III=i±=u±£d=f­°=²h£=ph­²­«£²°ic=d£²£°«ina²i­n=­f=0K00$J%K1
p£°=c£n²=­f=±candiu«=in=alu«­±ilica²£±,=c­al=a±h,=and=ca±±y²£°i²£±

af²£°=i²±=i±­la²i­n=and=c­nc£n²°a²i­n=[7]K
D£°iva²iv£±=­f=O,3,7J²°ihyd°­xyJ6Jflu­°­n£=°£ac²=µi²h=²h£=±candiu«

i­n=²­=f­°«=c­l­u°£d=c­«p­und±K=qh£=«­±²=±£n±i²iv£=d£°iva²iv£=i±

VJp°­pylJO,3,7J²°ihyd°­xyJ6Jflu­°­n£=[8]K=qhi±=°£ag£n²=f­°«±=a=°£d
c­«p­und=µi²h=±candiu«=a²=pH=3J7K=qh£=°£d=p°£cipi²a²£=i±=f­°«£d
a²=a=°£la²iv£ly=high=c­nc£n²°a²i­n=­f=²h£=±candiu«=i­nK=G£la²in£

±²abiliz£±=c­ll­idal=±­lu²i­n±=­f=²hi±=c­«p­undK=W£ak=acid=±­lu²i­n±

­f=²h£=°£ag£n²=a°£=y£ll­µ=µi²h=y£ll­µi±hJg°££n=flu­°£±c£nc£K=qh£
­p²i«u«=pH=a²=µhich=²h£=c­l­u°£d=±candiu«=c­«p­und=i±=f­°«£d
i±=5K6K=qh£=ab±­°p²i­n=­f=²h£=°£ag£n²=±­lu²i­n=inc°£a±£±=a²=pH=6K

I²±=«axi«u«=ab±­°p²i­n=i±=a²= 80=n«,=µhil£=­f=²h£=±candiu«=c­«J

p­und,=a²=510=n«K=qh£=°£ag£n²=°£ac²±=µi²h=²h£=±candiu«=i­n=in

²h£=°a²i­=­f=1:1K=|

pulph­naz­=[V],=chl­°­ph­±ph­naz­=III=[10,=11],=xyl£n£=­°ang£

[1O,=13],=a°±£naz­=I=[1 ]=and=O, J±ulph­chl­°­ph£n­l=P=[15]=°£ac²

µi²h=²h£=±candiu«=i­n=²­=giv£=c­l­u°£d=c­«p­und±=and=a°£=²h£°£f­°£

u±£d=f­°=i²±=ph­²­«£²°ic=d£²£°«ina²i­nK

pcandiu«=can=b£=d£²£°«in£d=quan²i²a²iv£ly=by=²h£=£«i±±i­n

±p£c²°al=and=XJ°ay=±p£c²°al=analv±i±K

pELECqIsE=EXqR^CqION=^ND=COjPLEXOjEqRIC

qIqR^qION=OF=pC^NDIUj

qh£=±candiu«=i­n=°£ac²±=iK=a=«­d£°a²£ly=acid=«£diu«=µi²h

dian²ipy°yl«£²han£=in=²h£=p°£±£nc£=­f=²h£=i­did£=i­n=²­=f­°«=a=«ix£d

c­«pl£x,=µhich=i±=°£adily=±­lubl£=in=chl­°­f­°«=and=dichl­°­£²han£K

In=²h£±£=c­ndi²i­n±,=²h£=lan²hanid£±=and=al±­=F£,=C°,=jn,=jg,=Ba,

Ca,=C­,=Ni,=and=^±=d­=n­²=f­°«=c­«p­und±=±­lubl£=in=chl­°­f­°«=­°

dichl­°c£²han£=and=d­=n­²=in²£°f£°£=µi²h=²h£=d£²£°«ina²i­n=­f

±candiu«K=qh£=i­n±=­f=Hf>=and=Z°>¥=°£ac²=lik£=±candiu«=bu²=²h£y

can=b£=£a±ily=«a±k£d=µi²h=EDq^K=pa²i±fac²­°y=°£±ul²±=hav£=b££n

­b²ain£d=µi²h=lib£°a²i­n=­f=8=«g=­f=±candiu«=f°­«=a=±­lu²i­n=c­nJ

²aining=1=g=­f=^l,=C°,=C­,=jn,=F£,=v,=La,=B£,=Ni=­°=jg,=0K1=g=­f=C£,

Ba,=qi=and=lan²hanid£±,=and=0KO=g=­f=Hf=­°=Z°=Cd,=In,=Hg,=Bi=and
pb=f­°«=±²abl£=i­did£=c­«pl£x=ani­n±=and=in²£°f£°£K

pcandiu«=i±=°£J£x²°ac²£d=by=a««­nia=±­lu²i­n=­f=EDq^=and=²h£

p°­c£du°£=£nd±=c­«pl£x­«£²°icallyK

R£a=g£n²±

P­²a±±iu«=i­did£,=c°y±²allin£K

^±c­°bic=acid,=c°y±²allin£K

Chl­°­f­°«K

Dian²ipy°yl«£²han£K
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EDq^,=0KO=j=and=0K0O5=j=±­lu²i­n±K
Zinc=±ulpha²£,=0K0O5=j=±­lu²i­nKK
^««­nia,=O5=p£°=c£n²=±­lu²i­nK
Indica²­°=«iz²u°£=(£°i­ch°­«£=black=EqOO=and=±­diu«=chl­°id£,= :=100)K
Buff£°=±­lu²i­n,=pH=10K=jix=a««­nia=µi²h=NH,Cl=±­lu²i­nK

P°­c£du°£

I±­la²i­n=­f=pcandiu«=by=Ex²°ac²i­nK=q°an±f£°=quan²i²a²iv£ly=²h£

±­lu²i­n=c­n²aining=OJ30=«g=­f=pc=(0K75J1KO5=N=µi²h=°£±p£c²=²­

HCl)=in²­=a=60J«1=±£pa°a²ing=funn£l,=and=add=O=g=­f=p­²a±±iu«=i­did£,

0KO=g=­f=a±c­°bic=acid=(²­=p°£clud£=­xida²i­n=­f=²h£=i­did£=i­n),

15=«l=­f=chl­°­f­°«=and=OK5=g=­f=dian²ipy°yl«£²han£K=qh£=²­²al

v­lu«£=­f=²h£=aqu£­u±=pha±£=±h­uld=b£=15J30=«lK=phak£=²h£=«ix²u°£

­n=a=«£chanical=±hak£°=f­°=15JO0=«inu²£±,=a>l­µ=²h£=pha±£±=²­=±£pa°a²£

and=²°an±f£°=²h£=chl­°­f­°«=lay£°=in²­=an­²h£°=±£pa°a²ing=funn£lK

R£p£a²=²h£=£x²°ac²i­n=in=²h£=fi°±²=funn£l=µi²h=15=«l=­f=chl­°­f­°«

and=1JOK5=g=­f=dian²ipy°yl«£²han£K=Wa±h=²h£=aqu£­u±=pha±£=­f=²h£

±£c­nd=£x²°ac²i­n=µi²h=10=«l=­f=chl­°­f­°«,=j­in=²h£=chl­°­f­°«
£x²°ac²±=and=pa±±=²h£«=²h°­ugh=a=d°y=pap£°=fil²£°=in²­=a=±£pa°a²ing

funn£lK=

N­²£K=If=²h£=±­lu²i­n=c­n²ain±=n­²=«­°£=²han=50=«g=­f=zi°c­niu«=­°=hafniu«,
add=3J =«l=­f=a=0KO=j=EDq^=±­lu²i­n=²­=«a±k=²h£«K=phak£=²h£=«ix²u°£=f­°
a=±h­°²=²i«£=and=£x²°ac²=±candiu«K

C­«pl£x­«£²°ic=D£²£°«ina²i­n=­f=pcandiu«K=^dd= 0=«l=­f=a=0K0O5=j

±­lu²i­n=­f=EDq^=²­=²h£=chl­°­f­°«=£x²°ac²=in=²h£=±£pa°a²ing=funJ

n£lK=qh£n=add=3=«l=­f=a««­nia=±­lu²i­n=and=±hak£=f­°=15JO0=«inu²£±K
p£pa°a²£=²h£=chl­°­f­°«=lay£°=and=µa±h=µi²h=µa²£°K=^dd=²h£=µa±hing±

²­=²h£=fil²°a²£,=²h£n=add=15=«l=­f=²h£=buff£°=±­lu²i­n=µi²h=pH=10,

and=²h£=indica²­°=«ix²u°£=(­n=²h£=²ip=­f=²h£=±pa²ula),=and=²i²°a²£

£xc£±±=EDq^=µi²h=zinc=±ulpha²£=un²il=²h£=blu£=±­lu²i­n=²u°n±

vin£J°£dK=,

1=«l=­f=a=0K0O50=j=±­lu²i­n=­f=EDq^=i±=£quival£n²=²­=1K1O =«g

­f=±candiu«,

GR^sIjEqRIC=DEqERjIN^qION=OF=pC^NDIUj
IN=qHE=PREpENCE=OF=ZIRCONIUj=WIqH

BENZENEpELENINIC=^CID

B£nz£n£±£l£ninic=acid=and=i²±=a««­niu«=±al²=p°£cipi²a²£=±candiu«

f°­«=n£u²°al=and=µ£ak=acid=±­lu²i­n±=in=²h£=f­°«=­f=a=µhi²£=c°y±J

²allin£=c­«p­und=°£adily=±­lubl£=in=«in£°al=acid±K=Wh£n=d°i£d=a²

105J1O0°C,=i²±=c­«p­±i²i­n=i±=(C,H,p£O,),pcK=qh£=±candiu«=c­n²£n²

i±=7K38=p£°=c£n²K=qh£=c­nv£°±i­n=fac²­°=f­°=±candiu«=i±=0K0738,

^««­nia=d£±²°­y±=²h£=c­«p­und=²­=f­°«=±candiu«=hyd°­xid£K

Wh£n=h£a²£d=²­=600°C,=i²=i±=fully=c­nv£°²£d=in²­=±candiu«=­xid£K
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Zi°c­niu«=f­°«±=a=±i«ila°=c­«p­und=µi²h=b£nz£n£±£l£ninic=acid
bu²=in=a=«­°£=acid=«£diu«K=Du°ing=²h£=d£²£°«ina²i­n,=zi°c­niu«=i±

fi°±²=p°£cipi²a²£d;=±candiu«=i±=²h£n=p°£cipi²a²£d=f°­«=²h£=fil²°a²£K
qh£=«£²h­d=£n±u°£±=±a²i±fac²­°y=°£±ul²±=µi²h=²h£=pc:=Z°=°a²i­=­f

K:10=and=l£±±K=qh£=li«i²=­f=d£²£c²i­n=i±=5=pg/«l=­f=pcK

R£ag£n²±

B£nz£n£±£l£ninic=acid,=O0=p£°=c£n²=and=UK­=p£°=c£n²=±ulu²i­n±K
Hyd°­chl­°ic=acid,=1=N=±­lu²i­nK

^««­nia,=±­lu²i­n=dilu²£d=1:=1K
j£²hyl=­°ang£,=indica²­°=±­lu²i­nK

P°­c£du°£

D£²£°«ina²i­n=­f=pcandiu«=in=p­lu²i­n=­f=Pu°£=pal²K=Dilu²£=²h£
±­lu²i­n=c­n²aining=0K1J3=«g=­f=±candiu«=µi²h=µa²£°=²­=«ak£=50=«l
in=a=100J«1=b£ak£°,=h£a²=­n=a=µa²£°=ba²h,=and=add=a=d°­p=­f=«£²hyl

