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Uranyl oxalate trihydrate, UOzCzO4.3H20, crystals are monoclinic with lattice parameters a = 5.623 (5), 
b=17.065 (2), c=9.451 (3)/~ and ,8=98.74 (1) °. The space group is P21/C with Z=4. 513 visually 
estimated reflexions were corrected for absorption and the structure refined by Fourier and least-squares 
methods to R = 0"079. Each uranium atom exists as a linear (O-U-O) 2+ ion with five secondary oxygen 
atoms coordinated to it in a perpendicular plane. The average distances are U-O~= 1-63 (4) and 
U - O n  = 2"49 (4)/~. The oxalate groups are planar and tetradentate, each bridging two uranyl ions. 
Only one water molecule is coordinated to the uranium atom. The structure is consistent with the 
thermal behaviour of the compound. 

Introduction 

Several oxalato complexes of dioxouranium(VI) with 
varying uranium to oxalate ratios are known, but no 
detailed structural work has been reported. The fact 
that an anhydrous ammonium salt of [UO2(C204)3] 4- 
was isolated was interpreted to show that in oxalato 
complexes the uranyl ion requires six ligands in a plane 
for coordination saturation (Chernyaev, 1966). In the 
bisoxalatodioxouranate(VI) complexes two water mol- 
ecules are assumed to complete the hexagonal arrange- 
ment. But substitution reactions on bisoxalato com- 
plexes (Shchelokov & Belomestnykh, 1969) have indi- 
cated a pentagonal coordination for the uranyl ion, 

which is sterically and geometrically stable in a plane 
(Evans, 1963). We have initiated detailed structural in- 
vestigation of solid oxalate complexes by the method 
of single-crystal X-ray diffraction. The crystal and mo- 
lecular structures of uranyl oxalate trihydrate are dis- 
cussed here. 

Preparation 

A hot saturated solution of oxalic acid was added to a 
concentrated solution of pure uranyl nitrate in 1.0M 
nitric acid at 80 °C. The crystals separated on standing 
and were washed with water, alcohol and ether. Chemi- 
cal and thermal analysis confirmed the composition 
UO2C204.3H20. 
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Crystallography 

The crystal data are shown in Table 1. The cell dimen- 
sions are the same as those reported by Jenkins, Moore 
& Waterman (1965). However, two reflexions, 003 and 
201, in their data are wrongly indexed. These could be 
re-indexed as 122 and T52 respectively without affecting 
the cell constants derived by them. In the single-crystal 
Weissenberg photographs, the h + k  odd reflexions are 
generally weak, but the only extinctions are hOl: I odd, 
and 0k0" k odd, the space group thus being uniquely 
determined as P2~/C in agreement with early gonio- 
metric measurements of Staritzky & Cromer (1956). 

Table 1. Crystal data 

Standard deviations given in parentheses refer to the last 
figure. 

a= 5.623 (5)/~ D,, =3.07 (1) g.cm -a 
b = 17.065 (2) D~ = 3.05 
c= 9"451 (3) V =896A 3 
fl=98"74 (1) ° Z =4 

Space group P2Je. Systematic absences: 0k0, k odd and h0/, l 
odd. 

The diffraction data were photographed on three 
films using the equi-inclination multiple-film method 
using copper K~ radiation. Crystal A of approximate 
dimensions 0.03 × 0.008 × 0.008 cm was used to photo- 
graph layer lines hkn (n =0,1,2) while crystal B of ap- 
proximate dimensions 0.012×0.005×0.005 cm was 
used for nkl (n = 0,1,2) layer-line data. 

The intensities were estimated visually. Standard er- 
rors ¢7 were assigned to each intensity and weights 
w = 1/t72, were used in the final stages of the refinement. 
Greater weights were given to reflexions which could 
be measured on all three films than to those which 
could be measured on only one or two films. Thus 
o'=0"05Fobs if 100<Fobs<250; (r=0"08Fobs if 50< 
Fo~s< 100 or 250<Fobs< 300 and tr=0"10Fobs if 300< 
Fob~ or Fobs < 50. Unobserved reflexions were given an 
intensity equal to half the local minimum observed in- 
tensity with tr =0"50Fob~ and were included in the least- 
squares analysis only if Fc~c > 0"5Fobs. 

Structure solution and refinement 

The measured intensities were reduced to structure 
factors after applying the necessary Lorentz and polar- 
ization corrections. All the data obtained with crystal 
A were also corrected for absorption assuming the 
crystal was a cylinder of radius 0.004 cm (pR=2.52) .  
Crystal B data were not corrected for absorption. 

