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ABSTRACT

A m ethod h a s  Been d ev e lo p ed  f o r  th e  d e te r a d im tio n  o f  p lu to n iw a  o r e r  
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am otm ts o f  th e  t h r e e ,  f o u r  and  s i x  v a l e n t  s t a t e s  p r e s e n t  i n  a  p lu to n iu m  sample* 
The th o ro n o l Gomplexes form ed w ith  f e r r i c  and  u rarg rl io n s  have b een  exam ined 
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e f f e c t s  due t o  m ost o f  th e  com plex ing  c a t io n s  su ch  a s  iro n , o r  a n io n s  su c h  a s  
f l u o r i d e .

U.K.A.E.A. R esearch  Gx'oup,
Atomic Energy R esearcli E stab lish iiien t,
Haarwell
November* 1953
D ate o f d e c la s s i f i c a t io n  JisiTie 1957 
HX58/557



GOHfMT£

1 . I n t r o d u c t io n  1

2 . E x p e rim e n ta l 1

3- B e e r 's  Law 2

h-f E f f e c t  o f  A c id i ty  on th e  O p tic a l  D e n s ity  and  C o lou r S t a h i l i t y  2

5 . E x t in c t io n  c o e f f i c i e n t s  f o r  th e  v a le n c y  s t a t e s  o f  P lu to n iu m  3

6 , E s tim a tio n  o f  th e  t h r e e  v a le n c y  s t a t e s  i n  th e  ^d.xt^ire 3

7« A n a ly t ic a l  p ro c e d u re  4-

8 . I n t e r f e r i n g  s u b s ta n c e s  5

9 . E x am in atio n  o f  th e  E e r r ic /T h o ro n o l and  U ru n y l/l 'h o ro n o l 5
Complexes

10 . E l im in a t io n  o f  i n t e r f e r e n c e s  6

11 . D is c u s s io n  7

12 . S\iiiimaiy 8

R e fe re n c e s

AFflMDIX

I l l u s t r a t i o n s

P ig .

A h so rp tio n  S pectrum  o f P lu to n iu n /T h o ro n o l Complex 1

R e la t iv e  s e n s i t i v i t y  o f  sx^ectrophotom eter ajid  a h s o rp t io m e te r  2
co m p aris io n  o f  Unicam and  Spekker

E f f e c t  o f  A c id i ty  on com plex ^

E f f e c t  o f  tim e  on com plex , 4-

.'liffect o f  a c i d i t y  on E e r r ic /T h o ro n o l com plex 5

A bsorx^tion 3X>ectrujn o f  P e i 'r ic /T I io ro n o l com xiex ^

E f f e c t  o f  a c i d i t y  on U ra n y l/T h o ro n o l coinplejt '



•f, l i l tro d x ic tio n

1»1 In  1944- K usnetsov, (1 )  r e p o r te d  t h a t  1 -  ( o  -  a rse n o p h e n y l azo) ■■ 2 
-  na.pth th o l  -  3 6 -  d is u l |)h o n ic  a c id ^  h e i 'e a f t e r  c a l l e d  T horono l foi7»sd
a  s p e c i f i c  r e d  p r 'e c ip i .ta te  w i th  th o riu m  i n  ly d ro cK L o ric  a c id  and  
d e s c r ib e d  a  sp o t t e s t  te c h n iq u e  f o r  th e  d e te c t io n  o f  th o r iu m . T h is  
was l a t e r  d ev eloped  by Thoinasori and  co~w orkers (2 )  i n t o  a  m ethod f o r  th e  
d e te n n in a t io n  o f  th o r iia n  on th e  m icrogram  s c a l e ,  m easu rin g  th e  c o lo u re d  
com plex w ith  T horono l on a  Becloiiann S pectro p h o to m eter*  H orton  ( 3 ) i n  
1952 ex ten d ed  t l i i s  w ork t o  in c lu d e  th e  sp e c tro p h o to m e tr ic  d e te rm in a tio n  
o f  m icrogram  q u a n t i t i e s  o f  z irc o n iu m . The p r e s e n t  r e p o r t  d e a l s  w ith  
th e  developm ent o f  a  m ethod f o r  th e  r a p i d  d e te rm in a t io n  o f  p l u t o n i m  in  
th e  vax-ious valencj)- s ta tc ss  on th e  microgrjHii s c a le .  Tlie raethod c o n s i s t s  
o f  a d d i t io n  o f  th e  r e a g e n t ,  a d ju s tm e n t o f  pH, d i l u t i o n  t o  25 mLs and  
jneasm 'ement o f  th e  o p t i c a l  d e n s i ty  i n  a  S pekker a b s o rp t io m e te r  a g a in s t  
a  r e fe re n c e  s o lu t io n  o f  th e  reag en t*  I l f o r d  6O5 f i l t e r s  and  4  cm. 
a b s o rp t io n  c e l l s  a r e  u sed  w i th  th e  S pekker,

2» E x p e rin ien ta l

2.1  C olo tir a b s o rp t io n
   .............   n u n ....... I n il................................................................

The a b s o rp t io n  s p e c t r a  o f  th e  s o lu t io n s  were  m easured u s in g  a  
Unicain S .P , 500 Q u a rtz  S p e c tro p h o to m e te r . F o r  th e  g r e a t  m a jo r i ty  o f  
th e  m easurem ents, a b s o rp t io n  c e l l s  o f  4  cm, pat.h le n g th s  w ere u se d .
The s o lu t io n s  were e i t h e r  0 ,1  N o r  0 ,2 5  H in  a c id  and  c o n ta in e d  2 ,5  nils 
o f  0 , 1/0 aqueous s o lu t io n  o f  th o ro n o l  r e a g e n t ,  i n  a  f i n a l  volume o f  
25 k1-s b e f o r e  t r a n s f e r e n c e  t o  th e  4  cjh, a b s o rp t io n  c e l l s .  M easurem ent 
o f  th e  c o lo u r  o f a  w a te r  s o lu t io n  o f  th o ro n o l a g a in s t  w a te r  a s  a  b la n k  
(C urve A, P ig ,  I ) ,  and  o f  th o i-o n o l p lu s  t a t r a v a l e n t  p lu to n iu m  a g a in s t  
w a te r  (Cuirve B , F ig ,  I )  showed a  s h i f t  o f  th e  a b s o rp t io n  b;m d towa.x'ds 
lo n g e r  w av e len g ttis  upon th e  a d d i t io n  o f  p lu ton i'um . M easurem ent o f  th e  
s o lu t io n  p lu s  p lu to n iim i (IOO p g )  and  re a g e n t a g a in s t  th e  re a g e n t a s  
b la .hk  gave th e  p r e d ic te d  cu rv e  ( c .  F ig ,  1) v/lth. a  maximum a t  5U0 
m ill im ic ro n s .