­°ang£K=N£u²°aliz£=²h£=±­lu²i­n=µi²h=a««­nia=un²il=²h£=indica²­°
c­l­u°=chang£±K=^dd=5=«l=­f=a=O0=p£°=c£n²=±­lu²i­n=­f=a««­niu«

b£nz£n£±£l£nina²£=²­=²h£=h­²=±­lu²i­n=and=c­­l=²­=°­­«=²£«p£°a²u°£K

p£pa°a²£=²h£=p°£cipi²a²£=in=a=gla±±=«ic°­c°ucibl£=µi²h=a=p­°­u±

b­²²­«=N­K= ,=µa±h=µi²h=10J15=«l=­f=d­ubl£Jdi±²ill£d=µa²£°=and

µi²h=²h£=±a«£=quan²i²y=­f=£²hyl=alc­h­l,=d°y=a²=105°C=f­°=O0=«inu²£±

and=µ£ighK

D£²£°«ina²i­n=­f=pcandiu«=in=²h£=P°£±£nc£=­f=Zi°c­niu«K=^dd

hyd°­chl­°ic=acid=²­=²h£=±­lu²i­n=c­n²aining=0K1J3=«g=­f=±candiu«

and=n­²=«­°£=²han=10Jf­ld=quan²i²y=­f=zi°c­niu«=²­=«ak£=50=«l

and=h£a²K=q­=p°£cipi²a²£=zi°c­niu«,=add=5=«l=­f=a=O0=p£°=c£n²=±­luJ

²i­n=­f=a««­niu«=b£nz£n£±£l£nina²£,=²h£n=c­­l,=±£pa°a²£=²h£=p°£J

cipi²a²£=­n=a=blu£=°ibb­n=fil²£°,=and=µa±h=²h­°­ughly=µi²h=a=0K5=p£°

c£n²=±­lu²i­n=­f=a««­niu«=b£nz£n£±£l£nina²£K=Evap­°a²£=²h£

fil²°a²£=c­n²aining=±candiu«=­n=a=µa²£°=ba²h=²­=50=«l=and=d£²£°«in£

±candiu«=a±=d£±c°ib£d=ab­v£K

PHOqOjEqRIC=DEqERjIN^qION=OF=pC^NDIUj=WIqH=pULPHON^ZO

IN=qHE=PREpENCE=OF=R^RE=E^RqHp

pulph­naz­,=­°=bi±{J3=(8Ja«in­J1Jhyd°­xyJ3,6Jdi±ul=ph­JOJnaph²hyJ

laz­)|J Jhyd°­xyph£nyl=±ulph­n£,=i±=a=highly=±£n±i²iv£=and=±£l£c²iv£

°£ag£n²=f­°=²h£=±candiu«=i­nK=I²±=vi­l£²Jpink=±­lu²i­n±=²u°n=vi­l£²

­°=blu£Jvi­l£²=µh£n=±candiu«=±al²±=a°£=add£dK=qh£=n£µ=c­l­u°=p£°±i±²±

f­°=«any=h­u°±K=qh£=ab±­°p²i­n=­f=²h£=±­lu²i­n±=­b£y±=²h£=B­ugu£°J

La«b£°²JB££°=laµ=f­°=²h£=c­nc£n²°a²i­n±=­f=±candiu«=in=²h£=°ang£

­f=5J80=µg=in=O5=«l=­f=±­lu²i­nK=qh£=ab±­°p²i­n=«axi«u«=i±=a²

610J6O0=n«K=qh£=°£ac²i­n=±h­uld=b£=ca°°i£d=­u²=a²=pH= K0J5K0=(u°­J

²°­pin£=buff£°=±­lu²i­n)K=If=²h£=ac£²a²£=buff£°=±­lu²i­n=i±=u±£d=(pH

(5K0J5K5)=²h£=f­°«a²i­n=­f=²h£=c­«pl£x=i±=±ligh²ly=±l­µ£d=d­µn=bu²

²h£=±£l£c²ivi²y=­f=²h£=°£ag£n²=inc°£a±£±K
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qh£=li«i²=­f=d£²£°«ina²i­n=i±=0K00 =pg=­f=±candiu«=in=1=«lK

qh£=i­n±=­f=²h£=alkalin£,=alkalin£=£a°²h=«£²al±,=lan²hanid£±,

jn,=ql,=B£,=C°¥>,=Cd,=Pb,=G£,=j­,=and=R£=d­=n­²:in²£°f£°£=µi²h

²h£=d£²£°«ina²i­nK=qh£=i­n±=­f=F£>>>,=qi,=Z°=and=­f=±­«£=­²h£°=£l£J

«£n²±,=µhich=a°£=hyd°­liz£d=in=²h£=c­ndi²i­n±=­f=²h£=d£²£°«ina²i­n,
±h­uld=b£=°£«­v£dK=qh£=i­n±=­f=‘sv,=C­,=and=Ga=µhich=f­°«=in²£n±£J
ly=c­l­u°£d=c­«p­und±=µi²h=±ulph­naz­,=and=al±­=²h£=i­n=­f=^u>>,

µhich=d£c­l­u°iz£±=²h£=°£ag£n²,=in²£°f£°£K=qh£=i­n±=­f=In,=Cu,=Uv>,

Ni,=^l,=Zn=and=al±­=ph­±pha²£,=ci²°a²£,=and=²a°²°a²£=i­n±=±h­uld=b£

ab±£n²K

qh£=«£²h­d=i±=applicabl£=²­=²h£=d£²£°«ina²i­n=­f=±candiu«=in

±ilica²£=°­ck=and=c­al=a±h=af²£°=i±­la²i­n=­f=±candiu«=by=²h£=²a°²°a²£K

«£²h­dK

R£ag£n²±

pcandiu«=±al²,=±²anda°d=±­lu²i­nK=1=«l=i±=£quival£n²=²­=10=pg=­f=pcK

pulph­naz­,=0K03=p£°=c£n²=±­lu²i­nK
Buff£°=«iz²u°£K=Di±±­lv£=8KO=g=­f=±­diu«=ac£²a²£=in=µa²£°,=add=100=g=­f=u°­²°­J
pin£,=«ix,=and=fil²£°=if=n£c£±±a°yK=^cidify=µi²h=hyd°­chl­°ic=acid=²­=adju±²
²h£=pH=²­=5K0J5KO=and=add=µa²£°=²­=1=li²°£K

C­n±²°uc²ing=a=Calib°a²i­n=Cu°v£

Plac£=1,=O,=3,= =and=5=«l=­f=²h£=±²anda°d=±­lu²i­n=­f=±candiu«=±al²=in²­=O5J«l
v­lu«£²°ic=fla±k±=and=add=3=«i=­f=±ulph­naz­=and=5=«i=­f=buff£°=«ix²u°£=in=£ach
fla±kK=^dd=µa²£°=²­=²h£=«a°k=and=all­µ=²h£=±­lu²i­n±=²­=±²and=f­°=10J15=«inu²£±K
j£a±u°£=²h£=ab±­°p²i­n=­f=²h£=±­lu²i­n±=u±ing=a=blank=±­lu²i­n=a±=²h£=±²anda°dK
C­n±²°uc²=²h£=calib°a²i­n=cu°v£=u±ing=²h£=da²a=­b²ain£dK

P°­c£du°£

^dd=²h£=°£qui±i²£=°£ag£n²±=in²­=²h£=±­lu²i­n=a±=f­°=²h£=c­n±²°uc²i­n

­f=²h£=calib°a²i­n=cu°v£,=«£a±u°£=²h£=ab±­°p²i­n=­f=²h£=±­lu²i­n,

and=d£²£°«in£=²h£=±candiu«=c­n²£n²=f°­«=²h£=calib°a²i­n=cu°v£K

PHOqOjEqRIC=DEqERjIN^qION=OF=pC^NDIUj

IN=WOLFR^jIqE=WIqH=CHLOROPHOpPHON^ZO=III

Chl­°­ph­±ph­naz­’=III,={O,7Jbi±[( Jchl­°­JOJph­±phinic’=acid

ph£nylJaz­)J1=,8Jdihyd°­xynaph²hal£n£J3,6Jdi±ulph­nic=acid]}=°£ac²±

µi²h=²h£=±candiu«=i­n=²­=f­°«=a=±p£cifically=c­l­u°£d=c­«p­undK

If=²h£=c­nc£n²°a²i­n=­f=±candiu«=i±=high,=a=p°£cipi²a²£=fall±=­u²K

qh£=c­l­u°=d£v£l­p±=al«­±²=in±²an²an£­u±ly=and=p£°±i±²±=f­°=O
h­u°±K=qh£=ab±­°p²i­n=«axi«u«=i±=a²=6 0=and=6V0=n«K=qh£=­p²i«u«

°ang£=­f=pH=i±=f°­«=O=²­= K=K

qh£=li«i²=­f=±candiu«=d£²£°«ina²i­n=i±=0K1J0KO=ug=in=1=«lK

qh£=°£ag£n²=°£ac²±=µi²h=²h£=i­n±=­f=qh,=Z°,=qi,=Nb,=qa,=U=and

lan²hanid£±K=qh£=in²£°f£°ing=£ff£c²=­f=qi,=Z°,=F£=and=^l=can=b£=c­nJ

±id£°ably=°£duc£d=by=adding=²a°²a°ic=acidK=qh£=flu­°id£,=­xala²£,

£²hyl£n£dia«in£²£²°aac£²a²£=and=ph­±pha²£=i­n±=in²£°f£°£=µi²h
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²h£=d£²£°«ina²i­nK=qh£=ni²°a²£=and=±ulpha²£=i­n±,=a±=µ£ll=a±=a=O0=000J
f­ld=quan²i²y=­f=²h£=²a°²°a²£=i­n=(pH=OJOK5)=can=b£=p°£±£n²=in=±­lu²i­nK

qh£=«£²h­d=can=b£=u±£d=f­°=²h£=d£²£°«ina²i­n=­f=±candiu«=in

µ­lf°a«i²£=af²£°=d£c­«p­±i²i­n=­f=²h£=±a«pl£=by=fu±i­n=µi²h=±­diu«

ca°b­na²£,=²°£a²«£n²=­f=²h£=°£±idu£=µi²h=±ulphu°ic=acid=and=£x²°acJ
²i­n=­f=±candiu«=a±=i²±=²hi­cyanid£=µi²h=£²hyl=£²h£°K=qh£=£l£«£n²±

Kµhich=can=b£=c­«pl£²£ly=­°=pa°²ly=£x²°ac²£d=µi²h=£²h£°=d­=n­²
in²£°f£°£=µi²h=±ub±£qu£n²=d£²£°«ina²i­nK

R£ag£n²±

p­diu«=ca°b­na²£,=c°y±²allin£=and=1=p£°=c£n²=±­lu²i­nK

pulphu°ic=acid,=d£n±i²y=1K8 =g/cuKc«K
F­°«ald£hyd£K

^««­nia,=O5=p£°=c£n²=±­lu²i­nK
Hyd°­chl­°ic=acid,=0K1 =and=1=N=±­lu²i­n±,=and=dilu²£d=1:=1 K
^««­niu«=²hi­cyanid£,=c°y±²allin£K

^±c­°bic=acid,=c°y±²allin£K
E²hyl=£²h£°K

Ni²°ic=acid,=d£n±i²y=1K =g/cuKc«K
^c£²a²£=buff£°,=pH=OK5K
qa°²a°ic=acid,=10=p£°=c£n²=±­lu²i­n=(n£u²°aliz£d=µi²h=±­diu«=hyd°­xid£=²­=pH=OK5)K

Chl­°­ph­±ph­naz­=III,=0K05=p£°=c£n²=±­lu²i­nK
pcandiu«=chl­°id£,=±²anda°d=±­lu²i­nK=1=«l=i±=£quival£n²=²­=5=p£=­f=±candiu«,

C­n±²°uc²ing=a=Calib°a²i­n=Cu°v£

Plac£=²h£=±²anda°d=±­lu²i­n=­f=±candiu«=in²­=O5J«]l=v­lu«£²°ic=fla±k±=in=quan²iJ
²i£±=£quival£n²=²­=5,=10,=15,=O0=and=O5=Hg=­f=pcK=^dd=5=«l=­f=²a°²a°ic=acid,={=«J

