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ABSTRACT 

A method i s  descr ibed  f o r  t h e  determina.t ion of microgram q u a n t i t i e s  of 
t i n  i n  s o l u t i o n s  of uranyl  su l f a . t e .  I n  th i s  method, t i n  i s  sepa.rated from 
uranium by p r e c i p i t a , t i n g  it as t h e  hydroxide on am a.luminum hydroxide 
c a r r i e r  i n  a. b a s i c  carbona.te medium. The p r e c i p i t a . t e ,  which conta ins  t h e  
t i n  wi th  t h e  c a r r i e r ,  i s  then  d isso lved  i n  hydrochlor ic  a c i d ,  fol lowing 
which t h e  t i n  i s  determined pola.rogra.phica.lly . The method i s  a.pplicable 
t o  the  sepa.ra.tion of t i n  i n  a.mounts as low a.s 2 pg from a s  much a s  200 mg 
of ura.nium by a. s i n g l e  p rec ip i t a . t i on .  The c o e f f i c i e n t  of va.ria. t ion f o r  
t h e  determina,t ion of t i n  i n  a.mounts ranging from 2 t o  50 pg is  a.pproxi- 
ma.tely 10 pe r  cen t .  
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DETERMINATION OF TIN I N  SOLUTIONS OF URANYL SULFATE 

0sca.r Menis, D.  L .  Manning, R .  G.  B a l l  

INTRODUCTION 

While i n  t h e  process  of making a.na.lyses of s o l u t i o n s  of u rany l  su l f a , t e  

f o r  cor ros ion  products  and o t h e r  impur i t i e s ,  it beca.me ev ident  tha.t  t h e  

presence of small qua .n t i t i e s  of t i n  necess i t a , t ed  t h e  development of a. method 

f o r  i t s  d e t e r m i m t i o n .  Since uranium i n t e r f e r e s  wi th  bo th  t h e  co lo r ime t r i c  

a.nd pola.rogra.phic methods f o r  t h e  determina.t ion of t i n (  I V ) ,  a. r e l i a b l e  

procedure f o r  thd  qua .n t i ta . t ive  sepa.ra.tion of t i n  from ura.nium i s  a. p re requ i -  

s i t e  f o r  t h e  e s t ima t ion  of t i n  by e i t h e r  method. 

Before beginning any experimenta~l  work, a. sea.rch of the 1i tera . tur-e  wa.s 

ma.de which revea.led tha. t  Rodden(') l i s t s  severa.1 methods f o r  t h e  sepa.ra.tion 

of t i n  from va r ious  i n t e r f e r e n c e s ;  however, none of t h e s e  methods a.ppea.red 

t o  be a.pplica.ble t o  t h e  sepa.ra.tion of micr0gra.m q u a n t i t i e s  of t i n  from 

uramium. 

recommended. 

Another method i n  which t i n  i s  p rec ip i t a . t ed  a.s t h e  s u l f i d e  was 

I n  an e f f o r t  t o  sepa.rate  t i n  from i n t e r f e r i n g  elements ,  a. d i s t i l h t i o n  

method was f irst  exa.mined. 

then  determined pola.rogra.phica.1ly. 

qua.nt i ta . t ive i n  t h e  range from 100 t o  500 pg. Since t h e  hydrogen peroxide 

tha.t  wa.s used a s  a. rea.gent i n  t h i s  experimental  work was contamina.ted w i t h  

small amounts of t i n ,  t h e  e r r o r  due t o  the  reargent blank beca.me no t i ceab le  

and s i g n i f i c a n t  i n  the determina>tion of less than  50 pg of t i n .  

reason ,  t h e  r e s u l t s  were bo th  high and e r n t i c .  

The t i n  was d i s t i l l e d  as t h e  tetrabromide,( ' )  

The recovery of t i n  a.ppea.red t o  be 

For t h i s  
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A p r e c i p i t a , t i o n  method, which proved t o  b e  q u i t e  s a . t i s f a c t o r y ,  was 

then  inves t iga , t ed  for t h e  sepa.ra.tion of sma.11 a.mounts of t i n  from s o l u t i o n s  

of' ura.ny1 s u l f a . t e .  

sepa.ra.tion of uranium from elements of t h e  ammonium hydroxide group, a.s 

desc r ibed  by Rodden,(') and t h e  method of G0da.r a.nd Alexa.nder, (*) f o r  the 

sepa.ra.tion of t i n  from bio logica .1  ma.teria.ls. 

been a.da.pted f o r  use i n  t h i s  l a b o r a t o r y ,  t i n  i s  p r e c i p i t a , t e d  a s  the hy- 

droxide i n  a. ba .s ic  ca.rbona.te medium wi th  aluminum be ing  used a.s a. c a . r r i e r .  