2 .2  A Gompax’iso n  was made o f  t h e  r e l a t i v e  s e n s i t i v i t y  o f  t h e  H ig h er 
S pekker A b so rp tio m e te r  w ith  th e  Unicam S .p .  5OO S p e c tro p h o to m e te r ,
T h is  shawed ( F ig .  2) v e iy  l i t t l e  d i f f e r e n c e  i n  th e  o p t i c a l  d e n s i t y ,  
M easiuem ents o f  th e  o p t i c a l  d e n s i ty  o f - th e  p lu to n iu m /th o ro n o l com plex 
l e s s  th o ro n o l b la n k  w ere  made ( a )  w ith, th e  S iJec tro p h o to m eter s e t  a t  a 
W3.vclength o f  540 rrd -llii/)ic ro n s , u s in g  4  cm. a b s o rp t io n  c e l l s  and  (b )
’W ith th e  S pekker A 'bsoiqp'tionieter u s in g  a  mercxrcy lamp and  an I l f o r d  605 
f i l t e r  p lu s  4  cm, c e l l s .  H ence, i t  sh o u ld  no?/ b e  s t r e s s e d  t l i a t  th e  
q u u i t i t i e s  o f  p lu tonivan i n  th e  t e t r a v a d e n t  s t a t e  a s  m easured  i n  a  
corrm ercial a b s o rp tio m e te r  a r e  ( i )  a s  sm a ll a s  i s  x jossib le '-w hen u s in g  a  
sp>ectropihotom eter f o r  th e  same m easurem ents an d  a s  w i l l  b e  se e n  from  
th e  r e s u l t s  i n  t i i i s  R ep o rt ( i i )  s e v e r a l  hundred  tim e s  sm allei* th a n  th e  
qx iE m tlties r e q u ir e d  to  e s t im a te  p lu to n iu m  t o  a  s im i la r  a c c u ra c y  by 
estiffia tic ./i o f  th e  x-lutonium  absorp>tio.n spectruE i on th e  sp e c tro p h o to m e te r .



TABLE I

O m CA L D M SrriE S  o f  PLtJrOHIIM/TroTPHOL COIOIJR HjOTTED A(M.lBar 0 «1^  
RDLOHOL RiS&.GiM' IW 0 ,25  HOlltiL , USING 4  CI'I« CELLS IN THE SESKKEI

T etrsw a le ji t  FtI s o lu t io n Spekker re a d in g

1 rrdci'ogram Fu p e r nil. s o lu t io n 0 .1 9 6
2 ?? 99 If M 0 .3 9 0
3 tf t t ft i f If 0 .5 7 5
4 t t II 11 M 0,773
5 M f» ft If « 0 .9 5 0
6 n ft It If . fl 1 .10

B e e r ’ s  Law

3»i I t  h a s  b een  o b se rv ed  t im t  t l i i s  law  i s  obeyed up t o  an o p t i c a l  
d e n s i ty  o f  ab o u t i a i i t y ( s e e  Fig« 2 ) ,  th e  d e n s i ty  above t h i s  j>o3jat b e in g  
uareliab lffij, pi-li?ari3.y aw ing t o  in s tn ira e n t  d e f e c t s .  B e e r ’ s  Law o n ly  
h o ld s  f o r  s o lu t io n s  i n  d i l u t e  n i t r i c  o r  h y d ro c h lo r ic  a c id .  A c id s  o f  
g re a te i-  s tre n .g th  a l s o  caiise  th e  a i^paren t breakdow n o f  B ee fs  Law, b u t  
t h i s  i s  due t o  a t t a c k  on th e  c o lo u r  com plex.

E f f e c t  o f  A c id i ty  on th e  O p t ic a l  D e n s ity  ar-,d C o lo u r S t a b i l i t y

if«1 T here  a p p e a rs  t o  b e  a  sm a ll d i f f e z ’ence  i n  o p t ic f i l  d e n s i ty  o f  t h e  
p lu to n iu ii '/ th o i 'o n o l com}:'lex i n  th e  a c i d i t y  ra n g e  0 ,0 5  t o  1 nortte.1 n i t r i c  
and  h y d ro c h lo r ic  a c i d ,  Y/hen th e  d e n s i ty  I 'ead in g  i s  e x t r a p o la te d  b a c k  
t o  z e ro  tim e , Howevei', th e  p i c t u r e  i s  c o m p lic a te d  by th e  e f f e c t  o f  th e  
a c i d i t y  on th e  s t a b i l i t y  o f  th e  com plex. A t lev/ a c i d i t i e s  (0 .2 5  no rm al 
o r  l e s s )  th e  c o lo u r  f a d e s  much l e s s  r a id d ly  ti ia n  a t  h ig h e r  a c i d i t i e s .  
H ence, i2easi.u'em.ent o f  th e  o p t i c a l  d e n s i ty  o f  th e  com plex a t  f i v e  m in u te s  
a f t e r  th e  a d d i .t io n  o f  I’e s g e n t ,  g iv e s  th e  im p re s s io n s  ( 1) t r ia t  t h e  
o p t i c a l  d e n s i ty  i s  much l e s s  for- s o lu t io n s  o f  h ig h e r  a c id i . ty  and  ( i i )
tla a t B e e r ’ s  Lav/ d o es  n o t  h o ld  a t  th e s e  h ig h e r  a c i d i t i e Lg. 3 shows
th e  ap iparent e f f e c t  o f  a c i d i t y  a t  z e ro  p lu s  5 m in u te s .  F ig .  
i l l u s t i ' a t e s  th e  f a d in g  o f  th e  c o lo u r  o f  th e  com ijlex a t  one o f  th e  
i i ig iie r  a c i d i t i e s  i n  c o n t r a s t  t o  F ig ,  4b w here th e  com plex i s  s t a b l e  
o v e r  h a l f  an  h o u r a t  a low  a c i d i t y .  R e s u l ts  showing th e  e f f e c t  o f  
tim e  on th e  o p t i c a l  d e n s i t i e s  o f  th e  p lu to n iv m /th o ro n o l coroj)lex a t  
d i f f e r e n t  a c i d i t i e s  froxri 0 ,0 5  t o  1 n o n m l f o r  b o tii n i t r i c  and 
h y d ro c h lo r ic  a c id ,  a r e  g iv e n  i n  th e  A ppendix  (T a b le s  I  -  IX ).

4 .2  N i t r i c  a c id  a l s o  a la w ly  a f f e c t s  th e  b la n k  th o ro n o l r e a g e n t ,  c a u s in g  
an  a jjp a re n t in c r e a s e  3-n d e n s i ty  o f  th e  saraple due t o  slow  fa ,d ing  o f  th e  
bl<ank o f  ab o u t 5 ~ p e r  h o u r , and  th e  h ig h e r  th e  a c i d i t y  th e  q u ic k e r



th e  h laB k  f a d e s .  T h is  e f f e c t  i s  e lim iR a te d  by  raaking a  f r e s h  b la n k  
f o r  each  p lu to n iu m  e s t im a t io n .  The f a d in g  does n o t o c c u r  i n  hydro-' 
c l i lo r ic  a c id  s o lu t io n s ,

4*3 As p lu to n im n  s o lu t io n s  a r e  estiiTnted in  th e  t e t r a v a l e n t  s ta te j ,  
sodium  n i t r i t e  i s  o f te n  p r e s e n t ,  and  h e re  a l s o  th e r e  i s  an  a p p a re n t 
in c re a s e  in o p t i c a l  d e n s i ty  o f  a  sam ple owing t o  g ra d u a l f a d in g  o f  th e  
b la n k  ixi th e  p re s e n c e  o f  n i t r o u s  a.cid» An. erroneously M gh r e a d in g  i s  
o b ta in e d  th e r e f o r e  i f  a  f r e s h  ssm ijle i s  m easured  a g a in s t  an  o lrl b la n k . 
A ls o , th e  p eak  i n  th e  a b s o rp t io n  spec tru m  changes t o  526 m ill im ic ro n s  
g iv in g  a  v e iy  h ig h  re a d in g  a t  526 and  a  low re a d in g  a t  5i+0 m il l in i ic ro n s .

