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Résumé - L'absorption optique d'un monocristal de Csl a été mesurée à tempé
rature ambiante jusqu'à des pressions de 58 GPa, en utilisant le xénon comme 
milieux transmetteur de pression. La forme et la position du front d'absorp
tion mesuré diffèrent de façon significative des résultats obtenus sur des 
poudres, alors que seule la forme diffère des résultats précédents obtenus 
sur des monocristaux. 

Abstract - Optical absorption was measured in single crystals of Csl at 
room temperature at pressures up to 58 GPa, using xenon as a pressure trans
mitting medium. Tbe sbape and position of the absorption edge are shown to 
differ significantly from results obtained on powders, whereas only the 
shape differs from results obtained on single crystals. 

Investigations of the transition Troiii isolating to conducting behavior of solids 
under pressure have been actively pursued lately. In cesium iodide, which is ioni-
cally isoelectronic with xenon, band closure should be attainable with a diamond 
anvil cell. 

It has been studied among other techniques by optical absorption measurements , _ 
either on powder' '-1 or on single crystals (4-5). X-ray measurements show one^"^' 
crystalloqraphic phase transitions around 4U CPa. 

In this paper, u/e report optical absorption results on rnonocrystalline Csl up to 
57,5 GPH using Xe as a pressure transmitting medium and compare it with previous 
results. 

Experiment -, 
Xenon was used as a pressure transmitting medium. A 50x40xl0„m single crystal of 
Csl and a ruby chip were placed at the center of the hole of the stainless steel 
gasket. Sample and gasket hole stay centered with respect to the diamond culets 
during the experiment, within 10 jm. This minimizes the pressure gradient within 
the active volume of the sample. Pressure was measured by pressure shift of the 
luminescence line of rubyC). Unpolarized transmission spectra was measured under 
a microscope, through a 15 urn region selected by a focal iris. Transmitted and re
ference beams went through the Csl sample and xenon at all pressures. 

No correction was mode for reflexion losses at the Xe-Csl interface '. Two sets of 
correction were made on the raw spectra. 

- In the highly absorbing, high energy range, diffused stray light induc.es a cons
tant apparent transit;ittanCy which has been substracted. 

- In the low-energy range, geometrical factors in the setup and structural inho-
mogeneity in the sample induce a constant, apparent absorbanoy uhich must be fitted 
to a = 0. 
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Pressure inhomogeneity w i t h i n  the  salrlple was l e s s  than 2G13a, by comparison w i t h  

t he  l i n e  broaden ing o f  Lhe ruby emission. 

Resu l t s  and a n a l y s i s  
Severa l  f e a t u r e s  a re  apparent i n  f i g .  

F iq .  1 : Abso rp t i on  c o e f f i c i e n t  o f  a  CsL sample ( d  - 10 \lm a t  p : 0 i n  xenon a t  
T = 300 K. Pressures a r c  i n  Gl'a. 

1) The abso rp t l o r l  edyc: s l l i f t s  cnnLir luously t u  lower  ene rg ies  w i t h  i n c r e a s i n g  
pressure .  

2 )  The s t ~ o u l d e r  on t h e  abso rp t i on  edge d isappears  when the pressure  i s  l nc reascd  up 
Lo 40 LPa. 

3jWhen the pressure  i s  I 'urLher increased,  i t  reappears a  w e l l - d e f i n e d  peak. 

41 Thc apparent absorp t - ion  spectrum i s  s teepor  a t  lower  pressure .  

The e l e c t r o n i c  hand gap energy carmot be' d e r i v e d  from khc a h s o r p t i o r ~  edgc w i l h o u t  
some p h y s i c a l  model f 'or the t r ; ~ n s i t i u n .  l le re  we w i l l  examine the  most l i k e l y  p r o -  
cess : a l l owed  d i r e c t  t r a n s i t i o n .  I n  t h i s  case, i t  is r i a t u r a l  Lo exarnirle the  as- 

