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water molecules form intermolecular hydrogen bonds 
with the COOH oxygens, and the distances O-H-O 
are 2.982 and 2.996 • (Fig. 6). Other molecular con- 
tacts less than 3.2 ,~ are listed in Table 9. The packing 
of the molecules is shown in Figs. 6 and 7 along b 
and e respectively. 

The authors thank Dr S. T. Rao for his help during 
the final refinement, and R. J. Riedner for his assis- 
tance in the data collection. 
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The crystal structure of oxydiacetatodioxouranium(VI), UO2 (oxydiacetato), has been determined from 
three-dimensional X-ray diffractometer data. The complex crystallizes in the tetragonal space group 
P41212, Z= 4, a= 8-148 (3), c= 11.051 (3) A. The structure was determined by the heavy-atom method 
and refined by full-matrix least-squares to R=0.038. The uranyl ions are equatorially surrounded 
by four carboxylate oxygen atoms and one ether oxygen atom, forming an irregular pentagonal bipyra- 
mid. Each ligand is shared between three uranyl units so that the structure can be described in terms of 
a three-dimensional network of cross-linked uranium-ligand chains. 

Introduction 

The possibility of obtaining stable complexes by reac- 
tion between the actinyl ions UOz 2+, NpO~ +, and 
PuOz 2+ and such ligands as oxydiacetate, iminodiace- 
tate, thiodiacetate and glutarate has been discussed to- 
gether with their probable structures in solution (Cas- 
sol Di Bernardo, Portanova & Magon, 1973). 

In particular the presence of monomeric species of 
the type: 

o 
\ 

C--O 
/ \ 

H2C \ \ 
O - - - -  UO2- - - (H20), 

/ / 
H~C \ / 

C--O 
/ 

o 
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was proposed for the 1 : 1 chelate complex formed when 
the concentration of the oxydiacetate ligand corre- 
sponds to ~ values in the range 0 < ~ < 1  (~=average 
number of ligands bound to each uranyl group). Simi- 
lar structures in which the ligand behaves as tridentate 
through the two carboxylic groups and the central 
donor atom could, in principle, be postulated in the 
solid state also. In this case, if the water molecules are 
lost, the formation of polymeric species is expected. 

With the aim of correlating the behaviour in solution 
with the coordination mode in the solid state the struc- 
ture of the solid UO2(oxydiacetate) complex has been 
determined by X-ray analysis.]" 

Experimental 

The compound was prepared from uranyl nitrate and 
oxydiacetic acid as described before (Bombieri et al., 
1972). 

Crystal data: - C4H407U , F.W. 402, tetragonal, 

t A preliminary account of this structure is given by 
Bombieri, Forsellini, Graziani, Tomat & Magon (1972). 



408 S T R U C T U R A L  S T U D I E S  O N  T H E  A C T I N I D E  C A R B O X Y L A T E S .  I 

a=8 .148  (3), e = l l . 0 5 1  (3)/k, U = 7 3 4 , ~  ~, D~=3.64 for 
Z = 4 .  Mo Kc~ radiation=0.7107 ~ ,  / t (MoK~)=203  
c m - L  From the systematic absences (OOl, l¢4n;  h00, 
h ¢ 2 n )  the possible space groups are P4~2~2 and 
P4~2~2. The former was chosen on the basis of the 
structure determination. 

The value of Z requires that the molecule lies on a 
crystallographic twofold axis. 

Pale yellow c-prismatic crystals were used for the 
X-ray analysis. Space group and approximate cell par- 
ameters were determined initially from Weissenberg 
and precession photographs. After alignment of the 
crystal on a Siemens four-circle automatic diffractom- 
eter, the cell parameters were refined by a least- 
squares method using 12 high-angle reflexions meas- 
ured with Mo K~ radiation (2 = 0.7107 ,~,). 

A very small crystal whose approximate dimensions 
were 0-10 x 0.04 x 0.30 m m  was mounted with the c 

axis parallel to the rp axis of the goniometer, and the 
data were collected on a computer-controlled Siemens 
A.E.D. using the 0 =  20 scan and the five-point meas- 
uring procedure up to 0max = 27 °. About 4000 reflexions 
were collected corresponding to eight equivalent sets of 
data. 