4*4 However a l l  th e s e  so u rc e s  o f  e r r o r  can  b e  e l im in a te d  by m aking a
f r e s h  b la n k  w i th  e a c h  sam ple, k eep in g  th e  a c i d i t y  low and  e s t im a t in g  
th e  p lu to n iu m  w ith in  f i v e  m in u te s  o f  i t s  aG fii.tion t o  th e  th o ro n o l 
r e a g e n t .

E x t in c t io n  C o e f f ic ie n ts  f o r  t h e  T a len g y  S ta t e s  o f  P lu to n iu m

5*1 The e x t in c t i o n  c o e f f i c i e n t  1  i s  much g r e a t e r  f o r  t e t r a v a l e n t  
p lu to n iu m  th a n  f o r  t l ie  tr iv a le n fc  o r  h e x a v a le n t fo rm  a s  iS ' i l l u s t r a t e d  
i n  T ab le  I I .  T hese v a lu e s  w ere a l l  o b ta in e d  i n  0 .2 5  norm al 
h y d ro c h lo r ic  a c id  s o lu t io n  u s in g  th e  S .P . 500 sp e c tro p h o to m e te r  and 
e s t i m t i n g  a t  th e  540 m p p e a k ,

TABIE I I

Pu V alency I I I IV

E 108 11 ,000

V I

16

F o r  th e s e  o p t i c a l  m easurem ents m ill ig ra m  q u a n t i t i e s  o f  th e  t r l v a l e n t  
and  h e x a v a le n t p3.utoniutm rare  r e c u i r e d .

6 . E s tim a tio n  o f  th e  th r e e  V alency  S t a t e s  i n  th e  m ix ttire

6.1 I t  was assum ed t i i a t  no p e n t a v a l e n t p lu to n iu ra  was p r e s e n t  a t  th e  
a c i d i t i e s  u sed  i n  m ix tu re s  o f  th e  o th e r  th r e e  v a le n c y  s t a t e s .  IS'io 
m ix tiares vrere ta k e n  a t  a c i d i t i e s  o f  0 ,2 5  H IIIi03 aJ'id 1 .0  N HHO3 th e  
c o n c e n tr a t io n s  b e in g  0 .1  mg P q /m l and  0 .5  mgltv'^ml r e s p e c t iv e l y .

6 .2  These s o lu t io n s  w ere d i l u t e d  t o  s u i t a b le  c o n c e n tr a t io n s  w ith  
aqueous a c id  and th e  t e t r a .v a le n t  p3.\itonii.mi e s t im a te d  d i r e c t l y  on an  
a l iq u o t  v i a  th e  p lu to n iu u / th o ro n o l  coDiplex on th e  .Spekker. The o p t i c a l  
d e n s i t i e s  d i r e c t l y  a t t r i b u t a b l e  t o  th e  t r i  and  h e x a v a le n t Pu v/ere



n e g le c te d .  A sm a ll q u a n t i ty  o f  sodiian n i t r i t e  was added  to  a n o th e r  
a l iq u o t  t o  o x id iz e  th e  t r i v a l e n t  P u  t o  t h e  t e t r a v a l e n t  s t a t e .  The 
o p t i c a l  d e n s i ty  th u s  o b ta in e d  was a  m easure o f  th e  t r i - p l u s  t e t r a v a l e n t  
p lu to n iu m  p r e s e n t  i n  th e  a l i q u o t .  To a  t h i r d  a l i q u o t  hydro3sylamine 
h y d ro c h lo r id e  -was added to  re d u c e  a l l  th e  p lu to n iu m  p re s e n t  t o  th e  
t r i v a l e n t  s t a t e .  Ten m in u te s  l a t e r ,  1C^ e x c e ss  sodium  n i t r i t e  was 
added  t o  o x id iz e  t h i s  p lu to n iu m  t o  th e  t e t r a v a l e n t  s ta te®  The o p t i c a l  
d e n s i ty  o f  t h i s  com plex was a  m easure o f  th e  t o t a l  p lu to n iu m  i n  th e  
sam ple. Prom th e s e  t h r e e  S p e k te r  r e a d in g s  th e  P u  I f  c o n c e n t r a t io n ,  
th e  Pu I I I  p lu s  Pu I f  c o n c e n tr a t io n  and  th e  t o t a l  Pu c o n c e n tr a t io n  
r e s p e c t iv e l y  w ere o b ta in e d .  The P u  I I I  and  P u  V I c o n c e n tr a t io n s  w ere  ■ 
th e n  fou n d  d i r e c t l y  by s u b t r a c t io n .  T hese f i g u r e s  w ere  com pared w ith  
T .T .A . e x t r a c t i o n  o f  t h e  o r i g i n a l  s tro n g  P u  s o lu t io n s  u s in g  a  s i m i l a r  
p ro c e d u re . The p lu ton ixua w as w ashed o u t o f  th e  T .T .A ./b e n z e n e  e x t r a c t s  
w i th  10 H HNO3 and  c o u n te d  on a  50^  geom etxy p r o p o r t io n a l  c o u n te r .
The r e s u l t s  i l l u s t r a t e d  i n  T a b le  I I I  show good ag reem en t be tw een  th e  
T. T .A ./c o u n tin g  m ethod and  th e  c o lo r im e t r ic  m ethod and  th e  o v e r a l l  m ass 
b a la n c e  i s  good.

TABLE I I I

P u  I I I Pu I f Pu V I T o ta l  P u

C o lo r im e tr ic  Method
on d i l u t e d  sam ples. 0 .0 3 6 5 0 .0 4 0 4 0 .0192 0 .0 9 6  rngE/ml
T .T .A ./c o u n tin g  m ethod 
on  o id g in a l  s o lu t io n s . 0 .0360 0 .0 3 9 2 0 .0 1 7 5 0 .0 9 5  mgs/m l
C o lo r im e tr ic  m ethod on 
d i l u t e d  sam p les . 0 .0 9 2 0 .3 5 0 0 .071 0 .5 1 3  mgs/ml
T .T .A ./c o v in tin g  method 
on o r i g i n a l  s o lu t io n s . 0 .0 8 0 0 .3 4 0 0 .0 8 0 0 ,5 0 0  mgs/ml

The o r i g i n a l  sam ples w ere  co u n ted  on a  50% geom etry  p ro p D r tio n a l  
c o u n te r  and  r e f e r r e d  t o  a  s ta n d a rd  s o u rc e . By t h i s  means th e y  w ere 
fo u n d  t o  c o n ta in  0 .0 9 8  n^gs P v /m l and  O.5 0 6  mgs P t /m l .

