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NUCLEAR QUADRUPOLAR RELAXATION IN L I Q U I D  Ga-Te ALLOYS 

+ 
R. Brinkmann, M. Elwenspoek, M. von Hartrott , A. Novak and D. Quitmann 

I n s t i t u t  fur Atom- und Festkiiqerphysik, Freie Universi tat  Berlin, 1000 Berlin 
33, F. R. G. 

A b s t r a c t .  The n u c l e a r  s p i n  r e l a x a t i o n  r a t e  was measured i n  
l i q u i d  GacTel-c a l l o y s  on A s  a s  an i m p u r i t y  atom. A TDPAD 
t e c h n i q u e  was used on t h e  6  u s  7 3 m ~ s  isomer.  The range  l,c,0.2 
was s t u d i e d ,  w i t h  T=1110 K f o r  cc0.7.  The quadrupola r  p a r t  o f  
t h e  r a t e ,  RQ, was e x t r a c t e d .  I t  shows e s s e n t i a l l y  t h e  same 
c o n c e n t r a t i o n  dependence a s  e x i s t i n g  d a t a  f o r  RQ o f  Ga i n  
l i q u i d  Ga Tel-c,  and c o r r e l a t e s  s t r o n g l y  w i t h  t h e  d i p  i n  

C conductivity n e a r  c=0.4. A q u a n t i t a t i v e  a n a l y s i s  o f  t h e  con- 
c e n t r a t i o n  dependence i s  a t t empted  u s i n g  a  s imple  microscopic  
model. I t  comprises  l o c a l i z a t i o n  o f  conduc t ion  e l e c t r o n s  
i n c l u d i n g  one f r e e  paramete r  f o r  charge  s h i f t  i n  t h e  Ga-Te 
bond ( i o n i c i t y ) .  S a t i s f a c t o r y  agreement i s  o b t a i n e d .  

Measurements of  t h e  n u c l e a r  s p i n  r e l a x a t i o n  r a t e  R shou ld  be v e r y  

h e l p f u l  i n  u n d e r s t a n d i n g  t h e  meta l -  semiconductor  t r a n s i t i o n  from a  

microscopic  p o i n t  o f  view. We r e p o r t  h e r e  on measurements o f  t h e  qua- 

d r u p o l a r  r a t e  R ( c )  o f  As as an i m p u r i t y  atom i n  l i q u i d  GacTe 
Q l -c '  

which shows a  s t r o n g  c o r r e l a t i o n  w i t h  e l e c t r i c a l  c o n d u c t i v i t y  o ( c ) ,  a s  

h a s  been observed  e a r l i e r  f o r  R o f  Ga / l ,  2 / .  Warren / l ,  2/ h a s  
Q 

s u g g e s t e d  a  connec t ion  of  t h e  rise i n  R n e a r  c = 0.4 w i t h  s lowing 
Q 

down of  t h e  a tomic motion and c o v a l e n t  bonding. 

W e  have measured t h e  n u c l e a r  s p i n  r e l a x a t i o n  r a t e  R = R +R Q M in 
l i q u i d  GacTel-c, 1 c 2 0 .2 ,  u s i n g  7 3 m ~ s  (5.6  u s  s t a t e )  a s  t h e  p robe  

nuc leus  i n  a  TDPAD experiment .  D e t a i l s  about  t h e  exper iment  w i l l  be  

g iven  i n  a  subsequent  p u b l i c a t i o n  /3 / .  The tempera ture  was 1110 K 

e x c e p t  f o r  c = 1 ,  where T  = 300 K .  The magnet ic  c o n t r i b u t i o n  RM cou ld  

s a f e l y  b e  e s t i m a t e d  from t h e  measurement f o r  6 9 r 7 1 ~ a  / 2 / .  The r e s u l t s  

f o r  R o f  7 3 m ~ s  a r e  p r e s e n t e d  i n  t h e  f i g u r e .  I t  i s  noteworthy t h a t  
Q 

t h e y  d i s p l a y  t h e  same s t r o n g  c o n c e n t r a t i o n  dependence a s  R o f  Ga / 2 / ,  Q 
i n  s p i t e  o f  t h e  c o n s i d e r a b l e  chemical  d i f f e r e n c e  between Ga and A s .  