Owing to the very irregular dimensions of the crystal 
used (all attempts to obtain better crystals have been 
unsuccessful) we chose from two equivalent sets of re- 
flexions, those which seemed less affected by absorp- 
tion (the highest values of intensities) with the aim of 
reducing the large effect of absorption. 

Of the 512 available independent reflexions, 42 with 
intensities / < 2 a ( / )  were considered unobserved and 
were given zero weight in the subsequent refinement. 

All calculations were carried out on the CDC 6600 
computer using the X-RAY System of Crystallographic 
Programs (Stewart, Kundell & Baldwin, 1970). 

Table l. Final atomic parameters ( x 10 +) with estimated standard deviations 

Thermal parameters, U~ ( / ~  x 104) are defined by: 

exp [ -  2r~(U.a*2h z + U22b*2k 2 + U33¢*~l ~ + 2 Ux~a*b*hk + 2 U13a*c*hl+ 2 U23b*c*kl)] 

X y Z U l l  

U 3 9 5 7  ( 1 )  6 0 4 3  ( I )  2 5 0 0  2 1 0  ( 3 )  

O ( 1 )  3 8 7 6  ( 1 6 )  1 1 5 2  ( 1 7 )  6 7 0  ( 1 1 )  2 6 2  ( 6 3 )  

0 ( 2 )  3 3 7 0  ( 1 7 )  3 5 2 2  ( 1 6 )  1 5 2 9  ( 1 3 )  2 6 6  ( 8 1 )  

0 ( 3 )  6 1 7 4  ( 1 5 )  3 8 2 6  ( 1 5 )  2 5 0 0  2 3 0  ( 5 8 )  

0 ( 4 )  3 2 6 1 ( 1 6 )  5 2 4 2  ( 1 7 )  3 9 1 8  ( 1 1 )  2 9 5  ( 6 9 )  

C ( I )  4 3 5 0  ( 2 4 )  2 3 2 9  ( 2 3 )  1 2 8 0  ( 1 7 )  4 2 4  ( 1 2 4 )  

C ( 2 )  5 9 7 3  ( 2 5 )  2 3 3 0  { 2 2 )  1 8 5 5  ( 1 8 )  2 8 1  ( 9 3 )  

U. U~3 U1, 
210 (3) 422 (5) - 18  ( 4 )  
335 (69) 475 (70) - 112 (72) 
229 (89) 709 (91) 63 (50) 
230 (58) 1617 (241) - 176 (89) 
373 (76) 344 (62) 4 (62) 
215 (95) 309 (84) - 4 8  (79) 
260 (92) 555 (113) 165 (90) 

U 1 3  U 2 3  

- 5  (4) 5 (4) 
16 (63) - 5 4  (67) 

- 1 5 8  (75) - 1 4 1  (72) 
- 3 7 9  (146) 379 (146) 

96 (61) 16 (63) 
- 1 5 6  ( 9 7 )  - 27 (78) 
- 170 (104) - 153 (90) 
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. . . . . . . . . . . . .  2 .  413~ . . . . . . .  
6 ?34 

~?0 59~ 75 s 70/," 77= 776 1 I~o 120 ~3 ~ 3~? 3Z6 970 
• 7sRs ~601 17 6 $97 560 q ~  8 ~3" 51 75? ? 475 438 191 

1~12 121A 20 • • h i  • , ~  17~ 9 qA~ 97~ 3~ 504 +467 188 

l 070 800 ?SO ?•? 111 H .S .3  
H i l t ?  

X . l . 0  H.4 .1  S 178 139 ?Oq 
10 ~79 650 ?6 6 633 590 21+ 

o AK? 6+.5 6K6 65~ ?0~ RAO 5~A It+ 575 5~I? IS3 

071 Rqt 6 671 670 7;~ 6 OAT 916 I i+,+,, 3 
6 . . . . . .  :•& ........ o . . . . . . . . .  

• 406 1~23 ~ 976 92~ 77 4 16~0 1613 ?<* 9 406 37e 795 
<* q?<* 049 I ?  - 3 1~,•~ 1637 ~ ~ 531 519 ~Sa 
3 iI~+m 1017 16 H.3*I  ? ~26 S02 82 • 717 680 157 