7 .  A n a ly t ic a l  P ro c e d u re

7 .1  A s ta n d a rd  l i n e  i s  o b ta in e d  a t  a  d e f i n i t e  a c i d i t y  betw een  O.O5 
an d  0 .2 5  n o rm a l, say  0*1 norm al HGl o r  HHO3 ( s e e  P ig .  2 ) .  The s ta n d a rd s  
a r e  made up by ad d in g  kno’.vn am ounts o f  t e t r a v a l e n t  p lu to n iu m  from  0 -1 5 0  p g  
t o  a  25 mlc g ra d u a te d  f l a s k  c o n ta in in g  2 ,5  nO.s o f  0,1% aqueous s o lu t io n  
o f  com m ercial T horono l r e a g e n t  and  th e  c o n te n ts  made up t o  th e  mark w i th  
th e  r e q u i s i t e  a c id .  The o p t i c a l  d e n s i t i e s  o f  th e s e  s ta n d a r d s  a r e  
m easu red  i n  4  cm. c e l l s  a g a in s t  a  r e f e r e n c e  so lu tic a a  o n  a  S pekker 
a b s o rp t io m e te r  u s in g  a  m ercury  lam p and  an  I l f o r d  605 f i l t e r .  The
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re f e r e n c e  s o lu t io n  o r  b la n k  i s  made by ad d in g  m is., o f  0 *1% aqueous 
th o ro n o l re a g e n t t o  a  25 ml g rad tJa ted  f l a s k  and  m aking up t o . t h e  mark 
w ith  ^the r e q u i s i t e  a c id .  An \mlmovTO p lu to n iu m  s o lu t io n  i s  d i l u t e d  to  
a  m icrogram  s c a le  c o n c e n tr a t io n  and  an a l i q u o t  p la c e d  i n  a  25 ml* f l a s k  
a s  f o r  th e  s ta n d a rd s  and  m easured  a g a in s t  th e  b la n k .  The unknoswi 
p lu to n iu m  c o n c e n tra t io n  i s  th e n  o b ta in e d  fro m  th e  o p t i c a l  d e n s i ty  by 
r e f e r e n c e  t o  th e  s ta n d a rd  l i n e .

8 , I n t e r f e r i n g  su b s ta n c e s

8.1  A number o f  t e t r a v a l e n t  c a t io n s  i n t e r f e r e ,  th o r iu m , z irc o n iu m  and 
t e t r a v a l e n t  u ran ium  c a u s in g  th e  g r e a t e s t  i n t e r f e r e n c e  a s  th e  exfcin .ction 
c o e f f i c i e n t s  o f  t h e i r  th o ro n o l  coinplexes a r e  o f  th e  s a se  .o rd e r  a s  t h a t  
o f  t e t r a v a l e n t  plutonixmi® T r iv a le n t  i r o n  and  ce riu m  a l s o  i n t e r f e r e  
b u t  n o t  so  b a d ly .  T ab le  ' I f  g iv e s  a  l i s t  o f  th e  e x t in c t io n  c o e f f i c i e n t s  
o f  th e s e  m a te r ia l s  i n  o rd e r  t o  i l l u s t r a t e ,  t h e i r  x’e l a t i v e  in te rfe re n c e ®
I n  th e  c a se  o f  h e x a v a le n t u ran ium  and  t r i v a l e n t  i r o n ,  a s  w i l l  b e  se e n  
l a t e r ,  t h e i r  th o ro n o l com plexes do n o t fo llo w  Beer* s  Law, and  so  t h e i r  
e x t in o t io n  c o e f f i c i e n t s  ( l )  q u o te d  a r e  maxijBum f i g u r e s .  A l l  th e s e  
E v a lu e s  below  a r e  o b ta in e d  i n  0 ,2 5  n o i m l  ac id »

T m m  I f

C a tio n P u ( l? ) Th Z r C e ( l l l ) P e ( l l l ) U(YI)

E x t in c t io n  
c o e f f i c i e n t  ( l ) 11 ,000 16 ,000 5 ,0 0 0 9 ,0 0 0 23 57 57

a l s o  c a u se s  i n t e r f e r e n c e  by d e c re a s in g  th e  o p t i c a l  .d e n s i t ie s  o f  
p lu to n im / th o r o n o l  s o lu t i o n s ,  when i n  c o n c e n t r a t io n s  g r e a t e r  th a n  a  
th o u sa n d  tim e s  th e  P u  c o n c e n tra tio n *

8*2 A nions t h a t  com plex p lu to n iu m  a l s o  i n h i b i t  th e  fo rm a tio n  o f  th e  
c o lo u re d  complex® P h o sp h a te s , f l u o r i d e s ,  o x a la te s  and  l a r g e  concen­
t r a t i o n s  o f  s u lp h a te  i n t e r f e r e  and  m ust b e  removed® M ost o f  th e s e  
i n t e r f e r i n g  a n io n s  a n d  c a t io n s  can  b e  rem oved e i t h e r  by  d i l u t i n g  o u t 
o f  th e  i n t e r f e r i n g  ra n g e  o r  b y  u s in g  th e  m ethods m en tio n ed  l a t e r  i n  
t h i s  r e p o r t .

9 . E x a m n a tio n  o f  th e  P erri'c /T hor*ono l and  P ra n y l/T h o ro rto l Complexes

9*1 As i r o n  and u ran ium  axe  th e  m e ta ls  m ost l i k e l y  t o  b e  p r e s e n t  i n  
p lu to n iu m  s o lu t io n s  i t  was d e c id e d  t o  exam ine them  s e p a m te ly  w i th  
th o ro n o l  p r e s e n t .
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(a )  F e r r i c  n i t r a t e  v/as u se d  to  nmlce up s ta n d a rd s  b o th  w ith  n i t r i c  
and  h y d ro c h lo r ic  a c id  s o lu t io n s  o f  th o ro ..o ls  I n  b o th  a c id s  i t  v/as 
fo u n d  t h a t  Beer* s Law h e ld  o n ly  f o r  tlie  more d i l u t e  i r o n  s o lu t io n s .  
A t h ig i ie r  a c i d i t y  and  h ig h  f e r r i c  c o n c e n tr a t io n s  th e  staxxdai’d  l i n e s  
c u rv ed  v e ry  shari> ly ( F ig ,  5)« The e x t in c t io n  c o e f f i c i e n t  (E) o f  
th e  f e r r i c / t h o r o n o l  com plex o b ta in e d  fro m  th e  s t r a i g h t  l i n e  p o r t io n  
o f  th e  s ta n d a rd  c u rv e s  ( p i g .  5 ) f e l l  325 t o  57 on c lianging
from  0 ,1  t o  0 .2 5  noxiBal h y d ro c h lo r ic  ac id , niedium. The a b s o rp tio n  
sp ec tru m  o f  th e  com plex was p l o t t e d  a g a in s t  th e  th o ro n o l  blan.k 
( P ig ,  6 ) i n  o rd e r  to  see  i f  th e  f e r r i c  s-a lt was b e in g  f u r t h e r  
com plexed a t  h ig h e r  f e r r i c  c o n c e n tr a t io n s .  The s p e c t r a  o f  th e  two 
s o lu t io n s  i n  t h i s  g ra p h  a r e  s im i l a r  and  b o th  have p e a k s  a t  531 
in d i c a t i n g  o n ly  one com plex, y e t  one o f  th e s e  s o lu t io n s  ha.s an  i r o n  
c o n c e n tr a t io n  e ig h t  t im e s  t h a t  o f  th e  o th e r  s o lu t io n  and  h as  o n ly  
tw ic e  i t s  o p t i c a l  d e n s i t y , I t  m y  b e . t h a t  th e  a b s o rp t io n  s p e c t r a
o f  tvro com plexes i n  s o lu t io n  a r e  v e ry  s h n i l a r .

