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v i i  

ABSTRACT 

The a p p l i c a b i l i t y  of t h e  Beckman Model K Automa.tic T i t r a . t o r  for the 
determina,tion of uranium w a s  i nves t iga , t ed  t o  e s t a b l i s h  t h e  u t i l i t y  of t h e  
instrument  and t o  a.scerta. in t h e  optimum cond i t ions  for t h e  t i t r a t i o n .  The 
a.utomatic t i t r a . t o r  was found t o  be sa . t isfa .c tory for t h e  de te rmina t ion  of 
ura.nium i n  the range of 20 t o  100 rig. 
uranium i n  t h i s  range was 0.2 per  c e n t .  For sma.ller q u a n t i t i e s  of uranium 
t h e  p r e c i s i o n  was about 0 - 5  per  c e n t .  

The p r e c i s i o n  e s t a b l i s h e d  for 

The optimum cond i t ions  that were e s t a b l i s h e d  for t i t r a . t i o n  are: 
poten t ia .1  " s e t t i n g s " , o f  -80 mv and 640 mv a t  tempera.tures of 90 t o  9 5 O C ;  
t h e  use of a. ga.uze e l e c t r o d e  instea.d of a smooth e l e c t r o d e ;  and t i t r a t i o n  
w i t h  0.01 N potassium dichromate i n  s o l u t i o n s  which are about 1 N - i n  - 
HzS04. 
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APPLICATION OF THE EECKMAN MODEL K AUTOMATIC TITRATOR 

TO THE POTENTIOIETRIC DETERMINATION OF U R A N I U M  

C .  D I  Susano and J. S. Decker* 

INTRODUCTION 

e r  of oxicliz l e  End r e d u c i b l e  c o n s t i t u e n t s  
Ceter-,rined. by neans of: t h e  Beckma Model K a .u tom. t i c  t i t r a . t o r  
i nves t iga , t i on  w2.s  uadertaken t o  determine t h e  a p p l i c a b i l i t , y  of t h i s  i n s t r u -  
i:lent ?o:i-, t h e  potentior.;etric 'ci'cration of uranium i n  q m n t i t i e s  of 2C t o  

. 1'1 t h e s e  s t u d i e s ,  potzsSiur!i dichroma.te, a. r e s .d i ly  ava.ila,'i:le 
y s t enchrb ,  W E ~ S  chosen 8 s  t h e  oxid2n-t; for ura.nium whi le  chromous 
e was selectec-:'. 2s -the i-ei'.uct;nt. 

A siai1;lr po ten t iome t r i c  Liet.liod, 2,s r e p o r t e d  IJY Voss and- GreeneE':), 
involves  t h e  red-uction of ura.niuii? i n  a s u l f a t e  s o l u t i o n  wit,h z inc  -a.ma.lga.m 
,:-r"-ter which t,he re$.uce$ urrniuii; i s  t i t r a t e d  wiLh potassium dichromate a t  a. 
~o!~isl::.nt poten-t i i  1. Al-though t h i s  aethod. i s  t h e  most p r e c i s e  volumetr ic  
methoii for 'die de-teri.n.iixtioii of urzniuiii t h a t  hes been r epor t ed ,  it ha.s one 

knowledge oi t h e  ul-cniux czn ten t  i s  necessery  . 
e Z t t  l e a s t  Bo:? t h i s  s p e c i f i c  z .ppl ice . t ion,  i n  th.a.t a. p r i o r  

K~;nzc:,, Nessle znC CZS~G'~) used potassium dichromxte for t h e  oxid.a.tion 
of sol t i  ns  b o t h  on a macro a s  we 1 a,s on a. vlog, Richrn n -  2nd. Rodden (1'2j, Gantz, 

e t  ,.I. 
F l ~ ,  un $.e r s ou t , l i ned  vc,lur;;.etric znd po ten t iome t r i c  reth0G.s f o r  t h e  de- 
';er:-iina.'cion of uranium iii ?rhich cxiG.izing =gen t s  o t h e r  t han  pota.ssium 
?ichromzte Eye reccmneiid.ed. 