1701 1326 10 A 637 619 0 
71+0 ?IsS 3 641 6?3 779 5 $0<* 4?6 930 

1265 I272 116 , . 7 . ?  4 597 56 t  I~5 
, . ? . 0  s 11?t 11<*~ 8~3 

6 76/+ 779 1 |~  ? 711R 215~ 23 H.3*3 
2 ~OS 2qS qn~ • ~?0 410 69 3 4~7 371 193 
3 ?~77 ~3~? 70 ~ 45~ 431 232 ~ I I 1 ~  1084 3? 3 q~? 86•  ?•O 

~ ~35 2? q 605 s g s  ~ 6  5 4•3 661 30 • II~? I11~ 859 

. . . . . . .  ~: 6 , :  . . . . . .  ! i  . . . . . . . . . . . .  ? 1669 1~•0 . . 7 . 1  ? I0 OS • 6 705 •60 949 
9 I q l  lqO 2~ 8 1021 I017 ? 3741 305 9~3 

10~ 3~6 3? 10 617 600 004 9 ?63 ?~0 qe6 ~ SO0 ~6~ 7e6 
IO ?&~ 210 31 9 560 sS~ 137 lO 736 213 67 9 619 601. 186 

~59 , .so 073 
. . 3 . 0  ? 37Z 39<* ~41 H . 3 , ?  " . 7 . 3  

6 ~92 s o s  S65 
9 379 375 3~ S t l?q 1136 I?I 9 ?mO ?99 63 9 651 61~. 910 
. . . . . . . . . . . . . . . . . .  o; . . . . . . .  ~ ;  . . . . . . .  ++3 
? o~* 21 m+? 3 •mm ?so ? 1~10 1311 ? 363 337 ? ? 
6 IOSO IOS6 ?? ? 1193 1167 76? 6 475 39q q88 6 6+.9 643 21~ 
S 601 591 79 S I~5 305 q?? S lZSl 117+ 9oi 
4 I00!  0~1 24 ~ , 1 . 1  4 406 760 g 4 ]~ljl  1<~14 06 
3 79a 316 ?3 3 I~28 197¢* ?? 3 6S0 637 63 

I 991 904 779 ~ 298 313 •91 
m.+.o ? 1391 13~3 R6q H,+ ,?  

3 l , ? l  136~ l * o  . . i , 3  
+ 161o ~6s6 71 + 17o3 11•9  66 + +73 <*Ol 77 
5 410 39S I0 5 65~ 6 • 3  046 5 14SI 1417 74 1 157~ 1591 766 
6 

. . . . . .  ~i '+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ? 
? 650 607 653 649 17~ ? ?no 161 165 3 1479 146+ 900 
n 6~6 6 ~  B 6P? 639 qR6 8 621 394 56 ~ OR~ 087 23 
9 168 161 31 9 53~ ~33 G 9 715 697 ~ S 918 886 160 

10 36q 344 Pll 6 8pq 802 716 
. , S , 0  , . S . Z  • 920 907 8as 

H.0*I  8 695 686 98 
9 "t+~o ?<*s 3~ 9 109" 6? 993 o '..t~ 408 91 

10o ,9o  74 lo ,,9 16?.,60 + ~s, s76  20 ~o 3.1 351~49 
? 196 IS3 ?q q ?63 Pm7 91] 7 190 ?00 e 

IS66 15 ~• q4q 9~0 q06 RI*  ? 3 |  
696 709 1Sn 10 in91  83 9~1 

" . 6 . O  R 1•3  173 o0~ " . 6 . ?  9 37~ 317 IS2 
6 $80 600 IS~ 8 606 6O2 91~ 

6 R~q S06 + 2? 3 1936 Iq~3 qq3 6 s •a  SSO )? ? 10~R 1016 ISI 
? 67R 8~1 ?•  ? 1990 1917 14~, 8 I;73 sS? 26 6 776 777 903 
R 61R 605 30 I 1537 1578 890 S 182 195 1++8 

. . 7 . ?  ~ 6~0 611 901 
H . 6 * I  ~<*0.~ 3 143•  1435 149 

7 qgA 966 3? ? 1797 1791 903 

SO? SS? ~ ? no3 ?)q • o . . • . 3  
6 561 60S ?a! 3 1733 1207 I? 