sigmenL o f  L l ~ e  shou lder  w h j c t ~  appear below 40 GPa t o  an c x c i t o n .  I f  we compare v i t h  
the  rooln pressure  spectrumL ) we noLe t h a t  the  i n t e g r a t e d  i n t e r j s i L y  decreases b e t -  
ween 0 and 411 CPa by a  f a c t o r  o f  60. 
Tor a  blannicr  e x c i t o r ~ ,  t.he i r ~ t e g r a t e d  i n t e n s i t y  can be w r i t t e n  ( 9  ) 



a : absorpt ion maximum, T : f u l l  w idth a t  h a l f  rnaxin~um 
b : reduced mass o f  the exc i ton,  €:the d i e l e c t r i c  constant,  
M : the mat r i x  element o f  the t r a n s i t i o n  and ~ g c t h e  d i r e c t  gap. 

We take M t o  be independent o f  pressure, and t have the same pressure dependence 
as i n  Xe, whi le  E: decrease from 6 t o  r 2  eVt1oY. Then a  decrease of p f a c t o r  of 3 
t o  4 w i l l  account f o r  the observed i n t e n s i t y  and i s  consis tent  w i t h  the l a t e s t  band 
s t r u c t u r e  ca lcu la t ions .  This evaluat ion depends on severa l  assumptions, and i s  
on ly  meant t o  show t h a t  the k ink  we observe, despi te  i t s  small  i n t e n s i t y ,  may be 
assigned w i t h  a d i r e c t  exc i ton.  Nevertheless, the shape o f  the h i g h  energy absorp- 
t i o n  i s  n o t  t h a t  o f  d i r e c t  continuum, w i t h  Coulomb i n t e r a c t i o n  and must be r e l a t e d  
t o  the low-energy t a i l  o f  a  deeper l e v e l (  '. I n  any case, the exc i ton  energy 
( c i r c l e s  i n  f i g .  2) c e r t a i n l y  represent a  lower value f o r  E~ G. 

Fiq.  2  A : Energy gap (eV) vs pressure (GPa) i n  Cs1.a and b are threshold energy 
gap Eth and d i r e c t  energy gap o f  r e f .  1.c : absorpt ion edge ( r e f .  2 i .  C i r c l e s  : 
exc i ton  energy Ex ( t h i s  work). Points  : "Exciton energy" ( r e f .  4). Dashed l i n e s  : 
ex t rapo la t ions  t o  zero energy. The arrow i n d i c a t e  the l o c a t i o n  anomaly o f  the ex- 
c i t o n  peak near the phase t r a n s i t i o n .  
B. : Comparison o f  our r e s u l t s  w i t h  those o f  K .  Asaumi ( r6 f .  6 )  a and b : absorpt ion 
c o e f f i c i e n t  o f  r e f .  I ,  w i t h  samples thicknesses o f  20 and 30 pm a t  46 GPa. e  : ab- 
so rp t ion  c o e f f i c i e n t  a t  48 GPa ( t h i s  work). 

Above 44 GPa, po la r i zed  l i g h t  measurements should be done, i n  order t o  d-etermlne the 
o p t i c a l  gap. However, we have an i n d i c a t i o n ' o f  the p o s i t i o n  o f  the band edge. I t  
should be noted on f i g u r e  2  t h a t  apar t  from the t r a n s i t i o n  pressure (arrow, cx 
versus P  has a  continuous v a r i a t i o n ,  which f i t s  w i t h  a  very small  volun~e v a r i a t i o n  
a t  the t r a n s i t i o n ,  and presumably a  smal l  o p t i c a l  anisotropy. 

Discussion and Conclusion 
Comparison o f .ou r  r e s u l t s  ( f i g u r e  2A and B j  w i t h  the preceding shows c l e a r l y  two 
se ts  o f  r e s u l t s  : on the one hand, r e s u l t s  obtained on powders(1-2), and on the 
o ther  hand, those obtained on s i n g l e  c r y s t a l s  w i t h  a  pressure t r a n s m i t t i n g  me~ i ium(~-~ !  
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The s h a p e  and p o s i t i o n  o f  t h e  edge  a r e  v e r y  d i f f e r e n t  between t h e  two s e t  of  r e s u l b  
whereas  o n l y  t h e  s h a p e  o f  t h e  edge  ( s e e  f i g .  2 A )  differentiates t h e  " s i n g l e  c r y s t a l "  
r e s u l t s .  

