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A Crystallo~,raphic Study of the Diphenyl Sulphoxide-Diphenyl Sulphone System 
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The diphenyl sulphoxide--diphenyl sulphone sysf~m has been studied crystallographieally, using 
both the powder and the single-crystal methods. Diphenyl sulphoxide is shown to dissolve in 
diphenyl sulphone in all concentrations up to a limit of about 91% diphenyl sulphoxide, without 
producing any major structural changes in the diphenyl sulphone crystal. At 92 % diphenyl sul- 
phoxide, the structure of the solid solution undergoes a transition to that of diphenyl sulphoxide. 

Introduction 

A knowledge of the stereochemistry of the sulphoxide 

(> S-O) and sulphone ( >  S~/A)O) groups is important 

for a fundamental understanding of the electronic 
configuration of sulphur in its 3- and 4-covalent bonded 
states. The crystal structure of diphenyl sulphoxide 
has now been established in detail by Abrahams & 
Grenville-Wells (1955), who showed the sulphur atom 
to have a pyramidal configuration, with the two 
C-S-O bond angles of 106 ° and a C-S-C bond angle 
of 97½ ° . 

Rheinbolt & Giesbrecht (1946) studied the phase 
diagram of the diphenyl sulphoxide-diphenyl sul- 
phone system by the method of thermal analysis, 
and established the formation of a continuous series 
of solid solutions of the minimum type. In case the 
formation of the continuous series of solid solutions 
was due to isomorphism, which would permit a rapid 
determination of the crystal structure of diphenyl 
sulphone, the diphenyl sulphoxide-diphenyl sulphone 
system was examined crystallographically. 

Study of the diphenyl sulphoxide--diphenyl 
sulphone system 

I t  is apparent from the measurements collected in 
Table 1 that  while the crystals of diphenyl sulphoxide 

and diphenyl sulphone belong to the same Space 
group,* there is no obvious simple relation between 
the two sets of cell constants and no indication of iso- 
morphism. Powder photographs confirmed the two 
crystal structures to be essentially quite different, and 
the corresponding spacings and intensities are given 
in Table 2. 

Powder photographs of nine intermediate composi- 
tions were recorded, and the spacings and intensities 
for two selected compositions, as well as for pure 
diphenyl sulphoxide and diphenyl sulphone, are in- 
cluded in Table 2. I t  may be seen from Table 2 that  
for compositions between 100 and 9% by weight of 
diphenyl sulphone the structure of the solid solution 
remains essentially that  of pure diphenyl sulphone. At 
8.4% sulphone, the crystal structure undergoes a 
transition almost entirely to that  of diphenyl sul- 
phoxide, as indicated by the abrupt intensity changes, 
although traces of the sulphone structure are still 
present. At 5% sulphone (not given in Table 2) the 
only structure present is that  of the sulphoxide. The 
powder patterns indicate a gradual decrease in the size 
of the diphenyl sulphone-type unit cell as the diphenyl 
sulphoxide content increases, but accurate cell con- 
stant measurements could not be made owing to the 

* Although the unit cells are differently oriented, the 
similarity in external morphology of the two crystals suggests 
that the present choice of a and c axes should be retained 

Table 1. Single-crystal data for the diphenyl sulphoxide-diphenyl sulphone system 
Sulphoxide ( % w/w) 100 92 88 0 
Sulphone ( % w/w) 0 8 12 100 

System M o n o c l i n i c  M o n o c l i n i c  M o n o c l i n i e  Monoclinie 
a (A) 8.90±0.02 8.92±0.02 11.98=J=0.03 12.2120.03 
b (A) 1 4 . 0 8 + 0 . 0 3  14.13t=0"03 7.6420.02 7.82+0.02 
c (A) 8"3220"02 8.3720.02 11.4620.03 11.3120.03 
fl 101 ° 7'2 10' 100 ° 55'2 10' 99 ° 35'2 10' 98 ° 25'2 10' 
U (A 8) 1022-9 1035.8 1034.2 1070.5 
Dm 1.304 1.305 1-306 1-355 
Z 4 4 4 4 
Dx 1-313 1.305 1.311 1-353 

Space g r o u p  P21/n,-G~h P21/n-C~h P21/c-C52h P21/v--CSh 
M.p. (°C.) 70 62-64* 61-66" 124 

* The m.p. range gives the difference between the thaw and the true m.p. 
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Table  2. Powder data for the diphenyl sulphoxide-diphenyl sulphone system 