The uramium, of course ,  rema.ins i n  s o l u t i o n  a.s t h e  complex u rany l  ca.rbona.te 

a.nion. By fo l lowing  t h i s  procedure,  t i n  i s  a . l so  sepa.ra.ted from a.ny c o b a l t ,  

copper, chromium(V1) , n i c k e l ,  and molybdenum tha . t  ma.y be  p r e s e n t .  (6) Other 

i o n s  tha. t  a.re members of t h e  a.mmonium hydroxide group a.nd tha. t  do not  form 

ca.rbona.te complexes p r e c i p i t a . t e  a long  wi th  t h e  t i n .  

The method i s  e s s e n t i a . l l y  a. combina.tion of t h e  ca.rbona.te 

I n  a. procedure which ha.s 

A f t e r  t h i s  method of separa.t ion w a s  e s t a .b l i shed  a.s t h e  most s u i t a b l e  

f o r  t h e  purposes of t h i s  labora.tory,  methods of determining t i n  were 

s t u d i e d .  The two methods tha.t a.re used commonly f o r  t h e  mea.surement of 

sma.11 q u a n t i t i e s  of t i n  a r e  t h e  polarogra,phic(5) and t h e  d i t h i o l  s p e c t r o -  

photgmetric methods .('j6) 

a.ppl ica . t ion i n  tha . t  so  mamy o the r  elements i n t e r f e r e ;  t h e r e f o r e ,  a. complete 

sepa.ra.tion of t i n  i s  r e q u i r e d  be fo re  €he method can be used s u c c e s s f u l l y .  

I n  t h e  use of t h e  d i t h i o l  method, t i n  i s  sepa.ra.ted from substa.nces tha . t  

i n t e r f e r e  wi th  t h e  determina,t ion a.s t h e  bromide by t h e  a .ppl ica . t ion of a. 

d i s t i l l a , t i o n  technique .  When t h e  sepa.ra.tion i s  complete, t h e  excess  bromide 

i s  removed by r e a c t i n g  it w i t h  hydrogen peroxide ,  fo l lowing  which t h e  t i n  i s  

reduced wi th  t h i o g l y c l i c  a c i d .  A f t e r  t h e  sta,nnous-dit ,hiol  complex i s  formed, 

The l a t t e r  method i s  s e r i o u s l y  l i m i t e d  i n  i t s  
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i t s  a,bsorba.ncy i s  mea.sured a.t  a. waxelength of 530 mp. 

l i m i t a t i o n  of t h i s  method due t o  i n t e r f e r i n g  elements ,  a.nother disadva.ntage 

i s  t h e  need for t h e  a .ddi t ion of a. dispersa ,nt  t o  t h e  s t annous -d i th io l  la.ke 

be fo re  spectrophotometr ic  mea.surements can be  made. 

I n  a d d i t i o n  t o  t h e  

Due t o  t h e  1 imi ta . t ions  of t h e  d i t h i o l  method f o r  t h e  de te rmina t ion  of 

t i n ,  it was d iscarded  i n  faxor  of t h e  pola.rogra.phic method, which does not  

r e q u i r e  t h e  complete i s o h t i o n  of t i n  be fo re  i t s  determina.t ion.  Only those  

substa.nces t h a t  e x h i b i t  a. r educ t ion  wa.ve a.t a.pproxima.tely -0.55 v o l t s  ve r sus  

t h e  SCE must be removed. I n  view of t h e  grea . te r  s e l e c t i v i t y  of t h e  polaro-  

gra.phic method a.nd s i n c e  t h e  pola.rogra.ph(3) a . f fords  a. very s e n s i t i v e  means 

of d e t e c t i n g  micr0gra.m q u a n t i t i e s  of t i n ,  t h i s  method a.ppea.red t o  be more 

su i t a .b l e  for making t h e  f ina .1  mea.surement i n  t h i s  pa.rticu1a.r a.pplica.t ion.  