Martens , m d  o t h e r s  99 2nd- Simon, Asbury a.nd 

* Chemistry Depai t i lent  Phoei2ix-Union High School znZ Jun io r  College , 
Phoenix, Arizoiiz . 



DISCUSSION OF EXPERIbENTAL RESULTS 

Since  t h e  purpose or" t h i s  i n v e s t i g a t i o n  was t o  deterxine the a p p l i c a -  
b i l i t y  OF t h e  Beckman Model K Autoiiatic T i t r a t o r  f o r  t h e  p o t e n t i o m e t r i c  
t i ' c ra t ion  of uran iun ,  on ly  those  s t u L i e s  t h a t  were necess s ry  t o  e s t a b l i s h  
the u t i l i t y  of the i n s t r u n e n t  were made. S p e c i f i c a l l y ,  s tud-ies  were made: 

(I.) Tn e s t a b l i s h  t h e  p o t e n t i a l  " s e t t i n g s "  oi t h e  insti-ument a t  
roc ' i  t empera ture  anti a t  90' t o  9 5 " ~ ;  

(2) To deterrnine t h e  e f f e c t i v e n e s s  ol t h e  gauze and smooth types  
of pla t inum e l e c t r o d e s ;  

( 3 )  To a s c e r t a i n  the e f f e c t  of v a r i o u s  concent ra , t ions  of 
K2Cr207 and of t h e  hy6rogen-ion; and 

(4) To compare the automatic t i t r a t o r  w i t h  ma.nua.1 methods or" 
t i t r a . t i o n .  

Ar t e r  t h e  optimum cond i t ions  Tor t h e  au tomat ic  t i t r a t o r  had been e s t a b l i s h e d ,  
several m t e r i a l s  t h a t  conta ined  o t h e r  c o n s t i t u e n t s  such a s  zirconium, i r o n ,  
i i c k e l  and chromium were ana lyzed  for uranium i n  o rde r  t o  e s t a b l i s h  the 
i - e p r o d u c i b i l i t y  of t h e  method i n  t h e  presence of t h e s e  subs t ances .  

DetaLls  of the procedure t h a t  was used i n  t h e s e  t es t s  a s  w e l l  a s  
C i r e c t i o n s  f o r  t h e  p r e p z r a t i o n  of t h e  necessary  r e a g e n t s  a r e  g iven  i n  t h e  
s e c t i o n  of t h i s  r e p o r t  e n t i t l e d  "Recommended Method" which s t a r t s  on page 9 

P o t e n t i a l  S e t t i n g .  To e s t a b l i s h  t h e  p o t e n t i a l  " s e t t i n g s "  f o r  t h e  
a.utoma.tic t i t r a t o r ,  p o r t i o n s  of a sta.nda.rd s o l u t i o n  of u rany l  s u l f a . t e  we e 

end-poin ts  were nea.sured w i t h  a. Leeds a.nd Northrup Potent iometer  I n  
order  t o  e s t a . b l i s h  t h e  best  ope ra t ing  c o n d i t i o n s ,  t i t r a . t i o n s  were made a.t 
~ o o i i  t e r ipera ture  and e . t  90 t o  95OC. 
curves (See F i g .  1) t1ie.t t h e  b reak  e.t  t h e  h igher  p o t e n t i a d  i s  much sha.rper 
and the  steep p o r t i o n  of the curve i s  Longer a. t  the h ighe r  tempera,tures than  
a.t rocm tempera.ture. A t  t empera tures  of 90 t o  95'C, t h e  f i r s t  brea.k i n  
poten t ia .1  i s  noted  i n  t h e  renge of -150 t o  250 mv whi le  t h e  second brea.k i s  
observed i n  the ra.nge of 275 t o  700 mv. Consequently, p o t e n t i a l  " se t t ings"  
for  t h e  a.utoma.tic t i t r a t o r  were a . r b i t r a . r i l y  s e l e c t e d  a.t -80 mv amd 640 mv 
a s  t h e  end p o i n t s  f o r  t h e  t i t r a . t i o n  at tempera.tures of 90 t o  9 5 O C .  These 
p o t e n t i a . l s  a.nd tempera,tures were used i n  a l l  subsequent t es t s .  

