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TEMPERATURE DEPENDENCE OF QUADRUPOLAR RELAXATION RATE I N  L I Q U I D S  

J. Bosse, D. Quitmann and C. Wetzel 

Fachbereich Physik der Freien Universitat Berlin, Berlin, R.F.A. 

Abstract.- A mode-coupling approximation is proposed to calculate the fluctuation spectrum of the 
electric field-gradient at the site of a probe atom. The theory is applied to compute the quadru- 
polar relaxation rate in liquid gallium as a function of temperature. 

Theore t i ca l  framework: The quadrupolar r e -  

l a x a t i o n  r a t e  i s  determined by t h e  low-fre- 

quency l i m i t  of t h e  spectrum of f ie ld-gra-  

d i e n t  f l u c t u a t i o n s  a t  t he  nuclear  s i t e  

/AbrP 53/. We w r i t e  

where t h e  cons t an t  i s  f i xed  by nuclear  

quadrupole moment and sp in ,  and v:) de- 

no t e s  a  s p h e r i c a l  component of t h e  f i e l d -  

g r a d i e n t  tensor .  The c o r r e l a t i o n  time 

i s  expressed i n  terms of t h e  memory ke rne l  

K" (0) def ined  by 

+OD 

- - Kii(w) 
-00 c l vL*l'> [o + B_M a e - o  J 5 ~Kt icu l~~( .3  ) 

We apply  S h o l l ' s  model /Sho 67/ approxi- 

mating 

(a , 
with t h e  s p h e r i c a l  component U~ (r) of t h e  

e f f e c t i v e  f i e ld -g rad i en t  a t  t h e  probe po- 
2 4 

s i t i o n  P due t o  a  l i q u i d  p a r t i c l e  a t  r = G j  

q,($) and 9(?) denote t h e  d e n s i t y  of  probe- 

and l i q u i d  p a r t i c l e s  a t  , r e s p e c t i v e l y .  

The e f f e c t i v e  p o t e n t i a l  ZC(F) i s  assumed a  

known funct ion  of P independent of tem- 

pe ra tu re .  

Within t h e  model eq.  ( 4 )  t h e  s t a t i c  

f  i e ld -g rad i en t  c o r r e l a t i o n  < \v:'l2) i s  

simply expressed i n  terms of t h e  e f f e c t i v e  

p o t e n t i a l  ~ ( r )  , t h e  p a i r - c o r r e l a t i o n  func- 

t i o n  g,(r) , and t h e  t r i p l e t - c o r r e l a t i o n  

func t ion  g o ( r i  rij l ? - $ l l )  . 
For c a l c u l a t i n g  t h e  dynamic c o r r e l a -  

t i o n  func t ion  eq. ( 3 ) ,  we propose a mode- 

coupling approximation /BGZ 78, BGL 78/ f o r  

t h e  memory ke rne l  

which desc r ibes  t h e  coupling of t h e  probe- 

p a r t i c l e  motion ( SS(kju) ) t o  l ong i tud i -  

n a l  4 t r ansve r se  c u r r e n t  e x c i t a t i o n s  

( @I1 (kj a) ) . The v e r t e x  func t ions  h/ (k) 
L;r '-,T 

measuring t h e  s t r e n g t h  of t h i s  coupling 

may be expressed i n  terms of U(P) and g,(r> . 
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A p p l i c a t i o n  t o  l i q u i d  ga l l ium:  The t h e o r y  

is  a p p l i e d  t o  c a l c u l a t e  t h e  quadrupo la r  

r e l a x a t i o n  r a t e  R (T), t h e  s t a t i c  f  i e ld -g ra -  
Q 

d i e n t  c o r r e l a t i o n  (1~:')~) , and t h e  

c o r r e l a t i o n  t ime Tc(T) a s  f u n c t i o n s  o f  t e m -  

p e r a t u r e  f o r  a  Ga p robe  atom i n  l i q u i d  Ga 

u s i n g  a n  e f f e c t i v e  p o t e n t i a l  ~ ( r )  s u p p l i e d  

by /Sho 74/ and/AppW 73/. The r e s u l t s  a r e  

p l o t t e d  i n  P i g s .  1 and 2. While t h e  

Fig .1:  Temperature-dependence of  quadru- 

p o l a r  r e l a x a t i o n  r a t e  i n  l i q u i d  Ga. F u l l  

l i n e :  P r e s e n t  t h e o r y ;  d o t s :  exper iment  

/CarH 76/ ;  dashed l i n e :  s imple  d i f f u s i o n  

model %(T) #: D(T)-' 

t h e  mode-coupling approximat ion,  eq .  ( 5 ) ,  

a  series of a d d i t i o n a l ,  more t e c h n i c a l  

approx imat ions  i s  n e c e s s a r y ,  because  mea- 

surements  of go(p) /BizB 77/ a r e  a v a i l a b l e  

f o r  two t e m p e r a t u r e s  , Tz o n l y  ( s e e  t a b l e  

1 below) : 

(1) l l o t i v a t e d  by Kirkwood's s u p e r p o s i t i o n  

approx imat ion  / K i r  35/ we used 

I --. g,,(rjr j lr-r l l )~ gob') g0(ri) e(lP-?l- 6) i n  

t h e  c a l c u l a t i o n  of  <Iv~'\">. . god d e n o t e s  

t h e  u n i t - s t e p  f u n c t i o n  and 6 i s  d e f i n e d  

below. 