The mot iona l  narrowing r e s u l t  f o r  R i s  R = c0nSt  - < v ; ~ > - T  

2 Q Q 
where < V 2 0 > ( ~ )  is t h e  mean s q u a r e  f l u c t u a t i o n  o f  t h e  electric f i e l d  
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g r a d i e n t  a t  t h e  nucleus ( e f g )  , and T (c)  i s  t h e  c o r r e l a t i o n  t i m e  of V 20- 
S ince  we know of  no o t h e r  s u i t a b l e  d a t a  about  atomic dynamics i n  l i q u i d  

Ga-Te, R i s  compared i n  f i g .  1  wi th  v i s c o s i t y  0 from /4 / .  Though t h i s  
Q 

e s t ima te  of  t h e  concent ra t ion  dependence due t o  T i s  admi t ted ly  very 

unce r t a in ,  we cons ider  it a  r e a l i s t i c  o r  even (from l i q u i d  m e t a l l i c  

a l l o y s )  upper e s t ima te  f o r  p o s s i b l e  changes of  R ( c )  caused by T ( c ) .  
Q 

Now I- (c=0.4)  / n  ( l  ) < < R (0.4 ) /RQ ( 1 1 , and t h e  temperature dependence of 
Q 

R near  c=0.4 /3/ i s  a l s o  d e f i n i t e l y  s t r o n g e r  than t h a t  of  n .  We f e e l  
Q 2 t h e r e f o r e  forced  t o  t u r n  t o  t h e  concent ra t ion  dependence of  <Vz0> and 

s h a l l  a t tempt  a  q u a n t i t a t i v e  e s t ima te  of t h e  e f f e c t  of e l e c t r o n  

l o c a l i z a t i o n  on it. 

For t h e  arrangement of  neighbour atoms around t h e  probe a  model 

i n  ?-space was used,  which reproduces r a t h e r  we l l  t h e  c a n c e l l a t i o n  of 

two- and t h r e e  p a r t i c l e  terms i n  monatomic l i q u i d s  /3/ .  The e f g  pro- 

duced by a  neighbour i=Ga o r  Te, VZoi i s  der ived  from a  screened 

Coulomb p o t e n t i a l ,  

I l I I I 
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at. % Ga 

Fig. 1: Concentrat ion dependence of  quadrupolar  nuc l ea r  s p i n  
r e l a x a t i o n  r a t e  RQ i n  l i q u i d  Ga,TelVc, normalized a t  c= l .  
Po in t s  a r e  experimental  da ta :  AWarren / 2 / ,  p r e s e n t  
work. F u l l  curve i s  t h e  model c a l c u l a t i o n  descr ibed  i n  t h e  
t e x t ;  t h e  f r e e  parameter is .chosen a s  6 ion=O. 5. V i scos i ty  
q i s  from /4 / .  



A s  i n  an e a r l i e r  no te  we thus  s t a r t  from t h e  m e t a l l i c  l i q u i d s  Ga,Te /5 / .  

A s  a  f i r s t  approximation, t h e  concen t r a t i on  dependence of t h e  e f f e c t i v e  

Sternheimer f a c t o r  i s  neglec ted .  The d e n s i t y  of "free1 '  e l e c t r o n s ,  

n  cond , determines t h e  conduc t iv i t y  o ,  and a l s o  t h e  s h i e l d i n g  l eng th  

according t o  = m e2h-2 (3/a .ncond) 'I3. The number of  f r e e  e l e c t r o n s  

is 3/atom i n  Ga. For Te, it i s  taken from sail and U t o  be  a l s o  c l o s e  

t o  3 above l000 K ,  s ee  / 6 / .  Thus z;zn = zion = +3 and n cond = 
Te 3/v i n  

t h e  pure l i q u i d s ,  v  = atomic volume ( v  Te + vGa) . Comparing a N F E ( ~ )  - 
obta ined  by i n t e r p o l a t i n g  1/uGa, l/oTe - with  t h e  experimental  o ( c )  

one o b t a i n s  

n cond = 
3/v . o ( c ) / o N F E ( c )  - 

The average number of  l o c a l i z e d  e l e c t r o n s  p e r  c e l l ,  z l o c  = 3-n cond . v 

is  now ass igned  t o  Ga o r  Te c e l l s  where t h e i r  charge adds t o  z:On: 

