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NOTE ON THE NQR MEKJJREMENT OF BIAXIAL ORDER PARAMETERS 
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Canberra, A.C.T.  2600, A u s t r a l i a  
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Kent S t a t e  Univers i ty ,  Kent, Ohio 44242 U.S.A. 

(Submitted f o r  Pub l i ca t ion  December 30, 1977) 

ABSTRACT. 
t h a t  pure nuc lea r  quadrupole resonance (NQR) d e t e c t s  on ly  
t h e  square of t h e  p a r t i c u l a r  b i a x i a l  o rder  parameter 
which gives  r i se  t o  t h e  tilt  angle  i n  some models of t h e  
smect ic  C phase.  A s  a consequence, pure NQR does not  
provide a s e n s i t i v e  t es t  o f  t hese  models. 

I t  is shown, f o r  t he  case of  nuc lea r  s p i n  1, 

S e l i g e r  e t  al. '  have r e c e n t l y  s t u d i e d  the  molecular  

o r i e n t a t i o n a l  o rde r  i n  a smectic C l i q u i d  c r y s t a l  by a pure 

quadrupole resonance (MlR) experiment involving t h e  s p i n  1 N 

nucleus.  

d e t e c t s  only t h e  square of  t he  (small)  b i a x i a l  o rde r  parameter  

which gives  rise t o  t h e  t i l t  angle  i n  some models o f  t h e  

smectic C phase.  2 y 3  Thus, pure NQR does not  provide a s ens i -  

t i v e  t es t  o f  t hese  models. 

1 4  

We po in t  ou t  he re  t h a t  t h i s  type of  experiment 

The s p i n  1 pure NQR spectrum c o n s i s t s  o f  a double t  

cen tered  a t  frequencey w a I V 3 1 ,  with s p l i t t i n g  a nuo, where 1 

* 
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116 A. WULF and J. W. DOANE 

11 = I (vl - v2)/v3I (1) 
and V. a r e  the p r inc ipa l  values of the (time averaged) 

e l e c t r i c  f i e l d  gradient tensor  TI a t  the nuclear s i t e ,  
1 

- 4 ' 5  Since V i s  t r a c e l e s s ,  we have - Iv31 > l V I L  Iv21. - v +v +v = 0 1 2 3  
Let the  u n i t  vector e denote the d i r ec t ion  of the long - 

molecular a x i s .  

one introduces the frame ^x,a,p defined as the pr incipal  axes 

of the order  matrix Q = <e e - 1/2>:  

In the  molecular theory of l i qu id  c r y s t a l s  

6 
-..d ... * 

Q - = S ( 5  2 - 1/3) A(2 2 - 9 9 ) ;  ( 2 )  
S is  the usual Mai,er-Saupe order parameter (S 'L 0.5) and A i s  

a (small) b i a x i a l  order parameter which vanishes i n  uniaxial  

phases. 

as the C 

h z i s  the nematic axis  o r  d i r e c t o r  and 2 may be taken 

axis  i n  the smectic C phase. 2 
The time averaged tensor ti i n  the smectic C phase w i l l  

not i n  general be diagonal i n  the frame a,?,?,  but w i l l  be 

given by an expression o f  the form 

- - 

ti - = a22 + b99  + c ( 2 9  + 9 2 )  + d29 ,  (3) 
with a+b+d = 0. Without l o s s  i n  general i ty ,  we may assume 

a>O. In uniaxial  phases c=O and b=d= -a/2. Only the 

quant i ty  c depends on (and is  proportional to)  the s p e c i f i c  

b i ax ia l  order parameter which determines the tilt angle i n  the 

smectic C models of  References 2 and 3.' The quan t i t i e s  a,b,d 
8 depend on S and various other  o r i en ta t iona l  order parameters. 

Given t h a t  S is  much l a rge r  than the o the r  order parameters, 
9 one has, as a r u l e ,  

b ", d ", -a/2. 

1.1 <<a. 

diagonalizes is  obtained by ro t a t ing  the axes x,y.  through 

an angle of  order c/a about t he  x ax i s .  

(4) 

I t  i s  seen from Eq. (3) t h a t  f o r  c # 0 the frame which 

X 

Accordingly, one of 
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BIAXIAL ORDER PARAMETERS 117 

the  pr incipal  values of is d and the other  two a r e  the 

roots  A+ of the determinantal eigenvalue equation 
- - 

i . e . ,  

By r e l a t ion  (4); a-b 

t o  second order i n  c/a,  with the r e s u l t s ,  

A+ = (a+b+[(a-b)2 + 4 ~ * ] ~ / ~ } / 2 .  (5 1 
3a/2 >> 1.1, s o  we may expand (5) 

2 ( a+c  /(a-b) 

2 b-c /(a-b) 
C lea r ly ,  V = A + ,  and the asymmetry parameter i s  given by 3 

correct  t o  second order i n  c/a. 

E q .  (6) shows t h a t  the asymmetry parameter n var ies  with 

the square of c /a  and is  independent of c/a t o  f irst  order. 

As a consequence, pure NQR i s  in sens i t i ve  t o  the type of 

"rotat ional  f reeze out" invoked by the smectic C models of 

Refs. 2 and 3.  

NQR measurements w i t h  an applied magnetic f i e l d  whose 

d i r ec t ion  can be varied w i t h  respect t o  the l i qu id  c rys t a l  

d i r ec to r  frame can detect  c/a t o  the f i rs t  power. 5 9 8  One 

such experiment has been done recently" and it was found 

t h a t  c/a Q This exceedingly small value of c/a does 

not support the models of  references 2 and 3. 

A d i f f e ren t  derivation of (6) and a more de t a i l ed  con- 

s ide ra t ion  of the quan t i t i e s  a,b,c,d i s  t o  be presented 

elsewhere by one of the authors. 11 
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1. 

2 .  

3. 

4.  

5. 

6. 

7. 

8. 

9 .  

10 * 
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