?0" I? ~.~6 ? 16! I~ 776 

H+O.~ H,5.S "+1 ,6  H . 3 . •  b |%3 163 70 b 3~1 391 |19 H . I . I I  
• ~ 1  •21 30 ~ o 0 .  17 e31 

0 ISOq 1662 31 S 134 ISO •8~  q 14P 159 R 3 ~ o  491 ? •?  8 129 100 17 ~ ?AO ~56 166 1 3 • •  3•2 • 8 p  

6O3 19 • 550 60S 178 S23 53~ ~1 ~ 715 •3~, I~X . . ~ . n  ? 811 ~12 1~2 3 3~! 3Sl 957 
3 ?S • 35 747 A 66<* 476 898 6 6AS 696 kA% SOS 980 1 ~31 423 908 4 365 369 7 

182 177 2S0 ~ 5  ~ 1 1 ~  1104 269 765 87~ ? 10Se 109 H,0.10 6 301 ~03 766 
6 1227 1197 24 ~ 10oi qA3 4S 6 ~ ?  S37 ?• 
7 128 • q? 157 8 486 ~81 2?0 ? ++Rq ~61 ~0 r . ? . 7  5 a~ t  43~ 78 I 675 759 30 ~ .0 .11  

9 |19" ?52 6 55++ 568 A 261 ~R? 91 3 I~+? 150 79 ] +.35 +416 ?S 6 331 360 90? 
S $30 54? 164 H.P.6 ? I~ 13++ 179 4 103" ?3 ?55 S 110 • &4 176 

H*1*4 • 576 S7S 780 ~ 510 ~1 o I~ H*4.0 s ~1~ 811 30 ~ ~ 290 ~03 

q ?qR 764 32 H.3*5 ~ 317 363 $4 6 630 ~%0 1S2 ~ ~09 761 31 Itqe 6 3 623 598 q03 
Rq3 570 36 4 604 6=q 13 3 4~q ~?~ Q3q S 135 1?0 31 

1 21S 197 906 3 SO~ SSS 7•S X 354 3~9 ~ o  2 , $ 9  4"1 7•7 6 4~ +992 43 
6 777 1o? 31 4 051 SOl 199 t~ qSO 97~ 37 7 I+.? 363 ?R 

4 •26 667 ~9 6 504 S?6 73 71~ ~2 . . , ~ , ~  6 
3 6~1 012 60 • ?16 216 l l q  ~ PO0 1~ 2 c+• 1 797 B0~ 774 S 

1916 I 0 ~  IS ~ , 50  392 783 ~ 1091 Ios0 I~ 6 1on* 6~ 71 ++ 
1 12o~ 1~0~ ~3 q 477 439 ~e• . , ~ , ~  ~ ~ ?  7~2 03S 5 ~16 ~93 30 3 

$60 $47 /o a 
H .2 .4  H.StS ~ ~flA 176 ~ S 697 ~0. 180 H+6.8 I 

• ,,I ,~3 I- ~ So3 57~ 245 

I?RT 1851 2 4 367 379 971 R ?~6 ??7 ~1 399 3~0 
4 42q ~3~ oq? • 223 19++ 8 0 •  4 ++•'~ '.++~ ~'~ . , s . o  7 
s 398 40S 65 6 713 7¢+7 OS• 1 1775 1300 " + 0 . •  ++ 
6 . . . . . . . .  ~ . . . . . . . . . . . . . .  ++: . . . .  

1370 1297 3? 1052 1096 976 . , 4 , 6  9 I~3 I++A 169 6 ~ R  3 n73 
IS6 16~ ?b , 563 591 <*4 R 524 527 ~0~ 

o 321 287 19 2 303 292 •90  4 31~ 331 ~A • S~3 St3 l ap  ~,<*,9 
s Iflq~ I l f l l  31 6 ~.no ++6++ ~1o . . . . . . . . . .  ! r~ :  ~'144 ! . . . . . . . . . . . . . . . . . . .  