I n  a. suppor t ing  e l e c t r o l y t e  tha. t  conta ins  a. s u f f i c i e n t  a.mount of ch lo r ide ,  

t h e  s t a n n i c  ion  i s  reduced s tepwise a.t t h e  dropping mercury e l e c t r o d e . ( 5 )  

The f irst  wave i s  due t o  the  r educ t ion  of t h e  s ta .nnic  ion  t o  t h e  stannous 

ion  wi th  a. half-wa.ve poten t ia .1  of a.pproxima.tely -0.15 v o l t s  versus  t h e  SCE. 

The second wa.ve comes about- a.s a consequence of t h e  r educ t ion  of  t h e  

sta.nnous ion  t o  elementa.ry t i n  a.t a. ha.lf-wa.ve poten t ia .1  of about -0.55 v o l t s  

versus  t h e  SCE. The l a . t t e r  r educ t ion  wa.ve i s  used most f r equen t ly  for 

a.na.lytica1 purposes .  (4) 

I n  a d d i t i o n ,  t h e  development of t h e  procedure involved a s tudy  t o  

a .scer ta . in  t h e  optimum condi t ions  r e l a . t i n g  t o  the suppor t ing  e l e c t r o l y t e ,  t h e  

a.mount of a.luminum c a . r r i e r  t o  use ,  and t h e  maximum a.mount of uranium from 

which sa . t i s fa .c tory  sepa.ra.tions of sma.11 qua .n t i t i e s  of t i n  could be achieved.  

The p r e c i s i o n  a.nd r e l i a . b i l i t y  of t he  method were e s t a b l i s h e d  by no t ing  t h e  
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degree of recovery of known a.mounts of t i n  from s o l u t i o n s  of u rany l  s u l f a t e  

which were a.na.lyzed by t h e  procedure given i n  t h i s  r e p o r t .  

REAGENTS 

1. Aluminum Ni t ra . te  Solu t ion ,  5 A 1  per m l .  Dissolve 17.4 g of 

A1(N03)3'9H20 i n  250 m l  of wa.ter. 

2. Basic  Casbona.te So lu t ion .  Dissolve 25 Q of (m4)2c03 i n  about 

500 m l  of wa.terthen t r a n s f e r  t h e  s o l u t i o n  t o  a. 1 - l i t e r  volumetr ic  f l a . sk .  

Add 70 m l  of concen tmted  NH40H; then  d i l u t e  t h i s  mixture t o  1 l i t e r  wi th  

wa.ter. This  g ives  a. 2.5 per  cent  s o l u t i o n  of a.mmonium ca.rbona.te i n  1 N - 
a.mmonium hydroxide.  

3. Etha.no1, 95 per c e n t .  

4. Hydrochlor ic  Acid, concentra,ted.  

5 .  Methyl Red So lu t ion .  Dissolve a.pproxima.tely 0 .1  Q of technica.1- - 
gra.de methyl red i n  60 ml of e t h a n o l t h e n  d i l u t e  t o  100 ml with  wa.ter. 

6. N i t r i c  Acid, a.pproxima.tely 7 M. - Ca.utiously a.dd 10 ml of concen- - 
t r a . t e d  HN03 t o  10 m l  of wa.ter. Mix thoroughly.  

7. Tin(1V) Standard  So lu t ion ,  20 mg per  m l .  Dissolve 2.00 ? 0.05 g 

of Ma,ll inckrodt rea.gent -gra.de, 2O-mesh, gra.nula.ted t i n  i n  100 ml of concen- 

t r a . t ed  HC1.  D i l u t e  t h e  s o l u t i o n  t o  1 l i t e r  wi th  wa.ter . Prepare less  

concentra,ted s o l u t i o n s  by appropria . te  d i l u t i o n s  of t h e  s t o c k  s o l u t i o n .  

