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is qui te  s table  in accord w i t h  i ts  cova len t  charac ter . )  
The  si loxanes,  as a class, have  ' a b n o r m a l l y '  low boil ing 
po in t s  and  low t e m p e r a t u r e  coefficients of viscosi ty .  
The  seeming con t rad ic t ion  be tween the  idea of a h igh ly  
polar  s i loxane skeleton and  the  observed low inter-  
molecular  forces is resolved by  assuming  a low bar r ie r  
to free ro t a t ion  o f C H  a groups abou t  s i loxane bonds.  The 
' so f tnes s '  of  the  bond angles,  plus the  favourab le  
g e o m e t r y  reduc ing  steric in te rac t ions  of  a t t a c h e d  
groups,  should  resul t  in a negligible barr ier  to free 
ro ta t ion  abou t  the  s i loxane bonds  in l inear  polymers .  
Consequent ly ,  the  low boil ing poin ts  and  t e m p e r a t u r e  
coefficients of v iscos i ty  m a y  be a t t r i b u t e d  to free 
r o t a t i o n  p r even t i ng  chains  f rom pack ing  suff icient ly 
closely for the  shor t - range  in te rmolecu la r  forces to 
become s t rong ly  operat ive .  

The  k ind  ass is tance  of Mr Er ic  Asp in the  t ak ing  of 
the  X - r a y  p ic tures  is acknowledged.  We are gra te fu l  to 
Mr J .  Ki l foyle  for t r ac ing  the  drawings ,  and  to Miss 
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Char lo t te  Cher ry  for he lp ing  in the  cons t ruc t ion  of a set 
of Beevers-Lipson str ips.  
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T h e  c r y s t a l  s t r u c t u r e  o f  k a l s i l i t e .  By G. F. CLARINOBULL and F. A. BANNISTER. British 3/Iu~cum (Natural 
History), London, S .W.  7, England 

(Received 18 November 1947) 

Kalsilite, the simplest of the three known polymorphous 
forms of KA1SiO4, was isolated in minute  quanti t ies  from 
volcanic rocks of S.W. Uganda  in 1942 (Bannister & Hey,  
1942) and synthesized in the laboratory for the first t ime 
in 1947 (Rigby & Richardson, 1947). I t s  trait-cell contents,  
dimensions and space group when determined by chemical 
analysis and single -crystal photographs revealed an obvious 
relationship to hexagonal t r idymite ,  nepheline and kalio- 
philite (Bannister & Hey,  1931). In  cell dimensions 
( a=  5.17, c=  8-67 A.) and space group (C6a2) kalsilite is, 
however, more closely related to BaA1204 (a=5-21,  
c = 8.76 A.) (Wallmark & Westgren, 1937) which Nowacki 
(1942) pointed out is almost identical in crystal  s t ructure 
and parameter  values with KLiSO 4 (a=  5"13, c=  8.60 A.) 
(Bradley, 1925; Ewald & Hermann,  1931). 

Nagelschmidt  recently sent  us crystals of KLiSO a and 
also powder photographs of KLiSO 4 and artificial kalsilite 
showing the essential ident i ty  of their crystal  structures.  
We have now obtained photometer  records of our own 
powder photographs of kalsilite, BaAl~O 4 and KLiSO 4 
which confirm these suggestions of ident i ty .  The differ- 
ences between the almost identical photometer  curves for 
kalsilite and KLiSO a and the curve for BaA120 a can be 
a t t r ibuted  to the difference in the atomic scat tering factors 
for the potassium and barium ions. 

The comparison of calculated and est imated intensit ies 
for kalsilite establishes its s t ructure type  as H2 s (Gottfried, 
1940) and establishes parameter  values. The (Si, A1)O 2 
te t rahedral  framework of kalsilite and the corresponding 
frameworks A l e ,  and L i e  2, SO 2 of BaAI~O 4 and KLiSO 4 
are derived from hexagonal  t r idymite ,  SiO~, s t ructure  
type  010. The (Si, A1)-O-(Si, A1) linkages between the 
te t rahedra  along the c axis are s t raight  as in t r idymite .  
All other linkages, which in t r idymi te  are also straight ,  
have in kalsilite an approximate ly  te t rahedra l  angle near 
to 109 ° 28'. The cavities in this  modified t r idymi te  
s tructure are occupied by the large potassium ions. 