- 
Z i  - i 

Z i o n ~ Z l o c ~ Z l o c  , Ga and zfZC can be thought  of a s  composed of a  p a r t  

symmetric wi th  r e s p e c t  t o  Ga o r  Te, and an asymmetric p a r t ,  and t h e  

former may be i d e n t i f i e d  wi th  bonding of covalen t ,  t h e  l a t t e r  wi th  

i o n i c  c h a r a c t e r .  The corresponding parameter Gion(O~Gion~l)  i s  norma- 

l i z e d  such t h a t  i f  a t  t h e  2:3 composition f u l l  l o c a l i z a t i o n  occured 

( z l o c  = 3) wi th  100% i o n i c i t y  ( a i o n  = l ) ,  then  t h e  l o c a l i z e d  e l e c t r o n s  

would a l l  be found i n  t h e  Te c e l l s  

This  r e l a t i o n  and t h e  requirement  of charge n e u t r a l i t y ,  c  ZGa+(l-c)ZTe 

= n l o c  Cond.v, f i x  z,?.ZC and ZTe . 
2 

<V20> ( C )  can then  be c a l c u l a t e d  f o r  given c ,  o  ( c )  and G i o n .  I t  is  

t h e  d i f f e r e n c e  of charges ZGa-Z % G i o n  which produces a  d i f f e r e n c e  
Te 

i n  e f g ' s ,  t h e s e  be ing  s t r o n g l y  enhanced around c = 0.4 by t h e  decrease  
2 

i n  A .  A l a r g e  <V20> r e s u l t s  from t h e r e  whi le  i n  t h e  p r e s e n t  t rea tment  
2 

t h e  symmetric p a r t  o f  z:Oc c o n t r i b u t e s  l i t t l e  t o  <VZO> around c = 0.4.  

( A  l a r g e  d i f f e r e n c e  i n  e f g ' s  may, however, a l s o  be a sc r ibed  t o  co- 

v a l e n t  bonding of t h e  probe atom predominantly t o  one kind of neigh- 

bours . )  A s  d i s cus sed  above, we use  n ( c )  t o  e s t ima te  r ( c ) .  The d a t a  

used a r e  f o r  1110 K exep t  f o r  t h e  normal iza t ion  p o i n t  a t  c  = 1 where 

they a r e  f o r  300 K .  

The f u l l  curve i n  f i g .  1  i s  R ( c )  / R  (c=l  ) f o r  a  value of t h e  
Q Q 

s i n g l e  f r e e  parameter G i o n  = 0.5 ( independent  of c ) .  Though t h e r e  a r e  

d i s c repanc i e s  i n  d e t a i l ,  t h e  o v e r a l l  agreement of t h e  p r e s e n t  very 
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simple model with experiment over  t he  f u l l  concent ra t ion  range is 

encouraging. The temperature dependence i s  a l s o  s a t i s f a c t o r i l y  

explained:  f o r  t he se  d a t a  and an extended r e p o r t  s e e  / 3 / .  

The au tho r s  are obl iged  t o  Deutsche Forschungsgemeinschaft,  Sfb  161, 

f o r  f i n a n c i a l  suppor t ,  and t o  Gese l l s cha f t  f u r  Kernforschung, K a r l s -  

ruhe ,  f o r  machine t i m e  a t  t h e  cyc lo t ron .  

Ref e rences  

l  WARREN W.W. Jr. :Phys. Rev. (1971) 3708 

/2/ WARREN W.W. Jr.: J. Non-Cryst. S o l i d s  8-10 (1972) 241 

/3/ BRINKMANN R, ELWENSPOEK M. , von HARTROTT M . ,  NOVAK A . ,  and 

QUITMANN D.: t o  be  published 

/ 4 /  GLAZOV V.M., CHIZHEVSKAYA S.N. and GLAGOLEVA N.N. :  Liquid Semi- 

conductors ,  Plenum, New York 1969 

/5/ HbHNE J . ,  von HARTROTT M., QUITMANN D.,ROSSBACH J . ,  WEIHRETER E . ,  

WILLEKE F. and SCHIRMACHER W . :  Proc 7 t h  I n t .  Conf. on Am. and Liq. 

Semiconductors, Univ. of Edinburgh 1977, p. 848; I n s t .  Phys. Conf. 

S e r i e s  30 (1977) 460 

/6 /  MOTT N.F. and DAVIS E.A.: E l e c t r o n i c  Processes i n  Non-Crystal l ine 

Ma te r i a l s  Clarendon. Oxford 1971 


