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PROTON S P I N  RELAXATION I N  A REENTRANT NEMATIC LIQUID 
CRYSTAL MIXTURE 

RONALD Y .  DONG 
Department o f  Phys ics and Astronomy 
Brandon U n i v e r s i t y  
Brandon, Manitoba, Canada 
R7A 6A9 

(Submitted for  P u b l i c a t i o n  December 24, 1980) 

ABSTRACT 
Pro ton  s p i n - l a t t i c e  r e l a x a t i o n  t ime  was measured a t  
t h e  nemat ic-smect ic  A and smect ic  A - reen t ran t  nemat ic  
t r a n s i t i o n s  i n  f o u r  d i f f e r e n t  b i n a r y  m i x t u r e s  o f  80CB 
and 60CB. An asymmetr ic behav io r  o f  T i n  t h e  nemat ic  

phase above and below t h e  smect ic  A phase was found. 
1 

i . I NTRODUCT I ON 

Cladis" '  was f i r s t  t o  observe t h e  nematic (N)-smect ic  
A ( S  ) - r e e n t r a n t  nematic (RN) phase sequence i n  b i n a r y  

m i x t u r e s  o f  c e r t a i n  b i l a y e r  smect ics  a t  atmospher ic 
p ressu re  and i n  pu re  smect ic  l i q u i d  c r y s t a l s  a t  h i g h  
pressure.  The low temperature RN i s  c a l l e d  " r e e n t r a n t "  t o  
d i s t i n g u i s h  i t  f rom t h e  h i g h  temperature nematic phase, 

though they  appear t o  be o p t i c a l l y  i d e n t i c a l . '  
r e c e n t l y  t h e  r e e n t r a n t  phenomenon i s  observed i n  pure 

compounds a t  a tmospher ic  p ressu re .  

d e s c r i b e  t h e  r e e n t r a n t  behav io r  i n  l i q u i d  c r y s t a l s .  T h i s  
i n v o l v e s  an a d d i t i o n a l  f r e e  energy term which couples 
d e n s i t y  and compos i t i on  o f  a b i n a r y  m i x t u r e  t o  t h e  smect ic  
o r d e r  parameter $. Accord ing t o  t h e  above Landau t h e o r y ,  
t h e r e  i s  no e s s e n t i a l  d i f f e r e n c e  between t h e  h i g h  and low 
temperature nemat ic  phases. However t h e r e  remains some 
u n c e r t a i n t y  i n  t h e  n a t u r e  o f  R N  phase, i n  p a r t i c u l a r  i t s  
dynamic p r o p e r t i e s .  A l s o  l i t t l e  i s  known about t h e  S -RN 

t r a n s i t i o n .  

A 

More 

3 Y4 

A phenomenological Landau theo ry  has been proposed5 t o  

A 

Nuclear  s p i n  r e l a x a t i o n  i s  u s e f u l  t o  s tudy  dynamic 
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206 R. Y .  DONG 

p r o p e r t i e s  o f  1 
i n  nemat ic  l i q u  
General l y  speak 

(e. g . p-azoxyan 

q u i d  c r y s t a l s . 6  The r e l a x a t i o n  mechanisms 
d c r y s t a l s  a r e  now w e l l  understood.  
ng p r o t o n  T i n  low v i s c o s i t y  nematics 1 
s o l e )  i s  r e l a t i v e l y  i n s e n s i t i v e  t o  

temperature,  w h i l e  i n  h i g h  v i s c o s i t y  nematics (e .g.  p- 
methoxybenzylidene-p-n-butylaniline) i t  increases w i t h  
i n c r e a s i n g  temperature.  I n  the  former nemat ics,  t h e  
dominant r e l a x a t i o n  mechanism i s  o r i e n t a t i o n a l  o r d e r  
d i r e c t o r  f l u c t u a t i o n s  (ODF)  which a r e  c h a r a c t e r i s t i c  t o  
l i q u i d  c r y s t a l s ,  whereas i n  t h e  l a t t e r  mo lecu la r  s e l f  
d i f f u s i o n  appears t o  be a dominant f e a t u r e  g i v i n g  t h e  
observed temperature dependence. Here we p resen t  t h e  
r e s u l t s  o f  a p r o t o n  s p i n - l a t t i c e  r e l a x a t i o n  s tudy o f  t h e  
N-S  and S -RN t r a n s i t i o n s  i n  b i n a r y  m i x t u r e s  of 