8. Wa.ter, demineml ized .  Deminemlized water i s  t o  be p r e f e r r e d  over 

d i s t i l l e d  wa.ter s i n c e  t h e  l a . t t e r  may conta.in c e r t a i n  conta.mina.nts . 
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APPARATUS 

1. Cent r i fuge  tubes  , conica.1, gra.dua.ted, 5 O - m l  ca.pa.city . 
2. Pola.rogra.ph, ORNL High S e n s i t i v i t y ,  Model Q-1160, with dropping 

mercury a.nd sa.tura.ted ca.lome1 e l e c t r o d e s .  

3. S t i r r e r ,  pla.tinum wire. 

PROCEDURE 

Tra.nsfer an, a.liqua.nt tha. t  con ta ins  a.t l e a s t  5 pg of t i n  a.nd n o t  more 

than  200 mg of ura.nium from a. s o l u t i o n  of ura.nyl su l f a . t e  t o  a. 50-ml c o n i c a l  

c e n t r i f u g e  t u b e .  Add 1 t o  2 m l  of a. s o l u t i o n  of a.luminum n i t r a . t e ,  add 2 

drops of the methyl r e d  s o l u t i o n ;  t h e n  neu t r a . l i ze  t h e  s o l u t i o n  w i t h  

a.mmonium hydroxide.  

of 7 M ' n i t r i c  a.cid; t hen  a.dd 40 ml of t h e  ba.s ic  ca.rbona.te r e a g e n t .  Af te r  

mixing t h e  sample thoroughly,  c e n t r i f u g e  it f o r  f ive  minutes. Decant t h e  

superna.ta.nt l i q u i d ;  t hen  wash t h e  hydroxide p r e c i p i t a . t e  two t i m e s  w i t h  

5-ml p o r t i o n s  o f  t h e  b a s i c  ca.rbona.te rea.gent. Cent r i fuge  and decant a . f t e r  

each wash. Add 3 ml of concentra,ted hydrochlor ic  a.cid t o  t h e  p r e c i p i t a , t e ;  

t hen  hea t  t h e  mixture g e n t l y  over a. burner  u n t i l  t h e  p r e c i p i t a . t e  d i s s o l v e s .  

When s o l u t i o n  i s  complete, cool ,  a.dd 2 m l  of e thano l ;  t hen  d i l u t e  t o  10 ml 

wi th  wa.ter . 

Re-a.cidify t h i s  mixture by t h e  a.ddition of a. few drops 

- 

Trans fe r  t h i s  s o l u t i o n  t o  a. pola.rogra.phic c e l l ;  deaera.te t h e  s o l u t i o n  

w i t h  n i t rogen ;  then r e c o r d  the polarogram by  scanning from a p o t e n t i a l  of 

-0.4 up t o  -0.7 v o l t s  ve r sus  the SCE. Measure t h e  d i f f u s i o n  c u r r e n t  of t h e  

t i n  r educ t ion  wa.ve a t  a. half-wa.ve po ten t i a .1  of a.bout -0.57 v o l t s  ve r sus  t h e  
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SCE. P l o t ,  on r ec t i1 inea . r  graph pa.per, 

t r a . t i o n  of t i n  i n  t h e  10-ml t e s t  volume 

t h e  d i f f u s i o n  cu r ren t  ve r sus  concen- 

EXPERIMENTAL 

E f f e c t  of Aluminum i n  Two Support ing E l e c t r o l y t e s .  Since it i s  pro-  

posed t o  use from 5 t o  10 ng of aluminum a s  a. ca . r r i e r  agent ,  t e s t s  were 

made t o  a sce r t a . i n  which of two suppor t ing  e l e c t r o l y t e s  could be used t o  

t h e  b e s t  adva.ntage i n  t h e  presence of r e h t i v e l y  h igh  concentra , t ions of 

a.luminwn. The two e l e c t , r o l y t e s  which ha.ve been r epor t ed  i n  t h e  1 i t e r a . t u r e  

a s  being s u i t a b l e  f o r  use i n  t h i s  determina,t ion a r e  a s  fo l lows:  

3 M - N H 4 C 1  i n  1 - M H C 1  -by Lingane,(5)  

and j M H C 1  i n  20 v/v per  cent  C2H50H -by Kolthoff amd Johnson. (4) - 
The r e s u l t s  of t e s t s  on bo th  of t h e s e  e l e c t r o l y t e s  are p resen ted  i n  

Table I .  

