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Abstract. [NH4(C,2H2406)12[UO2(NCS)4(H20)] , M, 
= 1085-09, orthorhombic, Fdd2, a - - 2 9 . 9 2 7 ( 3 ) ,  b 
= 34.527 (3), e = 8.724 (1) A, V = 9014.5 A 3, Z = 8, 
D x = 1.599 g cm -3, ,~(Mo Kcz) = 0-71073 ,/~, /~ = 
36.539 cm -I, F(000) = 4352, T =  293 K, R = 0.042 
for 1877 observed reflections with F 2 >  3iT(f2). The 
uranyl group does not enter into the 18-crown-6 cavity, 
but presents the usual pentacoordination in the 
equatorial plane with four linear N C S -  ions and one 
water molecule. The NH~ cation is anchored in the 
crown ether ring by hydrogen bonds and ion-dipolar 
interactions via oxygen atoms of the crown ether. 

Introduction. Recently several systems for the extrac- 
tion of uranium with crown ethers have been studied. It 
was reported that the extractability of uranium with 
crown ethers is different in various thiocyanate solu- 
tions (Jin & Xu, 1982). However, little is known about 
the structures and properties of these complexes. It is 
also of interest to know how uranium and crown ethers 
link up when some thiocyanates coexist. We syn- 
thesized some complexes and determined their struc- 

* 18-Crown-6 = i.4.7. I 0,13,16-hexaoxacyclooctadecane. 
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tures. As part  of these studies we report here the 
structure of the title compound. 

Experimental. Yellow crystal (0.12 x 0.18 x 
0.24 mm). Dr,, not determined. Enraf -Nonius  CAD-4  
diffractometer with graphite-monochromated M o K a  
radiation. Cell constants refined from 25 reflections 
(14 < 0 <  15°). Three standard reflections every 
3600 s, 20ma x = 60 °, h = 0 to 42, k = 0 to 48, l = 0 to 
12. 3684 independent reflections but only 1877 with 
F 2 > 3 a ( F  2) were used in the refinement. Variation of 
standard reflections 12,1-2,4, ~3,6 and 11,17,3, +0 .7%.  
Data  corrected for Lorentz-polarization but not 
absorption. Systematic absences, hkl: h+k, k+l, (h+l) 
= 2n+ 1, Okl: k+l = 4n+ 1, hOh h+l = 4n+ 1. Structure 
solved by Patterson method, AF syntheses. No attempts 
were made to locate the H atoms. Full-matrix least- 
squares refinement with anisotropic temperature 
factors. 254 variables, (Zl/O')max < 0-06, R = 0.042,  
wR---0.047 where w = l ,  F 2>30(F2) ;  w = 0 ,  172< 
3o(F2). Correction for isotropic extinction, extinction 
coefficient = 7.47 x 10 -8. Max. value in final difference 
density map was 1.976 e A -3 located near the U atom. 
Calculation performed on a P D P  11/44 computer 
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with SDP program supplied by Enraf-Nonius (1983). 
Neutral-atom scattering factors were taken from 
International Tables for X-ray Crystallography (1974). 

Table 1. Atomic coordinates and thermal parameters 
with e.s.d.'s in parentheses 

Beq=][a2B(1,1) + b2B(2,2) + c2B(3,3) + abcosyB(1,2) + 
accos~B(1,3) + bccoso.B(2,3)]. 

x y z Beq(./k 2) 
U 0.250 0.250 0.250 3.91 (1) 
S(1) 0.2367 (1) 0.3272 (1) @.7404 (6) 5.70 (9) 
S(2) 0.1424 (2) 0.3608 (1) 0-1928 (6) 6.4 (1) 
O(1) 0.2957 (4) 0.2813 (3) 0.250 (2) 6.8 (2) 
O(2) 0.250 0.250 -0.036 (2) 6.1 (4) 
0(3) 0.0717 (3) 0.3332 (3) 0.675 (l) 4.6 (2) 
0(4) 0.1050 (3) 0.2601 (3) 0.775 (1) 4.9 (2) 
0(5) 0.1195 (3) 0.2022 (3) 0.550 (1) 5.2 (2) 
0(6) 0.0670 (3) 0.2026 (3) 0.285 (l) 4.9 (2) 
0(7) 0.0349 (3) 0.2751 (3) 0.180 (1) 4.4 (2) 
0(8) 0-0211 (3) 0.3331 (3) 0.403 (1) 4.4 (2) 
N(1) 0.2235 (5) 0.2856 (4) 0.476 (2) 8.4 (5) 
N(2) 0-2035 (5) 0-3020 (4) 0.158 (2) 6-3 (3) 
N(3) 0.0997 (4) 0.2784 (3) 0.435 (1) 3.8 (2) 
C(1) 0.2301 (6) 0.3030 (4) 0.586 (2) 5.6 (4) 
C(2) 0.1780 (5) 0.3265 (4) 0.171 (2) 4.6 (3) 
C(3) 0.0734 (6) 0.3211 (5) 0.834 (2) 6.2 (4) 
C(4) 0.1129 (5) 0.2958 (5) 0.854 (2) 5.5 (4) 
C(5) 0.1426 (5) 0-2345 (5) 0.776 (2) 6.3 (4) 
C(6) 0.1315 (5) 0.1960 (5) 0.711 (2) 5.5 (4) 
C(7) 0.1049 (5) 0.1667 (4) 0.482 (2) 5.6 (4) 
C(8) 0.1010 (5) 0.1738 (4) 0.309 (2) 5.6 (4) 
C(9) 0.0643 (6) 0.2117 (4) 0.129 (2) 5.2 (4) 
COO) 0.0242 (5) 0.2393 (4) 0.104 (2) 5.1 (3) 
C(11 )  -0.0017 (5) 0.3013 (4) 0.174 (2) 4.7 (3) 
C(12) 0-0116 (5) 0.3396 (4) 0.243 (2) 5.1 (3) 
C(13) 0.0326 (5) 0.3681 (4) 0.474 (2) 4.9 (3) 
C(14) 0.0364 (5) 0.3608 (4) 0-646 (2) 5.7 (4) 