­f=chl­°­ph­±ph­naz­=III=and=5=«l=­f=²h£=ac£²a²£=buff£°=in²­=£ach=fla±kK=^dd

µa²£°=²­=²h£=«a°k,=«ix,=and=«£a±u°£=²h£=ab±­°p²i­n=­f=£ach=±­lu²i­n=again±²

a=°£f£°£nc£=±­lu²i­n=c­n²aining=²h£=±a«£=°£ag£n²±=£xc£p²=²h£=±candiu«=±al²K=C­nJ

±²°uc²=²h£=calib°a²i­n=cu°v£=u±ing=²h£=da²a=­b²ain£dK

P°­c£du°£

G°ind=²h­°­ughly=a=±a«pl£=µ£ighing=0K005J0K10=g=and=c­n²aining

f°­«=150=²­=300=pg=­f=±candiu«K=Fu±£=²h£=±a«pl£=in=a=pla²inu«

­°=‘nick£l=c°ucibl£=µi²h=1=g=­f=±­diu«=ca°b­na²£=and=l£ach=µi²h

h­²=µa²£°=in=a=100J«l=b£ak£°K=D£can²=²h£=±­lu²i­n=­n²­=a=blu£=°ibJ

b­n=fil²£°,=µa±h=²h£=p°£cipi²a²£=²µic£=µi²h=±«all=p­°²i­n±=­f=±­diu«

ca°b­na²£,=²°an±f£°=back=in²­=²h£=b£ak£°=by=a=j£²=­f=h­²=µa²£°=f°­«

a=µa±hing=b­²²l£=and=£vap­°a²£=²­=d°yn£±±=­n=a=±and=ba²hK=q°£a²

²h£=d°y=°£±idu£=µi²h=3J5=«l=­f=±ulphu°ic=acid,=h£a²=­n=a=±and=ba²h,

c­­l,=add=µi²h=±²i°°ing=10=«l=­f=µa²£°=and=3J5=d°­p±=­f=f­°«ald£hyd£

²­=°£duc£=«angan£±£,=and=h£a²=²h£=±­lu²i­n=²­=°£«­v£K=£xc£±±

f­°«ald£hyd£K=qh£=±­lu²i­n=b£c­«£±=c­l­u°l£±±K

^dd=µa²£°=²­=O5J30=«l,=fil²£°,=and=add=a««­nia=²­=²h£=fil²°a²£

un²il=²h£=fain²=­d­u°=i±=f£l²K=p£pa°a²£=²h£=hyd°­xid£±=­n=a=µhi²£

°ibb­n=fil²£°=and=di±±­lv£=in=h­²=hyd°­chl­°ic=acid=(1:1)=µi²h=±ubJ

±£qu£n²=µa±hing=²h£=fil²£°=µi²h=1=N=hyd°­chl­°ic=acidK=Evap­°a²£

²h£=hyd°­chl­°ic=acid=±­lu²i­n=­n=a=±and=ba²h=al«­±²=²­=d°yn£±±,

di±±­lv£=²h£=°£±idu£=in=5=«l=­f=0K =N=hyd°­chl­°ic=acid,=²°an±f£°=in²­
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a=O5J30=«l=±£pa°a²ing=funn£l,=add=3=g=­f=a««­niu«=²hi­cyanid£

and=a=f£µ=g°ain±=­f=a±c­°bic=acid=(²­=°£duc£=f£°°ic=i°­n),=and=±hak£

µi²h=10=«l>=­f=£²hy]=£²h£°K=R£p£a²=²h£=£x²°ac²i­n=p°­c£du°£=²µ­

²i«£±,=£ach=²i«£=adding=1=«l=­f=1=N=hyd°­chl­°ic=acidK=J­in=²h£

£²h£°=£x²°ac²±,=acidify=µi²hO=«l=­f=1=N=hyd°­chl­°ic=acid=and=£vap­J

°a²£=²­=d°yn£±±=­n=a=µa²£°=ba²h=in=a=100J«l=b£ak£°K

q°£a²=ca°£fully=²h£=d°y=°£±idu£=µi²h=1=«l=­f=ni²°ic=acid,=c­v£°

µi²h=a=µa²ch=gla±±=and=h£a²=­n=a=µa²£°=ba²h=²­=d£±²°­y=²h£=­°ang£J

°£d=d£c­«p­±i²i­n=p°­duc²±=­f=²hi­cyanic=acidK=Evap­°a²£=²h£=±­luJ

²i­n=al«­±²=²­=d°yn£±±,=di±±­lv£=²h£=°£±idu£=in=5=«l=­f=0K =N=hyd°­J

chl­°ic=acid,=²°an±f£°=²h£=±­lu²i­n=in²­=a=50J«l=v­lu«£²°ic=fla±k,

add=µa²£°=²­=²h£=«a°k=and=±²i°K=U±ing=a=pip£²²£,=²°an±f£°=a=OJ =«l

aliqu­²=­f=²h£=±­lu²i­n=in²­=a=O5J«l=v­lu«£²°ic=fla±k,=and=add=²h£

°£ag£n²±=a±=d£±c°ib£d=f­°=²h£=c­n±²°uc²i­n=­f=²h£=calib°a²i­n=cu°v£K

D£²£°«in£=²h£=±candiu«=c­n²£n²=­f=²h£=±­lu²i­n=f°­«=²h£=calib°aJ

²i­n=cu°v£K

PHOqOjEqRIC=DEqERjIN^qION=OF=pC^NDIUj

IN=j^GNEpIUj=^LLOvp=UpING=XvLENOL=OR^NGE

Xyl£n­l=­°ang£=°£ac²±=µi²h=²h£=±candiu«=i­n=in=an=acid=«£diu«

{pH=1K5J5)=²­=f­°«=a=°£dJvi­l£²=±­lubl£=c­«p­undK=Oµn=c­l­u°=­f

²h£=°£ag£n²=in=an=acid=«£diu«=i±=y£ll­µK=^²=pH=high£°=²han=5K5

²h£=c­l­u°=chang£±=²­=°£dJvi­l£²K=qh£=full=c­l­u°=d£v£l­p±=in=²£n

«inu²£±=af²£°=«ixing=²h£=±­lu²i­n,=and=p£°±i±²±=f­°=²µ­=day±K=qh£

ab±­°p²i­n=­f=²h£=±­lu²i­n=­b£y±=²h£=B­ugu£°JLa«b£°²JB££°=laµ

in=a=µid£=°ang£=­f=±candiu«=c­nc£n²°a²i­n±K

qh£=li«i²=­f=d£²£°«ina²i­n=i±=0K =pg=­f=±candiu«=in=1=«lK

qh£=d£²£°«ina²i­n=i±=ca°°i£d=­u²=a²=pH=1K5K=qh£=i­n±=­f=²h£=alJ

kalin£=£a°²h=£l£«£n²±,=La,=P°,=Nd,=p«,=C£>>>,=v,=Zn,=Cd,=^l,=ja­,
‘and=F£l>=d­=n­²=in²£°f£°£=µi²h=²h£=d£²£°«ina²i­n,=µhil£=Z°,=qh,

In,=Ga=and=Bi,=µhich=f­°«=c­l­u°£d=c­«p­und±=µi²h=²h£=°£ag£n²,
in²£°f£°£K=qh£=i­n±=­f=f£°val£n²=i°­n=and=²£²°aval£n²=c£±iu«=a°£

fi°±²=°£duc£d=by=a±c­°bic=acidK

qh£=«£²h­d=i±=u±£d=²­=d£²£°«in£=±candiu«=in=«agn£±iu«=«£²al

and=«agn£±iu«=all­y±=µi²h­u²=±£pa°a²i­n=­f=²h£i°=c­«p­n£n²±K

R£ag£n²±

pcandiu«=ni²°a²£,=±²anda°d=±­lu²i­nK=1=«l=i±=£quival£n²=²­=10=pg=­f=±candiu«K
Xyl£n­l=­°ang£,=0K05=p£°=c£n²=±­lu²i­nK
Buff£°=±­lu²i­n,=pH=1K5K=jix=O63=«l=­f=0KO=N=hyd°­chl­°ic=acid=µi²h=500=«l=­f
0KO=N=p­²a±±iu«=chl­°id£=±­lu²i­nK
p­diu«=ac£²a²£,=50=p£°=c£n²=±­lu²i­nK
^±c­°bic=acid,=O=p£°=c£n²=±­lu²i­n=p°£pa°£d=f­°=²h£=²£±²K
Hyd°­chl­°ic=acid,=dilu²£d=1:=1K

C­n±²°uc²ing=a=Calib°a²i­n=Cu°v£

Plac£=²h£=±²anda°d=±­lu²i­n=­f=a=±candiu«=±al²=in²­=fiv£=50J«l=v­lu«£²°ic=fla±k±
in=quan²i²i£±=£quival£n²=²­=10,=O0,=30,= 0=and=50=pg=­f=±candiu«K=^dd=5=«l=­f
²h£=buff£°=±­lu²i­n,=5=«l=­f=xyl£n£=­°ang£=±­lu²i­n,=and=µa²£°=²­=²h£=«a°kK
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In=O0=«inu²£±,=«£a±u°£=²h£=ab±­°p²i­n=­f=²h£=±­lu²i­n±=­n=an=ab±­°p²i­«£²£°
µi²h=a=g°££n=fil²£°=u±ing= =blank=±­lu²i­n=a±=²h£=±²anda°dK=C­n±²°uc²=²h£=calib°aJ
²i­n=cu°v£=u±ing=²h£=da²a=­b²ain£dK

P°­c£du°£

Di±±­lv£=a=±a«pl£=­f=all­y=µ£ighing=1=g=(c­n²aining=f°­«=0K00O

²­=0K005=p£°=c£n²=­f=±candiu«)=in=10JO0=«l=­f=hyd°­chl­°ic=acid=in

a=100J«l=b£ak£°K=Evap­°a²£=²h£=±­lu²i­n=²­=10=«l,=²°an±f£°=²h£

°£±idu£=quan²i²a²iv£ly=in²­=a=50J«l=v­lu«£²°ic=fla±k,=°in±£=²h£

fla±k=µall±=µi²h=±«all=p­°²i­n±=­f=µa²£°,=add=5=«l=­f=a±c­°bic=acid

±­lu²i­n,=±­diu«=ac£²a²£=±­lu²i­n=un²il=c­ng­=pap£°=²u°n±=lilac,

5=«l=­f=²h£=buff£°=±­lu²i­n=and=5=«l>=­f=xyl£n£=­°ang£=±­lu²i­nK=FinalJ
ly,=add=µa²£°=²­=²h£=«a°kK=^ll­µ=²h£=±­lu²i­n=²­=±²and=f­°=O0=«inu²£±

and=«£a±u°£=i²±=ab±­°p²i­n=a±=f­°=²h£=c­n±²°uc²i­n=­f=²h£=calib°a²i­n

cu°v£K=D£²£°«in£=²h£=±candiu«=c­n²£n²=f°­«=²h£=calib°a²i­n=cu°v£K

N­²£K=If=²h£=±candiu«=c­n²£n²=i±=­v£°=0K005=p£°=c£n²,=d£c°£a±£=²h£=±iz£=­f
h£=±a«pl£K=D£²£°«in£=±candiu«=in=an=aliqu­²=c­n²aining=O0J 0=yg=­f=±candiu«K

PHOqOjEqRIC=DEqERjIN^qION=OF=pC^NDIUj

WIqH=^RpEN^ZO=I

^°±£naz­=I=°£ac²±=µi²h=²h£=±candiu«=i­n=in=a=µ£ak=acid=«£diu«

²­=f­°«=a=±­lubl£=c­«p­und=µi²h=²h£=ab±­°p²i­n=«axi«u«=a²=570=n«
(a±=«£a±u°£d=again±²=²h£=°£ag£n²=±­lu²i­n)=and=²h£=«­la°=£x²inc²i­n

c­£ffici£n²=­f=1K7=x=10*K=qh£=­p²i«u«=pH=i±=6K1J6K3=(ac£²a²£=buff£°

±­lu²i­n),=²h£=°£ag£n²=c­nc£n²°a²i­n,=OJ5=«l=­f=0K1=p£°=c£n²=±­lu²i­n
in=50=«l=­f=±­lu²i­nK=qh£=±£l£c²ivi²y=­f=²h£=°£ac²i­n=i±=l­µK=qh£

i­n±=­f=^l,=C°²>I,=Cu,=F£l>>,=lan²hanid£±,=qh,=qi,=U,=Z°,=FJ,=and

PO?J=in²£°f£°£=µi²h=²h£=d£²£°«ina²i­nK=In=­°d£°=²­=inc°£a±£=±£l£cJ

²ivi²y,=±candiu«=i±=£x²°ac²£d=by=²£n­yl²°iflu­°­ac£²­n£=in=xyl£n£

f°­«=a=±­lu²i­n=µi²h=²h£=pH=1K5,=±£pa°a²ing=±candiu«=f°­«=jg,

Ca,=lan²hanid£±,=Z°,=C­,=F£>>,=^±>II,=jn,=Pb,=v,=Zn,=pOOJ,=FJ,=PO8JK

j­sv>,=qi,=Cu,=^l,=F£>>>=can=b£=±£pa°a²£d=f°­«=±candiu«=by=£x²°acJ

²i­n=µi²h=8Jhyd°­xyquin­lin£=in=chl­°­f­°«K=Uv>=can=b£=±£pa°a²£d

f°­«=±candiu«=by=²h£=ani­nJ£xchang£=p°­c£±±=in=a=«£diu«=­f=8=j

HCl,=and=qh>vin=a=«£diu«=­f=8j=HNO±K=pcandiu«=can=b£=d£²£°J

«in£d=µi²h=a°±£naz­=I=in=²h£=p°£±£nc£=­f=²h­°iu«=in=a=±­lu²i­n

µi²h=²h£=pH=1K7K=qh£=±u««a°y=quan²i²y=­f=²h­°iu«=and=±candiu«

can=b£=d£²£°«in£d=a²=pH=6K1K

R£ag£n²±

pcandiu«=chl­°id£,=±²anda°d=±­lu²i­n,=1=«l=i±=£quival£n²=²­=10=pg=­f=±candiu«,
^°±£naz­=I,=0K1=p£°=c£n²=±­lu²i­nK

