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ORIENTATIONS OF 1,2-DIBROMOETHYLENE I N  VARIOUS NEMATIC 

L I Q U I D  CRYSTALS 

KOH FUJIMURA, SHOICHI KONDO, and MASATAMI TAKEDA 

Department of Chemistry, Science Univers i ty  of Tokyo, 

1-3 Kagurazaka, Shinjuku-ku, Tokyo 162, Japan 

(Submitted for Publication October 22 ,  1980) 

The l i q u i d  c r y s t a l s  g ive  g e n e r a l l y  wide-l ine iWR s p e c t r a ,  

showing l i t t l e  o r  no f i n e  d e t a i l .  This  i s  due t o  t h e  l a r g e  

number of pro tons  i n  t h e  molecule,  r e s u l t i n g  i n  a ve ry  l a r g e  

number of overlapping of peaks,  and thus  unresolved peaks.  

Both H-NMR and ESR method f o r  small amounts of a probe mole- 

c u l e  added t o  a l i q u i d  c r y s t a l  have been used t o  s tudy  order-  

i n g s  and phase t r a n s i t i o n s  i n  l i q u i d  I n  t h e  case  

of t h e  probe molecule i s  chosen t o  con ta in  very  few pro tons ,  

i t s  'H-NMR spectrum w i l l  c o n s i s t  of on ly  a few narrow peaks.  

One of t he  most u s e f u l  a s p e c t s  of t h e  probe s p e c t r a  i s  t h a t  

they  provide a s e n s i t i v e  measure of t h e  r e l a t i v e  degree of 

o r i e n t a t i o n  of l i q u i d  c r y s t a l .  

1 

This  work c o n s i s t s  e s s e n t i a l l y  of a s tudy  on t h e  behav- 

i o u r  of t h e  H-NMR(100MHz) s p e c t r a  of 1,2-dibromoethylene i n  

a number of l i q u i d  c r y s t a l s ,  as  a func t ion  of temperature .  

The formulae and t h e  phase t r a n s i t i o n  temperatures  of a l l  

l i q u i d  c r y s t a l s  s tud ied  are shown i n  Table 1. A mixture  of 

cis and t r a n s f o r m s o f  1,2-dibromoethylene(DBE) w a s  used. The 

r a t i o  of cis- and trans-DBE w a s  found t o  be 6 0 : 4 0  by gas  

chromatography through measured temperature  range. I n  a l l  

samples, t h e  t o t a l  mole f r a c t i o n  of t he  solute(X) w a s  he ld  

cons t an t  a t  0.08. 

1 

Figure  1 shows '€I-NMR s p e c t r a  i n  each phase of CH3/DBE 

system a t  s e v e r a l  temperatures .  The s p e c t r a  i n  s o l i d / i s o t r o p -  
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146 K. FUJIMURA, S. KONDO, and M. TAKEDA 

TABLE 1. L i s t  of t he  l i q u i d  c r y s t a l l i n e  compounds used. 

Nematic 
Range/oC Abbreviat ion Name and Formula 

RO@H=N 0 C 4 H s  C Z H 5  37-80 EBBA 

C3H7 41.1-55.7 PBBA N-(p-a1koxybenzylidene)-p- 
b u t y l a n i l i n e  C b H g  45.7-74.7 BBBA 

C 3 H 7  37.3-66.2 CH3 

C 4 H p  29.5-66.5 CH4 
R e  COO -@C 5H I I 

4'-pentyloxyphenyl trans-4- 
alkylcyclohexanecarboxylate C5H11 34.1-75.9 CH5 

i c ( S / I )  phase of t h e  CH3/DBE system showed progress ive  in-  

crease i n  molecular  mob i l i t y  wi th  inc reas ing  temperature .  

I n  t h e  nematic (N) and sol id/nernat ic(S/N) phases ,  t h e  fou r  

s i g n a l s  due t o  o r i e n t e d  cis- and trans-DBE were observed on 

the  broad background of CH3. Two doublet  s i g n a l s  i n  i n s i d e  

and o u t s i d e  have been ass igned  t o  t h e  pro tons  of t r ans -  and 

c i s - D B E ,  r e s p e c t i v e l y ,  by cons ider ing  the  chemical s h i f t s  

and t h e  s t r e n g t h  of each s i g n a l .  I n  t h e  S/N phase,  t he  fou r  

s i g n a l s  due t o  o r i e n t e d  probe molecule are broader  than those  

i n  nematic phase.  A t  55OC, t h i s  mixture  system changes t o  

t h e  nemat i c / i so t rop ic (N/ I )  coex i s t ing  phase,  and the  spectrum 

becomes complex due t o  t h e  appearance of s i g n a l s  from t h e  

i s o t r o p i c  p a r t  of t he  so lven t .  F igure  l ( e )  shows t h e  rela- 

t i v e l y  h igh ly  reso lved  spectrum above the  c l e a r i n g  po in t  of 

so lu t ion .  S imi la r  changes i n  t h e  spectrum on warming have 

been a l s o  observed i n  a l l  o t h e r  systems. 

