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SOME PARTIALLY RESOLVED PROBLEMS I N  NMR O F  M I X E D  
L I Q U I D  CRYSTALS OF OPPOSITE DIAMAGNETIC ANISOTROPIES 

C . L . KHETRAPAL and A .  C. KUNWAR 
Raman Research I n s t i t u t e  

*Bangalore 560080, Ind ia  

M. R. LAKSHMINARAYANA 
Universi ty  of A g r i c u l t u r a l  Sciences 
Bangalore 560065, Ind ia  

NMR s p e c t r a  of molecules d i s so lved  i n  mixed l i q u i d  
c r y s t a l s  of opposi te  diamagnetic a n i s o t r o p i e s  have 
been e x t e n s i v e l y  used i n  t h e  determination of  chemi- 
c a l  s h i f t  anisotropy and o t h e r  u s e f u l  information 
which i s  normally d i f f i c u l t  t o  de r ive  without t h e  
he lp  of  such experiments.  However, s t u d i e s  on 
systems such a s  methanol, t e t r ame thy l s i l ane  and 
the observat ion of two s p e c t r a  a t  t he  c r i t i c a l  con- 
c e n t r a t i o n  and temperature a r e  only p a r t i a l l y  under- 
stood. D e t a i l s  of such i n v e s t i g a t i o n s  a r e  p re sen ted  
with c r i t i c a l  up-to-date eva lua t ion  of t he  experi-  
ments. 

1. INTRODUCTION 

The use of  NMR spectroscopy of o r i e n t e d  molecules i n  t h e  

determination o f  chemical s h i f t  anisotropy and t h e  s tudy 

of deformations and o r i e n t a t i o n  of t e t r a h e d r a l  molecules 

has a t t r a c t e d  t h e  a t t e n t i o n  of var ious groups. ' I 2  

information der ived and t h e  t h e o r i e s  presented so f a r  

do no t  provide unique answers t o  these  problems. A s  f a r  

a s  t h e  determination of chemical s h i f t  anisotropy using 

The 
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190 C. L. KHETRAPAL, A .  C. KUNWAR AND M. R. LAKSHMINARAYANA 

t h i s  technique i s  concerned, var ious improvements i n  the  

method of  ob ta in ing  t h e  d i f f e r e n c e s  i n  t h e  chemical 

s h i f t s  between t h e  i s o t r o p i c  and t h e  nematic phases have 

been proposed from t i m e  t o  time i n  o r d e r  t o  reduce t h e  

e r r o r s  due t o  so lven t  e f f e c t s .  However, every method 

suggested s u f f e r s  from one o r  more disadvantage (s) with 

t h e  r e s u l t  t h a t  t he  values  der ived f o r  t h e  same compound 

a re  r a r e l y  i n  agreement with each o t h e r  p a r t i c u l a r l y  f o r  
3 

t he  proton chemical s h i f t  anisotropy.  The N E M I X  method , 
proposed by Khetrapal and Kunwar , u t i l i z i n g  a c r i t i -  

c a l  mixture of two l i q u i d  c r y s t a l s  of opposi te  diamag- 

n e t i c  a n i s o t r o p i e s  avoids t h e  use of  a reference com- 

pound and hence t h e  a d d i t i o n a l  e f f e c t s  i n  t h i s  case a r e  

reduced compared t o  those i n  o t h e r  methods. However, 

t he  ' l o c a l  e f f e c t s ' ,  p r e sen t  even i n  t h i s  method need t o  

be considered .in o r d e r  t o  o b t a i n  t h e  ' t r u e '  values .  I n  

c e r t a i n  cases .  t h e  e f f e c t s  a r e  so l a r q e  t h a t  t h e i r  me- 

sence becomes obvious from t h e  ' r i d i c u l o u s '  values  of t h e  

4-6 

I 
derived parameters i f  t h e  e f f e c t s  a r e  neqlected . The 

q u a n t i t a t i v e  determination of such e f f e c t s  i s ,  however, 

no t  easv.  S i m i l a r l v .  s t u d i e s  on t e t r a h e d r a l  molecules 