Table I 

E f f e c t  of Aluminum i n  Two Support ing E l e c t r o l y t e s  

on t h e  Dif fus ion  Current  of Tin 

Condit ions : 

Tin,  Pg 43 
Volume, ml 10 
Dif fus ion  cu r ren t  measured a . t ,  v o l t s  - 0.55 ( v s .  SCE) 

Aluminum Dif fus ion  Current ,  pg -- 

3 M HC1-20% C2H50H - 3 M N H 4 C 1 - 1  M H C 1  - - mg - 
0 o ,246 0.190 

10 0.150 o .18$ 
1 0.220 0.184 
5 o .176 0.184 
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It i s  r e a d i l y  apparent  from t h e  data i n  Table I t h a t  t h e  presence 

of d i f f e r e n t  amounts of a.luminm does not  a.ppreciably a . f fec t  t h e  d i f f u s i o n  

cu r ren t  of t i n  when hydrochlor ic  a c i d  i n  e t h y l  a.lcoho1 i s  used as t h e  sup- 

p o r t i n g  e l e c t r o l y t e .  It i s  ev iden t ,  however, tha. t  a. pronounced decrease i n  

t h e  d i f f u s i o n  cu r ren t  occurs  when a.luminum i s  a.dded t o  a. mixture of 3 M 

ammonium ch lo r ide  and 1 M hydrochlor ic  a.cid.  

- 
- 

The E f f e c t  of Hydrochloric Acid. Since a. no t icea ,b le  inc rease  i n  t h e  

d i f f u s i o n  cu r ren t  of t i n  occurred i n  t h e  s o l u t i o n  of a.mmonium ch lo r ide  and 

hydrochlori’c a.cid when a.luminum was a.dded, a.n e f f o r t  wa.s m.de t o  determine 

i f  t h e  concentra.t ion of a c i d  ca.used t h i s  cha.nge. Hydrochloric a.cid i n  

concentra.t ions from 1 t o  7 M wa.s t h e  medium which w a s  used i n  t h i s  phase of 

s tudy .  From t h i s  experimenta,l  work, it wa.s found tha.t  t h e  d i f f u s i o n  cu r ren t  

- 

of t i n  i s  independent of t h e  concentra , t ion of a c i d  from 2 t o  6 M.  When t h e  - 
concent ra t ion  of a.cid i s  ou t s ide  t h i s  ra.nge, however, t h e  d i f f u s i o n  cu r ren t  

decrea,ses.  Although 2 t o  6 M hydrochlor ic  a.cid cam be used wi th  no s e r i o u s  - 
e f f e c t s  on t h e  d i f f u s i o n  c u r r e n t ,  3 M hydrochlor ic  a c i d  wa.s chosen f o r  - 
subsequent experiments,  s i n c e  t h e  a.ga.r s a . l t  bridge de te r io ra , t e s  a.t higher 

a .c id  concentra . t ions . 
These r e s u l t s  a.re i n  e s sen t i a .1  a.greement wi th  those  of Kolthoff a.nd 

They were concerned, however, wi th  t h e  determina.tion of t h e  Johns on - ( 4 )  

optimum condi t ions  f o r  t h e  formation of t h e  f irst  reduct ion  wa.ve of t i n .  

I n  t h i s  la,bora.tory,  t h e  experimental  work was c a r r i e d  out i n  am e f f o r t  t o  

determine t h e  a , p p l i c a b i l i t y  of t h e  second r educ t ioh  wave of t i n  f o r  

a.na.lyt ica.1 purposes . 
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The E f f e c t  of Aluminum Ca. r r ie r  on t h e  Sepa.ra.tion of Tin From Uranium. 

Since t h e  method of sepa.ra.tion of t i n  from uramium involved the use of an 

aluminum c a r r i e r ,  s e v e r a l  t e s t s  were ma.de t o  determine t h e  e f f e c t  tha. t  

a.luminum has on t h e  p r e c i p i h t i o n  and recovery of t i n .  I n  t h e s e  t e s t s  

a. t tempts were ma.de t o  sepa.rate 42 micrograms of t i n  from 50 mg of uranium 

i n  t h e  presence of d i f f e r e n t  a.mounts of a.luminum c a . r r i e r .  It was found t h a t  

t i n  i s  not  recovered i f  a.luminum i s  absen t .  A recovery of only 10 per  cent  

of t h e  t i n  wa.s r ea . l i zed  when 1 mg of a.luminum wa.s p re sen t ;  while however, i n  

t h e  presence of 5 t o  10 mg of aluminum, t h e  recovery of t i n  was q u a n t i t a t i v e .  