oc ty loxycyanob ipheny l  (80CB) and hexy loxycyanobiphenyl  
(60CB). 

A A 

60CB has a nematic phase bu t  no s t a b l e  SA phase 

Because o f  t h e  v e r y  l a r g e  d i p o l e  assoc ia ted  w i t h  t h e  
n i t r i l e  bond, t h e  a l ky loxycyanob ipheny l  compounds form 

a n t i p a r a l  l e l  assoc ia ted  p a i r s 2  i n  mesophases. 

C l a d i ~ ~ ’ ~ ,  m i x t u r e s  w i t h  more than 22 w t .  % bu t  l e s s  than 
29 w t .  % 60CB show t h e  f o l l o w i n g  t r a n s i t i o n s  w i t h  
decreas ing temperature:  i s o t r o p i c  ( I ) ,  N, S A Y  RN, s o l i d .  

We have s t u d i e d  f o u r  d i f f e r e n t  m i x t u r e s  i n  t h i s  
c o n c e n t r a t i o n  range. 

Accord ing t o  

I I . EXPER IMENTAL 

Proton s p i n - l a t t i c e  r e l a x a t i o n  t ime  (T ) was 

measured as a f u n c t i o n  o f  temperature a t  w = 30 MHz i n  

f o u r  d i f f e r e n t  8OC6-60CB m i x t u r e s ,  t h r e e  o f  which e x h i b i t  
r e e n t r a n t  nemat ic  phase. All T measurements were made by 

c o o l i n g  sample f rom t h e  i s o t r o p i c  phase. The pu re  l i q u i d  
c r y s t a l s  were ob ta ined  from BDH Chemicals, L t d .  and used 
w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  The composi t ions o f  t h e  
m i x t u r e s  were determined t o  b e t t e r  than ? 0.5 w t .  %. As 
shown i n  f i g u r e  I ,  t h e  t r a n s i t i o n  temperatures o f  o u r  
m i x t u r e s  determined by NMR agree w e l l  w i t h  t h e  va lues 
r e p o r t e d  by C l a d i s  e t  a l .  The p r o t o n  F I D  s i g n a l  was used 
t o  d i s t i n g u i s h  between SA and N ( o r  RN)  phases s i n c e  s i g n a l  

i n  S phase narrowed as sample was r o t a t e d  by t h e  magic 

1 
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PROTON RELAXATION IN REENTRANT 207 

a n g l e  o f  54.7".  A l l  samples were degassed by t h e  f reeze -  
pump-thaw method and sealed i n  7.5 mm 0.d. NMR tube  under 
vacuum. 

F I G U R E  1 Phase 
diagram o f  b i n a r y  

ISOTROPIC m i x t u r e  o f  60CB i n  
80CS. S o l i d  phase 
l i n e s  a r e  f rom 
reference 7. 

NEMATIC 

60CB ( w t . % , )  

T was measured u s i n g  1 8 0 " - ~ - 9 0 "  sequence w i t h  a home- 

b u i  t v a r i a b l e  f requency coherent  pu lsed NMR spect rometer  
equ pped w i t h  a BNC-12 ( N i c o l e t )  FFT accesso r ies .  The main 
corn onents a r e  a Rockland Model 5600 s y n t h e s i z e r ,  an 
Amp i f i e r  Research Model 2OOL power a m p l i f i e r  and an 
Arenberg Model WA-600-E-DC amp1 i f  i e r  and preamp. The NMR 
probe i s  p laced i n  an oven c o n s t r u c t e d  by u s i n g  a copper 
c y l i n d e r  wrapped w i t h  h e a t i n g  c o i l .  The temperature o f  t h e  
oven i s  c o n t r o l l e d  w i t h  a Thermal E l e c t r i c  Model 32422 
temperature c o n t r o l l e r .  The sample temperature was 
mon i to red  w i t h  a copper-constantan thermocouple and t h e  
temperature g r a d i e n t  across t h e  sample was b e t t e r  than 
0.5"C. 

