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A b s t r a c t .  - Phonon i n t e r a c t i o n s  a r e  ve ry  u s e f u l  i n  t h e  s tudy  o f  l a r g e  de fec t s  
i n  d i e l e c t r i c  c r y s t a l s .  We p resen t  here t h e  s tudy  o f  t h e  n u c l e a t i o n  phenomen- 
um o f  Pb i n  NaCl by means o f  thermal c o n d u c t i v i t y  exper iments  bflween 50 mK 
and 50 K, and g i v e  some elements i n  f avou r  o f  t h e  hypo thes i s  t h a t  t h e  vacan- 
cy  i s  t h e  s c a t t e r i n g  c e n t e r  i n  t h e  I V  d i p o l e  (pb2+ vacancy) phonon i n t e r a c -  
t i o n s .  

1. I n t r o d u c t i o n  - The i n t e r a c t i o n  o f  phonons w i t h  l a r g e  d e f e c t s  i n  d i e l e c t r i c  c r ys -  

t a l s  depends on t h e  c h a r a c t e r i s t i c s  o f  t h e  d e f e c t  (d imensions, shape, d e n s i t y )  and 

on t h e  phonon frequency (1). There fore  thermal c o n d u c t i v i t y  exper iments can be ve ry  

u s e f u l  i n  t h e  s tudy  o f  such d e f e c t s .  Since phonons i n t e r a c t  w i t h  many d i f f e r e n t  de- 

f e c t s ,  i t  i s  necessary t o  know t h e  d i f f e r e n t  i n t e r a c t i o n  processes a v a i l a b l e  i n  t h e  

s t u d i e d  system, i n  o r d e r  t o  ana lyse t h e  r e s u l t s .  

I n  p rev ious  work (2 )  on Pb n u c l e a c t i o n  i n  KC1 we have deduced t h e  presence o f  

a  c y l i n d r i c a l  Suzuki l i k e  phase (PbC1 s u p e r l a t t i c e ) ,  a l s o  we have observed phonon 

s c a t t e r i n g  by I . V .  (pb2+ vacancy) d i p o l e s  and fo rmu la ted  t h e  hypothes is  t h a t  t he  

s c a t t e r i n g  c e n t e r  i s  t he  vacancy, as t he  resonance frequency does n o t  depend on t h e  

c a t i o n  ( 3 ) .  

I t  i s  i n t e r e s t i n g  t o  c o n f i r m  t h i s  hypothes is  and i n  o r d e r  t o  do t h i s  we have 

s t u d i e d  by t h e  same techn ique the  NaCl : Pb system, where t h e  s i t e  o f  t h e  vacancy i s  

d i f f e r e n t  f rom t h a t  i n  KC1 : Pb ( 4 ) .  

2 .  Experiments and Resu l t s  - A l l  t h e  samples were p rov ided  by P r o f .  R.CAPELLETT1 

f rom Parma U n i v e r s i t y  ( I t a l y )  and t h e i r  c h a r a c t e r i s t i c s  a r e  g i ven  i n  Table 1 .  

The thermal c o n d u c t i v i t y  has been measured by t h e  s tanda rd  method i n  t w o t h e r -  

ma1 s t a t e s  f o r  t he  doped c r y s t a l s  : as rece i ved  and quenched. The thermal t r ea tmen t  

a t  500°C f o r  two hours b e f o r e  quenching t o  LNT pe rm i t s  t o  d i s s o l v e  some o f  t h e  l a r g e  

de fec t s .  

I . V .  d i p o l e  c o n c e n t r a t i o n  i n  t h e  d i f f e r e n t  s t a t e s  and samples has been mea- 

su red  u s i n g  I o n i c  Thermo Currents  ( ITC)  techn ique by t h e  Parma Group. A  pure  NaCl 

sample has been measured t o o  as a  re fe rence .  

The r e s u l t s  a r e  shown i n  Fig.1,  and we can make t h e  f o l l o w i n g  remarks : i )  f o r  

t h e  h e a v i l y  doped sample i t  i s  imposs ib le  t o  d i s s o l v e  a l l  t h e  l e a d  by a  quenchjng 

Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19816265

http://www.edpsciences.org
http://dx.doi.org/10.1051/jphyscol:19816265


C6-894 JOURNAI. DE PHYSIQUE 

t h i s  r e s u l t  i s  conf i rmed by ITC too,  i i )  f o r  t h e  sample w i t h  t h e  l i g h t e s t  doping, 

t h e  " d i p "  a t  h i g h  temperature,  a t t r i b u t e d  t o  I . V .  d i p o l e s ,  i s  very  sma l l ,  w h i l e  ITC 

exper iments show t h e  presence o f  I . V .  d i p o l e s .  