^c£²a²£=buff£°=±­lu²i­n,=pH=6K1K=jix=10=«l=­f=1=j=±­lu²i­n=­f=CH,COOH=µi²h
3O0=«l=­f=1=j=±­lu²i­n=­f=CH,;COONaK
q£n­yl²°iflu­°­ac£²­n£=(qq^),=0K5=j=±­lu²i­n=in=xyl£n£K
8JHyd°­zyquin­lin£,=5=p£°=c£n²=±­lu²i­nK=Di±±­lv£=5K0=g=­f=8Jhyd°­xyquin­lin£
in=10=«l=­f=glacial=ac£²ic=acid=and=add=µa²£°=²­=«ak£=100=«lK
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Hyd°­chl­°ic=acid,=d£n±i²y=1K17=g/cuKc«,=O=j,=6=j,=Oj,0K5=j,=0K1=j,=and
0K03=j=±­lu²i­n±K=|=)
^««­nia,=0K1=j=±­lu²i­nK

Xyl£n£K

P£°chl­°ic=acid,=70=p£°=c£n²=±­lu²i­nK
Ni²°ic=acid,=d£n±i²y=1K =g/cuKc«=and=8=j=±­lu²i­nK
^««­niu«=ac£²a²£,=3K5=j=±­lu²i­nK

Chl­°­f­°«K

D­µ£z=I=i­nJ£xchang£=°£±in=in=ClJ=and=NO,Jf­°«±K

C­n±²°uc²ing=a=Calib°a²i­n=Cu°v£

Plac£= ,=O,=3,= =and=5=«l=­f=pcCl,=±²anda°d=±­lu²i­n=in²­=O5J«>=v­lu«£²°ic=fla±k±,
add=1K0=«l=­f=0K =j=HCl=±­lu²i­n,=O=«l=­f=a°±£naz­=I=±­lu²i­n,=OK5=«l=­f=²h£=ac£J
²a²£=buff£°=and=1K0=«>=­f=a««­nia=±­lu²i­n=in²­=£ach=fla±k=and=²h£n=add=µa²£°

²­=²h£=«a°kK=qh£=pH=­f=²h£=±­lu²i­n=±h­uld=b£=6K J6K3K=j£a±u°£=²h£=ab±­°p²i­n
­f=²h£=±­lu²i­n±=a²=570=n«=in=a=c£ll=µi²h=a=pa²h=l£ng²h=­f=1=c«,=u±ing=a=blank
±­lu²i­n=a±=²h£=±²anda°dK=C­n±²°uc²=²h£=calib°a²i­n=cu°v£=u±ing=²h£=da²a=­b²ain£dK

P°­c£du°£

D£²£°«ining=pcandiu«=af²£°=Ex²°ac²i­n=by=q£n­yl²°iflu­°­ac£²­n£

(qq^)K=Evap­°a²£=a=±­lu²i­n=c­n²aining=10J50=pg=­f=±candiu«=²­

d°yn£±±,=di±±­lv£=²h£=°£±idu£=in=0KV=«l=­f=0K5=j=hyd°­chl­°ic=acid,

add= =«l=­f=µa²£°,=and=²°an±f£°=in²­=a=60J«)=±£pa°a²ing=funn£lK

Wa±h=²h£=b£ak£°=µi²h=²µ­=5J«l=p­°²i­n±=­f=µa²£°K=qh£=±­lu²i­n=pH

±h­uld=b£=1K3J1K7K=^dd=10=«l=­f=qq^=and=±hak£=f­°=5=«inu²£±K=^dd

10=«l=­f=qq^=±­lu²i­n=²­=²h£=aqu£­u±=pha±£=and=±hak£=again=f­°

5=«inu²£±K=J­in=²h£=£x²°ac²±=and=add=10=«l=­f=0K03=j=hyd°­chl­°ic

acidK=phak£=f­°=²£n=±£c­nd±,=di±ca°d=²h£=aqu£­u±=pha±£,=add=O0=«l

­f=O=j=hyd°­chl­°ic=acid=±­lu²i­n=in²­=²h£=funn£l=and=±hak£=f­°
D=«inu²£±K=q°an±f£°=²h£=aqu£­u±=pha±£=in²­=an­²h£°=±£pa°a²ing=funJ

n£l,=±hak£=µi²h=10=«l=­f=xyl£n£=f­°=10=±£c­nd±,=²°an±f£°=²h£=aqu£­u±

pha±£=in²­=a=b£ak£°=and=£vap­°a²£=²­=d°yn£±±K=^dd=1=«l=­f=p£°chJ
l­°ic=acid=and=O=«}=­f=HNOg,=d£n±i²y=1K =g/cuKc«,=²­=²h£=°£±idu£

and=£vap­°a²£=²­=d°yn£±±K=Rin±£=²h£=b£ak£°=µall±=µi²h=²h£=«ini«u«
­f=µa²£°=and=£vap­°a²£=²h£=±­lu²i­n=²­=d°yn£±±K=Di±±­lv£=²h£=°£±idu£

in=1K0=«l=­f=a=0K =j=±­lu²i­n=­f=HCl=and=p°­c£d£=a±=f­°=²h£=c­n±²°ucJ

²i­n=­f=²h£=calib°a²i­n=cu°v£K=«

D£²£°«ining=pcandiu«=af²£°=Ex²°ac²i­n=­f=8JHyd°­zyquin­lina²£±K

^dd=1K0=«l=­f=8Jquin­lin­l=±­lu²i­n,=1K0=«l=­f=a««­niu«=ac£²a²£

±­lu²i­n=and=3=«l=­f=µa²£°=²­=10=«l=­f=²h£=±­lu²i­n=c­n²aining=10J

50=pg=­f=±candiu«=(²h£=pH=OJ3)K=qh£=pH=­f=²h£=«ix²u°£=±h­uld=b£

K5J K7K=N­µ=add=O0=«l=­f=chl­°­f­°«=and=±hak£=f­°=­ff£=«inu²£K

p£pa°a²£=²h£=pha±£±=and=add=0K3=«1=­f=8Jquin­lin­l=±­lu²i­n=and

O0=«l=­f=chl­°­f­°«=²­=²h£=aqu£­u±=pha±£=and=±hak£=f­°=­n£=«inu²£K

p£pa°a²£=²h£=pha±£±,=and=add=an­²h£°=0K3J«l=p­°²i­n=­f=8Jquin­lin­l

and=O0=«l=­f=chl­°­f­°«=²­=²h£=aqu£­u±=pha±£K=phak£=again=f­°=­n£

«inu²£,=µa±h=²h£=aqu£­u±=pha±£=µi²h=O0=«l=­f=chl­°­f­°«=f­°=²£n

±£c­nd±,=²°an±f£°=in²­=a=b£ak£°,=and=£vap­°a²£=²­=d°yn£±±K=^dd

3=«l=­f=hyd°­chl­°ic=acid,=d£n±i²y=1K17=g/cuKc«,=1=«l=­f=HNO,

±­lu²i­n,=d£n±i²y=1K =g/cuKc«,=²­=²h£=°£±idu£=in=²h£=b£ak£°,=c­v£°
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i²=µi²h=a=µa²ch=gla±±=and=h£a²=²­=di±±­lv£=²h£=°£±idu£K=Evap­°a²£
²h£=±­lu²i­n=²­=d°yn£±±,=di±±­lv£=²h£=°£±idu£=in=1K0=«l=­f=a=0K1 =j
±­lu²i­n=­f=hyd°­chl­°ic=acid=and=p°­c££d:a±=d£±c°ib£d=f­°=²h£=c­nJ

±²°uc²i­n=­f=²h£=calib°a²i­n=cu°v£K

D£²£°«ining=pcandiu«=in=²h£=P°£±£nc£=­f=U°aniu«=(sJ)K=Evap­°a²£
²h£=±­lu²i­n=c­n²aining=f°­«=10=²­=50=pg=­f=±candiu«=in=a=b£ak£°
²­=d°yn£±±K=Di±±­lv£=²h£=°£±idu£=in=10=«l=­f=8=j=hyd°­chl­°ic=acid
and=pa±±=²h£=±­lu²i­n=²h°­ugh=a=c­lu«n=pack£d=µi²h=a=±²°­ngly
ba±ic=ani­nJ£xchang£=°£±in=D­µ£x=J=in=²h£=ClJf­°«=a²=a=°a²£=­f
O=«l/«inK=Rin±£=²h£=b£ak£°=and=²h£=c­lu«n=f­u°=²i«£±=µi²h= 0J«l
p­°²i­n±=­f=8=j=hyd°­chl­°ic=acid;=c­ll£c²=²h£=£lua²£=in=a=100J«l
b£ak£°=and=£vap­°a²£=²­=d°yn£±±K=^dd=1K0=«l=­f=0K1 =j=hyd°­chl­°ic
acid=²­=²h£=°£±idu£=and=p°­c££d=a±=f­°=²h£=c­n±²°uc²i­n=­f=²h£=calib°aJ
²i­n=cu°v£K

N­²£K=In=a=«£diu«=­f=1O=j=hyd°­chl­°ic=acid,=±candiu«=can=b£=±£pa°a²£d

f°­«=j­},=µl,=F£ll²,=Ru²,=O±>¥,=C­,=I°ls,=Pall,=P°y,=Cu,=^ull>=Zn,=Cd,
H£ll,=Ga,=In,=qyi°=G£l,=pyllK=IsK=^±III=pbi²K=svK=BillK

D£²£°«ining=pcandiu«K=in=²h£=P°£±£nc£=­f=qh­°iu«K=Evap­°a²£
²h£=±­lu²i­n=c­n²aining=10J50=yg=­f=±candiu«=²­=d°yn£±±K=Di±±­lv£

²h£=°£±idu£=ina=b£ak£°Kin=10=«l=­f=8=j=ni²°ic=acid=and=pa±±=²h°­ugh

a=c­lu«n=pack£d=µi²h=D­µ£x=I=ani­nJ£xchang£°=in=²h£=NO,Jf­°«

a²=a=°a²£=­f=O=«l/«inK=Wa±h=²h£=c­lu«n=µi²h=f­u°=10J«l=p­°²i­n±
­f=8=j=ni²°ic=acid,=£vap­°a²£=²h£=£lua²£=in=a=b£ak£°=²­=d°yn£±±K=^dd

=«l=­f=6=j=hyd°­chl­°ic=acid=²­=²h£=°£±idu£,=£vap­°a²£=²­=d°yn£±±,

di±±­lv£=²h£=°£±idu£=in=1K0=«1=­f=0K =j=hyd°­chl­°ic=acid=and=d£²£°J

‘«in£=±candiu«=a±=f­°=²h£=c­n±²°uc²i­n=­f=²h£=calib°a²i­n=cu°v£K

N­²£K=O²h£°=­°ganic=°£ag£n²±=can=p°­bably=b£=u±£dK=²­=°£«­v£=²h£=in²£°f£°ing
£ff£c²=­f=²h£=acc­«panying=i­n±=f­°=²h£=ph­²­«£²°ic:=d£²£°«ina²i­n=­f=±candiu«,

EXqR^CqIONJPHOqOjEqRIC=DEqERjIN^qION=OF=pC^NDIUj

IN=PREP^R^qIONp=OF=R^RE=E^RqH=ELEjENqp=WIqH

O, JpULPHOCHLOROPHENOL=P

O, Jpulph­chl­°­ph£n­l=P=°£ac²±=µi²h=²h£=±candiu«=i­n=²­=f­°«

a=°£d=±­lubl£=c­«p­undK=qh£=±­lu²i­n±=ab±­°b=«axi«u«=a²=530=n«;

