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INTRODUCTION 

The d iscovery  of pressure-induced e l e c t r o n i c  phase t r ans i -  
t i o n s  i n  r a r e - ea r th  chalcogenides l i k e  SmS (1,2) has l e d  t o  a 
s p u r t  of experimenta 1 and t h e o r e t i c a l  a c t i v i t y  i n  r ecen t  yea r s  
(3-5) . The phenomenon of va lence  i n s t a b i l i t y  a s soc i a t ed  w i t h  
t he  4f s h e l l  i n  t he se  ra re -ear th  compounds has  a t t r a c t e d  p a r t i -  
c u l a r  a t t e n t i o n ,  cons ider ing  t he  f a c t  t h a t  most of t h e  r a r e -  
e a r t h  i o n s  i n  meta l s ,  a l l o y s  and i n t e r m e t a l l i c  compounds a r e  
i n t e g r a l  valent: and remarkably i n d i f f e r e n t  t o  t h e i r  phys ica l  
and chemical surroundings.  Among t h e  ra re -ear th  metals ,  cerium 
is unique i n  t h a t  i t  undergoes a p r e s s u r e  (or  temperature) 
induced va l ence  t r a n s i t i o n  and i ts  a-phase has i n t e rmed ia t e  
valency much l i k e  t h a t  i n  t he  h igh  p re s su re  phase of SmS (6). 
I t  is a l s o  observed t h a t  p r e s su re  can remove t he  over lap  bet- 
ween two energy bands causing a cont inuous e l e c t r o n i c  t r ans i -  
t i on .  The metal-semiconductor t r a n s i t i o n  i n  y t te rb ium (Yb), a 
d i v a l e n t  r a r e  e a r t h  metal ,  near  1 3  kbar  p r e s su re  is a t y p i c a l  
example. 

I n  t h i s  paper  we review the  e l e c t r o n i c  p r o p e r t i e s  of  t h e  
va lence  f l u c t u a t i n g  systems v i z . ,  Ce, SmS and chemically col- 
l apsed  compounds l i k e  S ~ Q * ~ ~ G ~ ~ . ~ ~ S .  The emphasis w i l l  be  on 
t he  b,ehaviour of  t he  thermo-electr ic  power (TEP) i n  t he  mixed- 
v a l e n t  phase of t he se  systems (7 ,8) .  The experimental  phase 
diagram of SmS i n  t he  P-T p lane  (8) and t he  t h e o r e t i c a l  predic-  
t i o n s  of s e v e r a l  m d e l s  a r e  considered i n  some d e t a i l .  S tud i e s  
on cerium inc lude  t he  anomalous p r e s s u r e  v a r i a t i o n  of  TEP i n  
t he  y-phase ( 9 )  and t he  r e c e n t  observa t ion  of Kondo-like ano- 
maly i n  y-Ce (10) .  These provide  new suppor t ing  evidence t h a t  
a 4f v i r t u a l  bound s t a t e  (VBS) r e s i d e s  i n  c l o s e  proximity w i th  
t he  Fermi l e v e l .  Some new r e s u l t s  on t he  p r e s s u r e  induced 
metal-semiconduc t o r  t r a n s i t i o n  i n  y t te rb ium a r e  a l s o  presen ted  
(11,12).  
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1. Isotherms of TEP versus  p r e s su re  f o r  SmS. 