t i t r a . t e d  w i t h  K2Cr207. The po ten t i a . l s  a.t t h e  Cr'2 t o  C r f 3  a.nd U'4 t o  U+ 'i, 

It i s  a.ppa,rent from t h e  t i t r a . t i o n  
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Comparison of Pla.tinurii E l e c t r o d e s .  After t h e  po ten t i a .1  " s e t t i n g s "  
were e s t a .b l i shed ,  a. series of tes ts  were made t o  determine the e f f e c t i v e n e s s  
of a. platinurn gauze e l e c t r o d e  as compa.red t o  s smooth pla.tinum e l e c t r o d e  
(Beckman No. 1281) .  The ga.uze e l e c t r o d e  was oi' t h e  type  which i s  o r d i n a . r i l y  
used a s  t h e  ca.thode i n  electro-a.na.lytica.1 work. The surfa .ce  a.rea. oic t h e  
gouze e l e c t r o d e  wa.s about .LO times g r e a t e r  tha.n tha . t  of t h e  smooth e l e c t r o d e  
or  about 196 sq  x i i  6s compared t o  9 s q  mm. 
a.re surmarizeG i n  Tz?;le I ,  the ga.uze e l e c t r o d e  wa.s found t o  be s l i g h t l y  bet ter  
than  t h e  smooth e l e c t r o d e .  

A s  a. r e s u l t  of t h e s e  tes ts ,  which 

Comparison of %he Smooth and Gauze TvDe. Pla.tinum E l e c t r o d e s  

Uranium 
S t  a nda r d C o e f f i c i e n t  

Pb-cci s s iur i  No. Average - Devia t ion  of V a r i a t i o n  
D i chr oma t e E l e  c t r ode Detns . X S v 
PJc rma l i t  y Type N " g  Per  Cent 

C .0994 Smooth 6 c7.1 0.3 1.1 
Gauze 4 27 -7 0.1 0.2 

0 * 0101 si.:oo-i :1 9 27 0 -3 1.0  
Gzuze 6 27.6 0.1 0.5 

Apparently,  p o l a r i z a t i o n  of t h e  p la t inum e l e c t r o d e  i s  reduced w i t h  t h e  
gauze e l e c t r o d e  because a s  t h e  t i t r a t i o n  proceeds and the s o l u t i o n  i n c r e a s e s  
i n  volume, a c l ean  s u r i a c e  of p la t inum i s  c o n t i n u a l l y  coming i n  c o n t a c t  w i t h  
the s o l u t i o n .  For t h i s  rezson  and because it was noted  t h a t  w i t h  t h e  smooth 
e l e c t r o d e  t h e  uranium va lues  were lower and less p r e c i s e ,  the gauze e l e c t r o d e  
i s  recommended i o r  use  i n  t h i s  rx thod .  

Potassium Dichroma.te Concentra,tion. The operas t ing  cond i t ions  for the  
t i t r a . t o r  ha.ving been e s t a b l i s h e d ,  a. t h i r d  series of tests were ma.de t o  
determine t h e  optimum concent ra , t ion  of K & r 2 0 7  t o  u se  a s  am oxida.nt f o r  
ura.nium. 
wi th  va ry ing  concent ra , t ions  of KzCr207. 
t h e s e  t es t s  ranged froiii 0.0016 N t o  0.539 N .  The r e s u l t s ,  which a.re shown 
i n  Table 11, i n d i c a t e  tl1a.t t h e  p r e c i s i o n  is, a s  was expec ted ,  e s s e n t i a l l y  t h e  
same f o r  K 2 C r 2 0 7  i n  t h e  range of 0.003 N t o  O n ? ?  N .  I n  a l l  b u t  one series 
of t es t s ,  t h e  c o e f y i c i e n t  of va.ria.tion was 0.5  p e r  cen t  o r  less.  
b a s i s  of t h e s e  r e s u l t s  it ca.n be  s t a t e d  tha . t  no loss i n  p r e c i s i o n  occurs  a s  
a. consequence of u s ing  d i l u t e  s o l u t i o n s  of K2Cr2O7 a s  the t i t r a n t .  