Separate Patterson functions of the two zero-layer 
intensities showed that the uranium atom was at (0.27, 
0.067, 0.260). Structure factors calculated with the 
uranium atom at this position and an isotropic temper- 
ature factor of 0.5 gave an overall R1 value 
[Y.(Fobs--[FcaIcI)/Y.Fo~s] of 0"24 for the scaled reflexions. 
Further, the uranium atom position was such that its 
contribution for h + k odd reflexions was negligible, in 
agreement with the observed intensity distribution. A 
three-dimensional difference Fourier synthesis using 
the heavy-atom phases showed five oxygen atom posi- 
tions. Repeated structure-factor calculations with an 
increasing number of atoms located from Fourier 
maps led to the remaining oxygen and carbon atom 
positions. 

The atomic positions and the isotropic temperature 
factors of all atoms were refined by the least-squares 
method using the program ORFLS (Busing, Martin & 
Levy, 1962) on a CDC-3600 computer until a minimum 
R2* of 0.12 was reached. The scattering factors for U s+ 
were derived from U ° and U a+ data of Cromer & 
Waber (1965), while those for oxygen and carbon were 
from International Tables for X-ray Crystallography 
(1962). The uranium temperature factor was converted 
to anisotropic factors and refinement continued until 
the minimum of R1 = 0.079 and R2 =0.085 was reached. 
The atomic coordinates are listed in Table 2 and the 
corresponding structure factors compared with the 
observed values in Table 3. In the final cycle of refine- 
ments all parameter changes were less than 0.2 of its 
standard deviation. A difference synthesis based on the 
data in Table 3 had no peaks that could be ascribed to 
any atom. 

* R2=[Ew(FZobs-IFcat¢l~)/Ew F2obsl uz 

Table 2. Atomic parameters 
x y 

u 0.27136 (22) 0.06735 (9) 
0(1) 0.4905 (71) 0.0516 (22) 
0(2) 0-0505 (71) 0.0871 (21) 
0(3) 0.3630 (52) -0.0429 (18) 
0(4) 0"5550 (54) 0"0881 (20) 
C(1) 0.4512 (75) -0.0417 (26) 
0(5) 0.0531 (50) -0.0430 (18) 
0(6) -0"0213 (55) 0"0918 (21) 
C(2) 0.0198 (70) - 0.0396 (22) 
0(7) 0.3226 (44) 0.2087 (15) 
0(8) 0.6769 (60) 0.2761 (20) 
0(9) 0.9674 (42) 0.3018 (16) 

* Anisotropic temperature factors 

0.0038 (5) 0.0017 (1) 

z B 
0.25796 (13) * 
0.3864 (48) 2.3 
0.1309 (47) 2-0 
0.1261 (35) 1"5 
0.0780 (40) 2.0 
0.0105 (50) 3.1 
0.3509 (34) 2.0 
0.4391 (41) 2.4 
0.4686 (39) 3.2 
0-2912 (30) 1.3 
0"4818 (42) 2"7 
0"2373 (30) 2"6 

0.0058 (3) 0.0006 (2) -0.0014 (6) 0.0001 (1) 
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Table  3. Observed and calculated structure factors ( × 10) 

Unobserved reflexions are marked with an asterisk. 
~0~$ FCALC ross FCALC 

H R L • 0 2 14 662 -73~ 
2 15 • q~6 545 
2 16 722 709 

Z O 448 -327 2 19 1 0 ~ 2  1061 
0 21?6 ~1904 3 1 1 8 2 7  1925 

3 0 !693 17q3 3 2 982 -037 
4 0 2333 2289 3 t 561 611 
g 0 1180 -1262 3 4 1016 -431 
6 o 1093 -1065 3 q 1294 o1145 
0 2 3046 3077 3 6 * 398 "$87 
0 6 3100 .32Zb 3 7 2033 -1993 
o 6 31~0 -33~5 3 ~ 6~3 937 
0 I0 1007 . 1 0 0 ~  3 q 1229 -1357 
0 1~ • ~V~ ~18 t 10 682 6?4 ~ 14 1 5 | 4  1473 4 1 1432 - 1 6 5 1  

