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The aromatic coordination compounds of uranium and 
thor ium are of interest  because they  have a high solubility 
in organic moderators  and are reported to have high 
thermal  and radiat ion stabili ty as reported by Comyns 
(1957). They thus fulfil an essential requirement  of suit- 
abil i ty for use as fuel in homogeneous organic reactors. 
Dibenzoylmethane  C~Hs-CO-CH~-CO-C6H 5 is one of the 
simplest  aromatic chelating agents and combines with 
uranium, thor ium and cerium to give complexes which 
closely resemble organic compounds in some of their  
properties. Wolf (1957) has shown tha t  these complexes 
are isomorphous with each other and therefore the cerium 
complex is chosen as representat ive for structure analysis. 
Of the three, cerium is the lightest meta l  and will there- 
fore cause the  least severe diffraction effects in the 
Fourier  analysis. 

Experimental 
Wolf (1957) has reported the  space group and the values 
of the  cell dimensions of the complexes of uranium, 
thor ium and cerium. The values for the cerium complex 
a r e  

a=20.109,  b=10.320, c=23 .514 /~ ;  
Z=4,  dc=1.52 g.cm. -a, do=1.52 g.cm. -~ . 

Space group : Pccn. 

Wait  & Comyns (1958) have reported the values for the 
thor ium compound.  They are nearly the same as those 
given by  Wolf (1957). 

The cerium complex was recrystalHzed from toluene. 
The linear absorption coefficient of this compound for 
Cu K~ radiat ion was calculated and found to be small 
(90 cm.-X). For  crystals of 0.02 cm. in diameter  no ab- 
sorption correction was therefore necessary. The data  
were collected from the Weissenberg photographs round 
the  b axis. The mult i f i lm technique was used and the 
intensities were measured visually by comparison with a 
calibration strip and corrected for the Lorentz and 
polarization factors. 

S t r u c t u r e  analysis 
The best resolved p ro j ec t ion - - tha t  on (010)--was adopted  
for the  s tructure analysis. The four cerium atoms in the 
un i t  cell have  to occupy one of the four-fold positions 
(d), (c), (b) or (a). A survey of the intensities of the reflec- 
tions shows tha t  hill with 1 = 2n+ 1 are weak. Thus the 
cerium has to occupy either (d) or (c). 

(d) b L ½ - z ,  
(e) ~,~,z; b b e ;  ~,¼,~+~; ~ , '  ~., ½ - - Z  . 

Both  these two positions have a two-fold point  symmet ry  
and differ only in the choice of origin. In  the (010) pro- 
ject ion these two positions are identical. 

The x coordinate of the cerium a tom is fLxed by the 
space group and the value of the z coordinate is derived 
from the Pat terson synthesis. This gives two possible 
values 0-137 and 0.113 (expressed in terms of the frae- 
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tional coordinates) for z. Two separate Fourier syntheses 
were made  by taking the  signs by the two sets of coor- 
dinates. The value of z = 0.137 was discarded because the  
resulting synthesis yielded a structure which gave a high 
value for the  agreement  index and this could no t  be 
improved even after making  large shifts in the  positions 
of the atoms. 

For interpret ing the syntheses resulting from z = 0.113 
a wire model of the structure was built  on the  assumption 
tha t  the coordination of the eight oxygen atoms round 
the cerium has a square antiprismatic configuration. The 
value for the bond-length Ce-O was taken as 2.31 /~ and 
the angle O1-Ce-O ~ was taken to be 70 ° from the known 
structure of cerium iodate by Cromer & Larson (1956). 
The shadow of this model  was cast on the electron-density 
map for locating the light atoms. 
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Fig. 1. A schematic drawing of the molecule 
with all the atoms labelled. 

Fig. 1 shows the model  of the molecule wi th  all the  
atoms labelled. The two-fold axis of symmet ry  of the 
molecule passes through C1, Ce, C~. The plane containing 

/ 
the atoms O1CeO 1 makes an angle of 45 ° with the  plane 

/ 
which contains the atoms O4, Ce, 04. Similarly the  plane 
containing O2, Ce, O£ makes an angle of 45 ° with the 
plane which contains O2CeOa. 

