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Crystal and Molecular Structure of 
3, 3'-Dibromobenzophenone . 

It has become increasingly clear that in benzophcnone 
thc stcric hintlmncc between the hydrogen atoms it1 the 
2, 2'-positions would prevent the molecule from being 
coplanar. I t  would therefore be of great ,interest to get a 
quantitative measure of this non-coplanarity. by X-ray 
methods. Wit11 this view thc determination of the crystal 
structurcs of a series of benzophenone derivatives 11ilve 
been undertaken in this laboratory and the present note 
gives thc results obtained with 3,3'-dibromobenzo- 
phenonc. . - 

The crystal beltings to the orthorhombic system with 
cell dimensions 

a = 3-99? b = 11-70. and c = 24-69 A. 

The space group is Pbcn and the unit cell contains four 
molecules. ~ h c  C - 0 bond in the mole&lie coitlcidcs with 
a t\no fold axis of symmetry itr the crystal.' 

- .  

Three climcnsion;il Wcisscnkrg tlittn were obtained 
with CuIia r;~di,ztion ant1 the intensities were cstimz~ted 
visually. The structure was solvctl by t h e  heavy atom 
method. The (y, z)  coortlinatcs of the brominb atom were 
detcrminctl from the I'atterson projection on the (100) 
plane. Using the signs of a number of reflexions of the  .- 

type (Okl) obtained from the contribution of the bromine 
atom, the first Fourier map was prepared which showed 
di's'tiqct peaks corresponding to the light atoms. The 
(y, z) co-ordinates were refined by a succession o f  differ- 
ence syntheses. The Fourier projectioii on (100). plane 
with the bromine atom removed is shown in Figure 1. An 
estimate of the tilt of the benzene ring -was made from 

. * . "  



' the clistortion i t  displayed on the (1 00) projection wl?ich 
gave the ;tpprosimate x co-ortlinntc o f  the  bromine atotn. 

. This was used for the deterrnin;~tictn o f  the ,Y co-c;rditl;ttc 

Fig. 1.-Fourier projection on the (100) plane with t h e  Br atom 
rernoved. Con tours are at arbitrary intervals. Llotted lilies correspo~ld 

to zero electrorl dc~isi t y. 

of all the atoms by the generalized Fourier projections 
using the (1 kl) and (Zkl) reflexions. The final atomic co- 
ordinates are given in the Table. 

The R-factor for the 700 observed reflexions was 15- 7 % . 
The intramolecu1a.r distances a n d  angles are indicated in 



/ .  

'Figure 2. The standard deviation in the  bond lengths, , 

estimated by CRUICKSHANK'S methodl is of the order of 
0-04 A for C-C and C - 0  bo~icls. . . 

The angle between the 1, 4 axes o f  the plliatl yl gro~ips 
is 126-2". The cqtletions of the planes of the bcnzcncb rings 

- were determined by the method of least squarcsand i t  

Fig. 2.-Bond lengths and boxid angles fur 3, 3'-dibronlobenzo- 
phenorlc. 

was found  that none of the atoms was off the plane by 
more than 0.01 A. The angle between the planes of the - 

benzene rings is 399";  however each of the phenyl rings 
is twisted out of the common plane i.e., the plane con- 
taining 

- by an angle 6 = 22-4". It  is estimated that the angles are 
,accurate t o  1-5". 

TIlc elucidation of the stcrcochcmistry of bcnzopllcnone 
derivatives by physical methods (magnetic susceptibility2, 
dipole moment and ultraviolet spectra) was started as 
early as 1935, but unfortunately the substance under rc- 
port has never been studied. However, the earlier workers 
were mostly interested in the angle between the 1, 4 axes 
of the two benzene rings and the values varying from 122" 
to 133O have been suggested. The value obtained in this 
determination is quite close to  that computed by COOM- 

D. W. J. CRUICKSHANK, Acta cryst. 2 ,  65 (1949). 
I<. BANERJEE and A. IIAQUE, Indian J .  Phys. 11 ,  87 (1938). 



' BER and PAR TINCT ON^ from dipole moment measure- 
ments for benzophenone (125 * 3"). By determining'the 
exact positions o f  the two iodine atoms in 4,4'-diioclo- 
benzophcnone by X-ray method, RT ANTHEY et l l i t ~ e  
reported t h e  anglc to be 123.5". tlowcvcr, the coml>lcte 
structure of tilc molcc~lle was not solvect, thus leaving 
the non-pliunarity ol thc molcculc an open question. 

111 rcce12t yc11rs thc changes in tlie frcqucncics anti t he 
intcnsitics of th& riltraviolct absorption b;~ntls il;tvc beck11 
used most succcssfully to g e l  :in itlca of the ;q~lan:lrit y o f  
molecules ( ~ ~ I < A U J > E  el ~ 1 . ~ ;  O ' S ~ ~ n u o ~ ~ l i s s  ;~ncl T < O I ) E -  
 BUSH^; JONES'; REKKER and N A U T A ~ )  and a scrics of 
accurate studies llavc been made to determine how far the 
various syrnmetricaily su bstitu tcd dcriv;~tivcs differ fronl 
t h e  unsubst i t ulcd brnzophcnonc. For this purpose, the 
investigators have to assume the tilt of the benzcllc ring 
from the common plane, 

and the calcu1;licd value oI this ; i~~$e  clcpcntls on the 
assumptions mndc regarding tllc bond angles. bond 

' lengths and the minimum distance of ;tpproach for the 
hydrogen atoms; hence the large discrepancy bet\veen the 
theoretical -nnglcs reported by SUTTON and COATES' 
(28') and J O N E S ~  ( 1 5 O ) .  This angle (0) in the present case 
is 2294" and the minimum distance of appro;xch of the 
(C2)I-I ant1 (C2')I-I is o f  tllc ortlcr o f  2 -2  A. Onc  mr~s t  re- 

. member that'  aclclitional interrnolecrl1;~r forces nlay conle 
into play in a solid; bu t ,  as the distance between the 



atoms of neighbouring molecules is never less than 3-3 A, 
one may presume that the only predominant forces are 
of the Van der Waais type. 

I t  may be remarked that if the length of the bon8-con- 
necting the phenyl rinc to the c;lrbonyl group becomes ? 
shorter d u i  to substitution of clcct roll releasing groiips a t  
the 4 position, then 0 would bccomc larger. This is per- 
haps the reasm why in the case o f  4.4'-dimethoxy benzo- 
phenone1° this angle is of the order of 30". 
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La structure d u  crista.l de 3,3'~dibrornobenzoph~none a 
6t6 d6finie par l'emploi de donnhes obtenues par rayons X 
dans trois dimensions.Les distances et les angles de liaison 
ont  kt6 obtenus et l'on a trouvk que deux anneaux de 
phknyle de la mol6cule ne sont pas dans le m&me plan, 
l'angle compris cntre eux &ant de 39,g0. 
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