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SPIN - LATTICE RELAXATION AND TENSOR 
OIiDER PARAMETER FLUCTUATIONS I N  NEMATICS 

BUTJAT KHASANOV 
Department of Physics ,  Kazan S t a t e  Universi ty ,  
Kazan, USSR, 420008 

Abstract  The nuc lea r  magnetic resonance s p i n  - 
l a t t i c e  r e l a x a t i o n  t i m e ,  both i n  labora tory  and 
r o t a t i n g  frames, T and T are c a l c u l a t e d  f o r  

has  

them - a complicated temperature dependence. 

nematic l i q u i d  c r y l t a l .  1% P is  shown t h a t  T 
logar i thmic  frequency dependence, and both ’P of 

I f;Tii ODUCTI ON 

Many t h e o r e t i c a l  and experimental  works a r e  devoted 
t o  t h e  problem of  nuclear  s p i n - l a t t i c e  r e l a x a t i o n  i n  
nematic l i q u i d  c r y s t a l s .  Nematic order  f l u c t u a t i o n s  
are known t o  p l ay  an important  r o l e  i n  t h e  NMR r e l a -  
x a t i o n  of molecules. It i s  we l l  known t h a t  t h e  o rde r  
parameter i n  nematics i s  a symmetric t r a c e l e s s  second 
rank t enso r  Q 
o f  freedom inc lude  t h e  l o n g i t u d i n a l ,  t r a n s v e r s e  and 
biaxial  f l u c t u a t i o n s .  F i r s t  of them is connected with 
f l u c t u a t i o n s  of order  parameter modulus and the  sec- 
ond - with d i r e c t o r  f l u c t u a t i o n s .  Another important 
p e c u l i a r i t y  o f  nematics,  as w e l l  as o f  any o the r  de- 
genera te  system, i s  the  presence of s i n g u l a r  longi- 
t u d i n a l  f l u c t u a t i o n s  which are connected with a tra- 
nsverse  f luc tua t ions . ’  I n  t h i s  paper we examine t h e  
in f luence  of t h e  tensor  o r d e r  parameter f l u c t u a t i o n s  
on t h e  frequency and temperature  dependences of t h e  

Thus, f l u c t u a t i o n s  of a new degree dB ’ 
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2 16/[652] B . M. K I W A N O V  

nuc lear  s p i n - l a t t i c e  r e l a x a t i o n  r a t e  i n  nematics.  

THX NEMAT'IC - ISOTBOPIC, PHASE T.i?ANSITION 

The f r e e  energy d e n s i t y  i n  t h e  de Gennes model has  
t h e  form ( O,= a/ ax,) 

where A=a(T-T"), B and C are c o n s t a n t s ,  is t h e  
an iso t ropy  of t he  diamagnetic c o n s t a n t ,  H is t h e  mag- 
n e t i c  f i e l d .  Since of t h e  equivalence between t h e  ten-  
sor Q 
(1) over t h e  scalar order parameter 
t u a t i o n s  of QY i n  t h e  Gauss approximation 

and t h e  sp inor  QY with 1=2, one can rewri te  dB 
Q=<Q;> and f l u c -  

I 2 0 0  BQ3+ 2 CQ4- hQ + - (ro+LV )Q2Q, F = 2 AQ2- 
2 3 4 2 

where h=1/3 ',XaH2, H = ( O , O , H ) ,  ro=QcB(t+t 1 /2) , 
t=(r.C+-T)/(T+-!P*), Qc=(B/3C) ( l+( l -h/hc) ' /2) ,  2 , 

2 T+=T"+B /3aC, Tt is t h e  temperature of t h e  cont inuous 
phase t r a n s i t i o n .  The temperature of  t h e  first o r d e r  
phase t r a n s i t i o n  i s  
i s  no phase t r a n s i t i o n  for h > h c ,  Tc(h )=T+. If h=O, 
then  
determinesthe superhea t ing  temperature  of  nematic 
phase. Fu r the r  we w i l l  show how t h e  f l u c t u a t i o n s  <lQF) 
can be used t o  c a l c u l a t e  nuc lear  r e l a x a t i o n  r a t e  i n  
t h e  nematic phase of l i q u i d  c r y s t a l s .  

