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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 
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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The unpublished da ta  of A. Hargreaves  and H. F. K a y  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 
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Fig. 1). Never the less ,  the  weakness  of  the  t e rms  (hO1) with 
h odd indica tes  t h a t  the  t rue  molecule,  as seen in p,'o- 
ject ion,  m u s t  be ve ry  nea r ly  ident ical  in conf igura t ion  and  
o r i en ta t ion  wi th  the  average  molecule .  The  pro jec t ion  
suggests  t h a t  the  molecule  is p r o b a b l y  planar ,  or v e r y  
nea r ly  so, and  shows t h a t  the  chlor ine a t o m s  are  in the  
trans posi t ions;  the  piano of the  molecule  m a y  be incl ined 
to the  (010) plane at  an angle  not  exceeding  25 ° . 

F u r t h e r  work  is now in progress,  using all (hi,'/) re- 
flexions, f rom which it is hoped to d e t e r m i n e  aecura t  ely t he 
c()nfigttration and  o r ien ta t ion  of the  molecules.  
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The  s t r u c t u r e  of this complex  seems to be ahnos t  ident ical  
wi th  the  s t r u c t u r e  of the  complex  of 4 :4 ' -d in i t rod iphenyl  
wi th  4 - h y d r o x y d i p h e n y l  prev ious ly  descr ibed  by  one of 
us (Saunder ,  1946). This is conf i rmed by  the  ve ry  close 
a g r e e m e n t  be tween  the  observed  1,' values  a f te r  a l lowance 
has been m a d e  for the  e x t r a  OH group.  

The  crysta ls ,  which grow as pale yel low needles,  develop 
ma in ly  the  pr i sm faces {110}, t hough  occasional ly  the  
(100) a n d  (001) faces m a y  develop as well. The  refit cell 
d imens ions  are  

a = 1 9 . 9 A . ,  b = 9 . 5 0 A . ,  c = l l . 0 A . ,  f l = 9 9  ° 30', 

a n d  tiffs cell contahls  two of the  complex  groups  

(C6HsC6Hs). (O2NCoH4(?6H4NO~)a. 

This  m a y  be c o m p a r e d  witt~ the d imensious  

a = 2 0 - 0 A . ,  b = 9 . 4 6 A . ,  e = l l . 1  A., f i = 9 9  ° 39', 

for the  similar  complex  wi th  h y ( t r o x y d i p h e n y l  

(C6HsC6H4OH). (O2NHGH4C6H4NO2)a. 

Reflexions of t y p e  hkl occur  only wi th  h + k  even,  h00 
only wi th  h even,  and  0k0 only wi th  k even.  The  space 
group  m a y  there fore  be C2, Cm or C2/m., and  all these  
space groups  are spa t ia l ly  possible. In  the  ease of  tl~e 
complex  wi th  h y d r o x y d i p h e n y l  the  space group  was fixed 
f rom spat ia l  cons idera t ions  as Cm. 

Compara t i ve  p h o t o g r a p h s  for the  two complexes  are 
a lmos t  ident ical ,  and  the  t h e r m a l  v ibra t ions  in each  pro- 
(luce diffuse reflexions a c c o m p a n y i n g  cor respond ing  
spect ra .  

The  he1 spec t ra  were recorded  on a Weissenberg  photo-  
g r aph  t a k e n  wi th  a crys ta l  mor ta red  abou t  the  b axis. 
The  intensi t ies  of these  spec t ra  were m e a s u r e d  on a 
m i c r o p h o t o m e t e r  ca l ib ra ted  aga ins t  a s t a n d a r d  wedge.  
The  values  of F(hOl) are c o m p a r e d  wi th  the  cor responding  
values of F(hO1) observed  for the  complex  with  h y d r o x y -  
d ipheny l  (af ter  s u b t r a c t i n g  the  ca lcu la ted  con t r ibu t ion  of 
the  OH group)  in Table  1. The  a g r e e m e n t  is excel lent .  

Assuming  the  space group C2/m, a Four ie r  p ro jec t ion  
()f the  uni t  cell a long b on to the  ac plane was made ,  and  
the  con tou r  d i a g r a m  thus  ob ta ined  was found  to be closely 
s imilar  to the  cor responding  con tou r  d i a g r a m  for the  
complex  wi th  h y d r o x y d i p h e n y l ,  the  only signif icant  differ- 
once being t h a t  the re  was no peak  cor responding  to the  
posi t ion of the  OH group.  

I f  the  space group  is e i ther  Cm or C2/m, it should  be 
no ted  tha t ,  since there  axe only two ' c o m p l e x  g r o u p s '  in 
the  trait cell, it is theft necessa ry  for the  d ipheuy l  mole- 

cules to lie comple te ly  in the  mi r ro r  planes,  mad fl,," t l~o 
(l ini trodipheIlyl  molecules  to lie across the  mi r ro r  plaiws, 
as was found  to be the  case fl)r the  laydroxv(ti i) lmnyl 
complex.  It. should  be possible to dis t iuguish bctwecl l  t I~e 
possible space groups  by observing the  pyre -e lec t r i c  c!'f(,(.t, 
but  we have  been tmable  to ob ta in  single c rys ta ls  large 
e,mugl~ to m a k e  satisfact(~ry m e a s u r e m e n t s .  

Tabh~ 1 

hOl D H l,( ff l) tl 
200 80 72 Sol (i(~ t;I~ 
4t)0 121) 11t9 x1~2 11;(~ llH 
600 S2 ,(}3 803 3 l 5!~ 
8011 41 46 hi04 15 24 

1 u,0,0 i 4 27 8O5 47 7 I 
14,0,0 17 26 806 21 25 

001 25 2~ 81}7 "23 2~; 
002 27 35 S(~i 27 4 I 
I)03 270 219 SU~ 2t; 43 
004 2t) 2"2 80~] 79 st 
005 29 49 8()~, 5,q .SH 
006 23 32 8(}5 14 
007 20 28 ~08 22 31 
2u 1 60 56 8,0,10 24 34 
202 74 76 10,0,1 "2"2 35 
2t)4 23 24 10,0,2 44 52 
2115 "21 35 l 0,0,5 2"2 "2 I 
20] 37 29 10,(I,6 23 23 
'20~, 53 40 10,0,i "2"21) 197 
20,3 241) 177 10,0,~1 19 
2071 36 41 10,0,4 106 ~4 
205 71 59 12.0. i 39 :5.5 
208 155 114 12.0.'~ I .(t 2~t 
402 43 32 12,0.7 33 3 S 
403 70 80 14,0,1 37 37 
404 2(I 1.9 14,11,2 36 42 
41)5 211 28 14,0,i ~2 ~I 
40i  110 88 14,0,.~ 27 35 
40 :) 36 35 16,0,1 33 27 
403 14 14 16.0.] 13 1 ti 
40 J, 44 42 16.0.,~ 27 44 
405 16 21 16,0,7 37 54 
602 12t1 110 1)=F(hOl) observed for the di- 
603 56 62 phenyl complex. 
604 22 25 H=F(h0 l )  observed for hy- 
605 15 - -  droxydiphonyl complex, and 
606 17 - -  after subtraction of the eon- 
60i 176 121) t ribution of the OH group. 
60'2 80 68 
60~ 23 24 
60~ 21 32 
60~ 25 28 
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