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MOLECULAR AND CRYSTAL STRUCTURE OF p-ETHOXYBENZYLIDENE- 
p-n-BUTYLANILINE (EBBA) 
PRELIMINARY DATA ON p-METHOXYBENZYLIDENE-CYANOANILINE 
(MBCA) 

Abbfiact: S ingle  c r y s t a l  X-ray d i f f r a c t i o n  s t u d i e s  
have revea led  the  d e t a i l e d  molecular  s t r u c t u r e  of EBBA, 
w h i l s t  g iv ing  some i n s i g h t  i n t o  t h e  packing of MBCA. 
The molecules l i e  i n  long cha ins  wi th  t h e i r  long axes 
p a r a l l e l ,  and pack toge the r  as i n  the  i d e a l  nematic 
mesophase. 

C r y s t a l s  of EBBA are Monoclinic,  Space Group P21/c.  
u = 7.943(1),  b = 5.623(4) ,  c = 37.376(19)w, 
B = 92.20(4)', z = 4 .  R(R') = 0.082(0.060) f o r  951 d a t a ,  
I > 2 0 ( I ) .  

Crys t a l s  of MBCA a r e  T r i c l i n i c ,  Space Group P i ,  
u = 11.575(5),  b = 5.036(4) ,  c = 11.338(5)A, cc = 89.79(6) ,  
B = 108.14(4) ,  y = 95.82(5)', z = 2 .  

Few s i n g l e  c r y s t a l  i n v e s t i g a t i o n s  of the  l i q u i d  
c r y s t a l l i n e  s ta te  had been completed when t h i s  s tudy  w a s  
begun, thus  more information was sought wi th  a view t o  
c o r r e l a t i n g  p r o p e r t i e s  of t he  nematic mesophase wi th  
molecular packing. 

Su i t ab le  c r y s t a l s  of EBBA were grown from 60140 
petroleum e t h e r  as t r a n s l u c e n t  p l a t e s  which f o r  d a t a  
c o l l e c t i o n  were sea led  i n t o  Lindemann g l a s s  c a p i l l a r i e s .  
I n t e n s i t y  d a t a  were c o l l e c t e d  on a Syntex P21 4-circle 
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212 J.  A. K. HOWARD, A. J. LEADBETTER, and M. SHERWOOD 

automated d i f f r a c t o m e t e r ,  i n  t he  range 2.9 < 20 < 50' using 
Mo-K, monochromatised X-radiat ion and a v a r i a b l e  scan mode. 
Of the  t o t a l  1389 i n t e n s i t i e s  recorded 951 d a t a  were deemed 
observable  according t o  t h e  c r i t e r i o n  I > 20(I )  and only 
these  were used i n  the  f i n a l  s t a g e s  of re f inement ,  dur ing  
which a l l  aon-hydrogen atoms w e r e  r e f i n e d  wi th  a n i s o t r o p i c  
thermal parameters  and the  hydrogen atoms i s o t r o p i c a l l y  
(Table 1). In t he  l a s t  fou r  cyc les  of re f inement ,  t he  mean 
s h i f t  t o  e r r o r  r a t i o  w a s  0 .2 ,  wi th  a maximum of 1 .5  and the  
r e s i d u a l  e l e c t r o n  d e n s i t y  d i f f e r e n c e  syn thes i s  showed no 
peaks >0.2 o r  <-0.2 eA-3 .  
depos i ted  toge ther  w i th  t h e  a n i s o t r o p i c  thermal parameters .  

% ~ C U A ~ & M :  The o v e r a l l  molecular  s t r u c t u r e  of EBBA, w i th  
the  c r y s t a l l o g r a p h i c  numbering scheme, i s  shown i n  F igure  1 
and the  packing of these  molecules i n  t h e  u n i t  c e l l  i n  
Figure 2 .  Se lec ted  bond l eng ths  and ang le s  are repor ted  i n  
Table 2 .  There a r e  no unusual ly  s h o r t  in te rmolecular  con tac t s  
and the  a l i p h a t i c  and aromatic  carbon atoms show t h e  expected 
t e t r a h e d r a l  and t r i g o n a l  geometr ies ,  w i th in  experimental  
e r r o r .  There are molecules s tacked  d i r e c t l y  above and below. 
those shown i n  Figure 2 and the  molecular  axes  a r e  s l i g h t l y  
t i l t e d  r e l a t i v e  t o  t h e  ac p lane .  The molecules  a r e  
arranged i n  head- to- ta i l  rows wi th  t h e  te rmina l  carbon atoms 
of each molecule ec l ip sed  wi th  r e s p e c t  t o  t h a t  of t h e  next  
molecule i n  t h e  row. The d i s t a n c e  between l i n e s  r ep resen t ing  
ad jacent  rows i n  the  ac p l ane  i s  approximately 4.3w. I n  the  
b d i r e c t i o n ,  molecules i n  ad jacent  rows a r e  s tacked d i r e c t l y  
above each o t h e r  t o  form columns, which are d isp laced  r e l a t i v e  
t o  each o t h e r  i n  t h e  d i r e c t i o n  of t h e  long molecular axes .  
Crys t a l  s t r u c t u r e s  i n  which the  long axes have equal  numbers 
of o r i e n t a t i o n s  d i f f e r i n g  by T appear t o  be common t o  a l l  
l i q u i d  c r y s t a l  p recu r so r s  so  f a r  determined c o n s i s t e n t  w i th  
the  f a c t  t h a t  no l i q u i d  c r y s t a l  has  y e t  been found t o  have 
f e r r o e l e c t r i c  p r o p e r t i e s  confer red  by p re fe r r ed  o r i e n t a t i o n  
of t h e  long axes.  The s t r u c t u r e  of EBBA i s  t y p i c a l  of 
nematic p recu r so r s '  i n  having head- to- ta i l  rows of molecules ,  
sometimes s taggered  but  always approximately p a r a l l e l .  

