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T h e  p r e s e n t  w o r k  f o r m s  p a r t  of a r e sea rch  p r o g r a m  w h i c h  
is be ing  ca r r i ed  o u t  in th i s  l a b o r a t o r y  on  o c t a c o o r d i n a t i o n  
in c o m p l e x e s  a n d  sa l t s  of h e a v y  me ta l s .  T h e  s t r u c t u r e s  of 
s o m e  q u a d r i v a l e n t  m e t a l  a c e t y l a c e t o n a t e s  h a v e  a l r e a d y  
b e e n  d e t e r m i n e d  (Grdenid  & M a t k o v i d ,  1958, 1959; 
M a t k o v i d  & Grden id ,  1963). A t t e n t i o n  has  also b e e n  
d i r e c t e d  to  ' a t o - c o m p l e x e s '  w i t h  a c e t a t e  a n d  n i t r a t e  ions 
( K a m e n a r ,  1963; Sdavn ida r  & Prod id ,  1963). T h e s e  an ions  
c a n  f u n c t i o n  b o t h  as  u n i d e n t a t e  a n d  as b i d e n t a t e  l igands ,  
b u t  t h e  c r y s t a l l o c h e m i c a l  f ac to r s  d e c i d i n g  in f a v o u r  of 
one  of t h e s e  t w o  c o o r d i n a t i o n s  are  n o t  k n o w n .  T h e  
s t r u c t u r e  ana lys i s  of u r a n i u m ( I V )  as well  as  of o t h e r  
h e a v y  m e t a l  a c e t a t e s  was  t h e r e f o r e  u n d e r t a k e n .  

T h e  i n c o n v e n i e n t  f o r m  a n d  size of t h e  c rys t a l  s p e c i m e n  
of u r a n i u m ( I V )  a c e t a t e  m a d e  co l l ec t ion  of a c c u r a t e  
i n t e n s i t y  d a t a  d i f f icu l t .  T h e  large  d i f f r ac t i on  ef fec t  
p r e v e n t e d  t h e  d e t e r m i n a t i o n  of i n t e r a t o m i e  d i s t a n c e s  in 
t h e  s u r r o t m d i n g s  of t h e  u r a n i u m  a t o m  w i t h  a n  a c c u r a c y  
a n y  b e t t e r  t h a n  _+ 0 .05 /~ .  F o r  th i s  r ea son  no  f u r t h e r  w o r k  
is c o n t e m p l a t e d  on  th i s  c o m p o u n d .  T h e  r e su l t s  r e p o r t e d  
h a v e  b e e n  o b t a i n e d  f r o m  t w o - d i m e n s i o n M  F o u r i e r  syn-  
t he se s  e v a l u a t e d  f r o m  h]cO, hkl a n d  hO1 re f l ex ion  i n t e n s i t y  
d a t a .  

U r a n i u m ( I V )  a c e t a t e  ( R o s e n h e i m  & K e l m y ,  1932) was  
p r e p a r e d  f r o m  u r a n y l ( V I )  a c e t a t e  as  will  be de sc r i bed  
e l sewhere  (Grdenid,  in p r e p a r a t i o n ) .  T h e  c rys ta l s  o b t a i n e d  
f r o m  glacial  ace t ic  ac id  were  m a i n l y  f ine f ibers  a long  t h e  
m o n o c l m i e  c ax is  so t h a t  su i t ab l e  s p e c i m e n s  ( a b o u t  
0.02 x 0-04 m m  ~ in cross-sec t ion)  we re  v e r y  rare .  A n y  
a t t e m p t s  to  g r o w  la rger  s p e c i m e n s  fa i led  because  of t h e  
low so lub i l i t y  of u r a n i u m ( I V )  a c e t a t e  a n d  i ts  l i ab i l i ty  
to  oxidize  in  so lu t ion .  