16 10~0 971 4 2 1512 -1695 
I I I~3 -1215 4 4 ~4~9 -2394 

2 404 -3n B q 9 634 q19 
2 3 3249 .2882 4 4 1 1 6 2  .1013 
1 4 • 298 -188 4 7 l J04  1439 

S 2109 .2199 4 9 .706 ~31 
I' 6 • 349 344 I~ 1249 1596 
I ¥ 489 -34~ ; • t 1'483 -1501 
1 8 • .  346 2?3 5 ,2 1 1 8 6  1022 
1 9 |640 1698 S 3 549 -459 
I !0  * 354 361 5 4 1103 1205 
I 11 2036 2063 5 S 803 ?20 
t 13 1263 1272 5 6 703 ?04 

I •  * 4Sq "305 5 7 1 3 9 2  1370 
I 17 I I ~ I  -1086 6 I 1175 1063 
Z 1 458 304 6 2 o35 752 

2 1333 .1154 6 3 * 424 342 
t 3 516 471 6 4 988 1065 

FnF3 tCI~L~ rb~S FC~¢ rn.'~ F~ALC 

f 0 2786 3~13 1, 3 • 4~5 . ~  " ~ ~ ~ ~ .~67 
| 1055 - I~19 1 - • 252 -277 ~ ~, 1 ~ 5 a  - | s O l  
~ 2380 P386 2 ~ 11~7 97~ S fl 1 ~ 7 9  -1160 

¢ 3 ?20 -8n5 ~ * • 3~2 -~?5 ~ P "~* 111 
5 1000 .1131 ~ 4 • 3~2 .374 * 8 775 694 
6 2021 .1976 ( 4 1 7 5 1  -1701 ~ ~ • 4,6 SqO 
8 2 2 3 2  -2196  ~ 4 1870 -1081 I0 d • 5-3  929 

• g 776 684 ~ ~ • 349 340 11 8 1~77 tO&3 
10 1163 - I239 1~ 4 862 -~17 ' 9 t6~ - i040 
11 655 518 11 4 • 377 ~ -  
12 • 475 404 12 ~ • 3#6 .?~ 

f 13 • SiS 5~9 t3 ~ • 4~2 : ~ .  
14 11~1 1163 14 4 14~b ! .3~ 

z I S  1048 680 1 4 670 - 6 ~ 0  
o 1393 -1379 2 5 1716 -1799 
1 1094 "q43 4 ~ 2275 -?~1~ 

3 2 709 -709 5 ~ • 342 791 
S 3 2245 -2041 6 5 1026 -1113 
a 5 1974 .1~42 T 5 7~4 $7~ 

6 053 099 ~ " • 351 3?4 
7 625 -524 ~ 5 • 3?2 315 

3 8 100~ 1145 10 ~ 1457 l~b9 
9 108~ ~0~9 12 5 1474 1 ~ 5  

• 11 1659 15o0 1 ~ 530 ~64 
4 0 1792 -1884 2 (, 1 2 7 3  -I~30 

1 723 623 3 ~, 542' 543 
2 925 -1149 4 "*. • 343" 435 

• 3 1 1 1 5  1179 ~ t • 3'5~ 499 
4 • 448 334 ~ ' 15~3 1535 

? 5 1213 I06~ " ~ Ibv4 1652 
6 1512 1~87 1 " 878 721 

, ** f- '3  ?$1 

5 o • 531 475 
7 9 1016 964 

1~ • ~ ~79 
I 1t~ ~77 758 
5 1~ "~2 975 

v, "~ z ? 

1 3 I l l s  .1010 
2 3 l~b? -=?06 
4 3 IP~S -~099 
q 3 575 734 
6 3 1170 - lP59 

3 1170 1120 
x 3 760 90? 

q 8 1512 15n5 
5 o 14~4 16~0 

? " l iP3  1~12 9 3 • 42~ 375 
" 1913 I~28 1o 3 1 5 1 7  1698 • & 5 1 7  174  5 2 1168  1 1 4 ?  