VALENCE FLUCTUATION I N  SmS 

SmS c r y s t a l l i z e s  i n  t he  NaCl type  s t r u c t u r e  having l a t t i c e  
parameter 5.97 and undergoes a  s t r o n g l y  f i r s t  o rde r  i s o s  t ruc-  
t u r a l  phase t r a n s i t i o n  a t  6.5 kbar a t  room temperature. This  
is a  s p e c t a c u l a r  phase t r a n s i t i o n  i n  t he  s ense  t h a t  t h e  b l a c k  
semiconducting phase (S-phase) t u rn s  golden yellow (M-phase) . 
This e l e c t r o n i c  t r a n s i t i o n  has been s t u d i e d  us ing  s e v e r a l  dia-  
g n o s t i c  t o o l s  l i k e  r e s i s t i v i t y ,  volume compression, Miissbauer 
e f f e c t ,  photoe lec t ron  spectroscopy,  e t c .  (13 , s ) .  I t  w i l l  suf-  
f i c e  he re  t o  no t e  t h a t  t he  high p re s su re  phase of SmS is a  
i n t e rmed ia t e  valeiice system wi th  a  r a p i d  f l u c t u a t i o n  between 
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two degenerate conf igura t i ons  viz, 4f 65d0 and 4f55d1 , which a r e  
pinned a t  the  Fermi energy (14).  The ' e l ec t ron ic  s p e c i f i c  h e a t  
i n  the  col lapsed  phase is anomalously l a r g e  145 m ~ / ~ r n o l e - ~ ~ ~  
i n d i c a t i n g  the  presence of a high dens i ty  of states a t  EF. 

TEP BEHAVIOUR OF SmS 

Polyc rys t a l l i ne  samples of SmS prepared by the  procedure 
given by Bucher (1) were used i n  the  present  s t u d i e s .  The ex- 
perimental  techniques f o r  TEP measurement a t  high pressures  and 
high temperatures have been described e a r l i e r  U5) .  F igure  1 
gives  the  isotherms of TEP v s  p re s su re  f o r  SmS (8). I n  t h e  
S-phase TEP is l a r g e  and negat ive  = - ~ O D V / ~ C  a t  ~Pc.  The f i r s t  
order  phase t r a n s i t i o n  near 6.5 kbar a s soc ia t ed  wi th  the  4f-5d 
e l e c t r o n  de loca l i za t ion  manifes ts  i t s e l f  a s  a sudden drop i n  
the  magn i tud~  of TEP together  wi th  a change of s ign.  I n  the  
region  p r i o r  t o  t he  phase t r a n s i t i o n  TEP decreases considerably 
wi th  pressure.  The notable  f e a t u r e  of t h i s  diagram is t h a t  t he  
magnitude of t he  d i scon t inu i ty  i n  TEP a t  the  phase t r a n s i t i o n  
decreases progress ive ly  wi th  temperature. The isotherm corres-  
ponding t o  835Oc is almost continuous with p t e s su re  suggest ing 
t h a t  t h i s  S-M phase boundary te rminates  i n  a c r i t i c a l  poin t .  
The progress ive  narrowing of  t he  p re s su re  h y s t e r e s i s  between 
the  forward and t h e  reverse  t ransf t for t  w i th  inc rease  i n  temp- 
e r a t u r e  is a l s o  used a s  a c r i t e r i o n  t o  t r ack  the  c r i t i c a l  po in t .  
Figure 2 d e p i c t s  the  phase diagram of SmS cons t ruc ted  o u t  of 
t he  present  experimental da ta .  The s o l i d  l i n e  g ives  the  t rans-  
formation pressures  c o r r e s h n d i n g  t o  the  forward t r a n s i t i o n  
wh i l e  the  dot ted  l i n e  corresponds to  the  r eve r se  t r a c s i t i o n .  
It is c l e a r  t h a t  the  d i f f e r e n c e  i n  p re s su re  a t  which the  for-  
ward and r eve r se  t r a n s i t i o n  occur ( ~ 5  kbar a t  2 ~ ~ ~ 2  progres- 
s i v e l y  narrows down a t  h igher  temperatures. The temperature 
a t  which the  magnitude of t h e  TEP anomaly vanishes and the  
h y s t e r e s i s  i n t e r v a l  c lo ses  down is around 825'~. This is con- 
s i s t e n t  wi th  the  continuous v a r i a t i o n  of Q w i t h  P a t  8 3 5 ' ~  
( i n s e t  of Figure 1) .  We be l i eve  t h a t  t he  c r i t i c a l  temperature 
f o r  S-M phase boundary is around 8 2 5 ' ~  (8). Our da t a  shows 
that d T / d ~  is p o s i t i v e  and has a va lue  of 1 7 0 ~ ~ / k b a r  which is 
considerably lower than the  e a r l i e r  es t imates  (13). I t  is 
worth po in t ing  o u t  t h a t  t he  phase diagram of SmS has c l o s e  
similarities wi th  the y-a phase boundary i n  Ce. The implica- 
t i o n s  of t h e  phase diagram viz. ,  t he  c r i t i c a l  p o h t  and the  
p o s i t i v e  s lope  of t he  T-P p l o t  i n  r e l a t i o n  t o  the  mixed va lence  
problem w i l l  be discussed l a t e r .  