Tab l e  1. Crystallographic data for U(OCOCHa)  4 
Monoclinic, space group C2/e (C~h) 

a = 17.80/~ Z = 4 
b = 8.35/k 
c = 8.33 A dm= 2"75 g.cm -a (flotation method)  

fl = 106 ° 50' dz = 2.64 g.cm -a 

T h e  c r y s t a l l o g r a p h i c  d a t a  are  s t t m m a r i z e d  in Tab l e  1. 
S y s t e m a t i c a l l y  a b s e n t  re f lex ions  were  h k i  w i t h  h + k odd ,  
hO1 w i t h  h o d d  1 odd .  Of ~wo poss ib le  space  g r o u p s  
C2/c (C~) a n d  Cc(C4s) t h e  f o r m e r  was  f o u n d  to  be  co r rec t  
in the course of the analysis. No pyr0electric effect could 
be  obse rved .  T h e  hkO, hkl, a n d  hO1 re f lex ions  were  r e c o r d e d  
on  i n t e g r a t i n g  W e i s s e n b e r g  p h o t o g r a p h s  b y  t h e  m u l t i p l e -  
f i lm  t e c h n i q u e  ( f i l tered Cu K r ad i a t i on ) .  T h e  r e l a t ive  
i n t ens i t i e s  were  m e a s u r e d  b y  m e a n s  of a m i c r o d e n s i t o -  
m e t e r ,  e x c e p t  for  v e r y  w e a k  re f l ex ions  w h i c h  were  
e s t i m a t e d  v i sua l ly .  T h e  co r r ec t i ons  for  p o l a r i z a t i o n  a n d  
L o r e n t z  f ac to r s  as  wel l  as  for  t h e  a b s o r p t i o n  in p r i s m a t i c  
c rys t a l s  we re  m a d e  a c c o r d i n g  to  f o r m u l a e  g i v e n  in 
International Tables for X-Ray Crystallography (1959). 

I n  t h e  space  g r o u p  C2/c w i t h  Z = 4  t h e r e  are  t w o  
poss ib le  loca t ions  of t h e  u r a n i u m  a t o m s :  on  t w o f o l d  axes  
(one set  of pos i t ions )  or  on  t h e  cen t r e s  of s y m m e t r y  
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( four  sets  of pos i t ions ) .  B e c a u s e  t h e  k n o w n  p o l y h e d r a  for  
o c t a c o o r d i n a t e d  u r a n i u m  (square  a n t i p r i s m  a n d  t r i g o n a l  
d o d e c a h e d r o n )  are  n o t  c e n t r o s y m m e t r i c a l ,  t h e  t w o f o l d  
axis  s y m m e t r y  l oca t i on  of u r a n i u m  a t o m s  was  e x p e c t e d .  
C o n s e q u e n t l y ,  t h e  p o s i t i o n  of t h e  u r a n i u m  a t o m  is 
de f ined  on ly  b y  t h e  y p a r a m e t e r ,  w h i c h  was  c o n f i r m e d  b y  
m e a n s  of t h e  (x, y) P a t t e r s o n  p ro j ec t i on .  T h e  Yu p a r a m e t e r  
o b t a i n e d  f r o m  t h e  U - U  v e c t o r  in t h e  P a t t e r s o n  p ro jec -  
t i o n  was  on ly  a p p r o x i m a t e ,  because  of i ts  smal l  v a l u e  
(Yv =0.032) .  T h e  a c c u r a t e  v a l u e  was  o b t a i n e d  f r o m  t h e  
genera l i zed  Cl(x,y ) p r o j e c t i o n  a n d  c h e c k e d  b y  a t r ia l  a n d  
e r ro r  p r o c e d u r e .  T h e  (x,y) (Fig. 1) a n d  (x,z) e l ec t ron-  
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Fig. 1. The (x, y) Fourier  synthesis of the  electron densi ty  
in a crystal  of uranium(IV)  acetate.  Contours are drawn 
on an arbi t rary scale. 