Uranium, i n  q u a n t i t i e s  of 5 t o  65 mg, was determined by t i t r a . t i o n  
The concen t r a t ion  of K2Cr207 i n  

On t h e  



Ur z niux  
Sta n d . ~  r 6- Coef f i c i en t  

NL, . 
Detvls . 

N 

Rvei,,;e Devi= t ion  r,I V o r i G t i o n  
F S V 

. O-:i.ly t,wo experiments were made t o  as- 
ion  co;lcentra.t ion on t h e  de te rmina t ion  of 
or  beca.use -the concentra.t  ions  of H2S04 

selecte:', 2 IY Z,E,!. 0 . 1  p.1, we;*e consi '3er&ly g r e a t e r  and less ,  r e s p e c t i v e l y ,  
t l i zn  ti3.e 5 v7v per  c e n t  1 m>  H ~ S C I ~  ';:i;;t W P S  used. i n  t:ie previous  t es t s .  
1-2 wa.s J"oun3,-r"ro-: -the resul-l;s given i n  Ta,ble 111, tha . t  t h e  p r e c i s i o n  t2-t t h e  
h i  b The t- hyC-3- oge n - i 0;: c cn c evlt r:, t i oil wa s e s s en-'c ii: 11 y t h e  same a s t hz! t ob t s. ine 2. 
for s o l u t i o r x  i n  wkich t h e  c c i d i t y  ??as shout  1 N. A t  t h e  lower hydrogen-ion 
concent ra t ion  , however, e. 3ecrezse i n  p r e c i s i o n  was noteZl a.nd t h e  p o t e n t i a l s  
a t  t h e  en?.-points were mor:e neg5t ive ;  t h e  r e s u l t s  were a . lso s i g n i f i c a n t l y  
lower.  1na.sauch L S  t h e  p rec i s ion  a . t t s i n e d  a . t  t h e  higher  hydrogen-ion concen- 
t r z - t i ons  0 1. N a.nC 1 N w a  e s s e n k i e l l y  t h e  same, a hye-rogen-ion concen- 
uL '~- i ; ion  oil' 1 1~ 0 3 -  5 v/v pgr cent  i n  H2Sa4, which wa.s used i n  e a r l i e r  t e s t s ,  
i s  

- 

- 

- 
-1. ~ 

- 
r e  c om #le ne e C.. . 
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Table 111 

K f  e c  t of Hydrogen -I on Con cen t r a  t ion  

2 0. ,l 

1 0.91 

0.1 0.01 

U r  a n i u n  

Average Deviation of V a r i a t i o n  
S tandard  C o e f f i c i e n t  

- P o t e n t i a l  No 
Range Detns e X S V 

mTJ nT I Jig Per Cent 

Low High - -  
-)Oo LICJo 5 z7.67 j .O5 0.2 

- - 7 27 022 0.05 0.2 

-80 640 4 26.20 0.10 0.5 

Coinpa.rison of Methods. In order  to compa.re t h e  a.utoma.t.ic t i t r a . t o r  amd 
t h e  mnua.1 methods, such  a s  a r e  o r d i n m i l y  used f o r  t h e  determina.t ion o f  
uraniu’n, samples tha . t  conta ined  a.pproxima.tely 39 per  c e n t  zirconium, 12 per 
cent  sodiux, a n d  9 per. cen t  u r m i u n  were a.na.lyzed by b o t h  methods. 
so.mples, each 2 . 5  mg i n  weight,  were d i s so lved  i n  H2S04. 
of t h i s  s o l u t i o n  were s e l e c t e d ,  such tha. t  d i f f e r e n t  a.mounts of ura.nium were 
p r e s e n t ;  namely, 11 t o  1’ xg, 20 t o  25 mg, and 80 t o  100 mg. The recommended 
proced-ure (See p .  9 I n  Ta.ble I V ,  

