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ABSTBAGT 

Job*s method of continuous variations has been appl ied  
In to U02 { ClU, 1 

both cases the d r r h  indicate the przsence of c&$lex species 
in which the ratio P04-3/U02'" is unity. 
s tant ,  K1 = 38 k 12, has been calculated from the data in 1M 

- H, PO4 mixtures in IM and in 0,lf HClO, 

A formation con- 

perchlaric acid, 





This is the first in a series of reports describing 
an investigation of the chemistry of uraniuat(VI) orthopbos- 
phate soXutioas which is at present underway in this 
faburatury. Spect hotmetric, potentioaetric and sofu- 

these  which is reported 
biflty stlndkes have been rfed out,  and it is the f irst of 

1 

mation available on sther uranyl compfear systems 
time the equilibria st?. rapid and re- 

versible and t h a t  pdhylaerizal;i s are not usnalPy 
formed, The only previous in 
pertinent in-for~tatisn regardi 
involved in the p~eseat  seas 
His solubility results fn n% 
a complex, UO,H,E>O,+, is formed An sol.utt%.on 
p h ~ i c  a c i d  concentration and that An excess phosphoric a c i d ,  
higher cogtpfexes are formed, 

When phosphoric acid is added to an acidjtf ied solution 
af uranyl perchlorate, a distinct color change occplrs. 
Pr-elianinasg measurements revealed that. th e solutions obey 
€kercs law in the presence of a ic~mtant osphoric acid 
concentration (indicating no polynuclear uranium complexes 
to be involved) and that a arafffrcient change An the ab- 
sorption spe trum of uranyl ion fs produced to permi 
method of co tinuous vtsrkationsC d l  to be reasonably 

t of G.  R, ]Leader.(') 

............. ... .... .. .. . . . . . ., . , , . . . _, . . . . . , . . . . . . . . . . . . 
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a t  s e v e r a l  wsaveleng s u l t i n g  cont inuous  

t h e  presence  of one 0sfliat.e g",Os3@~exes has 
been e s t a b l i s h e d  and  a t o t a l  Porma&iorm c o n s t a n t  e v a l u a t e d  
i n  1 M  - p e r c h l o r i c  a c i d .  

v a r i a t t o n  curves fo @ h l q r i @  acid s o l u t f o n s ,  

EXPERIMENTAL 

A l l  absorbancy measurements were performed with 8 

Beckman B ,  U. spectrophotometer9 u s i n g  1 , O O  cm corex and 
s i l i c a  matched cel ls ,  for  which no blank c o r r e c t i o n  was re- 
q u i r e d .  A l l  measureaents were perfoxmed in a roan therrao- 
s ta ted  at 25  f 2OC. 

Uranium(V1) p e r c h l o r a t e  slack s o l u t i o n s  w e r e  prepared 
by d i s s o l v i n g  p u r i f i e d  UO, (frca of n i t r a t e )  i n  an 
approximately e q u i v a l e n t  smaunt of perchloric acid and 
diluting t h e  f i l t e red  solution t o  the d e s i r e d  volume, The 
p u r i f i c a t i o n  of UO?, was accomplished by t h e  peroxide  
method,(3)  

MalP%nc%rod%'s UO, was d i s s o l v e d  i n  a perchloric 
acid s o l u t i o n  and d i l u t e d  to a uranium c o n c e n t r a t i o n  
of S l 0  Using a Becknaaan. pH metes, the r a p i d l y  ag i ta ted  
solutalon was a d j u s t e d  to pW 2 throngla t h e  a d d i t i o n  of 
a d i l u t e  ammonia solution, A 30% R,Qz s o l u t i o n  was 
added dropwise,  r e s u l t i n g  in the p r e c i p i t a t i o n  of uranyl 
perox ide .  The  pH w a s  k e p t  at 2 by the s imul taneous  
dropwise a d d i t i o n  of ammonia. The hydrogen pe rox ide  
was added until further a d d i t i o n  caused no change in 
pHo The s l u r r y  was t h e n  stirred for P hour and f i l t e red  
through a 6-1/ZVp Buchner f u n n e l  c o n t a i n i n g  c o a r s e  f i l t e r  
paper .  The p r e c i p i t a t e  w a s  washed with 1% B , O z s  which 
had been a d j u s t e d  t o  ra. pH of 2 with p e r c h l o r i c  acid.  
p r e c i p i t a t e  was a g a i n  washed with 1% H , O Z 9  f i l t e r e d ,  and 
d r i e d  at l l O ° C ,  The  cake was ground, placed i n  a large 
pla t inum dish, and heated at 3500C f o r  3 d a y s .  