1 

1 1 1 .  RESULTS AND D I S C U S S I O N  
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PROTON RELAXATION IN REENTRANT 209 

P l o t  o f  p r o t o n  T versus t h e  r e c i p r o c a l  o f  temperature 1 
i s  shown fo r  "28.4 and 27.7 w t .  % o f  60CS mix tu res  i n  
f i g u r e  2 and f o r  25.2 and 22.9 w t .  % o f  60CB m i x t u r e s  i n  
f i g u r e  3. The v a l u e  o f  T and i t s  temperature dependence 

i n  t h e  nematic phase o f  our  mix tu res  appear t o  be 
i n d i f f e r e n t  t o  t h e  r e l a t i v e  c o n c e n t r a t i o n  o f  60CS and 80CB, 
though t h e  temperature range o f  t h e  h i g h  temperature 
nematic increases w i t h  i n c r e a s i n g  60CB c o n c e n t r a t i o n .  For 
t h e  -28.4 w t .  % m i x t u r e ,  no S phase i s  detected and p r o t o n  A 
T i s  t h e r m a l l y  a c t i v a t e d  (see f i g u r e  2 )  over  t h e  nematic 

range o f  -23 "  t o  77°C w i t h  an a c t i v a t i o n  energy E 

0.2 k cal /mole.  The corresponding E f o r  t h e  27.7 w t .  %, 

25.2 w t .  % and 22.9 w t .  % o f  60CB m i x t u r e s  a r e  equal t o  4 .7  
f 0.2, 4.5 ? 0.2 and 4.6 2 0.2 k cal /mole,  r e s p e c t i v e l y .  
We t h i n k  t h a t  t h e  thermal a c t i v a t i o n  process i s  molecular  
s e l f  d i f f u s i o n  which modulates t h e  i n t e r m o l e c u l a r  d i p o l a r  
i n t e r a c t i o n s  among pro tons .  T h i s  r e l a x a t i o n  mechanism i s  
expected t o  be e f f e c t i v e  even i n  t h e  SA phase. 

n o t  s u r p r i s i n g  t h a t  no observable d i s c o n t i n u i t y  i n  T1 i s  

seen a t  t h e  N-S t r a n s i t i o n  i n  t h r e e  o f  our  m i x t u r e s .  A 
However, t h e  a c t i v a t i o n  energy E 

s l i g h t l y  h i g h e r  than t h a t  o f  nemat ic phase, i . e .  Ea = 5.6 
f 0.4 k cal /mole.  There is a smal l  b u t  d iscont inuous  jump 
i n  T a t  t h e  S -RN t r a n s i t i o n  and i n  t h e  l i m i t e d  range o f  

RN phase, T i s  independent o f  temperature w i t h i n  

exper iment e r r o r  i n  our  t h r e e  m i x t u r e s .  I t  i s  noted t h a t  
t h e  v a l u e  o f  T i n  t h e  RN phase decreases w i t h  decreas ing 

c o n c e n t r a t i o n  o f  60CB. Th is  c o n c e n t r a t i o n  dependence o f  T 

v a l u e  i s  p robab ly  due t o  t h e  decrease i n  t h e  SA-RN 

t r a n s i t i o n  temperature.  The f a c t  t h a t  t h e  temperature 
dependence o f  p r o t o n  T d i f f e r s  i n  t h e  nematic phase above 