t i t , r z t i o n  ~ 7 i t h  c e r i c  s u l f a . t e ( l 3 )  i s  ,iven. The r e s u l t s  ob ta ined  by means of 
t h e  a u t o m t i c  t i t r a . t o r  were somewh&;.t more p r e c i s e ,  bu t  no t  s i g n i f i c a n t l y  so ,  
tha.n t h e  r e s u l t s  secured  by t h e  ma.nua.1 method when t h e  qua .n t i ty  of ura.nium 
p r e s e n t  wa.s g r e a t e r  t han  20 ixg. 
of t.he t,wo methods i s  e s s e n t i d l y  t h e  sane. 

Two 
Various a l i q u o t s  

for: t h e  o u t o m t i c  t , i t r a t i o n  was followed. 
s:ry of t ,hese r e s u l t s  and of t hose  oi?ta.ined. ‘;y t h e  manua.1 method of 

For sma l l e r  a.mounts of uranium t h e  p r e c i s i o n  

Table I V  

Coixpzirison of Autorimtic a.nd Ma.nua.1 Methods of T i t r a . t i o n  

C o e f f i c i e n t  of V a r i a t i o n ,  V 
14a nua 1 Nun er of U r  a n ium K 2 C r 2 0 - 7  Automatic 

Deter:ainat i ons  Elt; l!J or ma 1 it y Per Cent 

16 11 to 13 (3 .004 0.5  0.4 

12 80 to 100 -03 0.2 0.4 
. oc; 0.2 0 - 5  2 4 0 to 25 

The c o e f f i c i e n t  o i  v a r i a t i o n  was c a l c u l a t e d  by us ing  t h e  fo l lowing  method: 
C o e l f i c i e n t  01 v ~ r i t t i o n ,  V = D2 - 

2P 

D = d i f f e r e n c e  between d u p l i c a t e s ,  pe r  cen t  

P = number of p a i r s  of d u p l i c a t e s  

Where 



l y s i s  Q?: S u l i ^ ~  t e  Solu-tions Yurther t es t s  were .Ge wi th  11 C L i  
of urG.xiiurn, zirconiwrfi, i 
t h e s e  const.i'cuents on t h e  C-e- 
2 ~ -  riiethoil. .Ei  '~coniixii, n i cke l  

t it was !;now:-i -I;Ii&t. a.ny i ron  
p r e  s en'c wnv.!.? .:-;e :: e C.uce :' :.;le Lmnner a s  urenium. The  

or t h e  :?.mount. of i r o n  p resen t  

_ ' i t io r i s  oi 'cl7.e t e s t .  The resu l i i s  of t h e s e  t,est,s confirm t h e  fa .c t  tha. t  z i r -  
conium, n i c k e l  enri chro:aiwi clo not  i n t e r f e r e  i n  t h e  potent . iometr ic  t , i t r a t i o n  

l e t , e l y  oxid ize?  under t h e  con- 

01' ~ 1 . ~ 2  :I iui!?. . 

'1) Co -8ecie ' _ c '  i c c ~ l  2 ese i i t ,  on t h e  assumption t h a t  complete ox ida t ion  of 
t h e  f e r r o u s  i r o n  t a k e s  p l ace .  



The Eeckman Model K Automatic T i t r a t o r  w s s  foiind t o  be s a t i s f a c t o r y  
Tor t h e  po ten t iome t r i c  t i t r a t i o n  oC uranium w i t h  potassium dichromate.  The 
p r e c i s i o n  f o r  uranium i n  t h e  range of 20 t o  100 mg i s  0 .2  per  cent  whereas 
f o r  smal le r  q u a n t i t i e s  of uraniullr t h e  p r e c i s i o n  i s  or t h e  o rde r  of 0.5 
per  c e n t .  When t h e  amount of uranium be ing  t i t r a t e d  was less than  20 mg, 
t h e  c o e f f i c i e n t  of v a r i a t i o n  of t h e  au tomat ic  and manual methods of t i t r a t i o n  
i s  e s s e n t i a l l y  t h e  same; oxherwise, t h e  p r e c i s i o n  of t h e  au tomat ic  method 
i s  b e t t e r .  

