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The Crystal and Molecular Structure of Potassium Diuranyl Trisoxalate Tetrahydrate 
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K2(UOz)z(CzO4)3.4H20 is monoclinic, space group P21/n, with a=  8-85 (1), b= 19.67 (1), c= 5.37 (1) A, 
fl=91.5 (2) °, Z =  2. The structure was refined to a final R of 0.097 with 822 visual reflexions corrected 
for absorption. The crystal contains K + and [(UO2)z(CzO4)3] 2"- ions. The structure of the polymeric 
anion is different from that in the anhydrous ammonium salt. The linear uranyl ions have six oxalate O 
atoms at the corners of a puckered hexagon. Mean U-O distances are 1.76 (uranyl) and 2.45 A (to 
oxalate). All the oxalate groups are planar and tetradentate. 

Introduction 

Among the oxalato complexes of uranyl, those with 
a uranyl-to-oxalate ratio of 1:1.5 are unique in their 
low solubility in water, low temperature coefficient 
of solubility and relatively high stability in aqueous 
solutions despite their dimeric nature (Chernyaev, 
1966). Although only K + and heavier metal cations 
formed solid compounds readily, modifications in the 
experimental procedure made the preparation of the 
Na ÷, NH~- and Li + salts possible (Chernyaev, Go- 
lovnya, Ellert, Shchelokov & Markov, 1958; Alcock, 
1973a; Jayadevan, Singh Mudher & Chackraburtty, 
1974). The structure of the anhydrous ammonium 
compound (NH4)2(UO2)2(C204) 3 (Alcock, 1973b) 
showed that it has a polymeric [(UO2)2(C204)3] 2"- anion 
in which the linear uranyl ions have a planar pentagon 
of O atoms coordinated to them (Fig. 1). Since the 
chemical process involved in crystallization is the re- 
placement of the aquo by oxalate ligands, the dimeric 
structure in solution will have unidentate oxalate 
groups which are rather unlikely. Further, the normally 

Fig. 1. Coordination of the uranium atom in 
(NH4)2(UO2)2(C204)3. 

planar oxalate groups are considerably distorted in the 
solid compound. Since it is known that such distor- 
tions are often caused by the bonding characteristics 
of the NH + ion (Jeffrey & Parry, 1952; Robertson, 
1965), this study of the K + salt Kz(U02)2(C204)3.4HzO 
was undertaken as a continuation of our work on 
uranyl oxalate (Jayadevan & Chackraburtty, 1972). 
The K + ion is large enough to form a stable solid 
compound but is not heavy enough to adversely affect 
the structure determination. 

Preparation 

Uranyl oxalate and potassium oxalate in the molar 
ratio 1:2 were dissolved in the minimum amount of 
water and the solution heated at 80°C in a water bath 
for 4 h. Chunky yellow crystals formed on cooling, 
were filtered and washed with cold water, acetone and 
ether. The crystals were dried in air. 

Chemical analysis of U gravimetrically as U308, 
oxalate volumetrically with KMnO4, and water by 
weight loss at 150°C thermogravimetrically gave the 
percentages U 50.2 (49.9); C204 28.3 (27.7); H20 7-3 
(7-5), where those calculated for the composition 
Ka(UOz)2(CzO4) 3. 4HzO are given in parentheses. 

Several well-formed crystals were used to deter- 
mine the density pycnometrically. 

X-ray studies 

Crystal A, 0.06 × 0.015 × 0.022 cm, was used for layers 
hkn (n=O, 1, 2 and 3) and smaller crystal B, 0.02 × 0-014 
x 0.020 cm, for layers nkl (n = O, 1, 2). The layers were 
photographed on sets of three films with Cu K~ 
radiation and the equi-inclination Weissenberg method. 
The value of 91.5(2) ° for fl obtained by the least- 
squares analysis of the powder diffraction data agreed 
with that calculated from the positions of 00I and h00 
reflexions on the higher-layer festoons (Stout & Jensen, 
1968). The crystal data are shown in Table 1. For Z=2,  
the fourfold general positions + (x,y,z), +_ (½+x ,½-y ,  
½+z) of the space group P21/n, a non-standard setting 
of P2Jc chosen for the convenience of the almost 
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Table 1. Crystal data 