(b )  The x a ra n y l/th o ro n o l com plex w as exajnined i n  HGl and  HHO3 
.medis. o v e r th e  a c i d i t y  ra n g e  0.02.5 t o  0 .5  no i’mal ( F ig .  7)« He.re 
a g a in ,  B e e r 's  Law w as o n ly  obeyed a t  th e  v e ry  low  a c i d i t y ,  th e  
s t r o n g e r  a c id  'a p p a re n t ly  c a u s iiig  f u r t h e r  conqplezing. The 
e x t in c t i o n  c o e f f i c i e n t  f o r  th e  x x ra iy l /th o ro n o l com plex v a r ie d  
from  350 i n  0 .0 2 5  no rm al a c id  t o  15 i n  i n  O'.5 no rin a l a c id .  H ence, 
i n  o rd e r  t o  m in indae th e  i n t e r f e r i n g  e f f e c t s  due t o  u ra n y l and 
f e r r i c  io n s ,  th e  p lu to n iia q /th o ro n o l com plex sh o u ld  b e  m easured  in  
0 . ^  no ro ia l a c id .  T a b le s  X to  X lf  and  T ab le  M l  o f  th e  A ppendix  
i l l u s t r a t e  th e  e f f e c t  o f  tim e  and a .c id ity  i n  th e  o p t i c a l  d e n s i ty  
o f  th e  f e r r i c / t h o r o n o l  and  th o ro n o l com idexes r e s p e c t iv e ly .
T a b le s  XV" and  XVII gave th e  e x te n t  o f  th e  i n t e r f e r i n g  e f f e c t s  o f  
f e r r i c  io n  an.d u ra n y l io n  i n  th e  e s t in ia t io n  o f  p lu tc n iu m  bj” th e  
th o ro n o l m ethod.

1 0 , E l im in a t io n  o f  i n t e r f e r e n c e s

10,1  F lu o r id e  io n  com plexes p l u t o n i ’a s  and c a u se s  g ro s s  in te j.f*erenoe  in  
th e  f o r m t i o n  o f  th e  p lu to n iu n / t l io ro n o l  com plex, ( s e e  T a b le  X F III i n  
A p p en d ix ), T h is  i n t e r f e r e n c e  can  e a s i l y  b e  rem oved by  a d d i t io n  o f  
alum inium  .n i t r a t e  and  p re c ix .> ita tio n  w i th  ammonia, fd -lo v /ed  by s o lu t io n
i n  d i l u t e  a c id .  The i n t e r f e r i n g  e f f e c t  due t o  500 t i s E S  i t s  w e ig h t
o f  sodium  f ] .u o r id e  on th e  p lu to n iu m  com plex can  b e  e l im in a te d  and  by 
c a r iy in g  o u t th e  o p e ra t io n  i n  a  c e n t r i f u g e  tu b e  th e  p l u t o n i m  can  b e  
e s t im a te d  to  w i th in  a  few  p e r  c e n t  i n  h a l f  an  houx*® A more d e t a i l e d
p ro c e d u re  and  th e  r e s u l t s  o b ta in e d  a r e  g iv e n  i n  th e  A ppendix  ( p a r a .  7
an d  T ab le

1 0 .2  As ammoniuia n i t r a t e  and i r o n  s a l t s  a re  o f te n  .met vTith i n  p lu ton ium  
s o lu t i o n s ,  s im u la te d  aqueous r a . f f in a te s  were made up s y n t h e t i c a l l y  and 
p lu to n iu m  e s t im a te d  by. two. d i f f e r e n t  so l.ven t e x t r a c t i o n  p r o c e s s e s .



( i )  T r i f lu o ro th e n o y l  a c e to n e  (TTA) B x ti 'a c tio n

The s y n th e t ic  m ixtiare w as d i l u t e d  w i th  0*1 N.IMO3 and  e x t r a c te d  
w ith  TTA/Benzene. The T .T .A . a f t e r  a  w a te r  'wash Viras t r e a t e d  w ith  
1 ON.I'MO^ to  remove th e  p lu tonixan w hich  was th e n  d i lu te d ^  th o ro n o l 
was added and  th e  s o lu t io n  e.xamined in  th e  Spekker*

( i i )  T r ih u ty l  phosplaate (TBF) E x t r a c t io n

The s y n th e t ic  m ix tu re  was d i l u t e d  and  made 1 .5  m o lar i n  alum inium  
n i t r a t e  and  2 K in  n i t r i c  a c id .  The p lu to n iu ra  was e x t r a c te d  in t o  
T .B .P . th e n  w ashed o u t o f  th e  s o lv e n t w i th  aqueous l^ydrojqylainine.
A f te r  a  b enzene  w ash , th e  aqueous e x t r a c t  was d i l u t e d ,  th o ro n o l  was 
added  and  th e  s o lu t io n  exam ined i n  th e  S p ek k er.

F u r th e r  d e t a i l s  o f  m ethods ( i )  and  ( i i )  a r e  g iv e n  i n  th e  A ppendix ,
( P a ra .  8) ,  B o th  m ethods h ave  f u r n is h e d  r e s u l t s  ±3%- in  e r r o r .

11 . D isc u s s io n

11.1  The g e n e ra l  a n a l y t i c a l  p ro c e d u re  w h ich  h a s  b e e n  w orked o u t g iv e s  
good r e s u l t s  i n  e s t im a t in g  q u a n t i t i e s  o f  t h e  th r e e  d i f f e r e n t  v a le n c y  
s t a t e s  o f  p lu to n iu m , p ro v id e d  th e  p lu to n iu m  d o es  n o t  c o n ta in  i n t e r f e r i n g  
c a t io n s  o r  a n io n s .  The r e l a t i v e  i n t e i f e r e n c e  o f  a  num ber o f  th e s e  io n s  
a r e  g iv e n  i n  th e  A ppendix (T a b le s  XV, XVII an d  X V II l ) . The g e n e ra l

/  p ro c e d u re  a l s o  r e q u i r e s  th e  o p t i c a l  d e n s i ty  t o  b e  m easured  f i v e  m in u tes
a f t e r  a d d i t io n  o f  th e  p lu to n iim i. The p lu to n iu i i / th o ro n o l  com plex i s  
n o t  s ta b le  f o r  lo n g  p e r io d s  p a r t i c u l a r l y  a t  th e  h ig h e i’ a c i d i t i e s  su ch  a s

H 1 no rm al a c id .  Even a t  0 .2 5  norm al a c i d ,  th e  h ig h e r  c o n c e n tr a t io n s  o f
p lu to n iu m  g iv e  com plexes w h ich  fa d e  g ra d u a l ly  o v e r  an  hotur a l th o u g h  th e  
lOT/er p lu to n iu n i c o n c e n tr a t io n s  a t  t h i s  acjxL ity g iv e  raucb. more s t a b l e  
c o lo u r 's . However, a t  th e  lo y e r  a c i d i t i e s  (0 .0 5  t o  0 .1C  norm al) th e  
p lu to n iu n / th o ro n o l  com plex i s  much more s t a b l e  fo i ' b o th  th e  Icw er and 
h i.gher plutoniuim  c o n c e n tr a t io n s .  T hese la v  a c i d i t i e s  do n o t cau se  
p r e c i p i t a t i o n  o f  c o l l o i d a l  t e t r a v a l e n t  p lu to n im i a t  th e  c o n c e n tr a t io n s  
u sed  i n  th e s e  e s t im a t io n s .  V a .r ia tio n  o f  o p t i c a l  d e n s i ty  w i th  tim e  f o r  
th e  v a r io u s  a c id i t j .e s  ajid p lu to n iu m  c o n c e n tr a t io n s  a.re g iv e n  i n  th e  
A ppendix  (T a b le s  I  -  IX ).