Tc=T*+(2B2/9aC)('l+h/2hc) and t h e r e  

2c T+ must be rep laced  by r"" = T"+B /4aC, which 
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SPIN - LATTICE RELAXATION AND TENSOR OiiDER ... [6531/217 

smq - LATTICE IIELAXATION 

Let u s  consider  well known model of two nuc lea r  sp ins  
1/2 l o c a t e d  on t h e  long  axis of  nematic molecule. 

The s p i n - l a t t i c e  r e l a x a t i o n  arises from order parameter 
f l u c t u a t i o n s  i n  in t ramolecular  d i p o l a r  i n t e r a c t i o n ,  
and r e l a x a t i o n  ra tes  i n  the  l a b o r a t o r y  frame and i n  t h e  
r o t a t i n g  frame a r e  2 

(3) 

where Ld1=VH1, HI i s  t h e  r,f.  f i e l d ,  r 
s e p a r a t i o n  between s p i n s ,  Gi(U) are t h e  s p e c t r a l  den- 
s i t ies  o f  corresponding c o r r e l a t i o n  func t ions .  T h i s  
f u n c t i o n s  are easy t o  ob ta in  from ( 2 )  i n  q - space 

is t h e  f ixed  

which are t h e  c o r r e l a t i o n  func t ions  of l o n g i t u d i n a l ,  
t r ansve r se  and b i a x i a l  f l u c t u a t i o n s  of  t he  t e n s o r  or- 
der parameter.  The gap i n  the  spectrum of  l ong i tud ina l  
f l u c t u a t i o n s  ro dec reases  s t rong ly  f o r  T + T c  i n  
comparison with the  gap i n  t h e  spectrum of b i a x i a l  
f l u c  t u a t  i o n s  

3 4h 1 / 2 ) 4  A = - Q (h=O) B l+t1/2+-- (l+t 
4 c  9hc 

no te ,  t h a t  f o r  h=O A(  TX)/a<Tc)=3/2 .  Nevertheless 
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2 1846541 B . M. KHASANOV 

both of them a r e  of the same order of magnitude. The 
t ransverse f luc tua t ions  (5b) aresuppressed only by 
ex terna l  magnetic f i e l d .  
Together with f luc tua t ions  of the modulus Q (5a) we 
s h a l l  consider t he  longi tudina l  f l uc tua t ions  caused 
by s t rong t ransverse  f luc tua t ions .  Such connection 
due t o  t h e  modulus r e t a i n  p r inc ip l e  e x i s t s  i n  any 
degenerated sys tern’ : ZQQg=-QIQ-l. 2 2  For t h e  correla-  
t i o n  funct ion G,= <Q;Q~> one can get  i n  q- space 

1 The function l i k e  t h i s  had been ca lcu la ted  ,where 
t h e  influence of the order parameter f luc tua t ions  on 
t h e  l i g h t  s c a t t e r i n g  i n  nematics had been investiga- 
ted, One can show tha t  f l uc tua t ions  (7) p r e v a i l  over 
t h e  order parameter modulus f luc tua t ions  f o r  q<qo , 
what  corresponds t o  the  wave length 5000  using the  
Landau-Khalatnikov equation f o r  the Fourier component 
QS(q) the corresponding order  parameter re laxa t ion  
time can be obtained Z-’=Ly -’ (q  * + J  ”), where t h e  
coherence l eng th  is def ined q as f=jo (t+t /2)01/2, and Fo= (3rX:/2B2)q/2, “1 - e f f ec t ive  viscosit ;y coe f f i c i en t .  
Then the complete expression f o r  G,(O) i n  (4 )  inclu-  
ding both kinds of f l uc tua t ions  is  

where Wc i s  t-he c r i t i c a l  cutoff  frequency, qc - cut-  
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SPIN -LATTICE 2ELAXATION AND TENSOR ORDER me. [655]/219 

hr 

o f f  wave vec to r ,  y - v i s c o s i t y  c o e f f i c i e n t .  
For  nematic phase of MBBA a=5.3.lderg/Kcm 3 , 
5.1*10 6 erg/cm 3 , C = l  , l a 1 0  7 erg/cm3 ?, L=0,5* 10-6erg/cm 
\ - ‘ ~ ~ O . l P ,  ~ c = 2 ~ 1 0 - 7 c m ,  and t h u s  klc=3.10 9 s -1 , 