²h£=°£ag£n²=ab±­°b±=«axi«u«=a²=505=n«K=qh£=c­«p­und=i±=£x²°ac²£d

quan²i²a²iv£ly=in=²h£=p°£±£nc£=­f=diph£nylguanidin£=µi²h=nJbu²yl

alc­h­l,=²h£=pH=­f=²h£=aqu£­u±=«£diu«=h£ing=OK5J3K0K=qh£=f­ll­µJ

ing=£l£«£n²±=d­=n­²=in²£°f£°£=µi²h=²h£=d£²£°«ina²i­n=­f=O=ug=­f

±candiu«:=O5=«g=­f=La,=O0=«g=­f=vb,=and=v,=15=«g=­²=jg,=1OK5=«g

­f=Ca,=1=«g=­f=F£ll,=10=p£=­f=^i=and=1=pg=­f=Uv,=qi=and=qhK=qh£

«£²h­d=i±=±ui²abl£=f­°=²h£=d£²£°«ina²i­n=­f=­v£°=0K0 =p£°=c£n²=­f

±candiu«=in=°a°£=ca°²h=p°£pa°a²i­n±=af²£°=±£pa°a²i­n=­f=²h­°iu«=by

£x²°ac²i­n=­f=i²±=c­«p­und±=µi²h=²h­°in=[=and=diph£nylguanidin£

u±ing=a=«ix²u°£=­f=chl­°­f­°«=and=bu²yl=alc­h­l=(f:1)K=qh£=«£²h­d
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can=al±­=b£=u±£d=f­°=°apid=pu°ifica²i­n=­f=°a°£=£a°²h=p°£pa°a²i­n±

f°­«=±candiu«,=²h­°iu«,=zi°c­niu«=and=dival£n²=i°­n=by=£x²°ac²i­n

­f=²h£i°=c­«p­und±=µi²h=O, J±ulph­chl­°­ph£n­l=P=and=diph£ny]lJ

guanidin£=a²=pH=3K0=­f=²h£=aqu£­u±=pha±£K

R£ag£n²±

pcandiu«=chl­°id£,=±²anda°d=±­lu²i­nK=1=«l=i±=£quival£n²=²­=1K0=pg=­f=±candiu«K
O, Jpulph­chl­°­ph£n­l=P,=0K05=p£°=c£n²=±­lu²i­nK
Diph£nylguanidin£,=1=N=±­lu²i­nK=Di±±­lv£=130=g=­f=diph£nylguanidin£=ba±£
in=500=«l=­f=1=N=HCl=µi²h=h£a²ingK=C­­l=²h£=±­lu²i­n,=fil²£°=and=adju±²=²h£=pH
²­=ab­u²=OK5K
nJBu²yl=alc­h­lK

jix²u°£=­f=chl­°­f­°«=and=nJbu²yl=alc­h­l=(1:=1)K
qh­°in=I,=0K1=p£°=c£n²=±­lu²i­nK
^±c­°bic=acid,=0KO5=p£°=c£n²=±­lu²i­nK
Hyd°­chl­°ic=acid,=1=N=±­lu²i­nK

C­n±²°uc²inga=Calib°a²i­n=Cu°v£

Plac£=²h£=±²anda°d=±­lu²i­n=­f=±candiu«=chl­°id£=in=quan²i²i£±=£quival£n²=²­
0K5,=1K0,=1K5,=OK0,=OK5,=3K0,=3K5,= K0,= K5=and=5K0=pg=­f=±candiu«=in²­=²£n=50J«l

b£ak£°±K=^dd= =«l=­f=a±c­°bic=acid=in²­=£ach=b£ak£°K=^ll­µ=²h£=±­lu²i­n±=²­=±²and
f­°=fiv£=«inu²£±=and=²h£n=add=5=«l=­f=O, J±ulph­chl­°­ph£n­l=P=and,=u±ing=a=p­²£nJ
²i­«£²£°,=adju±²=²h£=pH=²­=OK5JOKVK=q°an±f£°=²h£=±­lu²i­n±=in²­=100J«l=±£pa°a²ing
funn£l±,=add=µa²£°=²­=«ak£=50=«l,=add=3=«l=­f=diph£nylguanidin£=±­lu²i­n=and

±²i°K=^ll­µ=²h£=±­lu²i­n±=²­=±²and=f­°=²µ­=«inu²£±=and=add=O5=«l­f=bu²yl=alc­h­l
µi²h=£n£°g£²ically=±haking=f­°=a=«inu²£K=p£pa°a²£=²h£=pha±£±,=add=O5=«l=­f=µa²£°
and=1K5=«l=­f=diph£nylguanidin£=±­lu²i­n=²­=²h£=­°ganic=pha±£=and=±hak£=f­°
a=f£µ=±£c­nd±K=q°an±f£°=²h£=­°ganic=pha±£=in²­=a=c£ll=µi²h=a=ligh²=pa²h=­f=1=c«

and=«£a±u°£=²h£=ab±­°p²i­n=a²=530J535=n«=u±ing=²h£=°£ag£n²=£x²°ac²=a±’²h£=±²anJ
da°dK=C­n±²°uc²=²h£=calib°a²i­n=cu°v£=u±ing=²h£=da²a=­b²ain£dK

P°­c£du°£

Di±±­lv£=a=±a«pl£=­f=°a°£=£a°²h±=µ£ighing=ab­u²=O0=«g=in=OK5=«l

­f=hyd°­chl­°ic=acid,=add=5=«l=­f=²h­°in=I,=O=«l=­f=O, J±ulph­chl­°­J
ph£n­l=P,=²°an±f£°=²h£=«ix²u°£=in²­=a=±£pa°a²ing=funn£l,=add=µa²£°

²­=«ak£=35=«l=and=3=«l=­f=diph£nylguanidin£=±­lu²i­nK=Ex²°ac²

µi²h=O5=«l=­f=a=«ix²u°£=­f=chl­°­f­°«=and=bu²y>=alc­h­lK=Wi²hd°aµ

²h£=l­µ£°=lay£°,=add=²h£=±a«£=°£ag£n²±=(£xc£p²=O, J±ulph­chl­°­J

ph£n­l=P)=²­=²h£=upp£°=lay£°,=and=£x²°ac²=again=µi²h=O5=«l=­f=²h£

±a«£=£x²°ac²ing=ag£n²K

R£p£a²=²h£=£x²°ac²i­n=p°­c£du°£,=²°an±f£°=²h£=aqu£­u±=pha±£

in²­=a={00J«l=b£ak£°,=and=p°­c££d=a±=f­°=²h£=c­n±²°uc²i­n=­f=²h£

calib°a²i­n=cu°v£K

N­²£K=qh£=°£c­««£nd£d=±iz£=­f=±a«pl£±=­f=°a°£=£a°²h=­xid£±=i±=O0K0=and
5K0=«g,=²h£=±candiu«=c­n²£n²=b£ing=0K01=and=0K0 =p£°=c£n²=°£±p£c²iv£lyK

REFERENCEp

1K=Ivan­vJE«in,=BK=NK,=O±²°­u«­v,=EK=^K=ZhOKh,=1V ,=v­lK=1 ,=ppK=77OJ776K
OK=^li«a°in,=IK=PK,=p­²nik­v,=sKpK=D^N=pppR,=1V57,=v­lK=113,=ppK=105J107;

Zh^=Kh,=1V58,=v­lK=13,=ppK=33OJ336K

88=¥
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K=^li«a°in,=IK=PKK=phakh­va,=NK=sK=Zh^Kh,=1V61,=v­lK=16,=ppK= 1OJ 16,
K=^li«a°in,=IK=PK,=ph£nJKhanJ±iK=Zk^Kh,=1V60,=v­lK=15,=ppK=31J35K
K=Kuzn£²±­v,=sK=IK=ZhOKh,=1V ,=v­lK=1 ,=ppK=8V7JV01K
K=B£l­p­l±kii,=jK=PK,=P­p­vK=NK=PK=In:=Ch£«ical=^naly±i±=­f=jin£°al=Raµ

ja²£°ial±,=i±±u£=7,=j­±c­µK=G£±g£­l²£khizda²,=1V63,=ppK= 8J58K

K=Naza°£nk­,=sK=^KK=Bi°ynk,=EK=^K=In:=Ra°£=Ea°²h=El£«£n²±,=£dK=Ryahbc²iik­v,
DK=IK,=j­±c­µ,=IzdK=^N=pppRK=1V63,=ppK=313J317K

K=B°udz,=sKGK,=qi²­v,=sK=1K,=O±ik­,=FEK=PK,=D°apkinaK=DK=^K,=p«i°n­va,=KK=^K
Zh^Kh,=1V6O,=v­lK=17K=ppK=568J5753K

K=Fi±ch£°,=WK,=B­ckK=RK=ZK=an­°gK=Ch£«K,=1V O,=BdK=O V,=pK=1 6J1V7K

K=^li«a°in,=IK=PK,=Fad£y£vaK=sK=1K=Zk^K^,=1V6O,=v­lK=17,=ppK=10O0J10O3K
K=qgg­da°±kaya,=RKpK,=D£°£vyank­,=GK=NK=ZavK=labK,=1V63,=v­lK=OV,=ppK=1 8J

K=K­nk­va,=0K=sK=Zh^=Kh,=1V6 ,=v­lK=1V,=ppK=73J78K=|
K=Oni±hi,=HK,=Bank±,=CK=sK=^nalK=chi«K=ac²aK=1V63,=v­lK=OV,=ppK=O 0JO K
K=Ryabchik­v,=DK=JK,=pavvin,=pK=BK,=D£dk­v,=vuK=jK=ZhR^Kh,=1V6 ,=v­lK=1VK

ppK=1O10J1O18K
yabchik­v,=DK=JK,=pavvin,=pK=BK,=D£dk­v,=vuK=jK=Za°K=labK,=1V65,=v­lK=3)K



v²²°iu«

v²²°iu«,=v,=ha±=²h£=p­±i²iv£=val£ncy=­f=3=in=i²±=c­«p­und±K

Wh£n=in=±­lu²i­n=f­°«,=y²²°iu«=i±=a=±²abl£=c­l­u°l£±±=i­n=v*+=µhich

i±=difficul²=²­=±£pa°a²£=ch£«ically=f°­«=²h£=i­n±=­f=±candiu«=(IIq)

and=°a°£=£a°²h=£l£«£n²±=[1]K=qh£=°£ac²i­n±=­f=²h£=v®+=i­n=°£±£«bl£

in=«any=°£±p£c²±=²h­±£=­f=pc**K

^=±pa°ingly=±­lubl£=y²²°iu«=hyd°­xid£,=v(OH),,=²u°n±=in²­

²h£=­xid£=vO,=­n=calciningK
qh£=±²anda°d=£l£c²°­d£=p­²£n²ial±=in=an=aqu£­u±=«£diu«=a²=O5°C

a°£=a±=f­ll­µ±=(µi²h=°£f£°£nc£=²­=²h£=±²anda°d=hyd°­g£n=£l£c²°­d£):

v===v3++=3£J= O,37O=s

Ov+3H,O===v,0,+6H+J+J6£J= plK676=s'

Hyd°­flu­°ic=acid=p°£cipi²a²£±=²h£=µhi²£=flu­°id£=vF±K

Oxalic=acid=°£ac²±=µi²h=²h£=y²²°iu«=i­n=²­=giv£=a=µhi²£=p°£cipi²a²£

±­lubl£=in=£xc£±±=­xala²£K
E°i­=vi­l£²=B=( Ja«in­b£nz£n£Jaz­Jch°­«­²°­pic=acid),=µh­±£=­µn

c­l­u°=i±=°£d,=c­l­u°±=vi­l£²=²h£=±­lu²i­n=c­n²aining=²h£=v%*=i­nK

v²²°iu«=i±=d£²£°«in£d=ph­²­«£²°ically=µi²h=b­°­py°­ca²£ch­l

c­«pl£x=[O],=a°±£naz­=j=[3],=quinaliza°in£=[ ]=and=±­«£=­²h£°=°£aJ
g£n²±K

pinc£=y²²°iu«=ha±=n­=±p£cific=°£ac²i­n±,=i²i±=d£²£c²£d=by=±p£c²°al,

and=«ainly=by=XJ°ay=±p£c²°al=analy±i±K

PHOqOjEqRIC=DEqERjIN^qION=OF=vqqRIUj=WIqH

BOROPvROC^qECHOL=COjPLEX=IN=qHE=PREpENCE

OF=pOjE=R^RE=E^RqI=ELEjENqp

Py°­ca²£ch­l=vi­l£²=°£ac²±=µi²h=²h£=y²²°iu«=i­n=in=an=alkalin£

«£diu«=²­=giv£=a=blu£=c­«pl£x=c­«p­undK=qh£=p°£±£nc£=­f=i­n±

­f=­²h£°=£l£«£n²±=in²£°f£°£±=µi²h=²h£=°£ac²i­nK=I²=i±=°£a±­nabl£=²­

u±£=a=°£d=py°­ca²£ch­>=c­«pl£x=µi²h=b­°ic=acid=in±²£ad=­f=py°­J

ca²£ch­l=vi­l£²=p°­p£°K=qh£=y²²°iu«=i­n=°£ac²±=µi²h=²h£=b­°­py°­J

ca²£ch­l=c­«pl£x=(BPCC)=in=²h£=«­la°=°a²i­=­f=1:1K=qh£=ab±­°p²i­n

­f=²h£=±­lu²i­n±=­b£y±=²h£=B­ugu£°JLa«b£°²JB££°=Jaµ=in=²h£=°ang£

­f=c­nc£n²°a²i­°±=f°­«=1=x=10J°=²­= =X=107°=gJi­n/I=(0KVJ K5=up/«l)K

qh£=ab±­°p²i­n=«axi«u«=i±=a²=5V0=n«,=²h£=«­la°=£x²inc²i­n=c­£fJ

ici£n²±=a°£=1K85,=10 =(a²=5V0=n«)K=and=1KV0=x= 10*=(a²=607=n«)K

‘Lh£=i­n±=­f=c£°iu«=(II1)=and=lan²hanu«=(IIq)=al±­=°£ac²=µi²h=BPCC,

bu²=²h£=±²abili²y=­f=²h£=f­°«­d=c­«pl£x£±=i±=l­µ£°K=qh£=£ff£c²=­f

0



lan²hanu«=can=b£=°£«­v£d=by=adding=b­°ic=acid=²­=²h£=c­nc£n²°a²i­n=K

­f=0K05=j,=µhil£=²h£=£ff£c²=­f=c£°iu«,=by=adding=hyd°­g£n=p£°­xid£

µhich=­xidiz£±=C£>>>=²­=C£lsK=In=²h£±£=c­ndi²i­n±,=77=p£°=c£n²=­f

y²²°iu«=i±=b­und=in=a=c­«pl£x=µi²h=BPCCK=Equal=quan²i²i£±=­f
P°,=Nd,=a=²µ­Jf­ld=quan²i²y=­f=La,=and=0K5Jf­ld=quan²i²i£±=­f=C£

and=p«=d­=n­²=in²£°f£°£=µi²h=²h£=d£²£°«ina²i­nK

R£ag£n²±

v²²°iu«=chl­°id£,=±²anda°d=±­lu²i­nK=1=«l=i±=£quival£n²=²­=O0=µg=­f=y²²°iu«K
^=c£²a²£Ja««­nia=buff£°=±­lu²i­n,=pH=8K7K=Dilu²£=O6=«l=­f=ac£²ic=acid,=d£n±i²y