1 1 .2  The s e p a r a t io n  o f  f l u o r i d e  from  t e t r a v a l e n t  x'dutoniijia v i a  th e  
iy d ro x id e  p re c i i ) i t3 .t io n  o f  alunn.ni'um g iv e s  good r e s u l t s  w i th  v a ry in g  
q u a n t i t i e s  o f  f l u o r i d e  o r i g i n a l l y  p r e s e n t .  (T a b le  SIX i n  A p p en d ix ). 
V/hen o n ly  a  sm a ll q u a n t i ty  o f  f l u o r i d e  i s  p r e s e n t ,  i t s  i n t e r f e r i n g  
e f f e c t  on th e  complete can br- i-ernoved, sir;ipl>- by a d d iti.o n  o f  an  ex ce ss  
o f  alurflinixrai. H ere th e  a lu rn in iu a  n eed  n o t  b e  rem oved by .px-ev ious 
p r e c j .p i ta t i o n ,  and  th e  o p t i c a l  d e n s i ty  o f  th e  com plex can  b e  m easured  
d i r e c t l y  on th e  S p ek k er. Time d id  n o t  ih e  i n v e s t i g a t i o n  o f  th e  
p o s s i b i l i t y  o f  d if f e r e n t : i - a t in g  betw een  f lu o r i d e s  o f  jjlu ton iijm  o f 
d i f f e r e n t  v a le n c y  s t a t e s  u s in g  tho i-o n o l r e a g e n t .
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1 1 .3  The two s o lv e n t  e x t r a c t io n  p ro c e s s e s  q u o te d  f o r  sep a r-a tio n  from  
i n t e r f e r i n g  im p u r i t i e s  may g iv e  e rro n e o u s  r e s u l t s  i f  a l l  th e  o rg a n ic  
m a te r i a l  i s  n o t rem oved. TVris rem oval co u ld  be  e n su re d  b y  ta k in g  th e  
f i n a l  aqueous s o lu t io n s  to  d iy n e s s  w ith  n i t r i c / p c r c l i l o r i c  a c id  m ix tu re .

1 1 »4- U rany l io n  p lu s  th o ro n o l  g iv e s  a  low  e x t in c t i o n  c o e f f i c i e n t  
(E  = 15 i n  0 .5  N.HCl) s im i l a r  t o  t h a t  o f  th e  p lu to n y l / th o r o n o l  com plex 
(E  = 16) and i n  c o n t r a s t  t o  t e t r a v a l e n t  u ran ium  (E  ~ 9000) o r  p lu to n iu m  
(E  = 1 1 ,0 0 0 ) . A lth o u g h  th e  t e t r a v a l e n t  u ran ium  com plex i s  r e l a t i v e l y  
u n s t a b l e , th o ro n o l re a g e n t w ould p ro v e  u s e fu l  i n  s p o t t i n g  sm all am ounts 
o f  t e t r a v a l e n t  u ran ium  in  ix ra ry l compounds.

1 1 .5  D i f f e r e n t  te c h n iq u e s  c o u ld  b e  em ployed f o r  th e  e s t im a t io n  o f  
p lu to n iu m  in  v a r io u s  s o lu t io n s  depend ing  on th e  p re se n c e  o f  o th e r  
i n t e r f e r i n g  m a te r i a l s .  F o r  exam ple , i f  sm a ll am ounts o f  u ra n y l and 
f e r r i c  s a l t s  w ere  p r e s e n t ,  th e  p lu to r iiu r r / th o ro n o l com plex sh o u ld  b e  
d i r e c t l y  e s t im a te d  i n  s t r o n g e r  a c id  ( 0 ,2 5  norm al) r a t h e r  th a n  w eaker 
a c id  (<  0 .1  no rm al) owing t o  th e  c o n s id e ra b le  d e c re a se  i n  th e  e x t in c t io n  
c o e f f i c i e n t s  o f  th o s e  im p m 'd tie s  a t  th e  h ig h e r  a c i d i t y .

%

12.1 A r a p id  c o lo r im e t r ic  m ethod h a s  b een  d ev e lo p e d  f o r  th e  d e te rm in a tio n  
o f  p lu to n iu m  o v e r th e  ran g e  5 t o  100 p g  w dth an accui-cicy o f  ± 1% a t  th e  
100 p g  l e v e l .  The c o lo u re d  p lu to n iu m /th o ro n o l com plex w hich  i s  measui'ed 
on a  S pekker a b s o rp t io m e te r  can  be  u se d  to  e s t im a te  th e  am ounts o f  th e  
3 ,  and  6 vaJ.en t s t a t e s  pu-esent in  a  pjlutoniijm  sarnp^le. The e f f e c t s  o f  
a  nimiber o f  i n t e r f e r i n g  c a t io n s  txave b een  s tu d ie d ,  mi p a r t i c u l a r  i r o n  ^
an d  u ran ium . A nions t i i a t  com plex p lu to n iu m  i n h i b i t  th e  fo n n a .tio n  o f 
th e  c o lo u re d  compjlex. M ethods a r e  su g g e s te d  t o  remove o r  a t  l e a s t  
t o  m in im ise  th e  e f f e c t s  due t o  most o f  th e  c o n p le x in g  c a t io n s  su ch  a.s 
i r o n  o r  a n io n s  su ch  a s  f lu o id d e .
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g I ‘MDIX

E f f e c t  o f  Time on o p t i c a l  d e n s i ty  o f  th e  p iu to n i t3p / th o r o n o l  com plex 
a t  d i f f e r e n t  a c i d i t i e s .

T ab le  I

A c id i ty  0»05 norm al H'I05

Time (n iim ites)
1 m icrogram  Pu/m l 

o f  s o lu t io n  
O p tic a l  D e n s ity

2 |jg Pu 
O.D.

4- |ig Pu 
, O.D.

5 p g  P u  
O.D.

Z ero  ( c a l c , ) 0 .2 2 0 O lA O 0 .8 4 0 0 .9 8 5
2 (m in s .) 0 .2 2 0 0 .4 1 0 0,851 1 .005

: 5 " 0 .2 2 0 0.41,0 0 .8 6 0 1 .025
10 « 0.221 0 .4 if4 0 ,8 6 5 1 .034-
20 " 0 .221 o . m 0 .8 7 0 i  .049

T ab le  I I

4

\

A c id i ty  '0 « i0  H M 05

Time (m in u tes)
1 p g  Piy'ml o f 

s o lu t io n  
O p tic a l  D e n s ity

2 pg Piy^nsl 
O.D.

4  pg/ffil
O.D.

: 5 fig/ml
O.D.

Z ero  ( c a l c . ) 0 .2 1 3 0 .4 5 3 0 .8 4 5 1.020
2 ( ra in s .) 0 .2 1 3 0 .4 3 3 0 .8 4 6 1 .0 3 0  .
5 ” 0 .2 1 3 0 .4 3 3 0 ,8 4 7 1.040

10 ” 0 .2 1 3 0 .4 3 3 0 .8 4 7 1 .Oi--5
20 " 0 .2 1 3 0 .4 3 4 0 .8 4 9 1 .049

1 -



T a b le  I I I

A c id i ty  0 .2 5  W i'Mu

T a b le  Y

Time (n jin s ,) 1 jig P t/f iil 
S o lu t io n 2 4 5 6

E ero  ( c a l c , ) 0 ,2 0 2 0 .585 0 .7 7 5 0 .9 7 0 1 .2 4
2 (m in s ,) 0 .2 0 2 0 .385 0 .7 7 5 0 .9 6 7 1 .1 8
5 " 0 .2 0 2 0 .3 8 5 0 .7 7 5 0 .9 6 5 1 .10

10 " 0 .2 0 2 0 .3 8 5 0 .7 7 2 0 .9 6 2 1.061
20 , " 0 .2 0 0 0 .3 7 8 0 .766 0 .9 5 0 1.035