T h e  s t a n d a r d  d e v i a t i o n s  h e r e  a n d  i n  t h e  t e x t  g i v e n  i n  p a r e n -  

t h e s e s  r e f e r  t o  t h e  l a s t  f i g u r e .  

a =  8 " 8 5  ( 1 )  ~ D , . = 3 " 4 2  ( 1 )  g c m  - 3  

b =  1 9 " 6 7  ( 1 )  D ~ = 3 . 4 0  g c m  - ~  

c =  5 " 3 7  ( 1 )  V = 9 3 4 / ~ , ~  

#=91.5 ( 2 )  ° Z = 2  

S y s t e m a t i c  a b s e n c e s :  hOl, h + l o d d  a n d  0 k 0 ,  k o d d .  
S p a c e  g r o u p :  P2~/n 

orthogonal cell, require the dimeric anion to lie on 
centres of symmetry. 

The intensities were estimated visually with a cali- 
brated wedge prepared from crystal A and were 
converted into structure factors after Lorentz and 
polarization corrections. Absorption effects ( # = 6 7 8  
c m  -~) c o r r e c t e d  (International Tables for X-ray Crys- 
tallography, 1959) assuming crystal A to be a cylinder 
and crystal B to be a sphere, both of radius 0.008 cm, 
were only approximate, hkO photographs taken before 
and after exposing the crystal to X-rays for about 200 
h were identical, indicating the absence of any crystal 
decomposition as observed in the NH + salt. 

Table 2. Observed and calculated structure factors ( × 1 O) 

U n o b s e r v e d  r e f l e x i o n s  a r e  m a r k e d  w i t h  a n  a s t e r i s k .  

,, • r - a 1  

II . . . .  
~o s • •  

s .+:,it 

i111  
o • s , o  
• 1111 

it llOl 
IO if,• 1, i;:,+ 
I ,  
1,1 •+s 

115, 

z ze•• 

1111 

13oo 
I 1~ I|I14 

• I1 12o• 

i i :  .o  
, t ,  

: +' . . . .  
• +~ss 

1 5 l~*s  
T l s , t  
i s • •  

o ~sz•  
+ lO o .  ,+oz 

s s ,  
) 15 1701 

o zovs 

i + • , ,  ; l : •Z  
ssl 

ZsZl 

i o • so l  l oz ,  

1J • , o  

I t  ,+,)o oa, 

t z  ,q •  

; I " °  
ss 1 z~,•  
• ; .+,%' 

• ~oo 
x ~ s  

11o • ~ ,  

i t :  ~ 1;+,; 
11 ++•o 

I ~l i•iz 

' ,+ !!i 
• s , o ,  

i +.'I ~ "  :h + 

oli,I 

_ ~ , s e  
. i t s +  

~s>I 

. i ~ 1 1  
ton 
. , • o  
.5 t+  

tos~  
to5° 

" l i S t  

M 
-1111 

1111 
.ioso 
.ll•O 

' I : [  
.SOl 

- t , o  

i s o •  
- + , o •  

. , s t  
1 •o l  

* l , s t  
o n • ,  

•o+ 
.+15', 

. o , ,  

. l l l o  

. i o v s  
l s o s  

-•TI 

-6on  
. s • ,  

• 3 •  

.ZOO0 

*s t  
.x?ot 
.Ii? 
•,1 

.lqll 
i,i 
$i, 
Io, 

-o~5 

llq 
- o o t  
-11~ 
-•n 
I ? l ?  

- s J l  
.511  

30~ 
.~1~ 

- I 

A 

t: 
11 

I ;  1, 

o 

o 

: 11 

o ~ 

' I! 

• 1 

II 

1 
IT 
II 

Ig 

o 

:! ii' 
. I  11 

t t  .1 g 

1 zo : !1 , . ,  .11,, :: , 
z t  , , 1  -•so s 

- i  z ,  •1• .so t  s 

:i :: . . . . . . . .  :: e s t  TX 
zs +ST ,,: s o , ~ ......... ,~! 