The agreement  index R for this projection is 0"26. 
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The l ighter carbon and  oxygen a toms have  a very  small 
cont r ibu t ion  to the  higher-order  reflections, and  the 
Four ier  synthesis  does no t  give accura te  coordinates for 
these atoms. :Further three-dimensional  work  is there- 
fore planned.  The other  two project ions are badly  resolved 
and  are no t  suitable for fur ther  s t ruc ture  analysis. 

The authors  wish to t h a n k  Mr D. M. Chackrabur t ty  
and  Mr K.  S. V i shwana than  for their  help in tak ing  the 

photographs  and  performing some of the  calculations. 
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Wi th  a view to obtaining detai led informat ion about  the 
effect on the molecular  geomet ry  of the close approach 
of neighbouring groups s t ruc tura l  analysis of a number  of 
subs t i tu ted  benzoic acids is a t  present  in progress. As a 
pre l iminary  to this work  lat t ice parameters  and space 
groups were de te rmined  and  are presented  in Table 1. 
I n  the  case of o-chlorobenzoic acid and o-bromobenzoic 

acid the diffraction condit ions allow the space group to be 
ei ther  Cc--C~s or C2/c-C~h. The successful ref inement  of 
the  s t ruc ture  based on the cen t rosymmetr ica l  choice 
indicates C2/c as the  t rue  space group. 

Ful l  details of the  s t ruc ture  de terminat ions  will be 
published in due course. 

Table 1. Crystallographic data for some substituted benzoic acids 

o-chlorobenzoic o-bromobenzoic 2-chloro-5-nitro- 4-chloro-3-nitro- 
acid acid benzoic acid benzoic acid 

Molecular formulae C~HsO~C1 CTHsO2Br C~H404NCI CTH404NC1 

a (/~) 14.73 -+ 0"03 14.82 + 0-04 5.86 -+ 0.02 7.41 _ 0-02 
b (/~) 3-90_+ 0.02 4.10_+ 0.02 5.13 _+ 0.02 5-70 _+ 0.02 
c (A) 25.50_+ 0.05 25.90_+ 0.05 26.65_+ 0.05 19"12 _+ 0.04 
/ff 112 ° 40" 118 ° 15" 97 ° 54' 100 ° 30' 
U (A 3) 1351 1386 794 794 
z 8 8 4 4 
Mol.wt. 156.6 201-0 201.6 201-6 
Dm (g.cm. -3) 1.544 1.929 1-678 1-687 
Dx (g.cm. -3) 1.539 1.926 1.687 1-686 
Space group C2 /c-C~h C2 /c-CS~/t P21/c-C~h P21/c-C~h 
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Crystals of L-proline are highly hygroscopic.  Therefore 
there  has been considerable difficulty in growing single 
crystals suitable for X - r a y  diffraction studies. When  
grown from a sa tu ra ted  solution in a closed container,  
the crystals occur as a white  powder  or take  up a feather-  
like formation,  bu t  no large enough single crystals appear  
a t  room tempera ture .  The powder  pa t t e rn  obta ined from 
this mater ia l  was found to be very  much  different from 
tha t  of the original compound  thereby  showing tha t  the 
compound  was a h y d r a t e d  form of proline. The unit-cell  
dimensions and  space group of the original d ry  powder  
have  a l ready been repor ted  (Wright  & Cole, 1949). 
Successful single crystals of the h y d r a t e d  compound  
were grown by the au thor  from a solution of the  dry  
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mater ia l  in e thyl  alcohol by controlling the  percentage  
of alcohol and the  t empera tu re  a t  which the compound  
was crystallised. Single crystals of the m o n o h y d r a t e  were 
obta ined by  dissolving the  substance in 70?/0 e thanol  
and keeping the solution a t  a cons tant  t empera tu re  of 
45 °C. 

The crystals obtained were needle-shaped,  t ransparent ,  
birefr ingent  and  approximate ly  rec tangular  in cross 
section. The needles were elongated along [001] and  
bounded  by faces of the form {110}. As the crystals were 
unstable  when  exposed to the  atmosphere,  considerable 
care was t aken  to pro tec t  the crystals by  enclosing them 
in Lindemann-glass  tubes a t  45 °C. E v e n  then the  crystals 
were stable for only a few days. 
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