T ab le  JY

A c id i ty  0 .5 0  N m 3

TxEie (m ins). 1 |ig  Pvy''ml • 2 4 6

E ero  ( c a l c . ) 0 .1 7 8 0 .325 0 .6 6 0 0 .9 7 5
2 (m in s ,) 0 ,1 6 8 0 .3 3 0 0 .6 4 0 0 ,8 6 0
5 " 0 .1 6 5 0.315 0 .6 1 0 0 .7 6 0

10 " 0 .1 6 5 0 .5 0 5 0 .5 4 5 0 .6 2 5
20 " 0 .1 6 0 0 .285 o .i-00 0 J ;40

t

A c id i ty  1 «00 W

Time (m in s .) 1 .2  (j.g PV ihI 2 4 6

Z ero  (cslL c.) 0 .2 2 0 0 .3 3 0 0 .5 4 0
2 (m in s .) 0 .2 1 0 0 .3 2 0 0 .5 3 5
5 » 0 .2 0 0 0 .3 1 5 0 .5 3 0 0 ,5 9 0

10 " 0 .191 0 .3 1 0 0 .521 0 .5 5 0
20 " 0 .1 8 2 0 .2 9 4 0 .4 8 9 0,491



T able VI

Time (mins®)  ̂ !Jg 2 ^ ^ o 4 5 |Jg P^/ml
h0.s 5 mis 10 mis

Sero ( c a l c . ) 0 .202 0.i|D2 0.800 0 .9 4 5
2 (m ins) 0 .202 0.402 0.802 0 .964 345 0.435 0 .520
5 " 0 .202 0.402 0.805 0 .9 8 2 545 0.435 0.521

10 " 0 .202 0.402 0.808 0*995 345 0,435 0.521

A.cidit.y Q.1Q N HCl

Table V II

%
T able V III

Time 1 pg 2 4 5 s i s 10 lA s'

0 0 .1 9 2 0 .393 0 .7 9 2 0 .9 8 3 .687 0 ,7 5 0
2 0.191 0 .3 9 4 0 .795 0 .9 8 9
5 0 .1 9 0 0 .395 0 .7 9 8 0 .9 9 5

.......  r...........

10 0 .1 8 9 0 .3 9 6 O.8 0 4 1.004

A c id ity  0 .2 5  N HCl 2 .0  fflls 5»0 lals 1 0 .0  mis

0*583Time 1 pg 2 4 5 6 0«44|^ 0,512

0 0 .1 8 4 0 .358 0.731 0.900 1 .072
2 0 .1 8 3 0 .3 5 7 0.732 0 .900 1.072
5 0 .1 8 2 0 .3 5 6 0 .7 3 3 0.900 1.070

10 0 ,181 0 .3 5 4 0.726 0.891 1.040
■



Acidity 0.50 H HCl

Table IX

Time 1 .2 2 4 6

0 0.218 0.328 0.575 0 .794
2 0.209 0.319 0.565 0.767
5 0.200 0.310 0.555 O.ltiO

10 0,196 0.506 0.5¥> 0,690
20 0.189 0.303 0.510 0.610

2 * The ferric/thoi-onol comrdex Plutonium absent

A series of“ aliquots of 0 .020  molar fe rr ic  n itra te  were added to 2 .5  mis. 
of 0.1% tlioronol water and the whole made up to  25 mis. at the 
appropriate acidity.

Acidity 0.01 N HGl

Table X

Time
...

0.2 ml

5 (mins.) 0 . 5 5 .

1 ml

0,83
f

Acidity 0.1 N HCl

Table XI

Time (m in s .) 0,1 ml 0 .4  ml 0,5  ml 2 mis. 5 m is. 10 mis". I
------- --------- J

2
5

10

0,105
0.106
0.106

0,409
0 ,410
0 .410

0.498
0,498
0 .499

0.602
O.6O3
0,604

0.655
0.655
0,655

0.722
0.722
0.723

L _ _ j

4



Table XII'

A cid ity  0^25 N IIOl

Time (mins®) 0»5 ml 1 ml 1 .5  fflls 2 mis 5 3h1s 10 mis

0.101 . 0 .199 0.345- 0.345 0.435 0.520
5 0»100 0.198^ 0.345 0.345 0.455 G.521 ^

10 0.101 0.199 0.345 0.345 0®435 0.521

A c id ity  0.1 N HNÔ

Table H l I

%

Time 0®5 ml 5 ibI s 10 mls-

5 (ffiiiis*) 0*520 0*687 0 .750

A cM ity  0^25 K HU05

Table rC¥

■ T im 0 .5  ml f «0 ^ 1 *5 ads 2*0  fflls 5»0  fflls 1 0 .0  mis

3  (lains®} 0 .202 0 .3 6 4 0 . 4a  ■ . 0*512 0.583

5



In te r fe re n c e  o f  f e r r i o  Ion in  plutonium  e s tim a tio n  by th o ro n o l

XV

A cid ity  0 ,25  W HDl

% ) t i c a l  T f e m i i g r '

No F e • * ' 2  p g s  P u  p e r  n f l . 0*356.
1 1  f i g s  P e  ”  * , v 2

W ft ft. « .0*365
, 2 5  Pgs P e  * * * 2 H f t ' I t I I 0*480

No F e • ‘ » 4
« f t I t 0 . 7 3 0

5 N g s  P e ' ” . 4 ■ I t If I f j i 0.730
1 1  p g s  F e  * ’ ® A- I I I t I f n 0.730
25 H g s  ’ * 4

« If f t f t , 0.770

The B ra jay l/th o ro n o l copplex» P ln tcniu ia  a b se n t

A s e r ie s  o f a l iq u o ts  o f O.OkU m olar u ra n y l n i t r a t e  were added to  2 .5  m i s .  
of 0 .1 ^  th o ro n o l re a g e n t and th e  whole made up t® 25 m is. a t  th e  appro­
p r i a t e  a c id i ty .

fab le  XVI

A liq u o t These, o p t i c a l  d e n s i t ie s were
s ta b le  o y er 15 to  30  minuteB.

A c id ity 0,2m l ' 0 .5 a i l . a n l 3 . (M is S.CMLs B.QeI s 1O.Qmls

0.025 H HCl 0.682 0.975 -
0 ,10  N .EDI - 0 ,7 5 0 1 ,C» 1 .265 aea
0.25 N HCl - 0.286 0 .6 3 5 0 .840 : «► 1 .1 0 9  .

0 ,5 0  N HCl 0 .1 5 0 0.341 0 .523 0 ,705  ■ 0 .840
0,055 N HNO5 0 .7 3 2 - ■ , ~ - »
0 .1 0  N HNO3 “ 0.822 1 .1 5 0
0 .2 5  N HNO5 ~ 0 .415 0 .7 5 0 0 .9 7 0 1*135
0 .5 0  N HNO5 0 . 26© 0 ,4 9 0 0.621

%

f

-  6 -



A cidity 0*25 N H3l

ta b le  IV'ii

.O ptical Densi^-

No uraniuHi 2 pgs^Pa per lal  ̂ 0,356 , ", 1
20 figs U per ml 2 pgs Ra per ml ■ 0*356 ■ :|
IfO |igS' If per ml 2 pgs Ba per sO. 0*360

In te r f e re n c e s  o f  T arlo tts  Anions

25 ntLs® o f  ,0*25 H H31 c o n ta in in g  2 pgs Pu/m l p in s  ialcrop*ani q t ia n ti t ie s  
o f  -Hie varioxas s a l t s  l i s te d *  Haere th e  an ions do n o t in te r f e r e  th e  
S p e t te r  re a d in g  would he 0*356®