"~ l I z o q  I ,oi 
ess . T l S  -s  

+ . . . . . .  :;+; : t+ * ~ 111t  
o ~  s s .s  ; : . . . . . . . . .  : : t  

lOo• 1zoo 

:: : . . . . . . . .  :! ii ILql  . I~$T 

i +  . . . . . . . . .  . . . . . .  | I I  : . . . .  -',%; 

st+ 11 
1@: I . . . . .  j 
;~I . . . .  | " 

5 ,0  15 , , ,  : |  lS 

..... .: i! -040 
lql III 
,i .... .! I: .so 1,,, 1,,, . |  , ;~I 
511 58O o 
ilO .oll Ii i o •  q 
oos . o ,  . z  t t  11o* 

. . . . . .  , .!" i+ .-'" 1165 11oo 

t o l  . s o ,  . J  • ~ 1~o, 
11~o 111o • zoos 
Ill 317 I I I • llO ,1, . , , ,  :|' : . , .  
I , I  .oos lO,S 

. ,  . . . . . .  oo,' j +, . , o  . . . .  
|Ii too $115 
q i . lOVi . 1  lOJl 

, . . . . . . .  ~ : i  # I : :  . . . .  1 
"~ :~i~ .i, ::::~, ~:: .~ ,, 1,,,'" o ,t, I, . . . .  

:,I ::~ "I 1o,; 
1o. . . . . . .  1 . . . .  
~ o  so, 

iso,  

|o~@ Olt ~io 
1111 i11• - o  
1~oO ittz l o lo  
........ : I .... 

I,I, 11. I . . . .  
IZTI 3 It01 
- o i l  t z s ,  

11, t l Z t  i iio+• 
lq|~ lq,l -q 11 lOT, 
~OS$ ZO$, 4 15 • 2 '  

. . . . . . . .  ~: ii+,' • se~ -*oo 
1zoo . • z o o  • Is t 
lOI I .151 .~ lO 

- •+ ,  "+ s,o 

. . . . . . .  I: T l o l l  11• I  I~ . . . . . . . .  :+ ,,'° .++ ~ss - s l •  e 
- . . . . .  d : '  
. . . .  ;; OlO, 
os*  1111 

........ .~ ,ii! i i i i  I051 

s o ,  , , i  

" "  t ; l :  tool 

lOT• - I~ 1*  
1+:~ - t o • ,  
• ol q•s  
6~S oo. 
oz* ~6~ ' Z "  

qa* 
o316 
" * * :  

-11o, 

.1 ,6"  
*l~Oe 
- l O l l  

-q+s 
-~ 05 ,  

l t •1  
~1t6 

*e l •  

- t O l l  

: , s •  

. + o o •  
*s+o 
-o~o 
oSS• 
- ,oz 

- s s ~  
-oeo 

1•1•  

l •T l  
T11 
, Z •  
I11 

lCS~ 
-+lOS 
. 1 , o s  
* t 'T1 

too) 

~ol 
ioz~ 
-T l •  

. 1 , o ,  

. I + , e  
i tm 
+ i s  

, •  
, , s  

o+iO 
- , o ,  

•3+ 
los+ 
L1), 

- lOzo 
. l • s •  

-eTO 
los l  - , s ,  

z$1s ¢,s• 
1111 Iiii 

. , o s  

I!+P . . . .  - t o , e  
lOiS -~osz 
i •1  , i •  

1zoo L%0 
1oo. t : ~ .  

* * t ,  
6tO *q*c 

5 ,1  

olo -11o 

• ~o . ,so 

": ' . ' : : l  ' "  
* 1 Io ,+  - 1 , , :  

1 l o i s  -x~os  

. ,o; ,11"° 
l o t  q$3 "l ! . . . . . . .  

1514 - 1 l i t  
1111 . ,  
i;: olo  

13~ , 1 t  vso 

" '  I t  1111' . . . .  .1o3o 

1, . : , ;  !' 

:+ +i . . . . . . .  • e l  . s i s  
1,+1 1115 

: + +  1::: . . . . . . . .  .so.-,,, 
. t e l  • : 
* s i s  :+ + . . . . . . . .  