It Is concluded, t h e r e f o r e ,  that a . t  l e a s t  5 mg of a.luminum must be p re sen t  

before  a. qua.nt i ta . t ive sepa.ra.tion of t i n  from uranium i n  a. b a s i c  ca.rbona.te 

medium i s  p o s s i b l e  . 
The Ef fec t  of Varying Concentra,tions of Uranium on t h e  Recovery of T in .  

I n  order  t o  e s t a b l i s h  t h e  ma.ximum concentra.t ion of uranium from which t i n  cam 

be separa.ted s a t i s f a . c t o r i l y ,  25 pg of t i n  i n  t e s t  s o l u t i o n s  t h a t  contained 

va.rious a.mounts of uramium up t o  a. ma.ximum of 300 mg wa.s sepa.ra.ted by means 

of t h e  recommended procedure,  fol lowing which t h e  t i n  wa.s determined pola.ro- 

g raph ica l ly .  Typical  po1a.rogra.m.s a r e  shown i n  Figure 1. It wa.s found tha. t  

q u a n t i t a t i v e  recovery of t i n  from a s  much a.s 200 mg of u ran ium ca.n be 

a.chieved wi th  a s i n g l e  p r e c i p i t a t i o n .  When t h e  a.mount of uranium i n  t h e  

t e s t  s o l n t i o n  was of t h e  order  of 200 m g  or more, a. s i n g l e  p r e c i p i t a t i o n  was 

not  s u f f i c i e n t  f o r  t h e  sepa.ra.tion of t i n  from uranium; consequently,  a double 

a.nd sometimes a. t r i p l e  p rec ip i t a . t i on  was necessa.ry. Under t h e s e  condi t ions  

t h e  recovery of t i n  w a s  c o n s i s t e n t l y  low. Apparently,  t h e  l o s s  of t i n  was 

due t o  s o l u b i l i t y  e f f e c t s  which become s i g n i f i c a , n t  when mul t ip l e  
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p r e c i p i t a , t i o n s  a r e  ma.de. A pronounced decrea.se i n  the qua .n t i ty  of s t a n n i c  

a.nd a,luminum hydroxides wa.s observed ea.ch time more than  one p r e c i p i t a . t i o n  

wa.s made. For t h i s  reason ,  t h e  a . l i quan t  of u rany l  s u l f a t e  t h a t  i s  used f o r  

a.na.lysis must conta.in no more than  200 mg of ura.nium so  that t h e  t i n  ca.n be 

sepa.ra.ted by a. s i n g l e  p r e c i p i t a , t i o n .  

Ca.libra.tion Curve and Di f fus ion  Current Consta.nt. A sta.nda.rd curve was 

e s t a .b l i shed  f o r  t h e  determinakion of t i n  by process ing  known a.mounts of t i n  

a.ccording t o  t h e  recommended procedure i n  t h e  presence of a.nd i n  t h e  a.bsence 

of uranium. The d i f f u s i o n  c u r r e n t  consta.nt ,  K,  was a . l so  ca.lcula.ted from 

t h e  fo l lowing  r e l a t i o n s h i p :  

I d  K =  
Cm2 / t 1/6 

Where K = d i f f u s i o n  c u r r e n t  consta.nt 

I d  = observed d i f f u s i o n  c u r r e n t ,  La 

C = concentra,t ion of t h e  t i n ,  millimo1a.r 

m = mass of mercury flowing from t h e  dropping mercury e l e c t r o d e  
i n  one second, mg 

t = drop t i m e  of t h e  dropping mercury e l e c t r o d e  i n  seconds.  

The r e s u l t s  a r e  p re sen ted  i n  Table 11. P l o t s  of t y p i c a l  polarograms and of 

t h e  c a l i b r a t i o n  curve of t i n  are presented  i n  F igu res  1 and 2, r e s p e c t i v e l y .  
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Table I1 

Dif fus ion  Curren ts  of Tin Following a. 