The 

S o l u t i o n s  prepared f r o m  t h i s  p u r i f i e d  U 0 3  y i e l d e d  a 
negative brown r i n g  tes t  for nitrate. 

Analys i s  for uranium(V1) i n  the p e r c h l o r a t e  stock 
s o l u t i o n s  was performed by a volumetrfc dichromate method 
which has  been d e s c r i b e d  p r e v i o u s l y ,  43 The p e r c h l o r a t e  con- 
c e n t r a t i o n  was checked by a n a l y s i s  using t h e  method of 
Loebich,  ( 5 )  which inpvolves t h e  p r e c i p i t a t i o n  of n i t r o n  pe r -  
chlorate, Stock solution*@ p$osphoric and p e r c h l o r i c  acids 

-Tab '. , A'.'' -*#&.* 
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x 
m P  

350 
3 54 
358 
362 
366 
370 
3 74 
378 
382 
386 

390 
3 94 
3 98 
4 02 
406 
410 
414 
418 
42 0 
424 

428 
432 
436 
440 
444 
448 
452 
456 
460 
464 

448 
472 
476 
480 
484 
488 
4 92 
496 
500 

- 

Table 1 

ABSORBANCY DATA FOR WOZ ( @lo& ) 2 - W, PO4 

0.13741 MIXTURES IN 1% HC104 ~ U O , " +  I- z P 0 4 - 3  = - 
Optical Density Readings at Various 

 ole Ratjios EPO, -3/ SUO, +I- 

O 

0.404 
0.333 
0.328 
0.390 
0.307 
0.358 
0.349 
0.323 
0.303 
0.431 

0.551 
0.452 
0.678 
0.821 
0.917 
0.860 

0.998 
0.930 
0,773 

0+798 
0.720 
0.519 
0.403 
0.362 
0.287 
0 . 2 0 9  
0.1'95 
0.138 
0.110 

0.108 
0.118 
0.080 
0.031 
0.022 
0.036 
0.036 
0.012 
0.005 

- 

0,980 

1/5 

0.380 
0.288 
0.265 
0.318 
0.260 
0.290 
0,300 
0,279 
0.330 
0,336 

0.470 
0.574 
0.622 
0.757 
0.847 
0.835 
0.900 
0,955 
0,902 
0.775 

0.743 
0 691 
0.539 
0.406 
0.353 
0.281 
0.210 
0.177 
0.158 
0.128 

0.112 
0.117 
0.103 
0.056 
0.034 
0.036 
0.034 
0.017 
0.007 

1/3 

0,369 
0.267 
0,243 
oo290 
0.243. 
0.267 
0,274 
0.249 
0,306 
0.358 

0 442 
0.543 
0.604 
0.703 
0.792 
0.800 
0.840 
0,884 
0.865 
0.755 

0.708 
0,660 
0.535 
0.400 
0.337 
0.279 
0.204 
0.170 
0.157 
0.131 

0.110 
0.114 
0.103 
0.063 
0.036 
0.033 

0.008 

112 

0,363 
0 248 
0,219 
0,259 
0,220 
0.239 
0,253 
0,240 
0.279 
0.331 

0.409 
0,500 
0,567 
0,450 
0.745 
0.771 
0.794 
0 840 
0.821 
0.938 

0.668 
0.630 
0.527 
0.390 
0.325 
0.273 
0.203 
0.165 
0.156 
0.134 

0.108 
0.109 
0.106 
0.070 
O e  041 
0.034 
0.036 

0.011 

1/1 

0.310 
0.195 
0.166 
0.194 
0.171 
0.179 
0,196 
0.190 
0.215 
0,262 

0.324 
0.395 
0.463 
0,521 
0,603 
0.653 
0,649 
0.684 
0.698 
0.644 

0.556 
0 . 5 2 9  
0.468 
0.341 
0.275 
0.234 
0,173 
0.141 
0.138 
0,122 

0,093 
0.092 
0,097 
0,071 
0.040 
0.022 
0.027 
0.022 
0 . 0 0 9  

b 

2/1 

0.234 
0. 138 