6 O70 5~1 $7~ qoo S pk6 217 11q 5 
9 : 7 9 ~  311 3<+ I ?I0 781 780 ~Rq 3qA 30 IO0++ q~s 151 1~o ~41 18~ 
R 14~ 770 30 2 123R I?77 R53 3 110~ le~3~ 0el  
• 179 154 959 3 no? 9oi  103 - , ~ , 6  1 91Q 076 ]++S H .3 ,9  
6 94<* I0?6 ?6 4 763 76S S 
5 071 6•3 34 5 666 67~ 905 • 109e Rm+ 4/~ H*0*~ 3 7?0 ~95 186 
4 766 777 5 6 681 708 811 6 S/,/+ 6"~ 21 4 +417 46? 207 +. 
3 370 317 20 • 630 701 186 S 01* IR 9qS 0 I , R S  i~n9 2~ 5 R~S s s q  019 

a 501 503 067 1 n•*  s~ ISI ~ 3?2 3'+0 ~0o 
H*4*~ 9 311 ?98 901. ~1,~,6 2 391 3?0 75 7 1~6 209 100 

3 ~q" 10~ ?~1 
1171 1226 26 H ,0 t5  6 a?R 4J~? ?9 4 9~*& qlA 3; ~ H*?*9 

?86 67+ 9 q ?)S +39 909 57+ 6 V 3 .  • 1AI I+~ m63 

q 345 369 ? • 798 839 905 6 301 375 30 6~• ~R~ 
9 162 13S 1Z0 A 776 812 149 6 401 43A ?~1 6 ++?o %13 925 S 

S 161 189 895 H . I . ~  3 in3  330 107 • 
H,5*4 k 798 836 163 ++IS*7 ? 21~ ~6 77~ 

• 9o ~o?, ~31 . , 1 , 9  111* 120 73 1%o 1526 146 s 101. qq • 
115" 7R 77 I 951 935 89? 6 ~.37 4S•  1~ 6 359 369 3 
lOS 15++ 996 • %13 S~? ~ 8 9 .  90~ 3& I 021 667 ?74 5 

1217 125A 30 ~+0 .6  ++ 300 291 I ? RR6 609 ~8~ S 

H.6 .4  I 1638 1559 ?3 2 771 7++q 11 ~ ~30 <*56 71 
~'39 ??8 2S0 R ~.~o 477 ~s? 1 lOIS 104~ 22 5 4n9 ~71 05! 

6 ~ 0  4 ,~  290 6 
7 Sq? 605 I )??  1358 78 6 ~95 470 9 M.?,8 7 3Rq 372 163 5 

• 163 16? 2~ S 30~ 471 929 ++ 
M.6.5 ~ IO~- 1o 225 , sqx 6441 77~ 2 ~3- 3~ 9~I . . o . q  3 

9 671 TOO 3Z 3 1107 1197 73 ? 
? 37S ++03 085 4 27<. ?R7 79 R ~1~ 317 161 
O 503 ~el ?Ol 5 165 IS6 974 ? 46~ 507 909 

I 13s 7 9 4 1 6 ~  
- . 1 . 1 0  

, . 0 . 1 ~  
369 374 33 
3Rq 393 71 o 630 63~ 34 
101- 45 31 ? lqo 164 33 
6~s 61~ ?~ 3 i ~ •  53 740 
s~o 453 ?s ~ oR9 5oR 30 
716 196 3~ 
?Ao 269 4 . . 1 . 1 2  

, . ~ . 1 ~  ~ 40~ 395 33 
& 73~ 209 14 

q l q  800 30 3 760 190 qq6 
~ s  <*29 4s  ? <.15 ,Ol  SO 
I~ 223 R~ 1 430 412 33 
6Q? 477 3 2 

H . ? . I ?  
, . ~ . 1 o  

ix+ 16o 90 ~17 51s  
117" 6S 15 ++ 167 132 3•  
330 3Z6 0SO 
??0 ?~O ~0 , . 3 . 1 2  

3 11~+ 99 
1 ~  16n 33 
~RI S69 30 . . 2 . 1 3  
7199 207 34 

H.S.10 1•7 4? •BI 

1205 ?)  ? H * I * I '  

H.++.II ~ ~o3 29 '  •?~ 
319 302 06~ 

190 11~ 94~ ~ ~93 266 113 
2++~ ?~9 •91 

. , 0 , 1 3  
. , 3 , 1 1  

~11 100 1~5 

394 881 376 301 165 
~0~ 373 139 I 79~ ~67 904 

, . ? . 1 1  ~ . 0 . 1 4  

?so 30? 190 I 435 369 3? 
46~ ~4~ 916 

1~• 1~0 790 



G. B O M B I E R I ,  U. C R O A T T O ,  R. G R A Z I A N I ,  E. F O R S E L L I N I  A N D  L. M A G O N  409 

Atomic scattering factors for neutral atoms were 
taken from International Tables for X-ray Crystallog- 
raphy (1962). 