■ Tahle M i l l

4

%

, Q u a n tit  j  o f  s a l t  added Spekker E ea d in g  
(5 fflia iite s )

K O xa la te 1 , 7^  m icro^aiDS 0.040
170 w 0.250
 ̂ 17 m 0.550

NH4IIO3 1 6 0 ,0 0 0 « 0.050
8 0 ,0 0 0 0.070

' %,000 ft 0.355

Na2HP04 14,000 It 0.130
n 0.241

140 B 0.269
14 » 0 . 350 ,

Na2S04 140,000 U 0.021
14,000 fl 0.323

1,400 : n 0.355

250,000 s» 0.250
25, 0 0 ) w 0 .3 5 6  ■

NaF 4 ,2 0 0 ♦♦ 0 .110
420 0 .2 5 8

42 « 0 .3 4 2

7 -



7. E lim in a tio n  o f In te r f e re n c s g  due to  ITlaoi-ide

A f te r  a d d it io n  o f  alumini-um n i t r a t e  to  th e  pl-utonitim s o lu tio n  
c o n t a i n t h e  f lu o r id e  in  a  15 mi. c e n tr ifu g e  tube^ ammonium hydroxide 
i s  added to  p r e c ip i t a t e  th e  aluminium and plu tonium . The m ixture 
i s  th e n  c e n tr ifu g e d  and th e  su p e rn a ta n t l iq u id  X'emoved. The 
p r e c ip i ta te  i s  d is so lv e d  in  d i lu te  lr)ydx'ochj.oric a c id j h e re , v<'anriing 
i s  n o t usixally  n e c e ssa ry . T h is  p r e c ip i ta t io n  i s  re p e a te d  tw ice  and 
th e  f in a l, a c id  s o lu tio n  i s  t r e a te d  Y/ith hydroxylam ine and th en  sodium 
n i t r i t e .  The s o lu t io n  i s  th en  made up to  the  re q u ire d  a c id i ty ,  
th o ro n o l added and th e  p lu tonium  e s tim a te d . The re su ].t i s  usxmlly 
on ly  a  few p e r  c e n t law* Some ty p ic a l  x 'e su lts  a re  g iven  in  th e  t a b le  
below .

Table XIX

HaP A1 Pu p re se n t Fu found

8 mgs 4  mgs 25 pg 24 pg,
4 4 50 49.5
8 4 50 49

10 5 100 99

8 . E liixdnation  o f In te r f e r e n c e s  by S o lven t E x tra c tio n

( i )  T. T.A. E x tra c tio n f

S y n th e tic  m ix tu res  were made up c o n ta in in g  i ro n , uranium, 
plutonium  and araraonium s a l t s  to  s im u la te  aqueous r a f f i n a te  fro ii 
th e  Plutonium  E x tra c t io n  P ro c e ss . Ten m is. o f such a  m ixture i s  
d i lu te d  to  100 m is. w ith  0 .1  N HNÔ  and e x tra c te d  in  two lo t s  
w ith  50 m is. (2 x 25 m is .)  o f T.T.A. (0 .2 5  m olar in  benzene).
T his T.Q’.A. s o lu t io n  was washed w ith  50 m is. w a te r th e n  w ith 
3 x 5  ml. l o t s  o f 10 N HNO,. An a l iq u o t  o f t h i s  n i t r i c  acid  
s o lu t io n  (0 .5  m l.)  i s  d i lu te d  to  25 m is. w ith  w a te r and th o ro n o l 
re a g en t and th e  plutonium  e s tim a te d .

( i i )  T .B .P . E x tra c tio n

H alf a  ml. o f  th e  s y n th e t ic  m ix ture  above i s  made up to  10 snls. 
o f  s o lu tio n  1»5 m olar in  aluminiimi n i t r a t e  and 2 m olar in  n i t r i c  
a c id .  T h is  i s  e x tr a c te d  v /ith  3 x 5  ml. l o t s  o f  c o n d itio n ed  T .B .P . 
s o lu t io n  v /ith  2 x  10 m l. l o t s  o f  0 .0 5  m olar by hydr-oxylamine, and 
t h i s  aqueous e x t r a c t  washed w 'ith  benzene. A f te r  a d d it io n  of 
s l i g h t  excess o f sodium n i t r i t e ,  th e  s o lu tio n  i s  made up to  25 m l-S . 
w ith  w a te r and th e  plutoniim i e s tim a te d . In  a  s e r i e s  o f experim ents 
u s in g  b o th  th e se  e x ti 'a c tio n  methods th e  resixLts v a r ie d  between p lu s  
and minus 3%«
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k.  - REASENT AGAIMST WATER.
B ;  REAGENT PLUS PLllTONIUM AGWNST WATER.,
C .  REA&ENT PLUS PLUTONIUM ASAIHST REAGENT.
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FIG. I . ABSORPTION SPECTRUM OF PLUTONIUM /  THORONOL COMPLEX .
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UNICAM MEASUI7EMENTS AT 5 4 0  m/ju.
. SPEKKER USING ILFORD &OS FILTER.

\ S0 7 0 9O S 0 6 0-80 3 1-0 l-l0 02 0 401

OPTICAL OENSITY.

FIG. 2 .  RELATIVE SENSITIVITY O F, SPECTROW OTOMETER 4  ABSORPTtOMETER.- COMPARISON OF UNICAM 
& SPEKKERv

4  cm PATH LENSTIt ACIGITf 0 -2 SMM«Qs.



CCQ *N NITRIC ACID.lO

0-9

0 8

0'7

OS

£ 0 4

0-3

0-2

. O I

MICROGRAMS OF PLUTONIUM PER ML.OF SOL.UTION.

(b ) IN HYDROCHUORIC ACID.

READINGS AT 7ER 0 PLUS 5  MINUTES. 

X 0  0 5 N. HCL,
0 C ION. HCL.

□  0  25N. HCL.
O 0-5ON. HCL.

O S

0-8

0-1

0-6

J  OS

0-4

0-2

O-l

MICR0 6 RAMS OF PLUTONIUM .PER,ML.OF SO-UTION.

rtG.3 . EF^CT OF ACPtTY ON COMRfX.



CCO 0  5 N. NITRIC ACID.!-0

0-3 2ER0 TIME.
>• + 5  MINS.
.. t  10 ••

"ZERO + 30 MINS.0-8
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6
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MICROGRAMS OF PLUTONIUM PER ML. OF SOLUTION.
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0-8
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FIG. 4 . EFFECT OF TIME ON COMPLEX.



READINGS ON SPEKKER AT ZERO  
P L U S  FIVE MINUTES USING A  c m  CELLS.

10

0  9

0-8
O O iN . H C l

0 - 7

0-6

0-1

• 0-5
tn£sOFO-2 MOLM? SOLUTION INZSmls

1-0

10

0 -9

0-3

0 -7
O I HNO,

0-6

0 5

0-4

0-3

O 0-2

> , 0 5 .
mla OF 0-2  MOLAR SOLUTION IN Z5 mit.

1-0

FIG. 5. EFFECT OFACID!TY,ON FEWIC/THOSONOL COMPLEX.
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FIG . 6 .  ABSORPTION SPECTRUM  O F  F E m c / T H O R m O L  COM PLEX.
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I O o -IN  HCL
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FIG.7. EFFECT- OF ACIDITY ON URANYL /  THORONOL C O IP L IX .

SPEKKER READINGS AT ZERO PLUS FIVE yWUTCS 
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