0.112 
0.130 
0,123 
0.120 
0.134 
0.133 
0- 146 
0,185 

0.222 
0.273 
0.334 
0,367 
0.431. 
0.477 
0.465 
0.489 
0.511 
0.478 

0.402 
0.389 
0.354 
0,259 
0.200 
0.171 
0,129 
0,107 
0,105 
0.096 

0.071 
0,065 
0.074 
0,062 
0,033 
0.019 
0,021 
0.018 
0,008 

31'1 

0.174 
0.099 
0.076 
0.095 
0.087 
0 ., 089 
0.099 
0.101 
0.112 
0.139 

0.190 
0.208 
0.254 
0.2180 
0.330 
0.366 
0,355 
0.375 
0.394 
0.373 

0.308 
0.300 
0.277 
0.199 
0.155 
0.134 
0.102 
0.076 
0.076 
0.049 

0,054 
0,052 
0.058 
0,047 
0,025 
0.016 
0.017 
0.014 
0.007 

5/1 

0.114 
0.067 
0,056 
0.070 
0.063 
0.061 
0.069 
0.069 
0.078 
0,098 

0.115 
0.143 
0,175 
0.191 
0,225 
0.249 
0.239 
0.255 
0.268 
0.250 

0,205 
0.203 
0.185 
0.133 
0.106 
0,098 
0,070 
0.058 
0,059 
0.053 

0.039 
0.038 
0.042 
0.034 
0,021 
0.014 
0.014 
0.012 
0,008 
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FIGURE 2. CONTINUOUS VARIATION METHOD APPLIED TO URANIUM TI 

PHOSPHATE SOLUTIONS, O N E  M O L A R  I N  PERCHLORIC ACID 
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Table 2 

CONTINUOUS VARIATION DATA IN lg K C l 0 4 *  
-=__pc 

x 

0 ,167  

0 . 2 5 0  

0 , 3 0 0  

0 ,333 

0.400 

0 . 5 0 0  

0 , 6 0 0  

0.667 

0.700 

0 .750  

0.833 

y410 

> 120 

e 156 

* 1 7 7  

3 196 

e 216 

D 2 2 3  

214 

192 

0 175 

e 1 5 3  

1 0 9  

- y 4 2  0 

127 

165 

188 

.201 

-221 

. 2 2 9  

Q 2 2 7  

D 2 0 1  

183 

161 

113 

y424 
P 

1 3 1  

0 1 7 5  

0 2 0 0  

223 

,229 

. 2 5 7  

0 2 4 3  

. 2 2 0  

0 1 9 8  

1 8 0  

0 1 2 5  

HC 

1,19 

1,17 

1,16 

1,15 

1 14 

1.11 

1.09 

1.07 

1,07 

1.06 

1,04 

*X and Y are d e f i n e d  on pages 3 and 1 0 ,  
respectively 1 



Table 3 

a 167 d 097 - 0 8 0  dl 0978 

e 206 .I35 v 111 D 09?1 

,262 155 a 129 3964 

.2 

.3 

.4 246 * 146 123 -0966 

-5 

- 6  

- 7  

. 8  

.9  * s91 

,235 .I46 e 124 e 0966 

0 204 e -132 0 112 - 0971 
P 153 D 102 m 088 0978 

062 a 0 5 5  09239 

s 3 and 10,  
respect5ve1y 

9 
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The q u a n t i t y  Y is t h e  d i f f e r e n c e  between t h e  observed  
o p t i c a l  densi-fy and t h a t  c a l c u l a t e d  f o r  t h e  case i n  which 
no  complexing QCCUPS, Thus,  since t h e  e x t i n c t i o n  co- 
e f f i c i e n t s  f o r  phosphor ic  a c i d  a t  t h e  wavelengths  used  
may be n e g l e c t e d ,  and s i n c e  u r a n y l  i o n  i n  p e r c h l o r i c  acid 
has been shown t o  obey B e e r  Os l a w y  ( 6 )  t h e n  