We i n t e r p r e t  t h e  d i f f e r e n c e s  between s i n g l e  c r y s t a l  and powder by t h e  h i g h e r  p r e s -  
s u r e  homogeneity o v e r  t h e  a c t i v e  volume o f  s i n g l e  c r y s t a l s ,  t h e  u s e  o f  a r e f e r e n c e  
beam, and t h e  n a t u r e  i t s e l f  o f  t h e  c r y s t a l  and t h e  powder. This  d i s c r e p a n c y  i n  t h e  
raw d a t a  l e a d s  t o  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  v a r i a t i o n  o f  t h e  gap and o f  t h e  
e x t r a p o l a t e d  band c l o s i n  p r e s s u r e .  Whereas powder r e s u l t s  p r e d i c t  a  band c l o s i n g  
between 6 5  and 70 GPa(l-Y:, o u r  l i n e a r  e x t r a p o l a t i o n ,  which is a  L w e r  l i m i t  g i v e s  
93 GPa and Makarenko e t  a ~ . ( ~ )  p r e d i c t  110 GPa, u s i n g  a  non l i n e a r  e x t r a p o l a t i o n .  

These two l a s t  r e s u l t s  f i t  r e a s o n n a b l y  w e l l  w i t h  band s t r u c t u r e  c a l c u l a t i o n s  which 
p r e d i c t  100 + 10 GPa. I f  tlie v a r i a t i o n  o f  t h e  p o s i t i o n  of  t h e  e n e r g y  gap f i t s i l e r y  
w e l l  ( f i g .  2A) t h e  s h a p e  of t h e  a b s o r p t i o n  c u r v e  is q u i t e  d i f f e r e n t .  ( f i g .  3 ) .  

I I I I I I 

-- 48.6 GPa 

3. -- raw 
50 GPa ITlE 

corrected 

A 

w 

Fiq .  3 Comparison o f  o u r  r e s u l t s  w i t h  t h o s e  o f  Makarenko ( r e f .  4 ) - - - - - - -  and --- - : o p t i c a l  d e n s i t y  ( l e f t  hand s c a l e )  a t  52.4 and 48 .6  GPa, r e s p e c -  
t i v e l y  from r e f .  4 ,  -.-.-. . raw and c o r r e c t e d  a b s o r p t i o n  
c o e f f i c i e n t  ( r i g h t  hand s c a l e )  a t  50 GPa ( t h i s  work).  

I n  c o n c l u s i o n ,  i t  s h o u l d  be  emphasized t h a t  t h e  d i f f e r e n c e  between t h e  two s e t  o f  
r e s u l t s  is  v e r y  b i g .  Then i t  seems t o  be n e c e s s a r y  t o  u s e  m o n o c r y s t a l l i n e  samples  
i n  t r a n s p a r e n t  q u a s i h y d r o s t a t i c  p r e s s u r e  t r a n s m i t t i n g  medium, i n  o r d e r  t o  e x t r a c t  
meaningfu l  da ta .  

Note added i n  proof  : 
Absorp t ion  and X-ray measurements were per formed r e c e n t l y  on p o l y c r y s t a l s ~ ~ ~ ) .  The 
band gap v a r i a t i o n  d o e s  n o t  f i t  w i t h  n e i t h e r  set o f  r e s u l t s  d i s c u s s e d  above.  
Indeed ,  i n  t h i s  work, s a m p l e s  a r e  p o l y c r y s t a l s  and t h e  s t r a y  low e n e r g y  absorbancy  
is n o t  c o r r e c t e d  f o r .  Moreov r  t h e  gap is a r b i t r a r i l y  l o c a t e d  a t  a  c o n s t a n t  ab- 
s o r p t i o n  c o e f f i c i e n t  ( 9  x  1 0 5 c ~ - 1 )  Tor a l l  p r e s s u r e s .  
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