131,  I l l •  
: l o s  l l o o  ++: ......... 11~ .13~ 

o 03•  *TO~ 
s o •  .5~1 

i : o  ? , . . . .  : l  
" II . . . . . . . .  
- •  boo - o e s  

"ii . . . . . . .  

s~l . ~ s s  
s o l  . s o 9  
• 19 . O i l  

" '  i . . . .  ::+' '~ 8 ,os 
~zo , 11  

1 111 . i l l  
1 ,os h i ,  

1 ,1  TIt  

l q l •  . I s 1 1  
l l t l  .1o$$ ": : , , ,  , , ,  
11+ TOO 

.o 111 

.1 +' :,+,~ , : l i t  '1° . o 1 1  
9~ l lqO 01151 

lOOt .1141  
. o  io 111 v$o 

o 1l •11 151 
e I t  • o i  Oil  

"o 1s s,~o s e a  
i i s  1 • s+o 

11 . . . .  111 
.o ,1 ,,o . , ,  
. o  1 t o t  OI l  • ~ 1151 l os t  

:1 ? 1;, . . . .  .11o 
• ~ •o l  .ors 

++ too  . s l t  
~,Ts . t o 1  : ~  '1, !0 

. •  T o11 .11o  

• bOO 

-": !! i l i : : : :  
too 1,+, 
sol -++ 13 . s o l  

+: '  
- • s$1 
.+o  + s o t  -T+l  

J :  l 
1o 

o lo  ~ 
11 o 

o lo  

. 1 1  

.1o 1~ 

l 

I: 
I; 
,! 

. 1  1 

"I +' 

ol  

I !! 
.1 11 

I •  
-1  1•  

.I 
1.  

-! ~ 

"I 
; 1 

I 

i t  

~ lO 

A I I  
i s  

:+' I: 
: i  1, :.o 

1 
1 

.11 i t  

'ii :i 
: 1 
: : 

• ~,  . , + +  
• o5 . - ~  
811 ~1+ 

I~: ,s, 
++3 

3Z+ 13~ 
811 - ' t •  

- S I +  ++ '  
-TO0 

so• •so 
Z3)O ¢~sq 

t •o~  . s O l ,  
I l l •  t l S l  
1 1 • :  t ~ t o  

l l + t  -e+~ 

| t:: l  "111 
1 t l l  1s•~ 

.ms~ 

| I11 - .o  so+ 

' ill+ . . . .  
t , 1 3  l l w  . l + + ,  

z zols . a • • q  
Z l , l  . z ~ o ,  

11T• 112q 

l + o t  16••  : '!~ ! .... 
l lzoo 

-so~ 

z l , z *  . l o o n  
1563 .t$qq 
t o , *  t o t ,  

s + ,  so, 
z • • *  +s ,  
z : ts~ o~s 

• os - , o s  

t • o s  - : • s ~  

+ . . . . . . .  I+ +to  , • 

++s 
+ 311 112 
z +++ . s , ~  

• 5 '  -~s• 

~.1 5~, 
z t O + 9  . l a ~ ,  

11)q 
• : 1~•  . l l S q  

1110 . t lS~  

. :oa•  

-+st  

.so l  
z 

z i o n  x+~+ 

:++s , ,+;+ . . . .  
. :oo~ 

+ t+l: .,+:I 
• I : I :  11117 
i :oz ]  ~16 

. . ~  

+to+ 

- i o , ,  
+ . ,  *s11 
,.o+ -~11 

: ++ 
i s  

l o  

3 

I " s 

l •  
-+, g 

I; :1 II 

~o 

II 

- ,  1 

"I " 
o 

. t  • 

1 

o 

Ig 
1,  

. II 

" I  1 ,  

.1 !i 
"'t i+ 

-! 

.; 

Table 2 (cont.) 