i n  mixed l i q u i d  c r v s t a l s  of  oppos i t e  diamasnetic aniso- 

t r o p i e s  l e a d  t o  d e f i n i t e  evidence f o r  t h e  ex i s t ence  of  

verv l a r q e  e f f e c t s  which a r e  n o t  y e t  understood. Some 

such anomalies a r e  demonstrated i n  t h e  p re sen t  communi- 

c a t i o n  toge the r  with an unambisuous demonstration of  t h e  

ex i s t ence  of  t h e  i s o t o p i c  e f f e c t s  on t h e  NMR s p l i t t i n s s  

observed i n  t e  t rame t h v l s i l  ane . 

2 .  EXPERIMENTAL 

The proton NMR s p e c t r a  o f  a c e t o n i t r i l e ,  benzene, 
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NMR IN MIXED LIQUID CRYSTALS 191 

methanol and t e t r eme thy l s i l ane  i n  s i n g l e  and mixed 

l i q u i d  c r y s t a l s  of p o s i t i v e  and negat ive diamagnetic 

a n i s o t r o p i e s  were recorded on a Bruker WH-270 FT-NtlR 

spectrometer  equipped with a BNC-12 computer with a core 

memory of 20K. The l i q u i d  c r y s t a l  of p o s i t i v e  diamag- 

n e t i c  anisotropy was N-(p'-ethoxybenzy1idene)-p-n-buty- 

l a n i l i n e  (EBBA) and t h e  one with negat ive diamagnetic 

anisotropy was Merck ZLI-1167 ( a  t e r n a r y  e u t e c t i c  mixture 

of propyl-pentyl- ,  and heptyl-bicyclohexyl c a r b o n i t r i l e ) .  

Nearly 0 . 3  : 1 . 0  mixture of EBBA and ZLI-1167 by weight,  

provided a c r i t i c a l  mixture i n  a l l  t h e  cases  where 

s p e c t r a  due t o  both t h e  o r i e n t a t i o n s  namely those corres-  

ponding t o  t h e  alignment of t h e  l i q u i d  c r y s t a l  o p t i c  a x i s  

along and orthogonal t o  t h e  magnetic f i e l d  were observed 

a t  d i f f e r e n t  temperatures depending upon t h e  s o l u t e  con- 

c e n t r a t i o n s  and t h e  na tu re  of ' t h e  s o l u t e  molecules. 

Typical s p e c t r a  of benzene, a c e t o n i t r i l e  and methanol 
I 

have been discussed elsewhere along with the  experi-  

mental cond i t ions .  The s p e c t r a  of  t e t r eme thy l s i l ane  a t  

and nea r  t h e  c r i t i c a l  po in t  a r e  shown i n  f i g u r e  1. 

3 .  RESULTS AND DISCUSSION 

3 . 1  Benzene and a c e t o n i t r i l e  

The proton chemical s h i f t  a n i s o t r o p i e s  of benzene and 

a c e t o n i t r i l e  w e r e  determined both by the  NEMIX and t h e  

GRADIENT methods. 

In  t h e  N E M I X  method, t h e  sepa ra t ion  (A&) between t h e  

cen t r e s  of t h e  two s p e c t r a  a t  t he  c r i t i c a l  p o i n t  and 

the  o r d e r  parameters ( S  ) of t h e  symmetry axes were used 

t o  determine t h e  proton chemical s h i f t  a n i s o t r o p i e s  ( A 0  ) H 
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192 C. L. KHETRAPAL, A. C. KUNWAR AND M .  R .  LAKSHMINARAYANA 

n 

FIGURE 1 Proton magnetic resonance s p e c t r a  of t e t r a -  
methyls i lane a t  va r ious  temperature i n  
0 . 3  : 1 . 0  mixture (by weight) of EBBA : 

ZLI-1167;  s o l u t e  concentrat ion:  3% (by 
we igh t ) ;  spectrometer frequency: 270  MHz; 
N o .  of scans: 240. 

with the he lp  o f  r e l a t i o n ( 1 )  : 

The values  thus  obtained f o r  benzene and a c e t o n i t r i l e  are 

-1.49 2 0 .01  and - 2 . 0 1  2 0.01 ppm respec t ive ly .  