Buerger (1946) has confirmed tha t  the crystal  s t ructure  
of nepheline, KNazA14Si4016 , is based upon a trids~mite- 
like framework, bu t  the distortion is not confined to tetra- 
hedral rotat ions in the c plane as in the H2 s framework, 
and cavities of two sizes are developed which are occupied 
by the sodium and potassium ions respectively.  The 
crys ta ls t ruc ture  of kaliophilite (a = 26.94, c = 8.55 A., space 
group C632 ) (Lukesh & Buerger, 1941), which has not  ye t  
been worked out in detail, is probably a multiple kalsilite 
structure.  The c dimension is perceptibly less for kalio- 
phili te than  for kalsilite, possibly indicat ing slight flexing 
of the (Si, A1)-O-(Si, A1) linkages lying parallel to the 
C axis .  
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The structure o f  3 :  3 " - d i c h l o r o b e n z i d i n e .  By  J .  TOUSSAINT*. Crystallographic Laboratory, Cavendish Labora- 
tory, Cambridge, England 

(Received 13 December 1947) 

Analysis  of the s tructures of m-tolidine dihydrochloride 
(Hargreaves & Taylor,  1941) and  of 2:2'-dichlorobenzidine 
(Smare, 1942) has shown tha t  in each of these molecules 
(I, I I )  the  phenyl  rings are ro ta ted  from the cis.planar 
configuration through approximate ly  36 ° in opposite 

CHa CH3 

(I) 

for both  chlorine atoms of the molecule; bu t  from these 
co-ordinates i t  appears t h a t  the  chlorine a toms contr ibute 
noth ing  to reflexious (hO1) when h is odd, so t h a t  in a first 
Fourier synthesis  the positions of these atoms can be 
used to determine the signs of reflexions (hOl) only when 

CI C1 

NH2----~ ' ' ~ l~I~ 

(if) 

CH3 CH3 

N H 2 ~ \  - - N H 2  

CI CI 

N H 2 ~ N H 2  

(IID 

directions around the central  d iphenyl  link, so t h a t  the 
angle between the planes of the phenyl  rings is approxi- 
ma te ly  72 °. The non-planar  configuration arises from the 
need to allow clearance between the ra ther  large me thy l  
groups or chlorine atoms a t t ached  to the rings a t  positions 
2,2'. I t  would obviously be of interest  to compare the 
configurations of these molecules wi th  those of o-tolidine 
(III)  and  3:3'-dichlorobenzidine (IV), for which a com- 
plete ly  planar  configuration would seem to be likely, 
whether  the molecule is c/s or trans. 

The unpublished da ta  of A. Hargreaves  and H. F. K a y  
show t h a t  the  uni t  cell of 3:3"-dichlorobenzidine is mono- 
clinic wi th  a 12.5 A., b 3-85 A., c 23.7 A., and fl 108 °. The 
cell contains four molecules, the  space group is P21/a, and 
a special feature of the diffraction pa t te rns  is t ha t  re- 
flexions (hO1) are absent  or very weak when h is odd, in- 
dicat ing t h a t  the  s t ructure  has  a pseudo-periodicity ½a in 
projection on (010). I am indebted to Dr Hargreaves  and 
Mr K a y  for permission to use their  exper imental  data,  
which include the intensit ies of all (hO1) reflexions es t imated 
by  eye in the usual way.  

The present  paper  describes the results obtained from 
these data,  in an  a t t e m p t  to complete the analysis  of the 
structure.  

F rom the Pa t te rson  projection along the b axis it  is 
possible to determine approximate  x and z co-ordinates 

* Now at Insti tut  de Cristallographie, Universit~ de Li6ge, 
Belgique. 

(IV) 

h is even. The usual method of successive approximations,  
using only terms (hO1) with h even, leads to the projection 
in Fig. 1. 

Fig. 1. 3:3'-dichlorobenzidine. Electron density 
projected on (010) 

Since t e r n s  (hOl) with  h odd have been left out  of con- 
siderat ion in the calculation of this  projection, i t  represents 
an  ' ave rage '  s t ructure  having  spurious s y m m e t r y  addi- 
t ional  to the t rue s y m m e t r y  of the actual  structure.  The 
' molecule '  is a n '  average '  molecule, wi th  a spurious centre 
of s y m m e t r y  a t  x =  ¼a, z =  ¼e (the point  marked ], ¼ in 