d e n s i t y  d i s t r i b u t i o n  p r o j e c t i o n s ,  c a l c u l a t e d  n e g l e c t i n g  
l igh t  a t o m  c o n t r i b u t i o n s ,  u n a m b i g u o u s l y  p r o v e d  t h a t  t h e r e  
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Fig. 2. The (x, z) Fourier  difference synthesis with (Fo--Fu). 
Contours are drawn on an arbi t rary scale. 
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were no discrete U(0COCHa) 4 molecules in the  s t ructure .  
Wi th  the  help of an  (x,z) difference synthesis (Fig. 2) 
final coordinates were quite satisfactorily de te rmined  
(Table 2). The t empera tu re  factor  and  the  scale factor,  
ca lcula ted by Wilson's  method ,  were B(McO)=2.2 and  
B(hO1) = 2-6 A 2. The rel iabil i ty indices are R(hlcO) = 0.11 
and  R(hO1)=O.15. The less reliable F(hO1) values are 
explained by  the inconvenient  crystal  form (b axis across 
the  crystal  needle) which great ly  influenced the  accuracy 
of recording hO1 in tensi ty  data .  The secondary ext inct ion 
correct ion for some low Bragg-angle reflexions was made  
according to P innock  & Taylor  (1956). 

Table 2. Atomic coordinates 

x y z 
U 0 0.032 I]4 
O(1) 0.033 0.267 0.100 
0(2) 0.075 0.208 --0.117 
0(3) 0.083 --0.100 0.083 
0(4) 0.135 --0-136 --0.120 
C(1) 0.067 0.309 --0.010 
C(2) 0" 100 0.473 0.007 
C(3) 0.145 --0.117 0.038 
C(4) 0.222 --0-124 0.173 

The s t ruc ture  is buil t  up of infinite columns parallel  to 
the  c-axis direction in which  each ace ta te  ion belongs to 
two u ran ium ions (Fig. 3). Acetate- ion bridges are s i tuated 
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Fig. 3. Model of the polymer of uranium(IV) acetate. 

obliquely to the  c-axis direction. Their  oxygen a toms 
form square faccs of the adjoining Archimedean  ant ipr isms 
in the  same way  as a l ready suggested for u ran ium(IV)  
d ioc ty lpyrophosphate  (Grdenid & Korpar ,  1959). Because 

Table 3. Interatomic distances within a coordination 
polyhedron 

A single prime denotes a centre-of-symmetry relation to the 
atom defined by coordinates in Table 2 

U-O(1) 2.49 A U-O(4') 2.54 A 
U-O(2') 2-55 U-O(3") 2.80 

U-0(3) 2.50 h 

of the fixed O • • • O distance in the aceta te  ion, the  anti-  
prism is distorted.  The a m o u n t  of the  distort ion is best 
unders tood from the  in tera tomic  distances listed in 
Table 3. The U-O distances wi th in  one ant ipr ism amoun t  
to 2.52 _~. But ,  owing to the  fact t ha t  each following 
ant ipr ism is displaced by about  a half of its square face 
edge, two oxygen a toms (0(3) and  0(3')) of two neigh- 
bouring polyhedra  are considerably nearer  to the  u ran ium 
ion, a t  a distance of 2.80 _~ instead of an average U • • • O 
distance of 3-58 A, which  proves the  t endency  of the  
aceta te  ion to act  as a chelat ing ligand. The result  
is a coordinat ion n u m b e r  of ten,  which  is accomplished 
in an ant ipr ism wi th  centred  square faces. The actual  
coordinat ion a round the  u ran ium ion is: two aceta te  ions 
wi th  both  their  oxygen a toms near  to u ran ium (2.52 and  
2.80 ~)  and  six aceta te  ions wi th  only one oxygen a tom 
near  to the same u ran ium ion (at 2.52/~). In  other  words, 
the  square face centred ant ipr isms of decacoordinated  
u ran ium ions form infinite U(OCOCH.~)4 columns by 
sharing two opposite edges. The u r a n i u m - o x y g e n  
distances and  the  in tera tomic  distances wi th in  the  aceta te  
ion ta l ly  well wi th  the  values obta ined by  previous au- 
thors  for sodium uranyl  ace ta te  (Zachariasen & Plet t inger ,  
1959). 

The polymeric  s t ruc ture  explains the  form of the  
crystals,  their  fibrous appearance,  and  the  cleavage in 
the  planes parallel  to the  c axis, as well as thei r  low 
solubility in all common solvents. These propert ies  are 
just  opposite to those observed for the  analogous lead (IV) 
acetate ,  the  crystal  s t ruc ture  of which is buil t  up of 
discrete Pb(OCOCHa) 4 molecules (Kamenar ,  1963). 
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