1K05=g/cuKc«,=µi²h=µa²£°=²­=O00=«l,=add=3O=«l=­f=O5=p£°=c£n²=a««­nia=±­lu²i­n,
and=dilu²£=µi²h=µa²£°=²­=O=li²°£±K

Py°­ca²£ch­l=vi­l£²,=0K =p£°=c£n²=±­lu²i­n,
B­°ic=acid,= =p£°=c£n²=±­lu²i­nK

Hyd°­g£n=p£°­xid£,=3=p£°=c£n²=±­lu²i­nK

C­n±²°uc²ing=a=Calib°a²i­n=Cu°v£
Plac£=1=«l=­f=py°­ca²£ch­l=vi­l£²=±­lu²i­n=and=O=«l=­f=b­°ic=acid=in²­=O5J«l
v­lu«a²°ic=fla±k±K=phak£=²h£=c­n²£n²±=and=add= ,=O,=3,= =and=5=«l=­f=²h£=±²anda°d
±­lu²i­n=­f=y²²°iu«=chl­°id£K=N£x²=add=10=«l=­f=²h£=ac£²a²£Ja««­nia=buff£°
in²­=£ach=fla±k,=«ix=²h£=±­lu²i­n±,=add=3J =d°­p±=­f=hyd°­g£n=p£°­xid£=and=dilu²£
µi²h=²h£=ac£²a²£Ja««­nia=±­lu²i­n=²­=O5=«lK=^ll­µ=²h£=±­lu²i­n±=²­=±²and=f­°
0J15=«inu²£±=and=«£a±u°£=²h£i°=ab±­°p²i­n=a²=5V0J610=n«=­n=an=ab±­°p²i­«£²£°

again±²=a=blank=±­lu²i­n=a±=²h£=±²anda°dK=C­n±²°u£²=²h£=calib°a²i­n=cu°v£=u±ing
²h£=da²a=­b²ain£dK

P°­c£du°£

^dd=²h£=°£qui±i²£=°£ag£n²±=²­=²h£=±­lu²i­n=a±=in±²°uc²£d=ab­v£=and

«£a±u°£=²h£=ab±­°p²i­n=­f=²h£=±­lu²i­nK=D£²£°«in£=²h£=y²²°iu«

c­n²£n²=f°­«=²h£=calib°a²i­n=cu°v£K

PHOqOjEqRIC=DEqERjIN^qION=OF=vqqRIUj=WIqH

^RpEN^ZO=j=IN=qHE=PREpENCE=OF=pC^NDIUj

v²²°iu«=and=a°±£naz­=f­°«=a=c­«p­und=µi²h=²µ­=ab±­°p²i­n

«axi«a:=a²=5V5=and=6 5=n«=(£xc£±±=a°±£naz­=j)=­°=a²=605=and

65O=n«=(£xc£±±=y²²°iu«=i­n)K=qh£=c­«p­n£n²±=°£ac²=in=²h£=«­la°
°a²i­=1:1,=²h£=£quilib°iu«=c­n±²an²=­f=²h£=c­«pl£xing=°£ac²i­n=i±

0K55,=²h£=«­la°=£x²inc²i­n=c­£ffici£n²=a²=6 5=n«=i±=6K75=x=10 K

qh£=­p²i«u«=pH=­f=²h£=±­lu²i­n=i±=3KO5J3K 5K=qh£=i­n±=­f=i°­n=(II),

alu«iniu«,=c­pp£°,=zinc,=l£ad,=«angan£±£=(II),=and=c­bal²=d­=n­²
in²£°f£°£=µi²h=²h£=d£²£°«ina²i­n=­f=y²²°iu«K=Lan²hanid£±,=bi±«u²h,

zi°c­niu«=hafniu«,=²h­°iu«=and=±candiu«=in²£°f£°£K

qh£=p°­p­±£d=«£²h­d=f­°=²h£=d£²£°«ina²i­n=­f=y²²°iu«=in=²h£

p°£±£nc£=­f=±candiu«=i±=ba±£d=­n=«a±king=±candiu«=µi²h=NaH,PO,K

qh£=p°£±£nc£=­f=a=²£nJf­ld=quan²i²y=­f=±candiu«=d­£±=n­²,=in²£°f£°£

µi²h=²h£=d£²£°«ina²i­n=­f=y²²°iu«=in=²hi±=ca±£K

V



R£ag£n²±

v²²°iu«=chl­°id£,=±²anda°d=±­lu²i­nK=1=«l=i±=£quival£n²=²­=10=pg=­f=y²²°iu«K
^°±£naz­=j,=0K =p£°=c£n²=±­lu²i­nK
p­diu«=ph­±pha²£,=«­n­±ub±²i²u²£d,=0K =j=±­lu²i­nK
^c£²a²£=buff£°=±­lui²­n,=pH=3K35=+=0K1

C­n±²°uc²ing=a=Calib°a²i­n=Cu°v£

Plac£=1,=O,=3,= =and=5=«l=­f=²h£=±²anda°d=±­lu²i­n=­f=²h£=y²²°iu«=±al²=in²­=50J«l

v­lu«£²°ic=fla±k±,=add=O=«l=­f=a°±£naz­=j,=5=«l=­f=²h£=buff£°=±­lu²i­n=and=O=«l
­f=NaH,PO,=in²­=£ach=fla±k,=and=dilu²£=µi²h=µa²£°=²­=²h£=«a°kK=j£a±u°£=²h£
ab±­°p²i­n=­f=²h£=±­lu²i­n±=a²=6 5=n«=again±²=a=blank=±­lu²i­n=a±=²h£=±²anda°dK
C­n±²°uc²=²h£=calib°a²i­n=cu°v£=u±ing=²h£=da²a=­b²ain£dK

P°­c£du°£

^dd=all=°£ag£n²±=±p£cifi£d=f­°=²h£=c­n±²°uc²i­n=­f=²h£=calib°a²i­n

cu°v£=²­=²h£=±a«pl£=±­lu²i­n=c­n²aining=10J50=yg=­f=y²²°iu«,=²h£n

add=µa²£°=²­=50=«i=and=«£a±u°£=²h£=ab±­°p²i­n=­f=²h£=±­lu²i­n=a²

6 5=n«K=D£²£°«in£=²h£=y²²°iu«=c­n²£n²=f°­«=²h£=calib°a²i­n=cu°v£K

N­²£K=If=²h£=y²²°iu«=c­nc£n²°a²i­n=in=²h£=±­lu²i­n=£xc££d±=8=x=10¼=gJi­n/I,
add=1=«l=­f=0K05=p£°=c£n²=g£la²in=±­lu²i­n=(p°£pa°£d=i««£dia²£ly=h£f­°£=²h£=²£±²)
²­=p°£v£n²=p°£cipi²a²i­n=­f=±candiu«=ph­±pha²£=by=±­diu«=ph­±pha²£K

EXqR^CqIONJPHOqOjEqRIC=DEqERjIN^qION=OF=vqqRIUj
IN=pqEEL=WIqH=QUIN^LIZ^RINE

v²²°iu«=can=b£=quan²i²a²iv£ly=£x²°ac²£d=µi²h=²°ibu²yl=ph­±pha²£

f°­«=1O=j=HNO;=±­lu²i­n±K=jany=c­«p­n£n²±=­f=±²££l,=including

²£nJf­ld=quan²i²i£±=­f=j­,=W=and=Nb,=d­=n­²=in²£°f£°£=µi²h=²h£

£x²°ac²i­nK=qh£=£x²°ac²i­n=­f=C£>>>=i±=in±ignifican²,=bu²=C£>s=i±
£x²°ac²£d=c­«pl£²£lyK=F£>>>=i±=£x²°ac²abl£=²­=30J35=p£°=c£n²K=v²²°iu«

can=b£=d£²£°«in£d=µi²h­u²=°£J£x²°ac²i­n=in=an=­°ganic=pha±£=µi²h

quinaliza°in£K=qh£=«£²h­d=can=b£=u±£d=²­=d£²£°«in£K=0K00 J0K1

p£°=c£n²=­f=y²²°iu«K=qh£=analy±i±=c­n²inu£±=50J60=«inu²£±,=including

²h£=²i«£=­f=²aking=±a«pl£=and=i²±=di±±­lu²i­nK=qh£=£°°­°=­f=²h£=d£J

²£°«ina²i­n=i±=1J7=p£°=c£n²K

R£ag£n²±

v²²°iu«=ni²°a²£,=±²anda°d=±­lu²i­nK=1=«l=i±=£quival£n²=²­= =pg=­f=y²²°iu«K=qh£
±­lu²i­n=i±=p°£pa°£d=µi²h=1O=j=HNO±K

Ni²°ic=acid,=dilu²£d=1: =and=1O=j=±­lu²i­nK

q°ibu²yl=ph­±pha²£K

qa°²a°i£=acid,=c°y±²allin£K

p­diu«=hyd°­xid£,=3=j_=±­lu²i­nK

^c£²a²£=buff£°=±­lu²i­n,=pH=5K8K
Quinaliza°in£,=10J5=j=±­lu²i­n=in=ac£²­n£K

C­n±²°uc²ing=a=Calib°a²i­n=Cu°v£

Plac£=1,=O,=3,= =and=5=«l=­f=y²²°iu«=ni²°a²£=in²­=fiv£=O5J«>=±£pa°a²ing=funn£l±,
add'1O=j=HNO,=²­=«ak£=5=«l,=and=add=5=«l=­f=²°ibu²yl=ph­±pha²£K=phak£=f­°
²h°££=«inu²£±,=²°an±f£°=²h£=­°ganic=lav£°=in²­=g°adua²£d=²£±²=²ub£±,=and5=«l

VO



­f=²h£=buff£°=±­lu²i­n,=O=«l=­f=quinaliza°in£=and=±hak£=f­°=a=«inu²£K=q°an±f£°
²h£=­°ganic=lay£°=in²­=c£ll±=µi²h=²h£=ligh²=pa²h=­f=1=c«=and=«£a±u°£=²h£=ab±­°pJ

²i­n=­f=²h­=±­lu²i­n±=­n=an=ab±­°p²i­«£²£°=µi²h=an=­p²ical=fil²£°=(5 0=n«)=again±²
a=blank=±­lu²i­n=a±=²h£=±²anda°dK=C­n±²°uc²=²h£=calib°a²i­n=cu°v£=u±ing=²h£=da²a
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Di±±­lv£=a=±a«pl£=­f=±²££l=µ£ighing=0K5J1=g=in=a=50J«l=b£ak£°=in

15=«l=­f=HNO,=(1:= )=and=£vap­°a²£=²­=3J5=«lK=q°an±f£°=²h£=±­luJ

²i­n=in²­=a=100J«>=v­lu«£²°ic=fla±k=and=add=1O=j=HNO,=²­=²h£=«a°kK
qak£=an=aliqu­²=c­n²aining=6J15=pg=­f=y²²°iu«,=plac£=i²=in=a=±£pa°a²J

ing=funn£l,=add=5=«l=­f=²°ibu²yl=ph­±pha²£=and=£x²°ac²=f­°=²h°££

«inu²£±K=^dd=0K5J1KO=g=­f=²a°²a°ic=acid=²­=²h£=­°ganic=pha±£,=²h£n

add=±­diu«=hyd°­xid£=²­=adju±²=²h£=«£diu«=²­=²h£=alkalin£=±id£,

and=£x²°ac²=f­°=­n£=«inu²£K=P°­c£d£=fu°²h£°=a±=f­°=²h£=c­n±²°uc²i­n

­f=²h£=calib°a²i­n=cu°v£K=D£²£°«in£=²h£=y²²°iu«=c­n²£n²=f°­«=²h£

calib°a²i­n=cu°v£K=,
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1K=Ryabchik­v,=DK=IK,=Ryabukhin,=sK=^K=^naly²ical=Ch£«i±²°y=­f=Ra°£=Ea°²h