( 2 )  Lacking e x t e n s i v e  T-dependent measure- 

ments of t h e  p a i r - c o r r e l a t i o n  f u n c t i o n ,  we 

used go(r)=expC-v(r)/k,TJ w i t h  

*(?I= )ksT, [(6/pF- (6/r)'] and 6 was 

chosen t o  c o r r e c t l y  reproduce  t h e  peak po- 

s i t i o n  o f  g o ( ~ )  a t  T=T2 . T h i s  r a t h e r  

c r u d e  low-densi ty  approx imat ion  a p p e a r s  t o  

be  q u i t e  u s e f u l  when a p p l i e d  i n  t h e  c a l c u -  

l a t i o n  of  v e r t e x  f u n c t i o n s  and s t a t i c  

f i e l d - g r a d i e n t  c o r r e l a t i o n s ,  where i n t e -  

g r a l s  of p r o d u c t s  of gob') w i t h  p o t e n t i a l  

d e r i v a t i v e s  e n t e r .  D e v i a t i o n s  of l e s s  than  

c r e a s e  s l i g h t l y  f o r  T Z3TM . Fig .  2: Temperature-dependence of c o r r e -  

To e v a l u a t e  t h e  q u a n t i t i e s  i n  F i g s .  1 
l a t i o n  t i m e  tc ( f u l l  l i n e )  and s t a t i c  

f  i e l d - g r a d i e n t  c o r r e l a t i o n s  <IV':'.)Iz> 
and 2  w i t h i n  S h o l l ' s  model, eq .  ( 4 ) ,  and (dash-do t ted  l i n e )  . 

c o r r e l a t i o n  t i m e  d e c r e a s e s  w i t h  tempera- 
T ~ I  10-l)~ 

W 2  t u r e  TI t h e  s t a t i c  c o r r e l a t i o n  (IV, 1 > is 

i n c r e a s i n g  f u n c t i o n  o f  T  ( F i g . 2 ) .  From t h i s  2 - 

- 

/.0'* 

,. R' 

<I (TI 

-ml 

- 2 

0' 
0.  

behav iour  of  t h e  f a c t o r s  i n  e q . ( l ) ,  t h e  

v a r i a t i o n  o f  t h e  quadrupo la r  r e l a x a t i o n  

r a t e  w i t h  t empera tu re  ( F i g .  2) can  be  

i n f e r r e d ;  Pq (T) i s  n o t  o n l y  d e c r e a s i n g  more 

s lowlythan p r e d i c t e d  by t h e  most s imple  
I I 

- 1 

d i f f u s i o n  p i c t u r e  b u t  i t  w i l l  even i n -  1 2 3 TITm L 
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30% w e r e  found when u s i n g  t h e  e x p e r i m e n t a l  w i t h  n ' L , ( k ) = b ~ k ~ / [ ~ ~ ( k ) ]  . Lack ing  

$(r) a t  t h e  two t e m p e r a t u r e s  a v a i l a b l e .  more d e t a i l e d  i n f o r m a t i o n ,  S(k) was t a -  

T a b l e  1: ken from e x p e r i m e n t  a t  T=Tz /BizB 77/ 

P a r a m e t e r s  f o r  Ga n e g l e c t i n g  i t s  t e m p e r a t u r e  dependence .  

S i n c e  it i s  known t h a t  t h e  main peak o f  

S(k) d e c r e a s e s  w i t h  i n c r e a s i n g  t e m p e r a t u r e ,  

we e x p e c t  t h e  d e c r e a s e  o f  a s  a  func-  

t i o n  o f  T ( F i g .  2 )  t o  t u r n  o u t  somewhat 

less pronounced i f  a c t u a l  S(k) - v a l u e s  

a r e  i n s e r t e d  i n t o  e q .  (5b) f o r  h i g h e r  t e m -  

p e r a t u r e s .  
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w e i g h t  i n  d i f f e r e n t  k - r e g i o n s .  Whi l e  W,O<) 

i s  c e n t e r e d  a round  ko , Wi(k) h a s  i t s  maxi- 

mum v a l u e s  w e l l  be low k, . W e  t h e r e f o r e  

u s e  @l(kjd)in i t s  hydrodynamic form w i t h  

t h e  s h e a r - v i s c o s i t y  o f  A r r h e n i u s  t y p e  
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O[(kj@) =lt' SS hjb)) &lL/n? (k) /Vin 58/ 
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