Structure determination 

The structure was solved by the heavy-atom method. 
The four uranium atoms lie on twofold axes [equipoint 
4(a)]. Their positions were found from the Patterson 
map and all other atoms were located from Fourier 
difference syntheses phased on the heavy atom. Three 
cycles of full-matrix least-squares refinement with iso- 
tropic temperature factors and w = 1 reduced R to 9 %. 
After correction for anomalous scattering by uranium 
(Af '  and A f "  were taken from Cromer, 1965), three 
more cycles of least-squares refinement in which the 
uranium atom was assigned an anisotropic temperature 
factor reduced the R value to 4.7 %. Refinement was 
then continued with anisotropic thermal parameters 
for all atoms and convergence was reached with R =  
4.3%. 

The coordinates and the anisotropic temperature 
factors together with the scale factor were then im- 
proved in a series of least-squares refinements in which 
the quantity minimized was ~w(lFol- lEvi) z, the weights 
co being calculated according to the expression 

o9=1/  1+  a 

In the last cycle the values a =  140 and b = 120 were 
used. After a number of cycles the discrepancy indices 
R= YllFol-lF~ll/~lFol and o~R= Yco(lFol-lF~l)Z/Yco 
× IFol' had converged to 3.8 % and 4.0 % respectively. 
In the last cycle no parameter shift was >0.1a.  

A cycle of the refinement in space group P432~2 with 
all the z coordinates negative gave R = 4 . 1 %  and 
Rco = 4.3 % and therefore P4~2~2 was taken as the cor- 
rect space group. 

The final atomic coordinates and thermal param- 
eters with their estimated standard deviations are listed 
in Table 1. Observed and calculated structure factors 
are listed in Table 2. 

Bond lengths and bond angles are listed in Table 3 
(see Fig. 1 for labelling of the atoms). In Table 4 are 
reported the equations of some selected atomic planes 
of the molecule. 

(~2o" ~ ~ 

@. 

Fig. 1. Bond lengths and valency angles in UOz(oxydiacetato). 

Table 3. Intramoleeular bond lengths (A) and 
bond angles (o) 

The e.s.d.'s (in parentheses) are in units in the last figure. 

U-Of1 i~) 2.42 (1) C(1)-O(1) 1.23 (2) 
U-O(2) 2-37 (1) C(1)-O(2) 1.29 (2) 
U-O(3) 2.55 (1) C(1)-C(2) 1.47 (3) 
U-O(4) 1-79 (1) O(3)-C(2) 1.42 (2) 

O(4)--U----O(4 l) 176"1 (5) 
O(1 i i ) - U - - - - O ( l  i1|) 91 "3 (5) 
0(1 " ) - u - - - o ( 2 )  72.6 (5) 
0 ( 2 ) - - u - - - 0 ( 3 )  62.0 (4) 
U - - - O ( l  ~i)-C(l") 120 (1) 
U----O(2)--C(1) 129 (1) 
O(2)--C(1)--O(1) 120 (2) 
O(1)--C(1)--C(2) 121 (2) 
O(2)--C(1)--C(2) 118 (2) 
U----O(3)--C(2) 121 (1) 
C(2)--O(3)--C(2') 117 (2) 
O(3)--C(2)--C(1) 109 (1) 

Non-bonded intramolecular distances (A) 
0(1 ) . . . .  0(2) 2.19 (2) 
0(2) . . . .  0(3) 2.54 (2) 
0(2) . . . .  0(1 it) 2.84 (2) 
O(lt~) ' '  "O(1 m) 3"33 (2) 

Table 4. Least-squares planes 
Coordinates refer to the directions of the crystallographic axes. 