2 5 531 420 .1  I 692 654 ~ 3 ISlO 1599 
2 6 2002 1819 . 1  5 1 1 7 5  -1229 ~ 5 1265 1198 
2 7 • 344 237 - 1  ~ • 363 335 ~ 6 1122 -1110 
Z 8 1934 1881 .1 7 2615 -2716 • o 1225 1070 
2 9 & 38B -469 . 1  9 1 8 6 7  01819 6 1 675 -620 
2 )0  R65 923 .1 10 * 398 0232 6 2 854 798 
2 11 • 4~1 "398 -1 13 13n7 126~ • 3 1301 -1746 
2 12 7~7 "685 -1 15 1823 171~ 
2 13 • 459 -399 .2 1 6~7 -792 -1 3 2878 -3~52 
2 1~ 1649 01631 . 2  2 ?735 2626 0 !  5 300~ -3~40 
2 16 1033 .1197 .2 4 2735 2639 . t  7 848 -926 
3 1 1262 1244 02 6 2154 2165 .~ 9 1 3 3 1  1275 
3 2 • 361 49~ ~2 7 653 65? - !  11 1912 ~862 
3 3 2702 2544 ..2 ~ 644 0~79 -X 13 1418 1458 
3 5 2263 2235 .2 9 * 403 393 -~ 0 3158 3r131 
3 6 833 -882 .2 1~ 1 5 4 9  -1581 .~ I 497 396 
3 7 683 645 .2 12 1 5 ~ 1  .1624 -~ ~ 2124 ? ~ ' 6  
3 8 956 -986 .2 1~ q14 -696 -£ ; 684 -696 
3 9 1033 -1143 .3 1 22n6 .2175 -~ * 38~ ~ 4  
3 11 1492 -1568 -3 2 612 -~7~ -Z 6 217o - 2 ~ 5  
3 13 1204 01096 -3 3 726 0676 -~ ~ 1999 -2119 
4 1 421 0473 -3 4 ~P~ -719 "~ • 41~ -P~4 

t, " 1015 ~16 12 3 l~bO 1456 
I ; • 367 -2~0 1~ 3 664 .706 
2 f 1095 1035 14 3 • 494 397 
3 r 675 -71~ 15 3 • ~12 .571 
5 8 679 -643 1 3 645 
6 6 1 1 2 1  -1~41 ~ 4 .644 ? ~ I  0=493 
i ~ • 338 .471 1 4 ~89 01? 
2 9 806 -694 ? 4 19~8 01799 

~ II~9 - 1 ^ ~  ~ 4 1433 128? 
1 1~ • 356 ?62 4 4 • 3 f l  411 
2 l r  715 . -17 q 4 930 996 

6 4 I~32 1949 
1~1 1 06& 

r L P ~ I 4 9~2 0816 
1~ 4 ~63 846 
I I  4 655 .705 

1 ~ 7441 72~5 12 4 • 494 o650 
? ~ 820 -~99 13 4 • 505 .512 
3 3 719 6~0 14 4 1150 01168 

= 527 -~bJ 1 5 1 ? 2 6  1153 
~ 1118 "1166 ? s IFZ6 1545 

6 ~ • 379 -498 3 5 * 460 390 
7 ? 21~1 "2199 4 5 '991 =048 

4 2 1422 1450 .3 5 13¢0 1380 - •  10 838 -Ao6 ~ ~ * ~31 400 S 5 732 .576 
: ~ 995 q118~ .3  ? 2P33 1973 .~ 11 • 458 .740 o ~ 15~6 - 1 , 5 0  6 S 982 1041 

803 -690 ,.3 ~ ~ 4~6 MLk .~ 1~ ~00 ~ 5  1~ ~ ~ 46.6 ~78 ? 5 1073 -1058 
4 6 1 4 7 0  -156G . 3  9 130~ 1411 .~ 14 1404 14~S 12 3 • 505 316 8 5 • 481 .268 
4 8 1797 -1738 -3 l r  • 479 615 .3 0 856 -~74 13 ~ 1 1 ~ 3  I~+~ 

9 5 695 .731 4 9 666 771 •4 J 1015 986 -~ 1 1331 11~1 15 3 1 4 7 9  14f l  10 S ~c~? .1417 
4 10 nO5 -67~ .4 ? 1362 -1360 .3 2 • 394 -394 16 ~ • 575 "~66 12 5 1 7 ~ 9  -116 
S 1 701 -530 .4  * 1075 -1829 .~  3 2241 193G 0 ~ 1115 - Ic69 17 5 6e4 555 
5 ~ 748 -717 .4 ~ • 464 -401 .3 5 1 9 S 9  l , e l  I Z 817 -~33 I t  ~ 56~ •484 
5 3 .1~2 .3470 *~ 8 846 o~81 0~ 6 • 425 460 2 ~ 417 0~13 ~ b i ~ ; l  1521 
9 5 1 1 3 8  -1228 .4 7 9~5 01049 0~ ? • 425 3~C x c 74~8 -2~86 1 ~ •71 0658 
5 6 q62 97~ -~ 8 • 494 399 .3 8 712 757 ~ * ?627 -2C17 ? 6 14~9 ~252 
6 1 617 609 . 4  9 632 "51~ "~ 9 1106 - 1 7 ~  6 • 722 *~8 • 6 941 -823 
6 2 978 0876 .4 10 12~7 1277 .~ 11 162~ 01510 