El£«£n²±=and=v²²°iu«K=j­±c­µ,=Nauka,=1V66,=380=pag£±K
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ppK=7
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,=F­kina,=GK=sK,=Ka±hpa°­va,=0K=DK,=Bagda±a°­v,=KK=NK=ZavK=labK,=1V76,

v­lK= O,=ppK=1037J1038K



Lan²hanu«=and=Lan²hanid£±K

Lan²hanu«=and=²h£=lan²hanid£±=La,=C£,=P°,=Nd,=P«,=p«,=Eu,

Gd,=qb,=Dy,=H­,=E°,=q«,=vb,=Lu=a°£=²h£=£l£«£n²±=µi²h=v£°y=±i«ila°

p°­p£°²i£±=and=h£nc£=a°£=difficul²=²­=±£pa°a²£=f°­«=­n£=an­²h£°K

qh£=lan²hanid£±,=²­g£²h£°=µi²h=lan²haniu«,=±candiu«=and=y²²°iu«

f°­«=a=g°­up=­f=°a°£=£a°²h=«£²al±K=^±=a=°ul£,=lan²hanu«=and=all

lan²hanid£±=hav£=²h£=p­±i²iv£=val£ncy=­f=3K=C£°iu«=f­°«±=al±­=c­«J

p­und±=in=µhich=i²±=val£ncy=i±= K=Oxid£±=­f=²£²°aval£n²=p°a±£­dy«iu«

and=²£°biu°:,=and=±al²±=­f=dival£n²=±a«a°iu«,=£u°­piu«=and=y²J

²£°biu«=a°£=al±­=kn­µnK
qh£=±²anda°d=£l£c²°­d£=p­²£n²ial±=in=an=aqu£­u±=«£diu«=a²=O5°C

a°£=a±=f­ll­µ±=(µi²h=°£f£°£nc£=²­=²h£=±²anda°d=hyd°­g£n=£l£c²°­d£):

La===La3*J+=3£J==OK5OO=s

OLa+3H,0===La,0,=J+=6H*J=6£J==1K856=s

C£===C£3+J+=3£J==OK 83=s

C£3*+=OH,O=<==C£(OH)O* JOH*+ =£¼=+1K731=s

P°===P°±²J+=3£J==OK 6O=s

OP°+3H,O===P°,0O,J+=6H*J+=6£J==1K8OV=s

P°,0,+H,O===OP°0,J+=OH²J+J=O£J=+0K863=s_

P°(OH),;===P°O,J+=H,OJ+=HJ+=£7=+1K 31=s

Nd===Nd%*J+=3£J==OK 31=s

ONdJ+3H,0===Nd,0,J+6H*²J6£¼= 1K811=s

P«===P«3+J3£J==OK O3=s

p«===p«‘+*J=3£J= 3K1O1=s

p«O+===p«3²J+=£¼= 1K000=s

Ku===Eu?²++=O£J==3K3V5=s

Eu+=3H,O===Eu(OH)3J+3H*J+=3£J= OK00O=s

EuO*===Bu±²£= 0,K OV=s

Gd===Gd3+J+=3£¼==OK3V7=s
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qbh===qh3+JJ=3£¼= OK3V1=s
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Dy===Dy'‘*J+=3£¼==OK353=s

Dy+J3H,O===Dy(OH),J+=3H*J++=d£¼= =1KV56=s

H­====H­%+3£J==OK31V=s
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H­+3H,O===H­(OH),J+=3H*+J=3£J== KV37=s

E°===E°±²+=3£J==OKOV6=s

q«===q«'²J+=3£¼= OKO78=s

q«=+=3H,O===q«(0OH),+=3H*J+=3£J= 1KV13=s
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Lu===Lu3²¥+=3£= OKO5V=s

OLuJ+3H,0===Lu,0,+=6H,OJ+=6£J= =1K8VO=s
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Wh£n=in=±­lu²i­n=f­°«,=lan²hanu«=and=²h£=lan²hanid£±=a°£=±²abl£

i­n±,=Ln®+K=N­n£=­f=²h£=£l£«£n²±,=£xc£p²=c£°iu«,=can=£xi±²=in=±­luJ

²i­n=a±=Ln‘+K=qh£=c£°iu«=i­n=C£‘*+=ha±=±²°­ng=­xidizing=p°­p£°²i£±
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­f=£ach=i­n=and=²h£i°=µav£l£ng²h±=a°£=²h£=±a«£=f­°=²h£=±­lid=±²a²£
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fici£n²±=a°£=±«all=bu²=«illig°a«=quan²i²i£±=­f=«any=lan²hanid£±

can=±²ill=b£=d£²£c²£dK=p£pa°a²£=±p£c²°­ph­²­«£²°ic=d£²£°«ina²i­n

­f=p°a±£­dy«iu«,=n£­dy«iu«,=h­l«iu«,=£°biu«=and=²huliu«=i±

p­±±ibl£=in=²h£=p°£±£nc£=­f=²h£=­²h£°=lan²hanid£±K=O°dina°y=±p£c²°­J

ph­²­«£²£°±=a°£=u±£d=f­°=²h£=pu°p­±£=[O]K
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c£n²K=qh£=£«i±±i­n=±p£c²°a=­f=²h£=lan²hanid£±=hav£=«any=lin£±K

qh£=i­n±=­f=lan²hanu«=and=²h£=lan²hanid£±=(and=al±­=y²²°iu«=and

±candiu«)=giv£=±i«ila°=°£ac²i­n±=in=²h£i°=²£°val£n²=±²a²£=and=a°£

²h£°£f­°£=difficul²=²­=di±²ingui±h=ch£«ically=f°­«=­n£=an­²h£°=in

±­lu²i­nK

If=c£°iu«=i±=in=i²±=²£²°aval£n²=±²a²£=i²=can=°£la²iv£ly=£a±ily=b£=d£²£°J

«in£d=by=ch£«ical=«£an±=in=²h£=p°£±£nc£=­f=²h£=­²h£°=lan²hanid£±K

P°a±£­dy«iu«=can=b£=d£²£c²£d=in=²h£=p°£±£nc£=­f=²h£=­²h£°=Jan²haniJ

d£±=by=i²±=abili²y=²­=f­°«=­xid£±=in=µhich=i²±=val£ncy=±²a²£=i±=al±­= K

Eu°­piu«=can=b£=±£pa°a²£d=and=d£²£°«in£d=by=°£ducing=in=±­lu²i­n

²­=i²±=dival£n²=±²a²£K=qh£=i­n±=vb?+=and=p«**=a°£=v£°y=un±²abl£

x=±­lu²i­n=and=ch£«ical=«£an±=­f=²h£i°=analy±i±=a°£=p°ac²ically

ab±£n²K

Lan²hanid£±=can=b£=±ucc£±±fully=±£pa°a²£d=ch°­«a²­g°aphically

(i­nJ£xchang£=µi²h=c­«pl£xJf­°«ing=±ub±²anc£±,=pap£°=ch°­«a²­J
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g°aphy)K=Ex²°ac²i­n=«£²h­d±=a°£=al±­=u±£dK=^f²£°=±£pa°a²i­n=­f=²h£

lan²hanid£±=by=di±²°ibu²i­n=ch°­«a²­g°aphy=­n=pap£°=­°=i­nJ£xJ

chang£=°£±in±,=£ach=­f=²h£«=can=b£=d£²£°«in£d=ph­²­«£²°icallyK

Lan²hanu«=hyd°­xid£=and=²h£=hyd°­xid£±=­f=²h£=lan²hanid£±

Ln=(OH),=a°£=p°ac²ically=in±­lubl£=in=µa²£°=and=±h­µ=­nly=ba±ic
cha°ac²£°K=qh£=ba±ic=p°­p£°²i£±=­f=²h£=hyd°­xid£±=g°adually=d£c°£a±£

f°­«=lan²hanu«=²­=lu²£²iu«K=qh£=hyd°­xid£±=a°£=±­lubl£=in=acid±,

in±­lubl£=in=£xc£±±=a««­nia=±­lu²i­n=­°=±­lu²i­n±=­f=cau±²ic=alkali±K

Hyd°­xid£±=(­°=ba±ic=±al²±)=­f=²h£=lan²hanid£±=p°£cipi²a²£=a²=pH

­f=ab­u²=6K8J8K5K=Hyd°­xid£±=­f=±£pa°a²£=£l£«£n²±=a°£=p°£cipi²a²£d

a²=²h£=f­ll­µing=pH:

El£«£n²KKK=La=C£=P°=and=Nd=p«=Gd=Dy=vb=Lu

pHKKK=7K3J8K =7K1J7K=7K0J7K=6K8=6KO=7K0=6KOJ7K =6K0

Calcining=lan²hanu«=hyd°­xid£,=La(OH)±,=giv£±=a=µhi²£=­xid£

La,O3K=q°ac£±=­f=lan²hanid£±=c­l­u°=i²=g°£yK=Wh£n=c£°iu«=hyd°­xJ
id£,=C£=(OH),=i±=calcin£d=in=ai°,=i²=²u°n±=in²­=C£O,K=Calcining=­f

p°a±£­dy«iu«=­xala²£=­°=ni²°a²£=(­°=²£°biu«=­xala²£=­°=ni²°a²£)
giv£±=²h£i°=­xid£±=­f=va°iabl£=c­«p­±i²i­nK=Pa°²=­f=p°a±£­dy«iu«

­°=²£°biu«=i±=in=i²±=²£²°aval£n²=and=pa°²=in=²£°val£n²=±²a²£=in=²h£±£

­xid£±K=qh£=f­°«a²i­n=­f=²h£±£=­xid£±=i±=u±£d=²­=d£²£c²=p°a±£­dy«iu«

in=²h£=p°£±£nc£=­f=²h£=­²h£°=lan²hanid£±K

Flu­°id£±,=ph­±pha²£±,=ca°b­na²£±=­f=lan²hanu«=and=²h£=lan²hanid£±

a°£=±pa°ingly=±­lubl£=in=µa²£°K=qh£=flu­°id£±=a°£=±pa°ingly=±­lubl£

in=acid±=a±=µ£llK=qh£=lan²hanid£±=­f=²h£=c£°iu«=g°­up=f­°«=°£la²iv£ly

±pa°ingly=±­lubl£=d­ubl£=±ulpha²£±=µi²h=±ulpha²£±=­f=²h£=alkali
«£²al±K=qh£=chl­°id£±=and=ni²°a²£±=a°£=±­lubl£=in=µa²£°K

qh£=i­n±=­f=lan²hanu«and=²h£=lan²hanid£±=a°£=n­²=p°£cipi²a²£d

by=a««­nia=f°­«=±­lu²i­n±=c­n²aining=­°ganic=­xyacid±=(²a°²a°ic,

ci²°ic,=«alic=acid,=£²cK)=b£cau±£=c­«pl£x=c­«p­und±=a°£=f­°«£dK

Oxalic=acid=p°£cipi²a²£±=lan²hanu«=and=²h£=lan²hanid£±=f°­«=µ£ak

acid=±­lu²i­n±=and=i±=²h£°£f­°£=u±£d=f­°=²h£i°=i±­la²i­nK=Oxala²£±

­f=²h£=alkali=«£²al±,=­°=a««­niu«=­xala²£,=«ay=n­²=b£=u±£d=±inc£

²h£=p°£cipi²a²£d=­xala²£±=µill=pa°²ly=di±±­lv£=du£=²­=²h£=f­°«a²i­n
­f=±­lubl£=c­«pl£x£±K=qh£=cu°dJlik£=p°£cipi²a²£±=­f=­xala²£±=²u°n

in²­=c°y±²al±=µh£n=h£a²£d=²­=60°CK=qh£=i­n±=­f=Z°,=qh,=Bi,=pb>>>

a°£=p°£cipi²a²£d=²­g£²h£°=µi²h=²h£=lan²hanid£±K=qh£=c­«p­±i²i­n

­f=a=µhi²£=c°y±²allin£=p°£cipi²a²£=­f=lan²hanu«=­xala²£=i±=d£±c°ib£d

by=²h£=f­°«ula=La,=(C,0,),J=10H,0K

Dihyd°­xy²a°²a°ic=acid=p°£cipi²a²£±=²h£=i­n±=­f=all=lan²hanid£±
f°­«=µ£ak=acid=­°=n£u²°al=±­lu²i­n±=[3]K=Cu°dJlik£=p°£cipi²a²£±=a°£

fi°±²=f­°«£d=µhich=²h£n=²u°n=in²­=c°y±²al±K=qh£=c­«p­±i²i­n=­f=²h£

p°£cipi²a²£=i±=app°­xi«a²£ly=d£±c°ib£d=by=²h£=f­°«uia= La,0,J

J=5C,H,0,J=O H,0K=qh£=°£ag£n²=i±=u±£d=²­=d£²£c²=lan²hanu«,
y²²°iu«,=gad­liniu«,=£°biu«,=£²cK=qh£=i­n±=­f=B£,=jg,=p°,=Ba,
Hg>>,=^l,=In,=qH,=qil¥,=sv,=Bi²O1,=uqj=jal,=R£s1,=F£ll,=F£l²>
and=Cd=a°£=n­²=p°£cipi²a²£dK