Table 2. Bond distances (A) and angles (o) with e.s.d.'s 
in parentheses 

Diseuss ion .  T h e  a t o m i c  p a r a m e t e r s  a re  given in Tab le  
1.* T h e  s t ruc tu re  is s h o w n  in Fig.  1. T a b l e  2 gives b o n d  
d i s t ances  and  angles  for  t he  complex .  

T h e  s t ruc tu re  cons is t s  o f  a [ U O E ( N C S ) 4 ( H 2 0 ) ]  2- 
c o m p l e x  an ion  and  two  [ ( 1 8 - c r o w n - 6 ) N H a ]  + c o m p l e x  
ca t ions .  T h e  U a t o m  is loca ted  on the  2 axis. T h e  l inear  
O - - U = O  ion is p e r p e n d i c u l a r  to  a nea r ly  p l a n a r  
p e n t a g o n  f o r m e d  by  four  N a t o m s  o f  the  l inear  
t h i o c y a n a t e  ions and  one  O a t o m  of  the  w a t e r  m o l e c u l e  
a r o u n d  its equa to r .  T h e  b o n d  d i s t ances  U - N  a re  c lose  
to those  o f  A l c o c k ,  R o b e r t s  & B r o w n  (1982).  

* Lists of anisotropic thermal parameters and structure factors 
have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 43647 (12 pp.). 
Copies may be obtained through The Executive Secretary, 
International Union of Crystallography, 5 Abbey Square, Chester 
CH 1 2HU, England. 
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Fig. 1. View and atomic numbering of the title compound. 

U-O(I) 1.743 (3) 
U-O(2) 2.493 (4) 
U-N(1) 2.452 (5) 
U-N(2) 2.410 (5) 
S(1)-C(1) 1.599 (6) 
S(2)-C(2) 1.602 (6) 
N(1)--C(I) 1.151 (7) 
N(2)--C(2) 1.145 (6) 
O(3)--C(3) 1.457 (6) 
O(3)-C(14) 1.444 (6) 
O(4)-C(4) 1.433 (6) 
O(4)-C(5) 1.430 (6) 
O(5)-C(6) 1.464 (6) 

O(1)--U-O(I') 180.00 
O(1)-U-O(2) 89.9 
O(1)--U-N(1) 86.8 
O(1)--U-N(I') 93.3 
O(1)-U-N(2) 89.5 
O(1)-U-N(2') 90.4 
O(2)-U-N(I) 143.4 
O(2)-U-N(2) 70.5 
N(I)-U-N(I ')  73.2 
N(1)--U-N(2) 73.0 
N(1)--U-N(2') 145.9 
N(2)--U-N(2') 141.0 
C(3)-O(3)-C(14) 112.5 
C(4)--O(4)-C(5) 113.6 
C(6)-O(5)-C(7) 110.2 
C(8)--O(6)-C(9) 109-7 
C(I0)-O(7)-C(1 I) 111.1 

O(5)-C(7) 1.426 (6) 
O(6)-C(8) 1.436 (6) 
O(6)-C(9) 1.399 (6) 
O(7)-C(10) 1.436 (5) 
O(7)-C(11) 1.423 (5) 
O(8)-C(12) 1.442 (6) 
O(8)-C(13) 1.399 (5) 
C(3)-C(4) 1.482 (9) 
C(5)-C(6) 1.482 (8) 
C(7)-C(8) 1.538 (9) 
C(9)-C(10) 1.548 (7) 
C(l 1)-C(12) 1.506 (7) 
C(13)-C(14) 1.524 (8) 