7 ~ 591 -~7~ 4 E • 325 .191 6 3 1076 1190 .~ ] 15~4 1S00 -? ~ 2139 -1694 ~ 4 626 ~19 5 6 1 ~ 6  0963 
f 5 1040 lGTt .5 ~ 1 1 ~ 6  1007 -~ * 433 .~c2 ~ 4 10~7 F68 6 6 1 3 5 4  . t238 
6 6 939 697 .5 ? b~3 695 -q ~ 1191 01]C6 11 k 1836 17C9 ? 6 • 415 0263 

05 ~ 967 1~56 0~ 3 743 0726 13 t 1072 1135 ~ 6 1373 01317 
-5 ~ 799 "747 0~ 5 763 -Er4 1~ 4 • 533 "~ t6  9 6 607 625 

k K k = I -5 f 781 ~17 " *  ~ 1 4 7 1  12~8 1 ~ 2389 -2¢17 1~ 6 ?66 -712 
0~ T 13~4 -1~76 -~ 8 1 7 9 1  )~25 ? ? 5~9 *~3 11 6 ?32 ?18 
06 1 1117 "987 -q 9 • 525 ~10 3 ~ ~ 3  -~91 I? 6 • 475 459 

0 4 3123 .~33~ .6 ? 9~4 997 .~ 10 672 7 ~  ~ T 5?9 ~65 1 ? 9f1 -1077 
0 6 I?I0 0132~ .6 ~ • ~o4 0313 02 G 999 9~9 5 T 1~4? F37 2 7 1149 01C72 
0 e 1~6  11"C -6 ; ]~,1 126~ .2 1 * 476 -~76 ~ 5 8?6 ~3. 3 ? • 46? o465 
0 9 • 374 2S1 .2 2 694 574 7 ? 2635 1040 4 ? 1~69 01363 C 10 2~65 ~106 
C 12 1~47 1884 
0 14 * 461 373 
c 16 947 -792 
1 1 4267 - *0"5  
1 2 923 655 
1 5 1059 -11~7 
1 4 • ~13 5C6 
1 5 1 3 3 2  1258 
1 6 937 1076 
1 7 2039 ~I03 
l 9 1~32 18~7 
1 11 * 40~ 366 
1 12 • 413 0389 
1 13 1~30  .1011 
1 14 • ~75 0286 
1 15 1461 -1329 
2 i ~33 603 
? 2 !~48 1636 
2 4 2109 196G 
2 5 • 356 0435 
2 6 1460 1378 
? 7 601 -732 
2 8 • ~80 "419 

9 557 "431 
~0 1 7 3 9  -17~5 

2 1~ 1609 . Is52 
? 13 • 464 485 

o2 3 1411 01619 P T 5~6 -5C~ 5 7 • 476 506 
~ t • ? -b  5 1216 03317 9 ~ 1169 1341 6 7 759 0784 

-~ 6 857 0725 10 $ 635 -798 7 7 799 940 
. e  0 1293 12~5 13 S 9r2 -968 ~ 7 • 4~4 264 

0 ? 1745 01967 0~ 1 $62 580 1~ q 1169 -1169 9 7 770 788 
0 6 • 315 33~ -~ 2 959 ~ 7  ~ • 1204 1127 1~ 7 971 966 

5 • 319 596 -~ 3 909 ~40 1 ~ 8~5 ~39 ~ 8 051 
6 l ~ r 4  1912 o981 

0 7 o 3~6 234 2 6 796 * ~  ! 8 $81 416 
3 f 2310 21£6 ~ 8 76? 0817 

0 8 2543 2585 t k ~ t ~ ~ ~ 17~6 1757 3 e 724 
0 10 7~o 773 848 

6~5 -787 4 8 • 424 771 
12 • 4~2 -~44 ~ 6 • 431 751 ~ ~ 675 626 
15 o 463 -284 u 2 2802 074~8 P ~ e?O -~ ,4  6 8 847 950 
1~ 1705 -1839 ? 4 287? 2591 