The GRADIENT method was a l s o  employed i n  both the cases  

(namely benzene and a c e t o n i t r i l e )  by changing t h e  tcmp- 

e r a t u r e  above and below t h e  c r i t i c a l  po in t .  The o rde r  

parameters of  t h e  symmetry axes (S f o r  a c e t o n i t r i l e  

and S f o r  benzene) were p l o t t e d  a g a i n s t  t h e  chemical 

s h i f t  i n  t he  nematic phase ( u  ) with r e spec t  t e t r a -  

c3 

' 6  

a n i s o  
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NMR IN MIXED LIQUID CRYSTALS 193 

methyls i lane used a s  t h e  i n t e r n a l  reference.  The p l o t s  

a r e  shown i n  f i g u r e  2 and 3 f o r  benzene and a c e t o n i t r i l e  

r e spec t ive ly .  Figures 2 and 3 show t h a t  t h e  p l o t s  a r e  

s t r a i g h t  l i n e s  i n  each case  f o r  each type of  o r i en ta -  

t i o n .  However, though t h e  ex t r apo la t ion  of t h e  s t r a i g h t  

l i n e s  from both t h e  s i d e s  of t h e  c r i t i c a l  p o i n t  t o  zero 

o rde r  parameter meet a t  t he  same p o i n t  i n  benzene, t h e r e  

a r e  s i g n i f i c a n t  dev ia t ions  i n  a c e t o n i t r i l e .  This c l e a r l y  

demonstrates t h a t  the i s o t r o p i c  chemical s h i f t  de t e r -  

'\. Is, 

EBBA Like 

---I 

I I I I I I I 1 I I I J 

0.10 0.08 4.06 0.04 4.02 0 0.02 0.04 0.06 0.08 0.10 
Order Parameter Along Symmetly Axis 

FIGURE 2 A p l o t  of chemical s h i f t  i n  t he  nematic phase 
with reference t o  t e t r ame thy l s i l ane  a s  an 
i n t e r n a l  s tandard vs .  t h e  o r d e r  parameter of 
t he  6-fold symmetry a x i s  i n  benzene dissolved 
i n  a 0 . 3  : 1 (by weight) mixture of EBBA : 
ZLI-1167. The change i n  t h e  o rde r  parameter 
was achieved by v a r i a t i o n  of  t h e  temperature 
around c r i t i c a l  p o i n t  (16Oc). Solute  conccn- 
t r a t i o n :  3 weight p e r  cen t ;  spectrometer 
frequency: 270 MHz. 
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194 C. L. KHETRAPAL, A .  C. KUNWAR AND M. R. LAKSHMINARAYANA 

-420 

ZLI-1167 Like 

’- 
EBBA Like 

mined by t h e  GRADIENT method c e r t a i n l y  con ta ins  con t r i -  

bu t ions  from t h e  s o l v e n t  e f f e c t s  which a r e  d i f f e r e n t  f o r  

d i f f e r e n t  o r i e n t a t i o n s  a t  l e a s t  i n  a c e t o n i t r i l e .  Such 

c o r r e c t i o n s  must be es t ima ted  be fo re  de r iv inq  t h e  ’ t r u e  ’ 
i s o t r o p i c  chemical s h i f t s .  I n  benzene, on t h e  o t h e r  hand 

t h e  i s o t r o p i c  chemical s h i f t  de r ived  by t h e  GRADIENT 

method is  t h e  same as t h e  i s o t r o p i c  phase value.  The 

chemical s h i f t  anisotropy value (AD ) derived by t h e  

GRADIENT method i s ,  however, -3.34 p p m .  a q a i n s t  t h e  value 

determined by t h e  N E M I X  method as -1.49 ppm. The 

va lues  f o r  a c e t o n i t r i l e  determined by t h e  GRADIENT method 

are 0.42 and 3.48 ppm dependinq upon whether t hey  a r e  

der ived from EBBA o r  ZLI-1167 type of o r i e n t a t i o n s .  They 

H 

H 
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NMR IN MIXED LIQUID CRYSTALS 195 

d i f f e r  d r a s t i c a l l y  from t h e  value obtained by t h e  N E M I X  

method (-2.01 ppm). A n  es t ima te  of  l o c a l  e f f e c t s  i s ,  

t h e r e f o r e ,  very e s s e n t i a l  i n  o r d e r  t o  ob ta in  r e s u l t s  

cons i s t en t  with both t h e  methods. 