I l l •  
qq0 .1011  

1014 . l l , l  
~51 •ss 

Ions l •SZ 
e~l - s -  

1oo~ t o t ,  
1o+, 

. • 1 1  
s~e - • 1 1  

lOiS 1125 
l+O~ .z1+I 

t~o 111 - i o e  

111I .,111 
:l: " °  

1 . 1 1 o t  
6 , • l  t * s  

11s  s • ,  
111 - • •T  

los+  lsoo 

Ill o~Ol 
l lO :  1•~o 
1 , t  .++* 

11;1 . . . .  , , ,  
s o ,  v s l  

* • • s  :tl -1111 
i~1  •o ,  

lO11 s o s l  
s sz  . s s s  
• 1 t  . s o •  

l ~  . 1 , 1 ,  
1111 .lOOO 
1so, i s , ,  
• ,~ too• 
~o 111 

lo?t  . t l O +  
1151 -lOsS 
1o•1 l o t ,  

111 . o  060 
11•i . l i e s  
lOO* -+so  

1oo~ 

i~ .... - + I s  
s i s  s,o 

l o t s  l o l l  
16O+ . 1 l o t  
11oi . 1 • , z  
I : , S  -+s~  

. I l l s  
o~* . i o + •  

1 ,s1 1~++ 
15~4 15~8 
19•1 0 1 • •  

i s q t  - I ~16  
l • s o  -lO~9 
s , ,  -sso 

• o - •o~  
:z++ t+,s 
t~+z l : , s  
t*1, 150,  
12~o l t s o  

- t l s  
+oo 

-set  
ooo - , , t  

lose ~os 

• s •  -~so  
61+ - o z e  
l , +  - + e l  
o+s -+ to  

is+l 1•+ ,  
~+, s+o 

loso -:+o+ 
i n ,  -:s~s 

IO~T 

s , o  ~1 
s , o  ,11 

"| ] lg:  " '  .10s- 
. l  i s~s  . = , u s  I : . . . . . . . . .  
. 15011 . i , , ~  

I i, . . . .  
-~Olo 

- i •  t , l o  -1111 

.I' I,' • ,  . . . . . . . .  
1161 sos+ 

61~ , l o  
o 1,11 l , l S  

. ~  ] t 116* - • v o  
t ZOO' -zozo 

. I  +' :+,1 . . . .  -,1, 

. ~  * i s :  -oo i  . l  ! . . . . . . . .  
l~'o:' I+~io 

lzzs I l l +  
+ e l+  -1 is  

o ~! .... 
,oh .n*  

"I l ;  . . . . . . . .  l o l l  lo ,o 
" I  11 10Is 

"+, 11 ,,l:o . . . . .  . , , ,  
3 1 ,  Oil  S~l 

11 ,1, 
• -OTZ 

: 11o~ t o • ,  + l:+" . . . .  
• . l o s •  

i m 1111 *1,11 , l ff:  .l+l.+- 

; I t  ' "  , l *  
, s ,  - o s c  

!ii "" 1 lq•8  

-151 
. i ~ 1 1  

.1 I I  . . . . . . .  

, P:  ,,* • ;: l .•'•+ 
. , o 1  

. ~  o: - • v ,  : Ik+~ . . . .  
iOsO 

.! I l ~ ;  . . . .  
- I  To, .Z lU l  

-; :++ .... 
.s  ~ S~Zl q l r  

J+o: . t o t  

: +  +++ ."  +s t  [+ . . . . .  o ~ z t o  . i i s ~  
+i s  - l o o t  

. m s :  

l l t t  . t i T S  
111 -~10 ++ # :  .... 

..,111 
• •1o  -~1o j +, . . . . . .  

t oo l  1~•z 
sos  ~ o  
i $ I  -++  ,,, ~,: 

:~ 11 . . . . .  1,11 1+s t  1111 

- 8  l lSO~ * . , ,  "~1;  "+', : . , ,  . . . .  
, q l o  l+,l 

o *SO 
.o i 1 t o t  . : = = i  

e • o , t  . , s )  
..a 1o 1oo1 11o+ 

1003 

• ~ so• . ,11  

;i . . . . . . . .  