^liza°in£,=quinaliza°in£,=«­°in=and=­²h£°=­°ganic=°£ag£n²±=°£ac²

µi²h=²h£=i­n=La®*=and=²h£=lan²hanid£=i­n±=²­=giv£=c­l­u°£d=c­«p­und±K

qh£=°£ag£n²±=±£l£c²ivi²y=i±=l­µK=qh£=i­n±=­f=^l,=pc,=jg=and=­f=«any

­²h£°=£l£«£n²±=°£ac²=±i«ila°lyK
Xyl£n­l=­°ang£=i±=u±£d=f­°=²h£=diff£°£n²ial=±p£c²°­ph­²­«£²°ic

d£²£°«ina²i­n=­f=la°g£=quan²i²i£±=­f=²h£=lan²hanid£±=in=²h£i°=«u²ual
p°£±£nc£=a²=pH=5K6=(570=n«)=[ ]K=qh£=«£²h­d=i±=a±=accu°a²£=a±=g°aviJ
«£²°icK

8JQuin­lin­l=p°£cipi²a²£±=quan²i²a²iv£ly=²h£=i­n=C£**=f°­«=a«J
«­niacal=±­lu²i­n±=c­n²aining=²a°²°a²£={5]in=²h£=f­°«=­f=C£=(C,H=,C=iv),
(y£ll­µ=c°y±²al±)K=qh£=p°£cipi²a²£=i±=n­²=f­°«£d=in=a=µ£ak=ac£²ic

acid=±ulu²i­n=and=²hi±=i±=u±£d=f­°=²h£=±£pa°a²i­n=­f=C£ll>=f°­«=qh
(²h£=la²²£°=i±=p°£cipi²a²£d)K=qh£=°£ag£n²=i±=u±£d=f­°=²h£=g°avi«£²°ic

and=²i²°i«£²°ic=d£²£°«ina²i­n=­f=c£°iu«K=|

8JQuin­lin­l,=5,7Jdichl­°­J8Jquin­lin­l=and=­²h£°=5,7Jdihalid£J

8Jquin­lin­l±=°£ac²=µi²h=²h£=lan²hanid£±=²­=giv£=±pa°ingly=±­lubl£

c­«p­und±=u±£d=f­°=quan²i²a²iv£=analy±i±K=C­«p­und±=µi²h

8Jquin­lin­l=a°£=n­²=£x²°ac²abl£=µi²h=­°ganic=±­lv£n²±K=C­«p­und±

µi²h=5,7Jdichl­°­J8Jquin­lin­l=can=b£=£x²°ac²£d=µi²h=chl­°­f­°«K
VJ(­Jl[vd°­xyph£nyl)JO,3,7J²°ihyd°­xyilu­°­n£=(±alicylflu­°­n£)

°£ac²±=µi²h=²h£=i­n±=­f=²h£=lan²hanid£±=a²=pH=ab­u²=6K7=[6]K=qh£
ab±­°p²i­n=«axi«u«=­f=c­ll­idal=±­lu²i­n±=­f=²h£=lan²hanid£=c­«J
p­und±=i±=a²=530=n«K=G£la²in=i±=u±£d=²­=±²abiliz£=²h£«K=palicylJ

flu­°­n£=i±=u±£d=f­°=²h£=ph­²­«£²°ic=d£²£°«ina²i­n=­f=²h£=±u«=­f

lan²hanid£±=af²£°=²h£i°=±£pa°a²i­nK=qh£=i­n±=­f=calciu«=and=«agn£J

±iu«=a°£=«a±k£d=by=±ulph­±alicylic=acidK=qh­°iu«,=zi°c­niu«,=u°aJ

niu«=i°­n=([L=and=IIq),=and=²£²°aval£n²=²i²aniu«=f­°«=c­l­u°£d

c­«p­und±K

^°±£naz­=I=i±=a=g°­up=°£ag£n²=f­°=²h£=lan²hanid£=i­n±=[7]K=qh£

aqu£­u±=±­lu²i­n=­f=²h£=°£ag£n²=i±=pinkK=I²=°£aci±=µi²h=²h£=lan²hanid£

i­n±=in=a=na²u°al=«£diu«=(pH=7KO,=u°­²°­pin)=²­=f­°«=°£dJvi­l£²

c­«p­und±=µhich=a°£=d£²£c²£d=in=±­lu²i­n±=dilu²£d=1:3=x*=10°K

La°g£=quan²i²i£±=­f=²h£=i­n±=­f=a««­nia,=Li,=Kh,=Na,=^g,=Ca,=p°,

Ba,=jg,=Zn,=Cd,=Hg,=pn²¥,=Pb,=sv,=j­,=C­=and=Ni,=a±=µ£ll=a±=²h£

chl­°id£=i­n,=d­=n­²=in²£°f£°£=µi²h=²h£=d£²£°«ina²i­nK=Ph­±pha²£,

py°­ph­±pha²£,=flu­°id£=and=²ung±²a²£=i­n±=in²£°f£°£=b£cau±£=²h£y

«a±k=²h£=lan²hanid£=i­n±K=qh£=lan²hanid£±=can=al±­=b£=d£²£c²£d=in=²h£

p°£±£nc£=­f=²h£=i­n±=­f=Cu=and=^i=af²£°=²h£=addi²i­n=­f=±alicyla²£±,

and=²h£=i­n=­f=Uv>,=af²£°=²h£=addi²i­n=­f=H,O,K=j­d£°a²£=quan²i²i£±
­f=²h£=i­n±=­f=qilv,=Z°,=qh=and=F£>>>=can=b£=p°£cipi²a²£d=µi²h=±²annic

acid=µhich=i±=f­°«£d=du°ing=hyd°­ly±i±=­f=pnCl,K=^°±£naz­=I=i±=u±£d

f­°=²h£=ph­²­«£²°ic=d£²£°«ina²i­n=­f=²h£=±u«=­f=lan²hanid£±=(8J10)K

Ca°b­xylic=­xyacid±=(²a°²a°ic,=ci²°ic,=and=­²h£°±)=°£ac²=µi²h=²h£
i­n±=­f=²£°val£n²=lan²hanid£±=²­=f­°«=±­lubl£=ani­n=c­«pl£x£±K

qh£±£=a°£=u±£d=f­°=±£pa°a²i­n=­f=²h£=lan²hanid£±=by=i­nJ£xchang£
ch°­«a²­g°aphyK

^«in­p­lyca°b­xylic=acid±=(i«i²­diac£²ic,=ni²°il­²°iac£²ic,=£²hyJ
l£n£dia«in£²£²°aac£²ic=acid)=°£ac²=µi²h=²h£=i­n±=­f=²£°val£n²=lan²haJ

7= 0 105O=V7



‘nid£±=²­=f­°«=c­«pl£x=c­«p­und±=­f=‘va°i­u±=±²abili²y,=µhich=a°£

u±£d=f­°=ch°­«a²­g°aphic=and=­²h£°=«£²h­d±=­f=±£pa°a²i­nK=qh£

±²abili²y=­f=c­«pl£x=c­«p­und±=µi²h=EDq^=[11]=inc°£a±£±=µi²h

d£c°£a±ing=°adiu±=­f=a=lan²hanid£=i­n=(i­nic=±²°£ng²h,=0K1;=²£«p£°aJ

²u°£,=O0°C):

q­n=K=1K=£µ=£­=La=C£=P°=Nd=p«=Eu=Gd=qb

pK=KKKKK= K7O=15K3V=15K75=16K06=16K55=16K6V=16K70=17KO5

|)ù=Dy=H­=E°=q«=vb=Lu

PR=OK=£±K=c££=£££= 7K57= 17K67=17KV8=18K5V=16K68=1VK06

qh£=±u«=­f=²h£=lan²hanid£±=i±=d£²£°«in£d=by=c­«pl£x­«£²°ic

«£²h­d±=[1O,=13]K

qh£=i­n±=­f=²h£=lan²hanid£±=a°£=p°£cipi²a²£d=f°­«=±­lu²i­n±

c­n²aining=£xc£±±=py°­ca²£ch­l=by=adding=£²hyl£n£dia«in£,

py°idin£,=quin­lin£=[1 ]K=In=²h£=ca±£=µi²h=£²hyl£n£dia«in£=(En),

²h£=c­«p­±i²i­n=­f=²h£=p°£cipi²a²£=i±=d£±c°ib£d=by=²h£=f­°«ula

En,=[Ln=(C,H,O,)3]KK=qh£=p°£cipi²a²£±=a°£=in±­lubl£=in=£xc£±±=a«J

«­nia=(in=c­n²°a±²=²­=²h£=c­°°£±p­nding=p°£cipi²a²£±=­f=«any=h£avy

«£²al±)K=La,=v,=Gd=and=E°=can=b£=d£²£c²£d=by=²hi±=«£²h­d,=²h£i°

c­nc£n²°a²i­n±=b£ing=100,=5,=10=and=100=pg/«l,=°£±p£c²iv£lyK=qh£
i­n±=­f=Cu,=B£,=jg,=Ba,=Hg>>,=qil’,=Z°,=Pb,=sv,=^±>>>,=pblll,=Nb,
qa,=Bi,=j­s>,=W,=U%>,=p£l¥,=q£l’,=‘jnil,=R£v,=Ni,=Pd,=and=Ply,
and=al±­=BO;=a°£=n­²=p°£cipi²a²£dK=qh£=i­n±=­f=^l,=Ga,=In,=pn>s,

qh,=Zn,=Cd,=C°1>>,=F£>>>=and=C­=°£ac²=µi²h=£²hyl£n£dia«in£=­°=pip£°J

idin£=²­=f­°«=p°£cipi²a²£±=±­lubl£=in=a««­niaK

,=BJDik£²­n£±=°£ac²=µi²h=²h£=i­n±=­f=²£°val£n²=lan²hanid£±=a±=f­lJ

Oµ±:

R=R

\c=0=pC===0
±ch,=+in£=>]=|=cH=‘=Ln=|+3H+
\c=0=N¢é= ­
/=/

R=R’=3

qh£=c­«p­und±=in=µhich=R=R’=CH,=(ac£²ylac£²­na²£±),

R=R’=C,H,=(dib£nz­yl«£²hana²£±)=and=R=CF,,=R’=(C,H,p

(²£n­yl²°iflu­°­ac£²­na²£±)=a°£=±²udi£d=b£±²=­f=allK=qh£±£=a°£=u±ually

­b²ain£d=by=adding=²h£=c­°°£±p­nding=fJdik£²­n£=²­=an=acidifi£d

±­lu²i­n=­f=a=Jan²hanid£=±al²=µi²h=a=²h­°­ughly=c­n²°­ll£d=inc°£a±£

in=²h£=pH=(ba±ic=c­«p­und±=a°£=­²h£°µi±£=f­°«£d)K=qh£=lib£°a²£d

c­«p­und±=a°£=c°y±²allin£=±ub±²anc£±=°£adily=±­lubl£=in=­°ganic

±­lv£n²±K

^ll=«£n²i­n£d=°£ag£n²±=a°£=g°­up=°£ag£n²±K=qh£y=°£ac²=µi²h=²h£

i­n±=­f=²£°val£n²=lan²hanid£±=in=ab­u²=²h£=±a«£=«ann£°K=Bu²=c­«J

pa°a²iv£ly=±£l£c²iv£=analy²ical=«£²h­d±=hav£=b££n=d£v£l­p£d=f­°

²£²°aval£n²=c£°iu«=and=dival£n²=£u°­piu«K=qh£=lan²hanid£±=can=b£

±£l£c²iv£ly=±£pa°a²£d=f°­«=«any=£l£«£n²±=by=£x²°ac²i­n=µi²h=nJ

bu²y°ic=acid=[15J17]K
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