3.2 Methanol 

A s  mentioned e a r l i e r 7 ,  t h e  chemical s h i f t  d i f f e rence  of 

t h e  methyl protons i n  t h e  two o r i e n t a t i o n s  i s  166.4 Hz 

a t  270 MHz such t h a t  t he  molecules with l a r g e r  spread 

(EBBA-like o r i e n t a t i o n )  'appear '  a t  lower f i e l d .  Using 

a s c a l i n g  d i s t ance  of 1.80 % between t h e  methyl p ro tons ,  

a very u n r e a l i s t i c  value of  -104.3 ppm i s  obtained f o r  

Lo f o r  t h e  methyl protons i n  methanol. It  can be i n t e r -  

p re t ed  i n  t e r m s  of  t h e  'mu l t ip l e  s i t e  theory '  and t h e  

' l o c a l  e f f e c t s '  a s  mentioned e a r l i e r .  

H 

7 

3.3  Tetramethyls i lane 

A t  t h e  c r i t i c a l  p o i n t ,  t e t r ame thy l s i l ane  provides  two 

spec t r a  ( e s s e n t i a l l y  t r i p l e t s )  s epa ra t ed  by 0 .42  ppm 

(288 K) in f i g u r e  1 and the  GBBA-like o r i e n t a t i o n  appears 

a t  a lower f i e l d .  Since it i s  a t e t r a h e d r a l  molecule, a 

small  s p l i t t i n g  (g iv ing  r i s e  t o  e s s e n t i a l l y  the  t r i p l e t  

s t r u z t u r e )  a t t r i b u t e d  t o  d i s t o r t i o n s  i n  t h e  t e t r a h e d r a l  

symmetry i s  usua l ly  observed i n  t h i s  case.  

explanat ions have been given t o  understand the  o r i e n t a -  

t i o n  of  t he  t e t r a h e d r a l  and cubic  molecules bu t  none g ives  

Though va r ious  

1,L a f u l l y  s a t i s f a c t o r y  answer . I n  t h e  p re sen t  case even 

i f  t h e  e n t i r e  t r i p l e t  s p l i t t i n g  i s  a t t r i b u t e d  t o  t h e  normal 

o r i e n t a t i o n a l  e f f e c t s  caused by d i s t o r t i o n s  i n  symmetry, 

one can e s t ima te  an upper l i m i t  o f  t h e  s h i f t  between t h e  

two groups a t  t h e  c r i t i c a l  p o i n t  where the  two s p e c t r a  
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coex i s t .  Taking a value of f o r  Sc3 (corresponding 

t o  t h e  e n t i r e  s p l i t t i n g )  and a very l a r g e  value of t h e  

proton chemical s h i f t  anisotropy of  5.0 ppm f o r  t h e  methyl 

protons i n  t e t r ame thy l s i l ane ,  t h e  upper l i m i t  of  t h e  s h i f t  

(a6 ) between t h e  t e t r ame thy l s i l ane  l i n e s  a t  coexistence 

t u r n s  o u t  t o  be 2 .0  Hz a t  270 MHz (0.007 ppm) which i s  

n e g l i g i b l e  compared t o  t h e  observed value of  0.42 ppm. 

The r e s u l t s ,  t h e r e f o r e ,  i n d i c a t e  dominant ' l o c a l  e f f e c t s  ' 
even i n  t e t r a h e d r a l  molecules. Their  t h e o r e t i c a l  e s t ima te  

should throw l i g h t  on t h e  mechanism of o r i e n t a t i o n  i n  

t e t r a h e d r a l  molecules. 