&sJ leo 
l o o t  .=11¢  

i i  1oo 1111 

- l o  2 I01• 01113 
-1o ~ SOlO I I ~ 5  

l os t  l i l t  
lOOT 01165 
1 t l o  1111 

i o?  I l l  
1TOT * l l t l  

I~ . ,  lllg 
1301 - l O t *  

+** . 1 3 o  
1?It - | I l l  
|ZOO .1011 
lSlO 1*1s 

t~ l o s  o -1310 
l o l l  I t ? *  
I+ l$  . l l l O  
I I$O 

11 1011 101161 
130S - l i l t  

• s o l  . • o l  
s lZo~ Io11 

lOsO 1151 
l i l t  . l * $ 1  
i z l i  1110 

IO11 . 
1o • ++~ .,o 

3 .... | • s ~  - I l l 3  
1o0~ z~so 

l s t l  . l~so 

l t , t  . l z~a  

.+ ,g  . . . . . . .  
l e , ~  - I l l s  

5a ,  - s~s  
1o o r ,  -~51 S l t 0 ~  -1111 

:+, , 1~,, -1 . ,  
.~  11 1151 l • t ,  t o  101s | 0 , 3  

12 + ~ ~to, 1 ,30  1 so+ so, i t +so - l l s o  

16 ++" -+61 + s l i s t  -1s15  
++ . . . . . . . . . . . . . . . . . . . . . .  

i+ +:~ ,~*  • • ~$6 1157 
-~ IT Oi l "  ItS+ 8 S lOS• -1101 

- 5  + 61~ ~1~ 1 t l + s  - l O l l  

: :  . . . . .  L 

The positions of U and K were derived from a 
Patterson map and the remaining non-hydrogen atoms 
from difference maps. The atomic positions, isotropic 
temperature factors except for U, anisotropic for U, 
and layer scale factors were refined by the full-matrix 
least-squares program LALS (Gantzel, Sparks & True- 
blood, 1961) on a BESM-6 computer. The refinement 
was stopped at R1 =[~[AF[/~+Fobs] of 0.097 and R2 = 
[~colAFlZ/~+coFZobs] 1/2 of 0.107 since no parameter 
changed by more than ¼ its standard deviation. The 
reflexions were given weights 1/a z, where a was assigned 
in agreement with the accuracy of the measurements 
as cr = 0"05Fobs if 90 < Fobs < 180, o" = 0"08Fobs if 40 < Fobs 
< 90 or 180 < Fobs < 250 and cz-- 0.10Fobs if 250 < Fobs or 
Fobs<40. The 822 reflexions used in the final cycles 
include 21 unobserved reflexions that alone satisfied 
the condition Fcatc_>0"5Fmi,, where From corresponds 
to the local minimum observed intensity. The scattering 
factors for U 2÷ were derived from U ° and U 3+ data 
of Cromer & Waber (1965), while those for K ÷, O 
and C were from International Tables for X-ray Crys- 
tallography (1962)• 

The observed structure factors are compared in 
Table 2 with those calculated for the final atomic 
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Table 3. Atomic parameters 

x y z B 
U -0.0094 (2) 0.16606 (8) 0.0442 (4) * 
K 0.3944 (22) 0.0995 (9) 0.458 (4) 4.3 
O(1) -0.1283 (43) 0.1755 (21) -0-222 (9) 2.5 
O(2) 0.1046 (38) 0.1555 (17) 0.311 (8) 1.8 
0(3) 0.0784 (54) 0.2769 (25) -0.151 (11) 3.5 
0(4) 0.2463 (46) 0.3353 (21) -0.316 (9) 3.2 
0(5) 0.4151 (52) 0.2282 (22) -0.279 (10) 3-1 
0(6) 0.2462 (47) 0.1750 (20) -0-085 (10) 3-4 
0(7) 0.1043 (42) 0.0589 (18) -0.159 (9) 2.6 
0(8) -0.1071 (54) 0.0529 (24) 0.152 (11) 3.2 
0(9) 0.2009 (58) 0.4631 (26) 0.067 (11) 4.1 
O(10) 0.0076 (69) 0.4250 (23) 0.497 (13) 4.1 
C(1) 0.2004 (84) 0.2807 (40) -0.238 (20) 4.0 
C(2) 0.2974 (71) 0.2249 (32) -0.176 (15) 2.8 
C(3) 0.0747 (74) 0.0008 (40) -0-063 (17) 3.8 

• Anisotropic temperature factors 

0-00674 (19) 0.00137 (4) 0.00571 (68) 

0"00017 (16) 0"00859 (54) 0"00011 (32) 

parameters listed in Table 3. A difference synthesis 
showed no peaks that could be ascribed to any atom. 