B = 

5. lo7,-’. I n  t h e  t y p i c a l  sp in- re laxa t ion  techni- ‘ s , =  
que i n  r o t a t i n g  frame w,< , w c ,  t h e r e f o r e ,  one 
f i n d s  t h e  r a t i o  of  t h e  second term t o  t h e  f irst  i n  t h e  
right-hand s i d e  o f  eq. (8) 
esLimation i n d i c a t e s  t h a t  t h e  long i tud ina l  o rde r  para- 
meter f l u c t u a t i o n s  induced by t h e  t r ansve r se  f l u c t u a t -  
i o n s  g ives  e s s e n t i a l  c o n t r i b u t i o n  t o  t h e  TY;. The 
t r a n s v e r s e  c o r r e l a t i o n  func t ion  (5b)  is  noth ing  more 
t h a n  d i r e c t o r  f l u c t u a t i o n s  i n  nematic. If we s h a l l  
n e g l e c t  terms of t h e  order  of UH / w e  1, wH=h/QbL, 
t h e n  f o r  the  s p e c t r a l  dens i ty  
w e l l  known express ion  

‘F 
0 , 5 l n ( 4 k p L L I , , ) )  I. T h i s  

GI i t  i s  easy  t o  ob ta in  

Neglect ing of t h e  wk/lc) terms i n  de r iv ing  (9)  i s  a 
good approximation on t h e  frequency range of NP’III re- 

H=104-G w e  have k ) ~  = I 0  Ha. That is why t h e  frequency de- 
pendence of  GI is not  t h e  same as f o r  t he  f irst  term 
i n  t h e  right-hand s i d e  of  eq. (8). Yhe case u,,ek’ i n  
t h e  r e a l  magnetic f i e l d s  may be r e a l i z e d  i n  a parama- 
gne t i c  l i q u i d  c r y s t a l s  with a l a r g e  magnetic suscep t i -  
b i l i t y .  But i n  t h e  known t o  da t e  paramagnetic l i q u i d  
c r y s t a l s  t h e  s u s c e p t i b i l i t y  i s  not  so l a rge .  For 

the  same reason w e s h a l l  neg lec t  t h e  f i e l d  depen- 
dent  term i n  (6), and after t h a t  t h e  c a l c u l a t i o n s  
f o r  G2 l e a d  t o  

l a x a t i o n  experiments ( 1 0 4 - 1 0 8 ~ ~ ) .  Rea l ly ,  f o r  %,=lo-, 7 
2 
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220/[656] B. rq . KHASANOV 

where 

F ina ly ,  f rom (8)-(10) i n  t h e  limit kl,(cLd ,dc  we 
f i n d  out  

uR has  t h e  form l i k e  i n  8) w i t h  k!t=o(l+t1/2), 
0 =3QcB/41 . The e s t ima t ion  f o r  2 6 g i v e s  I ,2*lO7s-' .  

f 

and 

The temperature  and frequency dependences of ob ta ined  
eqs. (II), (13) are complicated enough and s t r o n g l y  
depend on t h e  r a t i o  LL',/R. Equation (12) reduces i n  

whereas i n  the case worJ fi 
(12) has t o  be r e t a i n e d .  

t h e  l i m i t s  R< (Lo and R>> cd t o  T, PJ w 0  1 / 2  , 
t h e  f u l l  express ion  

I. V.Pokrovskii and E.Kaz, Z.Exp. & Teor.Fiz.(USSB) 

2. A.Abragam, The P r i n c i p l e s  of Nuclear Magnetism 
22, 774 (1977). 

(Oxford Univers i ty  Press, Oxford) 1960. 
3 .  L.Senbetu and C.-W.Woo, Mol.Crgst.Liq.Cryst., 

4. S.Chandrasekhar e t  a l ,  Pramana-J.Phys., 2, L713 
84, I 0 1  (7987). 

(1986) 
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