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Abstract. - We measured the a t t enua t ion  and t h e  phase ve loc i ty  v a r i a t i o n s  of 
longi tudinal  u l t r a s o n i c  waves i n  a superionic  g l a s s  of composition : B203, 
0.5 Li20, 0.7 LiCl . The experimental curves show a t  l e a s t  th ree  d i f f e r e n t  
mechanisms of sound at tenuat ion.  Comparison with the r e s u l t  f o r  a l e s s  con- 
duct ive compound (B203, 0.5 LigO)  is  done. Two of the mechanisms a r e  a t t r i b u -  
ted t o  the glassy nature of t h e  compound. One i s  believed t o  be due t o  the 
superionic  p roper t i es  of the  mater ial .  

Among the  superionic  conductors there  is  a c l a s s  of compounds which a r e  g lassy  

mater ials .  These a r e  very i n t e r e s t i n g  because it is r e l a t i v e l y  easy t o  prepare them 

with a f a i r l y  l a r g e  s i z e  ( t y p i c a l l y  a cubic cent imeter) .  But up t o  now they a r e  no t  

a s  good conductor a t  room temperature a s  the  c r y s t a l l i n e  superionic. Thus t h e r e  is  a 

need f o r  studying t h e i r  p roper t i es  i n  order  t o  improve them. 

We have measured the  a t t enua t ion  and the  phase ve loc i ty  v a r i a t i o n s  of ul t raso-  

n i c  waves i n  a superionic  g l a s s  with the  chemical formula : B203, 0.5 Li20, 0.7 LiC1. 

These mate r ia l s  were synthet ized by A. LEVASSEUR and h i s  co-workers, from t h e  

University of Bordeaux I. Their room temperature conduct ivi ty  is between and 

cm-I. I t  is  general ly  bel ieved t h a t  t h e  increase of l i thium oxide w i l l  chan- 

ge mainly t h e  microscopic s t r u c t u r e  of  t h e  g l a s s  when t h e  increase  of l i thium ch lor i -  

de w i l l  i nc rease  t h e  conduct ivi ty  of the mater ial .  Thus it seemed worth t o  us  t o  

study a g l a s s  with t h e  same content  of l i th ium oxide b u t  without l i th ium chloride,  

i . e .  B203, 0.5 Li20 . I n  t h i s  way we expected t o  be ab le  t o  separate  t h e  v a r i a t i o n s  

due t o  t h e  s t r u c t u r e  of  the mate r ia l  (glassy type var ia t ions)  from those due t o  t h e  

superionic  nature of t h e  g lass .  The experimental r e s u l t s  a r e  displayed i n  Figure I 

f o r  the  a t t enua t ion  and i n  Figure 2 f o r  t h e  ve loc i ty .  I n  these  f igures  t h e  da ta  f o r  

the g l a s s  with LiCl a r e  shown with f u l l  l i n e s  when t h e  ones f o r  t h e  g l a s s  without 

LiCl a r e  shown with dashed l i n e s .  

A t  low temperatures (below 15 K) both mate r ia l s  have t h e  same kind of varia-  

t ions .  They a r e  g lassy  types. The v a r i a t i o n s  f o r  t h e  compound with LiCl have been 

analysed i n  d e t a i l s  and the  r e s u l t  reported elsewhere [ I ] .  The a t tenua t ion  changes 

a s  T~ up t o  about 1 K, then it bends around towards a p la teau  the  he igh t  of  which 

v a r i e s  l i n e a r l y  with t h e  frequency. 

Between 15 K and 100 K a second mechanism of  a t t enua t ion  a r i sed .  It seemed 

c l e a r  from t h e  r e s u l t s  f o r  t h e  compound without LiC1, t h i s  mechanism i s  due t o  the  

re laxa t ion  of a d i s t r i b u t i o n  of two l e v e l  systems (TLS) with a re laxa t ion  time chan- 

ging with a d i s t r i b u t e d  Arrhenius type law versus t h e  temperature. Such a peak is 
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often found for glassy materials [2]. This behavior is less obvious for the LiCl 

compound. But, since an increase of the attenuation arises in the same range of tem- 

perature, we believe that the main reason for it is an Arrhenius type relaxation. 

Finally, at higher temperatures (T >I00 K) a new mechanism of attenuation 

appears in the LiCl compound. It is certainly much weaker in the other compound since 

we begin to see such an increase only above 250 K. This mechanism seemed to be of a 

new type and probably related to the lithium concentration since it exists in both 

materials and it is much stronger in the compound with the higher lithium concentra- 

tion. 

The velocity variations does not show so well defined temperature behavior. 