Results and discussion 

The (001) projection of the unit cell is shown in Fig. 2, 
where the atoms are numbered to correspond with 
Table 3. The bond distances and angles are listed in 
Table 4. Equations for weighted least-square planes 
are shown in Table 5. 

The uranyl ions are linear with O - U - O =  179(2) °. 
The average U-O distance of 1.76(4) A for the uranyl 
ions is longer than that in uranyl oxalate and is re- 
flected by the decrease of about 30 cm -1 for the 

Table 4. Bond distances (,A) and angles (°) 

The superscripts refer to the following transformations: 

(i) x - S ,  S - y ,  z - S  
(ii) - x ,  - y ,  - z  
(iii) S+x ,  S - y ,  z - S  

(a) Uranium environment 
U O(1) 1.77 (4) 
U - 0(2) 1.75 (4) 
U 0(3) 2.54 (5) 
U - - O ( 4 ' )  2.31 (4) 
U - O(5') 2-38 (4) 
U 0(6) 2.39 (4) 
U - - O ( 7 )  2.58 (4) 
U - - O ( 8 )  2.46 (5) 
0(3). • • 0(5') 2-49 (8) 
0(3)" • "0(6) 2"52 (6) 
O(7)" • • 0(6) 2"63 (5) 
0(7)" • • 0(8) 2"54 (7) 
0 ( 4 ' ) "  -0(8) 2"56 (6) 
O(41) - ' '  0(5') 2"59 (6) 
O(1)-U-O(2) 179 (2) 
O(3)-U-O(1) 76 (2) 
O(3)-U-O(2) 105 (2) 

(b) Oxalate groups 
C(1)-O(3) 1"19 (9) 
C(1)-O(4) 1"22 (9) 
C(I)-C(2) 1.43 (10) 
C(2)-O(5) 1-19 (8) 
C(2)-O(6) 1.19 (8) 
C(3)-O(7) 1.28 (9) 
C(3)-O(8") 1.20 (9) 
C(3)-C(3") 1.50 (10) 

(c) Potassium ion (< 3-2 A) 
K-O(2) 2.89 (4) 
K-O(3'") 2.99 (5) 
K-O(5) 2.90 (5) 
K-O(6) 3.17 (5) 

(d) Water molecules ( < 3.0 A,) 
O(9)-O(8 m) 2"85 (8) 
O(9)-O(10) 2"99 (9) 

(iv) S + x , S - y , S + z  
(v) S - x ,  y - S ,  S - z  
(vi) - x, 1 - y, 1 - z 

O(4')-U-O(1) 74 (2) 
O(4')-U-O(2) 105 (2) 
O(5')-U-O(1) 94 (2) 
O(5~)-U-O(2) 87 (2) 
O(6)-U-O( 1 ) 108 (2) 
O(6)-U-O(2) 73 (2) 
O(7)-U-O(1) 89 (2) 
O(7)-U-O(2) 91 (2) 
O(8)-U-O(1) 95 (2) 
O(8)-U-O(2) 84 (2) 
O(3)-U-O(5')  61 (2) 
O(3)-U-O(6) 61 (1) 
O(7)-U-O(6) 64 (1) 
O(7)-U-O(8) 60 (2) 
O(41)-U-O(8) 65 (2) 
O(4')-U-O(5') 67 (2) 

O(3)--C(1)-O(4) 120 (7) 
O(3)--C(1)-C(2) 114 (8) 
O(4)--C(1)-C(2) 123 (7) 
O(5)--C(2)-O(6) 125 (6) 
O(5)--C(2)-C(1) 112 (7) 
O(6)--C(2)-C(1) 120 (6) 
O(7)--C(3)-O(8 'l) 125 (6) 
O(7)--C(3)-C(3") 113 (6) 
O(8")-C(3)-C(3") 113 (6) 