On t h e  b a s i s  of t h e  t e s t s  t h s t  were made t k e s e  cond i t ions  were s e l e c t e d  
f o r  t h e  use  of the automatic t i t r a t o r ,  

(1) P o t e n t i a l  " s e t t i n g s "  a t  - 80 mv and 640 mv a s  t h e  end-poin ts  
f o r  t h e  t i t r o t i o n  E t  t empera tures  of 90 t o  9 7 O C ;  

( 2 )  Gauze type  of p1a:tinum e l e c t r o d e ;  

(3) 

(4) 

Approxima.tely 0.01 N - potassium dichrorna.te; and 

Hydrogen-ion c o n c e n t m t i o n  of about 1 - N i n  H2S04. 

After optimum cond i t ions  for t h e  a.utoma.tic t i t r a . t o r  were e s t a b l i s h e d ,  
ss.mples tha . t  con ta ined  o t h e r  c o n s t i t u e n t s  were t e s t e d  f o r  uranium. The 
p r e c i s i o n  obta.ined for t h e  a.na.lysis of t h e s e  sa.mples wa.s compa.rable t o  tha. t  
ach ieved  when sta.ndm-d s o l u t i o n s  of ura.nium were t e s t e d  by t h i s  method. 
The nega.tive b i a s ,  which w8.s found t o  be  c h a . r a . c t e r i s t i c  of t h e  a.utorn8tic 
t i t r a . t o r  method, vn.s rlso not,ed f o r  t h e  a n a l y s i s  of t h e s e  samples. 
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Poten t iome t r i c  T i t r a t i o n  07 Uraniun With t h e  

Gecluan I%del K Automa-cic T i t r a t o r  

The method t h a t  was u 
Model K Automatic T i i r c t o r  
i s  c'esci-i: el' i n  e ~ ~ ~ i . 1  i r l  Giiis s e c t i o n .  D i rec t ions  Yor t h e  p r e p a r a t i o n  of 
ilie r eagen t s  a r e  also inc luded .  

Rea gen t s  

Potassium D i c h r o m t e ,  K2Cr207, 0.01 N ,  Na t iona l  Bureau of S tandards  
No. 136. 
aqueous s o l u t i o n  which con ta ins  50 ml of concen t r a t ed  s u l f u r i c  z c i d .  D i l u t e  
t o  volume i n  a o n e - l i t e r  vo lumetr ic  f l a s k .  

Prepare by d i s s o l v i n g  0 .5  g of The s a l t ,  K2Cr2G7,  i n  250 m l  of an 

Chromic Su l f a . t e ,  C r 2  ( S04)3, a .pproxim. te ly  0.04 N .  Prepare by d i s s o l v i n g  
1-5 g of t h e  rea.gent gra.de sr . l t ,  Cr2(S04)3.18H20, i n  one l i t e r  of 5 v/v per  
cent  s u l f u r i c  x i d .  

Ura.nyl Sul fa . te ,  stand-ard s o l u t i o n .  Weigh 8.n a,ppropria.te m o u n t  of U308 
t o  the nea.rest, 0 . 1  mg. Dissolve t h e  U308 t o  t h e  nea . res t  0 . 1  mg. Dissolve 
t h e  U308 i n  1:l n i t r i c  a.cid., a.dd a. rew ml of conc. s u l f u r i c  a .c id ,  t hen  
evs.pora.te t h e  so lu t , i on  t o  fumes of s u l f u r  t r i o x i d e .  D i l u t e  w i t h  a. f e w  m l  of 
wzter;  repea.t t h e  a .dd i t ion  e.nd eva.pora.tion of s u l f u r i c  a .c id  t o  fumes of s u l f u r  
t r i o x i d e .  
per  c e n t  su1f"uric a .c id .  