(1) - 0.3076x - 0.3013y + 0.9025z = 0.0180 
[U-O(I li)-O(1 in)] 

(2) - 0"3635x- 0"3635y + 0"8578z = -- 0"5917 
[U-O(2)-O(3)] 

(3) - 0.3469x- 0.4652y + 0.8145z= - 0-9294 
[O(2)-O(3)-C(1)-C(2)] 

[Deviations: 0(2) 0.018 A; O(3)-0.015 A; C(1) -0.031 A; 
C(2) 0.028 A] 

Dihedral angles: Planes 1 and 2, 5.4°; 2 and 3, 6.4 ° 

The codes for symmetry-related atoms are as follows: 

Symbol Symmetry code 
x y z 

i .9 .~ ½ - z  
ii ½ - x  ½+y  ¼ - z  

iii ½--y ½ + x  ¼ + z  

Description of the structure 

In the uranyl oxydiacetato complex the uranyl ions are 
equatorially surrounded by four carboxylate oxygen 
atoms and one ether oxygen atom forming an irregular 
pentagonal bipyramid. 

The ligand molecule is shared between three uranium 
atoms and shows nearly C2v symmetry. 

Two carboxylate oxygens [0(2) and O(2i)] and the 
ether oxygen of each ligand form two identical five- 
membered rings with the central atom, while the car- 
boxylate oxygens O(1) and O(1 l) are linked to two 
contiguous uranium atoms. The two other coordina- 
tion sites are occupied by the oxygen atoms O(1") and 
O(1 "t) of two different ligands. The linear uranyl 
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group, [U-O=1-79 (2) A] is perpendicular to the 
equatorial plane. The structure is polymeric and can be 
described in terms of a three-dimensional network of 
cross-linked uranium-ligand chains, as shown in Fig. 2 
in which the unit-cell content is projected along the a 
axis. 

Atoms coordinated to uranium are not exactly co- 
planar. Plane [U, O(lit), O(lm)] forms a dihedral angle 
of 5.4 ° with plane [U, O(2), O(3), O(2~)], and this plane 
forms a dihedral angle of 6.4 ° with plane [O(2), O(3), 
C(1), C(2)], so that the only symmetry the chemical 
units possess is the crystallographic twofold axis along 
the U-O(3) bond direction. The U-O distances are not 
equivalent. As expected, the distance between uranium 
and the ether oxygen 0(3) is significantly greater (by 
0.15 A) than the average of the two independent U-O(1) 

and U-O(2) bond distances. This difference compares 
favourably with the values of 0.10 and 0.09 A found in 
the isomorphous pair Na3[Nd(ODA)a].NaCIO4 and 
Naa[Yb(ODA)a].2NaC1Oa.6H20 (Albertsson, 1968, 
1970) (ODA=oxydiacetato).  The value of the U-O(2) 
bond [2.37 (1) A] is normal for uranyl complexes with 
five oxygens coordinated in the equatorial plane (Pan- 
attoni, Graziani, Bandoli, Zarli & Bombieri, 1969; 
Dalley, Mueller & Simonsen, 1971). The difference of 
about 0.05 A from the U-O(1) bond length [2.42 (1) A] 
seems to suggest that the negative charges are mainly 
located on the two 0(2), 0(2 i) oxygen atoms (crystallo- 
graphically equivalent). The difference of 10 ° between 
the U-O(2)-C(1) angle [129 (1) °] and the U-O(1)-C(1) 
angle [120 (1) °] is probably related to small strains due 
to bridging. The ether oxygen--varbon bond length 

lig. 2. Projection of the structure along the a axis. Thermal motion ellipsoids of 50 % probability. The projection was dra,~n 
using ORTEP (Johnson, 1965). 
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[1"42 (2) A] has the usual single-bond value (Andr6, 
Fourme & Zechmeister, 1972; Jeffrey & Park, 1972), 
and the C(2)-O(3)-C(2 t) angle of 117 (2) ° is consistent 
with the observations reported for other ethers and is 
close to the value of 115 ° found in 
Na3[Yb(ODA)a]. 2NaC104.6H20. 

The C(1)-C(2)-O(3) angle has the expected tetra- 
hedral value while the three angles subtended at C(1) 
are very close to 120 ° . 

The oxygen-oxygen contact distances along the 
edges of the uranium coordination polyhedron are re- 
ported in Table 3. 

Apart from the O(lii)-O(1 iii) contact of 3.33 A,, all 
distances between the coordinated oxygen atoms, ex- 
cept those belonging to the same ligand are in the range 
2.83-2.99/~, i. e. larger than twice the van der Waals 
radius of oxygen (1.4 A,). 