K-O(9") 3.03 (6) 
K-O(9 ~) 2.82 (6) 
K-O(10 I~) 3.08 (7) 
K-O(10 'u) 2-73 (7) 

O(10)-O(5) 2.92 (7) 
O(10)-O(10 v') 2.95 (8) 

O. 

o 

0 

O- 

0 

0 oO 0 

d .... ........ Oo,,o, 

°o :: . . . .  . . . . . .  , . . . .  °o , . , -  
! 0 K Ctz) : 

Fig. 2. (001) Projection of K2(UO2)2(C204)3.4H20. Broken lines indicate the coordination of the uranium atom by oxygen atoms 
of the oxalate grouos. 
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Table 5. Least-squares planes and interplanar angles 

[ 1 ]2/a 
The orthogonal coordinate system corresponds to the a, b and c* axes. Each atom was given a weight equal to abca(x)-~(y)a(z) 
where a,b,e are cell constants and a(x), a(y) and a(z) are deviations of the atomic coordinates. The superscripts are as in Table 4. 

Plane Equation 
1 0"4756X-0"0433 Y+ 0"879Z= 0"0221 

2 0.3038X+O.3589Y+O.883Z= 1-478 

3 0"6310X+O.O246Y+O.775Z=O.O02 
4 0-3936X- 0.8233 Y-  0.390Z= - 2"846 

Interplanar angles: From/To 
4 
3 
2 

Atoms included and their deviations (A) 
U, 0.00; O(3), -0.63; O(4t), -0.37; O(5t), 0.42; 
O(6), 0.47; O(7), -0.38; O(8), 0.19 
O(3), - 0.02; O(4), 0-06; O(5), - 0-06; 
O(6), 0.02; C(1), -0.07; C(2), 0-08 
Origin, 0.0; O(7), - 0.04; O(8), 0.04; C(3), 0.16 
U; O(1); 0(2) 

1 2 3 
97 122 94 
11 28 
25 

asymmetric stretching frequency of the uranyl group 
in the infrared spectrum. Six O atoms at an average 
U-O distance of 2.45(4) A form a puckered hexagon 
around the uranyl ion, the O atoms deviating between 
0.2 to 0.6 A from a plane'through U (plane 1, Table 5) 
which is almost perpendicular to the O-U-O axis. 
Each uranyl ion is thus associated with three oxalate 
groups forming polymeric anions [(UO2)2(C204)a], ~"- 
that extend throughout the crystal. The K + ions fit 
into the polyhedra formed by O atoms of the oxalate 
groups and water molecules. There are eight oxygen 
atoms within a sphere of radius of 3.2 A about the 
K ÷ ion and, as in many other crystals, the polyhedron 
is irregular (Palenik, 1967). All the oxalate groups are 
planar and tetradentate (Table 5) bridging two uranyl 
ions. 

In the NH2 salt, the polymeric anion 
[(UO2)2(C204)3]n 2"- has the uranyl ion ( U - O =  1.77(6) 
/~) at the centre of a planar pentagon of O atoms 
(U-O=2.38(5) A) formed by three oxalate groups. 
One of the oxalate groups is strictly planar and tetra- 
dentate while the other two are terdentate with an 

angle of 12 ° between two ~ ) C - C  planes. This differ- 

ence in the conformation seems similar to that found 
between ammonium oxalate and other oxalates (Rob- 
ertson, 1965). The twisting of the oxalate ion by 27 ° 
about the central C-C bond in the former is caused by 
hydrogen bonding. A similar requirement of the NH + 
ion is sufficient to affect the U coordination in the 
anhydrous NH2- salt. 

Although packing effects are probably responsible 
for the formation of the polymeric anion on crystalli- 
zation from the dimeric anion in solution, the planarity 
of the oxalate group and the puckering of the hexagonal 
ligand ring around the uranyl ion in the K + salt 
favour the view that the UO22+ ions are held by the 

oxalate ion network by essentially electrostatic 
forces. 

The authors thank Dr M. V. Ramaniah, Head of the 
Radiochemistry Division, BARC, for his interest in 
the work. 
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