D i l u t e  t o  a.n a.ppropria.te volume then  a .djust  t h e  a c i d i t y  t o  5 v/v 

Chromous S u l f a t e ,  Cr2(S04)3 e This s o l u t i o n  i s  prepared  a s  r e q u i r e d ,  by 

The c h r m o u s  s u l f a t e  s o l u t i o n  i s  added d i r e c t l y  from 
pass ing  a 0.04 N soluLion 0: chroiiic s u l f a t e  through a column t h a t  con ta ins  
23 m l  of z inc  a ~ a l g z m .  
the yeiuctc-r i,o Ilie soluLion w;lich is  t o  he  zne lyze2 .  

S u l f u r i c  Acii?, H?SO4, 5 v/v per  cen t  or approximztely 1 1'. - Prepare by 
i ' i l u t i n g  59 nl 01- conc. €12SO4 t o  one l i t e r .  

Pr oce ?ur e 

Sa.mple Condi-Lions. The u rzn iun  conten t  of t h e  sa.mple p o r t i o n  should be  

If t h e  a . c i d i t y  i s  o the r  
20 t o  100 m g / l O O  m1 07 s o l u t i o n .  
a.bout 5 v/v per  cent  i n  H2S04 or  approxima.tely 1 N .  
t han  5 v/v p e r  cent, i n  H2S04, some s l i g h t  l o s s  i n p r e c i s i o n  a.nd a.ccura.cy must 
be  a n t i c i p a t e d .  

The ac id- i ty  of t h e  s o l u t i o n  should be  
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Reduction Process .  I n  ca r ry ing  out t h e  r educ t ion  s t e p ,  t h e  s o l u t i o n  t o  
be  analyzed i s  p laced  i n  t h e  p o s i t i o n  ind ica t ed  i n  F igure  2 .  The s o l u t i o n  
i s  heated by  means of a tantalum c o i l  h e a t e r  t o  90 - 9 5 O C ,  whi le  be ing  s t i r r e d  
and deaera ted  s imul taneous ly  wi th  n i t r o g e n  (See Note A )  f o r  about  one minute.  
The "ac id-se t -base"  swi tch  i s  s e t  a t  "ac id" ,  whi le  t h e  p o t e n t i 2 1  i n d i c a t o r  
(pH-MV d i a l )  i s  tu rned  t o  -80 mv. A f t e r  t h e s e  s t e p s ,  a volume of  chromous 
s u l f a t e  s u f f i c i e n t  t o  reduce t h e  uranium is  added (See Note B ) .  

Notes : 

A.  F l a t t  and S o m m e r ~ ( ~ )  r e p o r t  t h a t  U'4 i s  s lowly oxidized i n  
a i r .  For t h i s  reason,  t h e  t i t r s t i o n s  i r e  c a r r i e d  out  i n  an i n e r t  
atmosphere of n i t rogen .  The gas i s  washed wi th  50 p e r  c e n t  KOH, 
passed through llOxsorbant'l 2nd then  bubbled i n t o  t h e  t i t r a t i o n  
medium through a p o r c e k i n  f r i t .  

B .  After t h e  sc-mple s o l u t i o n  has  been s t i r r e d ,  de&era ted ,  and 
heated f o r  one minute t h e  chromous s u l f e t e  i s  added from t h e  Jones 
r educ to r  i n  s m a l l  Jmounts u n t i l  t h e  i n d i c i t o r  l i g h t  comes on and 
remains on. The pH-MV d i a l  i s  then  s e t  d t  -140 mv whi le  t h e  "ac id -  
s e t -base"  swi tch  i s  turned  t o  "base."  
permi t ted  t o  flow u n t i l  t h e  a n t i c i p a t o r  beg ins  c l i c k i n g .  While 
t h e  chromous s u l f a t e  i s  be ing  added t h e  s topcock t o  t h e  b u r e t  t h a t  
c o n t a i n s  t h e  dichromate s o l u t i o n  must be  i n  t h e  o f f  Dos i t ion .  