Another i n t e r e s t i n g  f e a t u r e  i n  the  proton spectrum of 

t e t r a m e t h y l s i l a n e  inc lud ing  I3C-H s a t e l l i t e s  i s  t h e  c l e a r  
13 

observat ion of  t h e  i s o t o p i c  e f f e c t s  a r i s i n g  from a C 

s u b s t i t u t i o n  i n  t h e  n a t u r a l  abundance. The t o t a l  t r i p l e t  

s p l i t t i n g  ( f i g u r e  4 )  due t o  I 2 C  t e t r ame thy l s i l ane  i s  

14 .9  Hz compared t o  a value of  16.7 Hz i n  the  spec ie s  

containing a 13C-nucleus. 

a r i s e s  from t h e  ' t r u e '  d i s t o r t i o n s  i n  t h e  molecular 

symmetry caused by a 13C-substitution. 

This d i f f e rence  of  1.8 Hz 

From t h e  coexis tence of t h e  two 1 3 C - s a t e l l i t e  s p e c t r a  

a t  t h e  c r i t i c a l  p o i n t ,  a value of  

s i l a n e  i s  determined a s  118.4 Hz. This i s  t h e  same a s  

t h a t  determined from t h e  spectrum i n  an i s o t r o p i c  phase.  

Values of the  d i p o l a r  couplings D 

f o r  t h e  EBBA-like o r i e n t a t i o n  a t  t h e  c r i t i c a l  p o i n t  t u r n  

o u t  t o  be -4.88 and -2.81 Hz r e spec t ive ly  ( i . e . ,  

i n  te t ramethyl-  
JC-H 

and D der ived 
13C-H HH 

/D = 1.74) .  For a t e t r a h e d r a l  value of  t h e  HCH D13C-H HH 
bond angle ,  t h i s  r a t i o  i s  0.73. The r e s u l t s ,  t h e r e f o r e ,  

c l e a r l y  i n d i c a t e  t h a t  t h e  mechanism of  o r i e n t a t i o n  of 
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NMR IN MIXED LIQUID CRYSTALS 197 

F I G U R E  4 Proton NMR s p e c t r a  inc lud ing  13C-sa t e l l i t e s  
of t e t r ame thy l s i l ane  a t  20°C i n  EBBA; s o l u t e  
concentrat ion:  3 weight p e r  cen t ;  spectro-  
m e t e r  frequency: 270 MHz; No.of scans: 240.. 

t e t r a h e d r a l  molecules i s  more complex than a t t r i b u t i n g  it 

t o  simple d i s t o r t i o n s  i n  t h e  t e t r a h e d r a l  symmetry. 

4 .  CONCLUSIONS 

The experiments discussed,  h e r e i n ,  r epor t  i n t e r e s t i n g  

r e s u l t s  deirived from t h e  s p e c t r a  of  molecules o r i e n t e d  i n  

mixed l i q u i d  c r y s t a l s  of oppos i t e  diamagnetic an i so t rop ie s .  

They pose s e v e r a l  t h e o r e t i c a l  ques t ions  i n  o r d e r  t o  under- 

s t and  them f u l l y .  Though t h e  ' coex i s t ence '  of the two 

types  of s p e c t r a  a t  t h e  c r i t i c a l  p o i n t  gives  r ise t o  

s e v e r a l  new a p p l i c a t i o n s  of NMR, i t  is  st i l l  no t  c l e a r l y  

understood whether t h e  s p e c t r a  a r i s e  because of r e a l  

' coex i s t ence '  of t h e  two phases o r  some s o r t  of inhomo- 

g e n e i t i e s  give r ise t o  t h e i r  appearance. In  any case ,  
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t h e  appl icat ions of t h e  e x p e r i m e n t s  are of great  i n t e r e s t  

t o  chemists and t h e i r  t heo re t i ca l  unders tanding  poses 

i n t e r e s t i n g  problems t o  phys ic i s t s .  
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