9 ~ 892 0 ~ 3  ~ 8 ~SS 585 
0 16 1 2 7 5  -1~21 u ~ 1878 02~65 17 • 479 o367 I 9 956 922 
1 0 ~ 1  391 U 8 1516 1662 ~1 ~ 13¢4 -1442 ~ 9 ? ~  774 
1 I 147~ 1439 u 10 990 01~12 1 ? 1 4 2 1  1~14 5 9 • 439 $57 
1 ~ ~ 6  477 • 3 1720 17~5 2 ? 6~4 -7~3 * 9 1075 1098 
1 ~ 2270 2379 * 3 2411 75~5 3 ? • ~68 712 ? 10 ?Z~ 753 
1 4 * 3 ~  "257 ~ 3 • 296 260 4 " 644 -722 I IG 6,7 0450 
1 ~ 2~15 2~36 • 3 1564 17~0 5 ? 941 - l r ~  ? 10 634 626 
1 6 6~5 -54C f 3 664 0639 6 • • 390 .4~* 
1 9 • 4~7 -434 V 3 • 328 0209 ? ? | 2 ~  -1~17 
1 9 1 5 ~  016~ lU 3 1416 -1477  ~ ~ • 431 i l l  
1 11 1-~6 -1931 1~ 3 • 339 -2S6 ? " ~20 *~73 
I 13 1C~3 -1097 1~ 3 1913 o1 ,05  ]~ " • 494 ~ $  
I 14 • 4c~ 41r  Iq 3 592 -821 ~ ~ 990 - f ~ l  
I 17 1 ~ 7 4  1009 1~ 3 • 426 285 1 ~ 5~6 -473 
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R e s u l t s  and d i s c u s s i o n  

The (010) projection of the unit cell is shown in Fig. 
1, where the numbering of the atoms corresponds to 
that used in Table 2. Table 4 gives all chemically 
relevant bond distances and bond angles, while Table 5 
lists all intermolecular interatomic non-bonded dis- 
tances less than 3.0 A. 

The uranium atoms exist in the crystal as linear 
uranyl groups. The average U-O distance of 1.63 (4) A, 
and the O - U - O  angle of 178 (2) ° are within the range 

- -  , 

a I 0(8) 

Fig. 1. (010) projection of the unit cell. 

0(4) 
\ 

% 

xx 3"28 
% 

I ~ .  I X 

I 0(7) 2"94 I 
I I ~  / l  
I / t / 

\ ," 
"'1"- "- .~ ~ / /  3"24 

• 016) 

Fig. 2. Schematic drawing of the uranyl coordination. The 
O-U-O axis is perpendicular to the plane of the paper. 0(7) 
is the oxygen atom of the single water molecule coordinated 
to the uranium atom. The O-O contact distances in A are 
shown. 

T,-ble 4. Bond distances and bond angles 

The superscripts refer to the atoms generated by (i) 1 - x ,  - y ,  
- z  and (ii) - x ,  - y ,  1 - z  

Bond distances (A) 
U-O(1) 1"62 (4) C(1)-0(3) 1"27 (6) 
U-O(2) 1"63 (4) C(1)-0(4 j) 1"15 (6) 
U-O(3) 2.38 (4) C(1)-C(1 ~) 1"55 (6) 
U-O(4) 2-52 (4) C(2)-0(5) 1"16 (6) 
U-O(5) 2"48 (3) C(2)-0(6") 1"25 (6) 
U-O(6) 2"56 (4) C(2)-C(2 ~) 1"51 (6) 
U-O(7) 2"44 (3) 

Bond angles (o) 
O(1)-U-O(2) 178 (2) O(3)--U--O(4) 63 (1) 
O(I)-U-O(3) 93 (2) O(3)--U---O(5) 75 (1) 
O(I)-U-O(4) 92 (2) O(6)--U---O(5) 60 (1) 
O(I)-U-O(5) 88 (2) O(6)--U--O(7) 80 (7) 
O(1)-U-O(6) 91 (2) O(4)--U--O(7) 82 (1) 
O(1)-U-O(7) 90 (2) O(3)--C(1)-O(4 ~) 130 (4) 
O(2)-U-O(3) 89 (2) O(3)--U---C(1 l) 108 (4) 
O(2)-U-O(4) 88 (2) O(41)-C(1)-C(1 ~) 121 (4) 
O(2)-U-O(5) 93 (2) O(5)--C(2)-O(6") 130 (4) 
O(2)-U-O(6) 88 (2) O(5)--U---C(2 u) 119 (4) 
O(2)-U-O(7) 88 (2) O(6")-C(2)-C(2 u) 111 (4) 