The s t r u c t u r e  f a c t o r  l i s t i n g  i s  

It  i s  of cons iderable  i n t e r e s t  t h a t  t h e  d i p o l e s  a s soc ia t ed  
wi th  both  e t h e r  and S c h i f f ' s  base  l inkages  are nea r ly  co-planar 
i n  p l anes  p a r a l l e l  t o  (001) and t h a t  a l l  t h e  b u t y l  groups 
over lap  t o  form p a r a f f i n i c  shee t s  a l s o  p a r a l l e l  t o  (001).  
These two f e a t u r e s  appear t h e r e f o r e  t o  combine t o  produce 
the  observed c r y s t a l  s t r u c t u r e .  I n  the  nematic phase the  
same l o c a l  s t r u c t u r e  i s  probably preserved but  wi th  a coherence 
l eng th  of on ly  a few molecules i n  any d i r ec t ion . '  
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FlGURE 1 FlGURE 2 
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274 J. A. K.  HOWARD, A. J. LEADBETTER, and M. SHERWOOD 

l a  
X 

ATOM 

(i) EXthoxy Gkoup 

C(1)  1 .@28( 1) 

H(11) 1 .122(9)  

H(12) 0.909(8)  

H(13) 1 .123(9)  

c ( 2 )  0 .977(1 )  

H(21) 1 .090  ( 8 )  

H(22) 0 . 9 3 1  (8)  

O(1) 0 .8760(8 )  

(LL )  1bz P h e ~ y R  R i ~ g  

c (3)  0.812 (1) 

c (4) 0 .712(  1) 

H(41) 0 .672(6 )  

c (5) 0 .644(  1) 

H(51) 0 . 5 5 8 (  7) 

C (6) 0 .846  (1) 

H(61)  0 .957  ( 8) 

C(7)  0 . 7 7 4 (  1) 

H(71) 0 .830  (7)  

C(8)  0.674(1)  

(U) AviLLnic Linkage 

C(9) 0 .596(1 )  

H(91) 0 .629  ( 7 )  

N ( 1 )  0 .5228(9)  

y l b  

0 .117  (2 )  

0 . 2 4 ( 2 )  

0 . 1 5 ( 1 )  

-0.0 3 ( 2) 

0.050 ( 2) 

0 . 0 2  (1) 

-0 .09(1> 

0 . 2 4 1  (1) 

0 . 2 1 8 ( 2 )  

0.411 (2 )  

0 . 5 4 ( 1 )  

0 . 4  13 (2) 

0 . 5 4 ( 1 )  

0 .028(2 )  

-0.09 (1) 

0.034 ( 2 )  

-0.10 (1) 

0.222 (2)  

0 .220  (2) 

0 .09(1 )  

0 .397  (1) 

sZandmd 

Z 
I C  

0.3695(3)  

0 .368(2 )  

0.386 (2 )  

0 . 3 7 8  (2 )  

0 .3316 (3 )  

0.316 (2 )  

0 .330(2 )  

0 .3175 ( 2) 

0 .2831(3 )  

0 .2711(3 )  

0.289 ( 2) 

0 .237  

0 .230(2 )  

0.2602 ( 3) 

0 .267  ( 2) 

0 .2259 ( 3 )  

0 .208(2 )  

0 .2  142 ( 3) 

0 . 1 7  7 1  (3) 

0 .165  (2 )  

0.1627 (2)  
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MOLECULAR/CRYSTAL STRUCTURE 01: EBBA 215 

( i v )  2nd Phcnyl  Ring 

0.445 (1) 

0.342( 1) 

0.304 ( 7) 