Ba.sic Ca.rbona.te S e m r a . t i o n  From Ura.nium 

Conditions : 

Volume, ml 10 
Aluminum, mg 3 

C a p i l l a r y  c h a r a c t e r i s t i c s ,  (rn2/3t1I6) 2.07 
Medium, 3 M H C 1 ,  20 per cent  Ethanol 

Temperature, OC 25 ? 0.5 

- 

Tin Di f fus ion  Curren t ,  pa, D i f fus ion  Current Constant,  K 
PJ-g A B A B - 

1 .7  0.008 0.008 2.78 2.78 

2 - 5  0.012 0.010 2.84 2.36 

4.2 0.014 0.019 2.38 2 -68 

8 . 5  0 e 0 3 3  0 -030 2.29 2.10 

17.0 0.065 '0 .068 2.25 2.36 

25.5 0 -097 0 * 095 2.29 2.24 

42.5 0.198 0.184 2.76 2 - 5 5  

85 0.396 0.394 2.76 2.74 

X 2.54 2.48 
- 

C o e f f i c i e n t  of Va.ria.tion, Per  Cent 11 10 

A = Uramium p r e s e n t ,  50 mg*  

B = Uramium a.bsent 
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From t h e  da.ta. p resented  i n  Table 11, it i s  i n d i c a t e d  t h a t  t h e  pola.ro- 

e gra.phic technique i s  a. s e n s i t i v i e  mea.ns f o r  the measurement of small 

qua .n t i t i e s  of t i n .  A l i n e a r  r e l a t i o n s h i p  e x i s t s  between t h e  d i f f u s i o n  

cu r ren t  and t h e  concentra.t ion of t i n  over t h e  ra.nge tha.t  was s tud ied .  The 

ca. l ibra . t ion curve was reproducib le  t o  a.bout 10 pe r  cen t .  The c lose  

agreement between t h e  d i f f u s i o n  cu r ren t  cons t an t s  f o r  t i n  wi th  and without  

ura.nium, r epor t ed  i n  Table 11, indica. te  t h a t  no i n t e r f e r e n c e  i s  encoutered 

from a.s much a.s 50 milligra.ms of ura.nium. 

The Recovery of Tin From Uranyl S u l f a t e  So lu t ions .  I n  order  t o  

a.scerta. in t h e  r e l i a . b i l i t y  of t h e  method f o r  the  recovery of sma.11 amounts 

of t i n ,  t es t  s o l u t i o n s  of t h e  ura.nyl su l f a . t e  were analyzed f o r  t i n  be fo re  

a.nd a . f t e r  sta.nda.rd a .ddi t ions of t i n .  The recovery of t h e  t i n ,  based on t h e  

a.mount tha. t  was i n i t i a . l l y  p re sen t  p lus  t h e  a.mount a.dded, was then  ca. lculated.  

The r e s u l t s  a r e  presented  i n  Ta.ble 111. 



-12 - 

Ta.ble I11 

Recovery of T in  From Ura.ny1 Sul fa . te  So lu t ions  

Tin ,  pg 
I n i t i a l l y  
P res  en t ( 1) Added 

5-5 

8.5 

Not d e t e c t e d  

2.2 

Not d e t e c t e d  

Not de t e c t e d 

Not d e t e c t e d  

Dif fus ion  Tota.1 Tin,  pg Recovery, 
Curren t .  ua. Present  Found Per Cent 

0 -053 14 .O 14.5 10 5 

.060 17.0 16 94 

.026 8.5 7.0 82 

.058 19.2 15.4 00 

.060 1-7 16 94 

-075 17 20 117 

103 - ,065 17 1'7 .? 

Aver a.ge 96 

C o e f f i c i e n t  of V a r i a t i o n  10 

(1) E s t a b l i s h e d  by t h e  b a s i c  ca.rbona.te , pola.rogra.phic method p r i o r  t o  t h e  
sta.nda.rd a.ddition of t i n .  