However at low temperature they are characteristic of a glassy compound. At tempera- 

tures lower than 4 K, the velocity increases as the logarithm of the temperature and. 

is frequency independent. The slope of the curves for the LiCl doped compound is 

slightly lower than the ones of the other compound. These variations are known to be 

due to the resonant interaction between the ultrasonic waves and the TLS [I-31. Then 

the curves bend around and a decrease almost linear is observed. It has been shown 

in Ref. 111 this variations can be explained by the relaxation interaction between 

the waves and the TLS. The bending appears at higher temperature and the temperature 

decrease is weaker in the compound without LiCl than in the other. 
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Figure 1 - Experimental variations of Figure 2 - Experimental velocity varia- 
the attenuation of longitudinal waves tions of longitudinal waves in both 
in both compounds. The lines are guide compounds. The lines are guide for the 
for the eyes. The full lines are rela- eyes. The full lines are relative to 
tive to B203, 0.5 Li20, 0.7 LiCl and B203, 0.5 Li20, 0.7 LiCl and the dashed 
the dashed lines to B203, 0.5 Li20 . lines to B203, 0.5 Li20 . 
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Around 60 K t h e  s lope of t h e  decrease diminishes and a region with a s l i g h t  
dispersion s t a r t s .  I t  is  i n  t h e  temperature range near t h e  maximum of t h e  Arrhenius 

peak. Then we think t h i s  change is r e l a t e d  t o  the  peak. 

On a q u a n t i t a t i v e  po in t  of view, we must remember t h a t  t h e  a t t enua t ion  varia-  

t i o n s  f o r  any e f f e c t  a r e  a t  l e a s t  proport ional  t o  t h e  inverse of t h e  t h i r d  power of 

t h e  sound veloci ty.  Thus we measured t h e  absolute  sound ve loc i ty  f o r  longi tudinal  and 

t ransverse  waves i n  both compounds. We found VL = 6.2 l o 3  m/sec and 

VT = 3.75 l o 3  m/sec i n  t h e  L i C l  compound, and VL = 6.92 lo3 m/sec , 
VT = 3.97 lo3 m/sec i n  t h e  other .  Thus t h e  a t t enua t ion  of  t h e  l a t t e r  must b e  mul- 

t i p l y  by 1.25 before comparison with t h e  L i C l  doped compound. 

I f  we do so,  t h e  height  of  t h e  p la teau  is  t h e  same i n  both compounds. This 

seemed t o  show t h a t  t h e  coupling constant  is independent of the LiCl concentration. 

The s l i g h t  d i f fe rence  i n  t h e  s lope of t h e  ve loc i ty  curves can be taken i n t o  account 

by changing t h e  d i s t r i b u t i o n  of two l e v e l  systems a s  it was done i n  Ref. [3]. 

I t  has been shownin[ l ]  using t h e  theory of Ref. [ 3 ]  t h a t  the  a t t enua t ion  and 

t h e  ve loc i ty  v a r i a t i o n s  i n  t h e  L i C l  compound can be  explained q u a n t i t a t i v e l y  by 

i,ntroducing, besides the  deformation p o t e n t i a l s ,  two constants  labeled Kg and K7.  Kg 

K7 a r e  expected t o  be roughly proport ional  respec t ive ly  t o  vi5 and v;". Then with 

t h e  ve loc i ty  measured, Kg and K7 should be s t ronger  by a f a c t o r  of  1.3 and 1.8 i n  t h e  

LiCl doped compound. The accuracy is too  small on t h e  a t t enua t ion  curves t o  see  such 

a weak fac tor .  But it i s  c l e a r  on the  ve loc i ty  curves t h a t  the  height  of t h e  maximum 

is lower and t h e  s lope of the  decrease, higher  f o r  t h e  LiCl doped compound than f o r  

t h e  other .  This  is exac t ly  what i s  expected from t h e  theory developed i n  Ref. [31. 

The q u a n t i t a t i v e  comparison i s  more d i f f i c u l t  a t  higher  temperature s ince t h e r e  

is no s a t i s f y i n g  theory developed up t o  now t o  explain t h e  Arrhenius peak. A simple 

way t o  analyse the  r e s u l t s  w i l l  be t o  s u b s t r a c t  from t h e  LiCl curve the  convenably 

scaled v a r i a t i o n s  f o r  the  o ther  compound. But t h i s  leads t o  some r a t h e r  s t range 

v a r i a t i o n s  f o r  t h e  e x t r a  a t t enua t ion  around 40 K .  Then we think t h a t  t h e  introduct ion 

of  LiCl changes possibly t h e  d i s t r i b u t i o n  of  t h e  b a r r i e r  height .  This  c a l l e d  f o r  a 

more c a r e f u l  ana lys i s .  F ina l ly  we note t h a t  t h e  e x t r a  a t t enua t ion  increases  very 

roughly a s  the  frequency. 
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