3 .  Q u a n t i t a t i v e  Ana l ys i s  - We use the Debye model, as employed i n  (5 ) ,  t o  ana lyse 

t h e  r e s u l t s  : i n  t h i s  model t he  d i f f e r e n t  s c a t t e r i n g  processes a re  cons idered inde-  

pendent and t h e  t o t a l  i n v e r s e  r e l a x a t i o n  t ime i s  g iven by t h e  r e l a t i o n  : 

T - ~  = v/b + Gw + Aw" + T - 1  
ph ph + 'T1 

v/b, Gw, Aw4 and T - ~  correspond t o  t h e  boundary, d i s l o c a t i o n ,  p o i n t  d e f e c t  and 
ph ph 

phonon phonon s c a t t e r i n g ,  v  i s  t h e  sound v e l o c i t y ,  b  t h e  sample dimension ; o n l y  G 

and A  can va ry  w i t h  t h e  thermal s t a t e  o f  the  sample. 

T-I has been a c c u r r a t e l y  determined u s i n g  the  r e s u l t s  f o r  t h e  pure  sample : 
ph ph 

T-1 
ph ph 

= 84370 w2 T  exp ( - 310/4.5 x  T )  

T-i a r e  r e l a t e d  t o  t h e  I V  d i p o l e  and l a r g e  d e f e c t  s c a t t e r i n g .  

The f o l l o w i n g  express ions have been used : 

- I V  d i p o l e  T;: = h4/ (w2 - e l a s t i c  s c a t t e r i n g  where D  i s  p r o p o r t i o n a l  t o  

t h e  I V  c o n c e n t r a t i o n  and w o  i s  t h e  resonance frequency, 

- l a r g e  de fec t s  : two types 

. Spher ica l  T;I = Nr V-l u  where Nr i s  t h e  sphe r i ca l  de fec t s  concen t ra t i on  

1 ( 1  + R exp ( -  ?)) x  ( r ~ / v ) ~  f o r  * v  < 1.5 

2rw 
( 1  + R exp ( -  E)) 3  v  f o r  - >  v  1 .5  

where r i s  t h e  rad ius  o f  t h e  d e f e c t  and R a  s c a t t e r i n g  e f f i c i e n c y  c o e f f i c i e n t .  

. C y l i n d r i c a l  T ~ :  = N  id V-l uid where Nid i s  the  c y l i n d r i c a l  de fec t s  concent ra-  

t i o n  and = od + ue 

w i t h  uL = gV2 ( ~ / v ) ~  f o r  ew/v i 1.5 
1.5 = g ~ 2  (w/v)3  exp (-c(W - -)2) f o r  > 1 . 5  

V II v  

ud = f d L  (dw/1.5v)'+ f o r  dw/v < 1.5 

= fda. f o r  dw/v > 1.5 

where L i s  t he  l e n g t h ,  d  t h e  d iameter  and V t h e  volume o f  t h e  c y l i n d e r ,  v t he  

sound v e l o c i t y ,  g, f a r e  s c a t t e r i n g  e f f i c i e n c y  c o e f f i c i e n t s ,  c  an a d j u s t a b l e  

parameter.  

The va lues o f  t h e  main parameters cor respond ing t o  t h e  curves i n  F ig .1  a r e  g iven 

i n ' t h e  Tab le  1. 

We no te  t h a t  t he  f i t s  a re  good f o r  the  h e a v i l y  doped sample, b u t  n o t  e x c e l l e n t  f o r  

t he  two o t h e r  samples. Th is  can be a t t r i b u t e d  t o  t he  presence o f  i m p u r i t y  i ons  which 

mod i f y  t h e  thermal c o n d u c t i v i t y  ma in l y  f o r  t h e  undoped o r  l i g h t l y  doped sample. 

Never the less  we can deduce t h e  f o l l o w i n g  r e s u l t s  f rom t h e  a n a l y s i s  i) t h e  l e a d  

n u c l e a c t i o n  g ives  r i s e  t o  l a r g e  de fec t s  w i t h  t he  dimension and shape depending on 

t h e  Pb c o n c e n t r a t i o n  : sphe r i ca l  a t  l ow  concen t ra t i on  and c y l i n d r i c a l  a t  h i g h  con- 

c e n t r a t i o n .  



i i )  the  I V  d i p o l e  phonon s c a t t e r i n g  i s  weak and corresponds t o  a resonance tempera- 

t u r e  o f  55  K. 

Th is  behav iour  i s  d i f f e r e n t  from t h e  one observed i n  t h e  KC1 : Pb system where 

the s c a t t e r i n g  i s  s t r o n g e r  and a t  a resonance temperature o f  29 K.  

4 .  Conc lus ion - The s c a t t e r i n g  c e n t e r  i n  t he  I V  d i p o l e  phonon i n t e r a c t i o n  seems t o  

be the  vacancy, and a q u a n t i t a t i v e  model w i l l  be developed i n  t h e  f u t u r e .  

Moreover t he  Pb n u c l e a c t i o n  g i ves  r i s e  t o  l a r g e  de fec t s  where the  shape,sphe- 

r i c a l  o r  c y l i n d r i c a l  , seems t o  depend on t h e  Pb concen t ra t i on .  

Fig.l - Thermal c o n d u c t i v i t y  versus 
t h e  temperature f o r  symbols see. Table 1 Table 1 -- 
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