wherein d is t h e  observed  o p t i c a l  d e n s i t y  and  cu is t h e  
cor respoi id ing  molar e x t i n c t i o n  c o e f f i c i e n t  f o r  u r a n y l  i on ,  

The c o n t i n u o u s  v a r i a t i o n  c u r v e s  i n  F i g u r e s  2 sand 3 
c l e a r l y  i n d i c a t e  t h e  p re sence  of complex s p e c i e s  i n  which 
t h e  phosphate  t o  u r a n y l  r a t io  is one, Thus,  a g e n e r a l  
e q u i l i b r i u m  nay be w r i t t e n ,  

+( x-1) 
t- ( 3 - x ) H + ,  

++ UOz + H ~ P O B  = UOzBxPOa 

for which t h e  e q u i l i b r i u m  q u o t i e n t  is 

i n  which t h e  b r a c k e t e d  q u a n t i t i e s  deno te  molar c a n e e n t r a -  
tions" Taking t h e  a c i d i t y  as one molar, a t o t a l  f o r m a t i o n  
c o n s t a n t  K1 may be d e f i n e d  as2 



or 

wherein C1 represents the total concentration of a l l  the 
1:1 co3splex species, 

Assuming these to be the only complexes present in 
appreciable cancentration in these  solutions, the formation 
constant H1 may be evaluated from the continuous variation 
data as follows: 

Since 

and 

then, 

substituting Eq, 6 into Eq. 3 and rearranging 

M2X( 1-X) 
1/91 = - M + + l  

C1 

From Eq. 1, we have 

terms , 

wherein €1 is the average molar extinction coefficient 
the one-to-one coMglexes, From Eq. 4, 
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or 

Thus, 

and 
Y 

c1 = - A 

wherein A is a constant equal to €1 - 6uo 
Eq. 8 i n t o  Eq;. 7 gives 

Substituting 

b¶z X( 1-X) A Y 
1/Ka = -1Mc - 

Y A 

which, upon rearrangement, gives 

X(1-X) vso y It is evident from E q .  9 that a plot of 
Y 

should result in a straight line of slope I S equal to 
l + K i M  

- l /M2A2 and intercept  I equal to These quantities - K 1 M Z  A * 
permit the calculation of Kl; thus ,  



Table 4 

1 3  

X( 1-X) 

t 139 

.I88 

* 210 

.222 

240 

, 2 5 0  

240 

.222 

* 210 

.I88 

-139 

Y 

0 120 

-156 

* 177 

-196 

-216 

223 

.2 14 

D 192 

.I75 

.I53 

9 109 

- 
X( 1-X) 

Y 

l,16 

1.21 

1.19 

1- 13 

1,11 

1.12 

1.12 

1.16 

1.20 

1-23 

1-28 

x= 420 m p  
x( I-XI 

Y 

1-09 

1-14 

1.12 

1.10 

1 - 0 9  

1 . 0 9  

1.06 

1,10 

1-15 

1,1? 

1.23 

A-  424 g?tc 

Y 

-139 

-175 

-200 

- 223 

- 

. 2 2 9  

(. 257 

243 

220 

198 

* 180 

.125 

Y 

1 . 0 6  

1.07 

1-05 

1-00 

1-05 

.?I? 