A s l i g h t  excess  of C r f 2  i s  

- 

Oxidat ion Process .  The ox ida t ion  process  i s  c a r r i e d  out  immediately 
a f t e r  t h e  r educ t ion  of uranium wi th  chromous s u l f a t e .  I n  t h i s  s t e p  of t h e  
procedure,  t h e  c o n t r o l s  f o r  t h e  automatic  t i t r a t o r  a r e  se t  whi le  t h e  
p o t e n t i a l  i n d i c a t o r  i s  ad jus t ed  t o  -80 mv; t h e  dichromate s o l u t i o n  i s  then  
allowed t o  flow i n t o  t h e  s o l u t i o n  o f  reduced uranium. The f low of t h e  
dichromate s o l u t i o n  cont inues  u n t i l  t h e  l i g h t  on t h e  i n d i c a t o r  knob 
re -appears .  This i s  t h e  end-point  of  t h e  f i r s t  ox ida t ion  s t e p  (See Note C ) .  

The p o t e n t i a l  i n d i c a t o r  i s  then  r e - s e t  a t  e i t h e r  540 or 640 mv, 
(See Note D )  after which t h e  a d d i t i o n  of t h e  dichromate s o l u t i o n  i s  con- 
t i nued  u n t i l  t h e  l i g h t  r e a p p e a r s .  A t  t h i s  p o i n t  t h e  ox ida t ion  of uranium 
i s  complete.  

Notes : 

C .  The t i t r a t i o n  of t h e  f i rs t  sample of  a s e r i e s  should be  watched 
c a r e f u l l y .  The f i r s t  p o s i t i o n  of t h e  pH-MV d i a l  should be  a t  150 mv. 
When t h e  i n d i c a t o r  l i g h t  s tar ts  f l a s h i n g ,  advance t h e  pH-MV d i a l  20 t o  
40 mv. 
p e r m i t t i n g  t h e  f r e e  flow of t h e  s o l u t i o n  t o  cont inue .  This p rocess  i s  
repea ted  u n t i l  t h e  advance of 20 mv on t h e  d i a l  causes  on ly  a more r a p i d  
f l a s h i n g  of t h e  i n d i c a t o r  l i g h t .  The f l a s h i n g  i s  permi t ted  t o  cont inue  
u n t i l  t h e  i n d i c a t o r  l i g h t  f l a s h e s  on and remains on. The a n t i c i p e t o r  
must m u s e  t h e  l i g h t  t o  f l a s h  a t  l e a s t  8 t o  10 times be fo re  an a c c u r a t e  
end-point can be  expected. 

When t h i s  i s  done, t h e  i n d i c a t o r  l i g h t  s t o p s  f l a s h i n g ,  t h u s  
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D .  For s o l u t i o n s  i n  which t h e  q u a n t i t y  of ura.nium i s  more than  
20 m g / l O O  in1 t h e  a n t i c i p a t o r  i s  se t  a.t 4 ,  t h e  pH-MV dia.1 i s  f i r s t  se t  
a.t -140 mv, a.nd then  it i s  advanced t o  -80 mv. 
cont inued  u n t i l  t h e  i n d i m t o r  l i g h t  f l a s h e s  on and remains on; t hen  
t h e  po ten t i a .1  i s  a.dva.nced gra.dua.lly t o  640 mv'. 
s o l u t i o n s  the po ten t i a .1  i s  a.dva.nced t o  540 mv ra . ther  t han  640 mv.  
This  gra.dua1 i n c r e a s e  i n  t h e  volta.ge i n  a l l  c a s e s  a.llows the s o l u t i o n  
t o  become thoroughly mixed a s  w e l l  8,s p e r m i t t i n g  t h e  po ten t i a .1  between 
t h e  e l e c t r o d e s  t o  Lecorne more s t a h l e .  

The t i t m t i o n  i s  

For more d i l u t e  

Ca lcu la t ions .  From t h e  volume of dichromate s o l u t i o n  t h a t  i s  r e q u i r e d  
t o  ox id i ze  t h e  uranium, t h e  concen t r a t ion  of uranium i s  c a l c u l a t e d  by 
mul t ip ly ing  t h e  m i l l i e q u i v a l e n t s  of potassium dichromate by 11.9, t h e  m i l l i -  
equ iva len t  weight of u ran iun .  
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