We w i l l  d i s cuss  t h e  temperature  dependence of t he  o rde r  

parameter f o r  cis- and trans-DBE i n  these  systems. The 

d i r e c t  coupl ing D w a s  es t imated  from the  sp l i t t i ng (Av)  of 

each double t  s i g n a l  f o r  cis- and trans-DBE. Thus, t h e  va lues  
HH 
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ORIENTATION OF PROBE IN NEMATIC 147 

(a) S/I 

(d)  N / I  a t  5 5 . 0 " C  a t  5 8 . 1 " C  

a t  2 5 . 5 " C  

F I G U R E  1. 'H-NMR spectra i n  each phase of CH3/DBE system. 
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148 K. FUJIMURA, S. KONDO, and M. TAKEDA 

of the  o rde r  parameter f o r  cis and t r a n s  forms were determined 

sepa ra t e ly .  The o rde r  parameter is  der ived from the  fol lowing 

equat ions .  

hYL 
2 3  S =  

4~ r D~~ 

where y i s  t h e  gyromagnetic r a t i o  of proton,  r is the  i n t e r -  

proton distance(cis-DBE; r=2.44AY trans-DBE; r=2.98A), and 

h is  t h e  Planck's cons t an t .  The s i g n  of t he  S va lue  can be 

determined from s p e c t r a l  a n a l y s i s  of a 13C-enriched sample 

of t he  s o l u t e ,  bu t  on ly  t h e  a b s o l u t e  va lue  of t he  o rde r  param- 

e te r ,  IS1 , is  d iscussed  i n  t h i s  paper.  

temperature  dependence of t h e  I S 1  va lues  f o r  cis- and 

trans-DBE i n  CH3. 

wi th  inc reas ing  temperature .  A t  around S/N-N t r a n s i t i o n  t e m -  

pe ra tu re ,  t h e  o rde r  parameter has t h e  maximum value .  Ve have 

previous ly  r epor t ed  t h e  complete phase diagram of EBBAIDBE 

system! A s  shown i n  t h e  phase diagram, t h e  mole f r a c t i o n  of 

added s o l u t e  i n  t h e  nematic p a r t  of SIN phase decreases  rap- 

i d l y  wi th  inc reas ing  temperature .  Consequently, t h e  e x t e n t  

of alignment of a l i q u i d  c r y s t a l  would inc rease  wi th  decreas-  

ing  t h e  mole f r a c t i o n  of s o l u t e .  

Figure 2(a)  shows the  

I n  the  SIN phase,  t h e  I S 1  va lues  inc rease  

The decrease  i n  t h e  I S 1  va lue  on warming of t he  nematic 

phase i s  t y p i c a l  f o r  t h i s  phase. 

decreases  more r a p i d l y  wi th  inc reas ing  temperature  as  com- 

pared wi th  those f o r  trans-DBE. However, i t  can be seen from 

Figure  3 t h a t  a l though t h e  magnitudesof  the  I S [  va lues  f o r  

those s o l u t e s  are q u i t e  d i f f e r e n t ,  t h e  r e l a t i v e  I S 1  va lues  

decrease  more o r  less i n  t h e  same manner. This  i n d i c a t e s  

t h a t  t he  r e l a t i v e  temperature  dependence of the  o rde r  parame- 

ter of t he  s o l u t e  depends only  upon t h e  so lvent  l i q u i d  c rys-  

The IS1 va lue  f o r  c i s - D B E  
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ORIENTATION OF PROBE IN NEMATIC 149 
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O O  
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0.04 t 00 

1.,1. 
30 40 50 60 

Temp. 1 ° C  

F I G U R E  2 .  
c i s - D B E  and t r a n s - D B E  i n  l i q u i d  c r y s t a l .  (a> CH3/DBE,  
(b )  CH5/DBE;  a c i s - D B E , ~ t r a n s - D B E  

Temperature dependence of t h e  I S I v a l u e s  f o r  

8 
8 

F I G U R E  3 .  
f o r  c i s - D B E  and t r a n s - D B E  i n  CH3.  

Temperature dependence of t h e  r e l a t i v e  I S 1  v a l u e s  
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150 K. FUJIMURA, S. KONDO, and M. TAKEDA 

t a l .  

t o  t h e  one measured a t  t h e  lowes t  tempera ture  i n  t h e  nematic 

reg ion .  S i m i l a r  t empera ture  dependences of t h e  r e l a t i v e  I S I 
v a l u e s  a r e  a l s o  o b t a i n e d  f o r  t h e  o t h e r  compounds s t u d i e d .  