.. 99 

1.01 

1 . 0 6  

1.04 

1.11 
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.-.. 

and 

OF 

s: -1 0 48 -1-40 -1- 04 

I: 1.44 1 - 3 9  l*24 

The A values which correspond $0 these values of Kl are: 

The uncertainty of the irmdiwldussl Y values i s  larger 
f o r  the low X values since here $&e quaneity results f r o m  
the di f f erence  between t w o  r e i a t f v e l y  large numbers, 
Accordingly, in plotging the three lines in Figure 4 ,  the 
pofnts corresponqng to X = 0 - 5  to  0 . 8 3 3  w e r e  favored, 
The r e s u l t i n g  slopes have an estimated uncertainty of *ZW, 
giving A to *lo% and Kl to perhaps &30%- Thus t h e  agree- 
ment between the  above tlxree determinations is better than 
could be expected from the accuracy of the daea, In this 
c a l c u l a t i o n ,  no attempt has been made to correct f o r  the 
r e l a t i v e l y  small variation in the a c i d i t y  of the solutions 
used (Table  3 ) ,  s ince  can be shown that the resulting 
changes in K1 are wiLbin the  uncertainty of the  present 
determination. F r o m  the above valuesl 
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Ki 38 f 1 2 ,  

A similar g r a p h i c a l  t r e a t m e n t  of t h e  0 , l M  a c i d  d a t a  
r e s u l t s  i n  p o s i t i v e  s v a l u e s ,  which is a physTca1ly 
mean ing le s s  r e s u l t  a n d i c a t i n g  d i s t o r t i o n  of t h e  c o n t i n u o u s  
v a r i a t i o n  C U T W  from that t o  be e x p e c t e d  f o r  o n l y  one-to- 
one complex formation. Whereas 8% is p o s s i b l e  t o  deduce 
on t h e  b a s i s  of a d d i t i o n a l  K v a l u e s  to be p r e s e n t e d  i n  a 
l a t e r  report  that  t h e  h i g h s  complexes are n o t  a p p r e c i a b l y  
abundant  in t h e  1 M  p e r c h l o r i c  acid s o l u t i o n s  invo lved  i n  
t h e  p r e s e n t  measuFements, no such s i m p l i f y i n g  c o n d i t i o n  
c a n  be deduced for t h e  0 , l W  acid s o l u t i o n s .  The p o s s i b l e  
i n t e r f e r e n c e  of h i g h e r  complexes h e r e ,  a l o n g  w i t h  t h e  
g e n e r a l l y  less a c c u r a t e  u l t r a v i o l e t  s p e c t r a l  data*% 
e v i d e n t l y  limits t h e  r e s u l t i n g  c o n t l n u o u s  v a r i a t i o n  c u r v e  
t o  o n l y  a q u a l i t a t i v e  i n t e r p r e t a t i o n ,  

The p r e s e n t  r e s u l t s  g i v e  no i n f o r m a t i o n  c o n c e r n i n g  
t h e  a v e r a g e  number of  hydrogen i o n s  i n v o l v e d  in the one- 
to-one complexes,  
s u g g e s t  

The s o l u b i l i t y  r e s u l t s  of G. R. L e a d e r ( l )  

UO,*c f H,P04 = U O 2 H z P O 4 +  + H". 

On t h e  b a s i s  of s o l u b i l i t y  r e s u l t s  t o  be p r e s e n t e d  i n  a 
subsequen t  r e p o r t ,  one may s u g g e s t  

a l s o  t o  be a c o n t r i b u t i n g  e q u i l i b r i u m  i n  acid s o l u t i o n ,  
A t  any r a t e 9  whatever  number of d i f f e r e n t  one-to-one 
s p e c i e s  e x i s t  i n  s o l u t i o n ,  Kl is t h e  s u m  of t h e i r  f o r m a t i o n  
q u o t i e n t s  i n  1 M  p e r c h l o r i c  acid (Eq. 2 )  T h i s  matter w i l l  
be d i s c u s s e d  f k t h e r  i n  l a te r  r e p o r t s .  

* In  t h e  wavelength  r a n g e  (290-310 m+~) used  h e r e p  the 
absorbancy  i n c r e a s e s  r a p i d l y  w i t h  d e c r e a s i n g  wavelength  
f o r  a l l  t h e  s o l u t i o n s ,  r e s a l t i n g  in a high dependence of 
t h e  measured o p t i c a l  d e n s i t i e s  on the p r e c i s i o n  of wave- 
l e n g t h  s e l e c t i o n .  
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