0.260(1) 

0.1 80 ( 7) 

0.389 (1) 
0.425 (7) 

0.470( 1) 
0.542(7) 

0.286 (1) 

C(16) 
H( 161) 

H( 162) 

C(17) 

H(171) 

H(172) 

C(18) 
H( 181) 

H(182) 

C(19) 

H(191) 

H( 192) 

H(193) 

0.195(1) 

0.050 (9)  

0.189 (7) 

0.271(1) 

0.424(9) 

0.267 (8) 

0.185 ( 1) 

0.035 (9)  

0.220 ( 8) 

0.250 ( 1) 

0.378(8) 

0.23(1) 

0.220(8) 

0.368(2) 

0.178(2) 

0.06(1) 

0.175(2) 

0.05 ( 1) 

0.537 (2)  

0.67(1) 

0.554(2) 

0.70(1) 

0.356 (2) 

0.342( 2 )  

0.29 (1) 
0.48( 1) 

0.155( 2) 

0.19 (1) 

0.02(1) 

0.139 (2) 

0.13( 1) 
0.28(1) 

-0.066 (2) 

-0.06 ( 1) 

-0.22 

-0.06 ( 1) 

0.1278(3) 

0.1187(3) 

0.138(2) 

0.0852(3) 

0.079(2) 

0.0700 (3) 
0.054( 2) 

0.1034(3) 

O.llO(2) 

0.0597 (3) 

0.0230(3) 

0.025 (2)  

0.013(2) 

-0.0009(3) 

-0.006 ( 2)  

0.008 (2) 

-0.0381(3) 

-0.037 (2) 

-O.O48(2) 

-0.0 603 ( 3) 

0.008 (2) 

-0.048 

-0.084 (2) 
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276 J.  A. K .  HOWARD, A. J. LEADBETTER, and M. SHERWOOD 

TABLE 2 

Selected b o d  l e ~ 3 t h h  

ATOM Distance /Ao 

1.51(1) 

1.43( 1) 

1.37( 1) 

1.41(2)  

1.36(3) 

1.40(1)  

1.40(2) 

1.38(1) 

1.38(1) 

1.50(1) 

1 .26(1)  

ATOM Distance /Ao 

N ( 1 )  - C(10) 1.43(1) 

C(10) - C(11) 1.38(2) 

C ( 1 1 )  - C(13) 1.39(1) 

C(13) - C(12) 1 .40(2 )  

C(10) - C(15) 1 .40 ( 2) 

C(15) - C(14) 1.39(1) 

C(12) - C(16) 1.52(2) 

C(16) - C(17) 1.52(2) 

C(17) - C(18) 1.53 (1) 

C(18) - C(19) 1.52(1) 

ATOM Angleldegrees 

C(2) - O(1) - C(3) 1 1 7  .1(8) 

C(8) - C(9) - N ( 1 )  123.9 ( 8) 

C(9) - N ( 1 )  - C(10) 11 8.4 (8) 

The a l i p h a t i c  and aromatic  carbons show t y p i c a l  t e t r a h e d r a l  
and t r i g o n a l  angles .  

The angle  between the  two phenyl r ings  i s  57.6 . 0 
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MOLECULAR/CRYSTAL STRUCTURE OF EBBA 211 

We r e p o r t  h e r e  a l s o  t h e  c r y s t a l l o g r a p h i c  d a t a  f o r  MBCA. 
The t r a n s l u c e n t  c r y s t a l s  grown from d i e t h y l  e t h e r  have t h e  
t r i c l i n i c  dimensions given i n  the  a b s t r a c t ,  wi th  two 
molecules pe r  u n i t  ce l l .  Th i s  sugges t s  t h a t  t h e  molecules 
l i e  d i agona l ly  ac ross  the  c e l l ,  r e l a t e d  t o  one another  by an 
inve r s ion  c e n t r e  and a l l  our  pre l iminary  d i r e c t  method 
r e s u l t s  support  t h i s  hypothesis .  I t  i s  a l s o  i n  accord with 
the  s o l u t i o n  found f o r  EBBA, bu t  un fo r tuna te ly  a complete 
s o l u t i o n  has  n o t  y e t  been achieved. 

Re 6 E k W  Ceb 

RF Bryan, Proc Pre-Congress Symposium on Organic 
Crys t a l  Chemistry,  Poznan-Dymaczewo, Poland,  
pp. 105-154 (1979). 

AJ Leadbe t t e r ,  RM Richardson, and CN Co l l ing ,  J dc  
Phyhicjue, 36 , C1-37 (1975). 

NOTE: S t r u c t u r e  f a c t o r  l i s t i n g s  and a n i s o t r o p i c  thermal 
parameters  may a l s o  be obtained on reques t  from any 
of t he  au thors .  
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