Table 5. Intermolecular hTteratomic distances 
less than 3.0 A 

The superscripts refer to the following transformations: 
(iii) l - x ,  - y ,  1 - z  (iv) - x , y ,  z 

(v) x, ½ - y , z - ½  (vi) - x , y - ½ , ½ - z  
(vii) x, ½- y, ½ + z 

O(1)-O(1 ill) 2.77 (5)/~ 
0(2)-0(4 l') 2-76 (5) 
0(4)-0(8") 2.62 (5) 
0(5)-0(9 "5 ) 2-78 (4) 
0(6)-0(1~') 2.80 (5) 
0(7)-0(8) 2-73 (4) 
0(7)-0(9) 2-54 (4) 
C(2)-O(l'i) 2-89 (5) 

of  values observed in uranyl complexes of  similar co- 
ordination (/~berg, 1969). 

The most noticeable feature of the structure is the 
tetradentate nature of the oxalate groups. Each oxalate 
group acts as a bridge between two uranyl ions using 
all the four oxygen atoms for coordination. The oxalate 
groups occupy centrosymmetric positions and are 
planar. Recently such tetradentate oxalate groups have 
been reported to be present in (NH4)2(UO2)2(C204) 3 
(Alcock, 1968) and K4Th(C204)4.4H20 (Akhtar & 
Smith, 1969) and are probably responsible for the ready 
formation of a large number of stable actinide oxalate 
complexes. 

There are two oxalate groups associated with the 
uranyl ion, each using two oxygen atoms for coordina- 
tion. One of the three water molecules is also coordin- 
ated to the uranyl group through the oxygen atom, 
thereby making the uranium atom seven coordinated. 
The five individual U - O  distances are not significantly 
different from the average value of 2.49 (4)/~. The five 
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oxygen atoms and the uranium atom form a plane, 

0.6688X- 0.1679 Y+ 0.7243Z = 2.2837 

(where X, Y and Z correspond to the a, b and c* axes 
respectively) which is perpendicular to the O - U - O  axis. 
The individual deviations in A of the atoms from the 
plane are U (0.04), 0(3) (-0.06),  0(4) (0.00), 0(5) 
(0.08), 0(6) ( -0 .07)  and 0(7) (0.02). 

The bond distances and bond angles of the two inde- 
pendent oxalate groups are the same as those found in 
many other oxalate compounds (Glen, Silverton & 
Hoard, 1963; Hansson, 1970). The oxalate groups form 
stable five-membered rings with the uranium atom, un- 
like the four-membered rings formed in the acetato, ni- 
trato and carbonato complexes ofuranyl (Zachariasen & 
Plettinger, 1959; Barclay, Sabine & Taylor, 1965; Mazzi 
& Rinaldi, 1961). Very short 'biting' distances in the 
latter ligands lead to planar hexagonal coordination. 
The longer O-O distance of 2.5-2.6 A of the oxalate 
group favours pentagonal coordination perpendicular 
to the O - U - O  axis. The O-O contact distances within 
the pentagon are shown in Fig. 2. 

As explained above, two water molecules per for- 
mula unit of the compound are not involved in coordin- 
ation to the uranium atom. The non-bonded O-O dis- 
tances between the water molecules suggest that these 
are probably involved in hydrogen bonding. Hydrogen 
bonding between the free water molecules and the 
water molecule coordinated to the uranium atoms help 
to link the different zigzag layers of [UOz(CzO4). H20],, 
chains, as shown in Fig. 3. In addition, two oxygen at- 
oms of each oxalate group also appear to be hydrogen 
bonded to the free water molecules in a way similar to 
that found in Nd2(C204) 3. 10"5H20 (Hansson, 1970). 
The thermal behaviour of uranyl oxalate is in agree- 
ment with the differential nature of the water molecules. 
On heating, two water molecules are lost at 100°C 
while the third is lost only at 170°C (Padmanabhan, 
Saraiya & Sundaram, 1960). 

The authors express their thanks to Dr M. V. Ra- 
maniah, Head of the Radiochemistry Division for his 
interest in the work and to Mr H. Rajagopal, Nuclear 
Physics Division for his help with computcr programs. 
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