Sulphoxide (% w]w) 100 91.6 {tl 0 
Sulphono (% wlw ) 0 8-4 9 100 

d (A) I d (h) I d (A) X d (.4) I 

6-60 3 6.33 5 6"30 10 6.39 10 
5.99 3 5.79 2 5.79 4 5-87 3 
5.47 10 5.44 10 5.45 7 5-37 5 
4.12 10 4.51 5 4.53 10 4.57 10 
3-82 7 4-11 9 4.10 5 4.04 6 
3.59 1 3.83 5 3.93 6 3.84 1 
3.47 6 3.60 4 3.82 5 3-68 6 
3.26 5 3.48 7 3-62 6 3.53 7 
3.10 3 3.37 2 3.49 7 3.35 2 
3.00 5 3.25 4 3.37 4 3.18 2 
2.85 1 3.08 3 3.27 1 3.02 3 
2.69 5 2.98 4 3.14 3 2.92 1 
2.57 1 2.80 3 2.98 5 2.81 4 
2.49 2 2.68 4 2-87 2 2-68 1 
2.33 3 2.57 2 2.81 4 2.55 1 
2-27 1 2.49 1 2.66 1 2.45 1 
2.14 1 2.39 2 2.58 2 2.37 1 
2-10 1 2.33 3 2.49 1 2-28 1 
2.01 2 2.26 2 2.40 3 2.10 3 
1.92 2 2.15 1 2.34 2 2-03 1 
1.83 2 2.10 3 2.27 2 1.97 2 
1-72 1 2.02 2 2.14 1 1.90 1 
1-63 1 1"96 1 2-11 3 1-85 1 

1-91 2 2"02 1 1-83 2 
1"81 2 1"96 2 

1-90 2 
1.85 1 
1.83 2 
1.80 2 

lack of d i f f rac t ion  d a t a  a t  Bragg  angles g rea te r  t h a n  
abou t  0 -- 26 °. 

Single c rys ta l s  of composi t ion  close to,  bu t  on e i ther  
side of, t he  t r ans i t i on  compos i t ion  enab led  single- 
c rys ta l  d a t a  to be measured .  These  resul ts ,  inc luded  
in Table  1, conf i rm the  sudden  change  in  c rys t a l  
s t ruc ture ,  a l r eady  noted ,  as the  d i p h e n y l  su lphox ide  
composi t ion  is increased f rom 88 to  92 % b y  weight .  
At  the  t r ans i t i on  composi t ion,  the  vo lume  of the  un i t  
cell is a m a x i m u m ,  and  the  dens i ty  of the  solid so lu t ion  
is a m i n i m u m .  I t  is of in te res t  t h a t  the  d e n s i t y  a t  the  
t r ans i t i on  is lower t h a n  t h a t  of e i ther  pure  component .  

Discuss ion  

The foregoing observa t ions  ind ica t e  t h a t  a t  a composi- 
t ion  of abou t  90 % d ipheny l  su lphoxide  10 % d ipheny l  
su lphone,  t he  c rys ta l  s t ruc tu re  r emains  t h a t  of pure  
d i p h e n y l  su lphone  in  which  n ine  molecules in  eve ry  

ten possess an electron p~ir in the sp&ce normally 
occupied b y  an  oxygen  a tom of t he  su lphone  group.  
Since e i ther  of the  two su lphone  group oxygen  a toms  
m a y  be rep laced  b y  an  u n s h a r e d  pa i r  of e lectrons,  t he  
s t ruc tu res  of the  solid solut ions  will be disordered.  I t  is 
possible t h a t  single c rys ta l s  in  th i s  sy s t em m a y  possess 
i n t e res t ing  electr ical  proper t ies ,  as a cova len t  ana logue  
of an  ionic c rys ta l  w i th  ion vacanc ies  present .  

Exper imenta l  

The ma te r i a l s  used were E a s t m a n  K o d a k  C o m p a n y ,  
Roches te r ,  U.S.A. ,  d i p h e n y l  su lphox ide  a n d  Br i t i sh  
Drug  Houses  L td ,  London ,  d i p h e n y l  su lphone .  The  
d i p h e n y l  su lphone  was  rec rys ta l l i zed  f rom m e t h a n o l  
and  the  single c rys ta l s  of i n t e r m e d i a t e  compos i t ion  
f rom 60-80 pe t ro leum ether .  The  powders  of inter-  
med ia t e  composi t ion  were p repa red  b y  m e l t i n g  the  
componen t s  t oge the r  for abou t  90 sec., fol lowed by  
cooling wi th  s t i r r ing  and  g r ind ing  to  pass  an  80 mesh 
sieve. The  in tens i t i es  in  Tab le  2 were e s t ima ted  
visual ly.  

The  s ingle-crys ta l  p h o t o g r a p h s  were recorded  us ing  
a precession camera,  wi th  M o K a  (~ = 0-7107 A) 
rad ia t ion ,  t he  powder  p a t t e r n s  were recorded  w i t h  a 
Ph i l ips  114.59 ram. powder  camera  and  C u K a  
(:t = 1.5418 •) rad ia t ion .  

I t  is a p leasure  to  t h a n k  Prof.  J .  M. R o b e r t s o n  for 

his interest in this investigation. 
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