The r e s u l t s  of t h e  t e s t s  t h a t  a r e  suma . r i zed  i n  Ta.ble I11 ind ica . t e  tha . t  

t h e  pola.rogra.phic method, fo l lowing  t h e  sepa.ra.tion from ura.nium by a. ba.s ic  

ca.rbona.te p r e c i p i t a t i o n ,  i s  an e f f e c t i v e  method f o r  the determina.tion of 

microgram q u a . n t i t i e s  of t i n .  I n  unknown t e s t  s o l u t i o n s  of ura.ny1 su l f a . t e  

whose i n i t i a . 1  t i n  conten t  wa.s n e g l i g i b l e ,  t h e  recovery of t i n  thus  a.dded 

wa.s e s s e n t i a l l y  qua .n t i ta . t ive .  Severa.3. o f  t h e  s o l u t i o n s  conta.ined de tec ta .b le  

a.mounts of t i n  which a.ugmented t h e  amount added. The a.mount of t i n  i n i t i a . l l y  

p re sen t  was determined by t h e  method under t e s t ;  consequently,  a degree of 

u n c e r t a i n t y  e x i s t s  w i t h  r e s p e c t  t o  t h e  to t a .1  amount of t i n  which wa.s p re sen t  

i n  t h e s e  samples. The t e s t  r e s u l t s  f o r  samples t h a t  conta ined  t i n  i n i t i a l l y  
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must therefore be considered as supporting rather than conclusive eviJence 

of the reliability of the method. The precision and reliability of the 

method for the determination of tin in amounts ranging from 2 to 50 pg, 

as tested with unknown samples, is thus of the same order of 10 per cent 

as that established for the calibration cwve. 

Interferences. No interference was encountered in solutions of uranyl 

sulfate which contained microgram quantities of corrosion products such as 

iron, nickel, and. chromium. Earlier work(*) on the polarography of tin in 

the presence of these metals indicated that a metal to tin ratio of about 

5 to 1 can be tolerated without interference. Lead interferes seriously; 

however, it was not present in any of the samples. 

A reliable method was developed f o r  the estimation of microgram 

quantities of tin in solutions of uranyl sulfate. In the application of tbis 

method, tin is first separated frox uranium by precipitation with basic 

carbnnate with aluminum hydroxide being utilized as a carrier, following 

which the precipitate of stannic and aluminum hydroxides is dissolved in 

hydrochloric acid. After this precipitate is properly dissolved, the tin 

is determined by a polarographic method. In this method, the diffusion 

currents of the doublet wave f o r  the reduction of stannic tin to the 

stannous ion and of stannous tin to the elementary metal are determined in 

a ~iyi3rochloric-etli3rl alcohol medium. 

wave which occurs at a half-wave potential of -0.55 versus the standard 

calomel electrode is utilized in measuring the quantity of tin 

The diffusion current of the second 
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which i s  p r e s e n t  i n  t h e  sa.mple. This pola.rogra.phic method i s  sa . t i s fa .c tory  

f o r  t h e  estima.tion of 2 t o  50 microgra.ms of t i n  i n  a. f i n a l  volume of t e n  m l .  

The c o e f f i c i e n t  of va.ria.tion i s  of the order of t e n  per c e n t .  
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C ON0 IT IO NS : 
MEDIUM, 3 M HCI, 20% ETHANOL. 
T I N ,  2 5 p . g .  
ALUMINUM CARRIER, 5 mg. 
VOLUME, IO m l .  

C 

B 

A 

LEGEND: 

U ( V I )  Separated,Mg 

0 .  RESIDUAL CURRENT 

Id, PA 
0.093 
0.097 
0.098 

I I I I I 
-0.6 -0.7 -0.8 - 0.4 -0.5 

POTENTIAL,  VOLTS v s  SCE 

F IGURE 1 .  POLAROGRAMS OF T IN ( I V )  IN  3 M  HYDROCHLORIC ACID 
FOLLOWING A BASIC CARBONATE SEPARATION FROM URANIUM (VI) 
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- CONDITIONS: 
VOLUME, I O  mi.  
ALUMINUM CARRIER, 5 mg. 

TEMPERATURE, 2 5 ° C .  
MEDIUM, 3 M HCI  , 2 0 %  ETHANOL. 

DIFFUSION CURRENT MEASURED AT - 0 . 5 5  VOLT V S .  SCE. 

I 
4 

P 

F I G U R E  2 .  CALIBRATION GRAPH FOR THE P O L A R O G R A P H I C  DETERMINATION OF TIN(1V) 

. 