The r e l a t i v e  I S 1  v a l u e  h e r e  i s  t h e  r a t i o  of a 1st v a l u e  

We have p r e v i o u s l y  r e p o r t e d  t h a t  t h e  I SI v a l u e  of c i s - D B E  

i n  EBBAIDBE systems a t  X = O . 1 5  and 0 .27  d i d  n o t  change w i t h  

tempera ture  i n  N/I phase6 

t h e  tempera ture  dependences of t h e  1st v a l u e  f o r  CH5/DBE 

and BBBA/DBE systems are d i f f e r e n t  from t h e  prev ious  r e s u l t s .  

The o r d e r  parameter  of t h e s e  two systems changed cont inuous ly  

on going from t h e  nematic  t o  N / I  phase.  

However, as  shown i n  F igure  2 ,  

Chen and Luckhurst  u s i n g  t h e  ESR method have s t u d i e d  t h e  

degree  of a l ignment  of a paramagnetic probe, vanadyl  a c e t y l -  

a c e t o n a t e ,  i n  m i x t u r e s  of n-azoxyanisole  w i t h  v a r i o u s  

non-mesomorphic s o l u t e s ,  and r e p o r t e d  t h a t  a p l o t  of t h e  

degree of a l ignment  833 a g a i n s t  t h e  reduced tempera ture  T* 

produces a common curve  f o r  a wide range  of s o l u t e s  and con- 

c e n t r a t i o n s ?  They have sugges ted  t h a t  t h e  s i n g l e  curve  i n  

t h e  reduced temepra ture  p l o t  s u p p o r t s  t h e  n o t i o n  t h a t  t h e  

al ignment  of t h e  s o l u t e  i s  a p r o p e r t y  of t h e  mixture ,  and n o t  

of t h e  s o l u t e  a lone .  Based on t h e i r  r e s u l t s ,  t h e  d i f f e r e n c e s  

of t h e  o r i e n t a t i o n  among l i q u i d  c r y s t a l s  used are d i s c u s s e d  

by t h e  reduced temperature  dependences of t h e  o r d e r  parameter  

f o r  cis- and trans-DBE i n  each system. 

v a l u e  a g a i n s t  t h e  reduced tempera ture  are given i n  F i g u r e s  4 

and 5 ,  where T*=T/T T* being  t h e  reduced temperature  

and T 

p e r a t u r e  of t h e  mixture .  A s  shown i n  F i g u r e s  4 and 5,  t h e  

reduced tempera ture  dependences of t h e  I SI v a l u e s  of cis- and 

trans-DBE are q u i t e  d i f f e r e n t .  The reduced tempera ture  p l o t s  

of trans-DBE i n  each system e x h i b i t  c l e a r l y  two curves  which 

approach each o t h e r  g r a d u a l l y  w i t h  i n c r e a s i n g  T*. 

P l o t s  of t h e  IS1 

N-N/Iy 
t h e  nematic  t o  n e m a t i c / i s o t r o p i c  t r a n s i t i o n  t e m -  N-NII 
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ORIENTATION OF PROBE IN NEMATIC 151 
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FIGURE 4. 
the reduced temperature .  

P l o t s  of t he  I S  I va lue  f o r  trans-DBE a g a i n s t  
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FIGURE 5. 
t h e  reduced temperature .  

P l o t s  of t he  I S 1  va lue  f o r  c i s - D B E  aga ins t  
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152 K. FUJIMURA, S. KONDO, and M. TAKEDA 

I n  t h e  f i g u r e ,  t h e  lower and upper l i n e s  r e s u l t  from CH3, CH4, 

CH5/DBE systems and EBBA, PBBA, BBBA/DBE systems,  r e s p e c t i v e l y .  

The 1st v a l u e  of trans-DBE i n  each homologous series i n c r e a s e s  

i n  t h e  same manner w i t h  decreas ing  t h e  reduced tempera ture .  

Two c u r v e s  i n  t h e  reduced tempera ture  p l o t s  of t h e  I S 1  

v a l u e  of trans-DBE are v e r y  i n t e r e s t i n g  r e s u l t .  On t h e  o t h e r  

hand, p l o t s  of t h e  I S \  v a l u e  of c i s - D B E  i n  each system a g a i n s t  

T* seem t o  l i e  on a common curve  a l though t h e  p l o t s  show some 

scatter from system t o  system. I n  such m i x t u r e  systems,  t h e  

l i q u i d  c r y s t a l - l i q u i d  c r y s t a l  and t h e  l i q u i d  c r y s t a l - s o l u t e  

i n t e r a c t i o n s  p l a y  an  impor tan t  role f o r  t h e  phase t r a n s i t i o n  

behaviour;  t h e r e f o r e ,  t h e s e  i n t e r a c t i o n s  may be c o r r e l a t e d  t o  

t h e  above reduced tempera ture  dependence. 
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