and below t h e  S phase seems t o  i n d i c a t e  the  dynamics o f  

t h e  h i g h  temperature nematic and r e e n t r a n t  nematic phases 
a r e  d i f f e r e n t .  F u r t h e r  exper iments such as T 1  frequency 

dependence s tudy may shed l i g h t  on t h e  dynamical p r o p e r t i e s  

1 

1 
= 4.7 ? a 

a 

Thus i t  i s  

i n  t h e  SA phase i s  a 

1 A 

1 

1 

1 

1 

A 
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210 R.Y.DONG 

o f  r e e n t r a n t  nemat ic  phase. I t  would seem t h a t  t h e  
mo lecu la r  s e l f  d i f f u s i o n ,  an e f f e c t i v e  r e l a x a t i o n  mechanism 
i n  t h e  h i g h  temperature nemat ic  and smec t i c  A phases o f  t h e  
b i n a r y  m i x t u r e s  o f  8OCB/6OCS,  becomes t o o  slow t o  be 
e f f e c t i v e  i n  t h e  r e e n t r a n t  nemat ic  phase. Thus o t h e r  
r e l a x a t i o n  mechanisms such as ODF may account f o r  t h e  
observed temperature independent T i n  t h i s  phase. 1 

t h e  N-SA and t h e  S -RN t r a n s i t i o n s .  

asymmetric behav io r  o f  T about t h e  S phase may be due t o  

q u a n t i t a t i v e  d i f f e r e n c e  i n  t h e  s h o r t  range o r d e r  i n  t h e  two 
nematic phases. 

To conclude,  we r e p o r t  he re  d i f f e r e n c e  i n  p r o t o n  T a t  1 
The observed A 

1 A 

Acknowl edgment 

The f i n a n c i a l  suppor t  o f  t h e  Na tu ra l  Sciences and 
Engineer ing Research Counci 1 o f  Canada and Brandon 
U n i v e r s i t y  a r e  g r a t e f u l l y  acknowledged. We a l s o  thank 
M r .  E. B u r r i d g e  and M r .  E. Wr ight  f o r  t h e i r  t e c h n i c a l  
suppor t  i n  s e t t i n g  up t h e  NMR l a b o r a t o r y  a t  Brandon 
Un i ve r s  i t y  . 
REFERENCES 

1 .  

2. 

3 .  

4. 

5. 

6 .  

7. 

P.E. C l a d i s ,  Phys. Rev. L e t t . ,  35, 48 (19751; 
P .E .  C l a d i s ,  R .K .  Bogardus, W.D. Dan ie l s  and G.N. 
T a y l o r ,  Phys. Rev. L e t t . ,  39, 720 (1977) 
D.  G u i l l o n ,  P.E. C l a d i s  a n d J .  Stamatof f ,  Phys. Rev. 
L e t t . ,  41, 1598 (1978) 
F. Hardouin,  G. Sigaud, M.F. Archard and H. 
Gasparoux, S o l i d  S t a t e  Commun., 30, 265 (1979); 
N.H. T i n h  and H. Gasparoux, Mol.  C r y s t .  L i q .  C r y s t .  
- -  L e t t . ,  49, 287 (1979) 
0. Demus, G. P e l z l ,  A. Wiegeleben and W. Weissf log,  
Mol. C rys t .  L i q .  C r y s t .  L e t t . ,  56, 289 (1980); 295 
(1980) 
P.S.  Pershan and J .  P r o s t ,  J .  Phys. ( P a r i s ) ,  - 40, L-27 
( 1  979) 
C . G .  Wade, Annu. Rev. Phys. Chem. , 28, 47 (1977); 
V. Gra f ,  F. Noack and M. S toh re r ,  Z T N a t u r f o r s c h  T e i l  , - A 32, 61 (1977) 
F.R. Bouchet and P.E. C l a d i s ,  M o l .  C r y s t .  L i q .  C rys t .  
L e t t . ,  ( i n  p ress )  

- -  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

3:
29

 2
3 

Fe
br

ua
ry

 2
01

3 