However, the relatively small hindrance of the or- 
ganic ligand, as well as the fact that each chemical unit 
is linked to four others, causes the structure to be very 
compact, so that there are relatively short U-U con- 
tacts of 5.46 and 6.03 A,. 

Finally we point out that from the solution a three- 
dimensional polymeric covalent crystal has been ob- 
tained. 

We thank Mrs M. Magnabosco and Mr F. Bene- 
tollo for their valuable assistance with the practical 
work. 

References 

ALBERTSSON, J. (1968). Acta Chem. Scand. 22, 1563-1578. 
ALBERTSSON, J. (1970). Acta Chem. Scand. 24, 3527-3541. 
ANDRI~, D., FOURME, R. • ZECHMEISTER, K. (1972). Acta 

Cryst. B28, 2389-2395. 
BOMBIERI, G., FORSELLINI, E., GRAZIANI, R., TOMAT, G. & 

MAGON, L. (1972). Inorg. Nucl. Chem. Letters, 8, 1003. 
CASSOL, A., DI BERNARDO, P., PORTANOVA, R. & MAGON, 

L. (1972). Inorg. Chim. Acta. In the press. 
CROMER, D. T. (1965). Acta Cryst. 18, 17-23. 
DALLEY, N. K., MUELLER, M. H. & SIMONSEN, S. H. (1971). 

Inorg. Chem. 11, 1840-1845. 
International Tables for X-ray Crystallography (1962). Vol. 

III. Birmingham: Kynoch Press. 
JEFI:REY, G. A. & PARK, Y. J. (1972). Aeta Cryst. B28, 257- 

267. 
JOHNSON, C. K. (1965). ORTEP. Report ORNL-3794, Oak 

Ridge National Laboratory, Oak Ridge, Tennessee. 
PANATTONI, C., GRAZIANI, R., BANDOLI, G., ZARLI, B. & 

BOMBIERI, G. (1969). Inorg. Chem. 8, 320-325. 
STEWART, J. M., KUNDELL, F. A. & BALDWIN, J. C. (1970). 

X-RAY 70 System of Crystallographic Programs, version 
of July, Univ. of Maryland. 

Acta Cryst. (1974). B30, 411 

An Improved Structure of trans-Stilbene* 
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The structure of trans-stilbene has been reinvestigated and an improved set of structure parameters 
determined. Cell constants of a= 15.710 (4), b=5.723 (1), c= 12.381 (3) N and fl= 111-89 (4) ° were 
measured and the space group P21/c with Z= 4 was confirmed. Least-squares refinement of all atoms 
including the hydrogen atoms converged to an R of 0.072. The molecule was found to be almost planar 
with the phenyl rings only slightly twisted from the general plane of the molecule. A disorder similar to 
that found for the isostructural compound, azobenzene, has been observed. Various parameters have 
been compared with those found in the earlier work. 

Introduction 

There appeared in the literature (Robertson & Wood- 
ward, 1937) some time ago an X-ray structure deter- 
mination of trans-stilbene (I). The analysis suffers from 
many of the problems which early crystallographers 
faced: comparatively inaccurate data collection meth- 
ods, solution of structure in projection, poor e.s.d.'s, 
and limited computational facilities. However, this 

* This work was supported in part by Grant GP 15236 
from the National Science Foundation. This is paper XCVIII 
in the series Conformational Analysis. For paper XCVII, see 
Wertz & Allinger (1973). 

structure has been used by numerous authors in the 
last few years as the basis for MO calculations (Ljung- 
gren & Wettermark, 1970; Bromberg & Muszkat, 
1972; Beringhelli, Gavezzotti & Simonetta, 1972), con- 
clusions about u.v. geometries (Bernstein, 1972; Bfirgi 
& Dunitz, 1971 ; Momicchioli, Baraldi & Bruni, 1972), 
and other results (Baughman, 1971; Frank, Myasni- 
kova & Kitaigorodskii, 1971). We were in need of a 
better determination of the geometry of (I) for molecu- 
lar mechanics work that is in progress (Allinger & 
Sprague, 1973) and consequently recollected the 3-D 
X-ray data and refined the structure of (I). We now 
report the findings of this study. 