(0) C(12)-O(8)-C(13) l l0.0 (4) 
(2) U-N(1)-C(1) 151.2 (6) 
(2) U-N(2)-C(2) 154.2 (5) 
(2) S(1)--C(1)--N(I) 177.2 (7) 
(2) S(2)-C(2)-N(2) 179.3 (6) 
(2) O(3)-C(3)-C(4) 10S. 1 (5) 
(1) O(4)-C(4)-C(3) 108.6 (5) 
(1) O(4)-C(5)-C(6) 112.1 (4) 
(3) O(5)-C(6)-C(5) 106.9 (5) 
(2) O(5)-C(7)-C(8) 107.1 (5) 
(2) O(6)-C(8)-C(7) 107.7 (4) 
(2) O(6)-C(9)-C(10) 108.8 (4) 
(5) O(7)-C(10)-C(9) 106.9 (4) 
(4) O(7)-C(11)--C(12) 110.0 (4) 
(5) O(8)-C(12)-C(11) 107.6 (4) 
(4) O(8)-C(13)-C(12) 108.1 (4) 
(4) O(3)-C(14)-C(13) 109.6 (4) Fig. 2. A view of the unit cell. 
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In the complex cation the distances from nitrogen 
atom N(3) of the ammonium ion to 0(3), 0(5)  and 
0(7)  of the crown ether are 2-94, 2.88 and 2.96/~, 
respectively. This means that three hydrogen bonds are 
formed (Behr, Dumas & Moras, 1982). Further 
stabilization may arise from ion-dipolar interactions; 
the distances from N(3) to the other three oxygen 
atoms 0(4), 0(6)  and 0(8)  of the crown ether are 3.03, 
3.09 and 3.03/~, respectively. The six O atoms are 
alternately about 0.20 fi, above and below their mean 
plane to form a nearly planar hexagon. The twelve C 
atoms of the crown ether are nearly located in two 
planes which are parallel to the oxygen mean plane. The 
symmetry of the crown ether is close to D3a as in 
(18-crown-6) complexes with potassium (Seller, Dobler 
& Dunitz, 1974) and rubidium (Dobler & Phizackerley, 
1974) thiocyanates. 

In the crown ether ring, the average bond distance of 
C - C  is 1.523/~,, C - O  is 1.432 A. The average angle 
of O - C - C  is 109.3 °, C - O - C  is I 11.2 °. The torsion 
angles about C - C  bonds are close to 65 o. Those about 
C - O  bonds are close to 175 o. All these data are similar 
to those published in other papers (Dunitz, Dobler, 
Seller & Phizackerley, 1974). 

Complex anions and cations are attracted to each 
other. Only two NH~ ions are 4-88/~ distant from the 

U atom; others are more than 8 ]~. Thus the complex 
anion is sandwiched between two NH~ complexes of 
crown ether. Besides Coulomb forces, there are van der 
Waals forces formed by some atoms between complex 
anions and cations. The crystal is stabilized by these 
forces. Fig. 2 shows a view of the unit cell. 

The authors are grateful for the financial support of 
The Science Fund of The Chinese Academy of 
Sciences. 
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Abstract. [NH2(C2Hs)213[Bi2Ig] , M r =  1782.54, mono- 
clinic, P2t/c, a = 1 2 . 9 1 9 ( 4 ) ,  b = 1 4 . 7 1 8 ( 3 ) ,  c =  
19.975 (5) A, f l=  102.04 (2) ° , V =  3714.53/~3, Z =  
4, D m = 3.15 (7), D x = 3.187 g cm -3, :[(Mo K~) = 
0.71069/~, At= 161.3 cm -~, F (000)=  3088, T =  
293 ( I )K ,  R = 0 . 0 7 7  for 2202 diffractometer data 
[I > 2.5e(/)1. The structure consists of [NH2(C2Hs)2] + 
cations and binuclear [Bi219] 3- anions composed of 
face-sharing octahedra with Bi-I(terminal) distances in 
the range between 2.934 (4) and 3.032 (3)A and 
Bi-I(bridging) distances in the range between 3. 169 (3) 
and 3.277 (3)/~. An isomorphous bromine compound 
also exists. 

Introduction. The results of the systematic study of 
halobismuthates(III) show a great variety of different 
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halobismuthate(III) anions in the crystalline state, most 
of them bi- or polynuclear (see Lazarini, 1985, and 
references cited therein). The investigations were 

.extended to the five existing diethylammonium halobis- 
muthates(III) in order to examine the effect of a flexible 
cation on the geometry of the hexahalobismuthate(III) 
groups in these compounds (Lazarini, 1985; Bla~i~ & 
Lazarini, 1985; Lazarini, 1987). The structural analysis 
of the title compound completes these investigations. 

Experimental. Crystals of suitable dimensions for X-ray 
structural analysis were grown by slow evaporation at 
room temperature from a saturated solution of 
(C2Hs)2NH and BiI 3 (molar ratio 3:2) in n-pro- 
panol-acetone-40% HI (90:9:1). D m determined 
pycnometrically in CCI 4 at 293 K. A well developed 
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