The v a r i a t i o n  of  TEP wi th  pressure  i n  t he  high pressure  
phase of SmS (Mgure 3) is q u i t e  anomalous i n  t h a t  over a narrow 
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Fig. 2. Phase s t a b i l i t y  diagram i n  SmS. 

pressure range between 8 and 15 kbar TEP increases steeply from 
s0 to  +10 UV/'C. Also shown i n  Figure 3 i s  the TEP behaviovr 
of c r i t i c a l l y  doped and chemically collapsed SmS v i z . ,  SmO. 84 
Gdol16S, which is remarkably identfcal to that i n  the high 
pressure phase of SmS indicating the c lose  similarity i n  their 
electronic structure. 
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Fig. 3. Anomalous p re s su re  dependence of t he  TEP i n  
Srn0,8~Gd0. 1 6S and i n  t he  high p re s su re  phase of SmS. (Scale 
of Q f o r  SmS on L.H.S.) 

The unique f e a t u r e s  of t h e  phase dtagram of SmS are (a) 
t h e  ex i s t ence  of a c r f t i c a l  po in t  around 8 2 5 ' ~  and 11 kbar and 
(b) t h e  large p o s i t i v e  s lope  i n  the T-P diagram, We present a 
c r i t i q u e  of the var ious  t h e o r e t i c a l  models developed t o  
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exp la in  t h e  phase diagram of SmS and focus  a t t e n t i o n  on some 
of t h e  t h e o r e t i c a l  problems y e t  t o  be  understood. 

Appl ica t ion  of the  Clausius-Clapeyron r e l a t i o n  v i z . ,  
dT/dP = AV/AS t o  t h e  S-M phase boundary shows t h a t  AS is nega- 
t i v e  f o r  dT/dP t o  be p o s i t i v e ,  as AV is always negat ive  i n  a  
p re s su re  experiment. This  means t h a t  t h e  entropy of t h e  s e m i -  
conducting phase is higher  than t h a t  i n  t h e  m e t a l l i c  phase. 
The ground s t a t e  of t he  s m 2 +  fon app rop r i a t e  t o  t h e  S-phase 
has J=O and hence no s p i n  d i so rde r  entropy whereas the  pure 
con f igu ra t ion  sm3+ i on  has J = 5/2. Thus i f  t he  va lence  tran- 
s i t i o n  had proceeded a l l  the way t o  t h e  pu re  t r i v a l e n t  confi- 
gu ra t ion  s t a t e ,  then i t  would l ead  t o  a  nega t ive  s l o p e  i n  t h e  
T-P diagram. The s i t u a t i o n  i n  SmS is q u i t e  d i f f e r e n t  from 
t h a t  i n  Ce because ce3+ ion  i n  y-phase has J = 5/2 g iv ing  r i s e  
t o  a  f i n i t e  s p i n  d i so rde r  entropy,  I t  is conceivable t h a t  a  
s t r o n g  r educ t ion  of t h i s  s p i n  d i so rde r  entropy accompanying 
t h e  y-a t r a n s i t i o n  could g ive  r i s e  t o  a  p o s i t i v e  s lope  i n  t h e  
phase diagram. 

On the  t h e o r e t i c a l  s i d e ,  t he  phase diagram f o r  SmS has 
been worked out  by Wio e t  a 1  (16) who used a  sfmple i o n i c  
model f o r  t he  cohesive enezgy and e l e c t r o n i c  terms s i m i l a r  t o  
those  of t he  Falicov-Kimball model f o r  meta l - insu la tor  t r ans i -  
t i o n s .  I n  s e t t i n g  up the  f r e e  energy func t ion ,  they neglec ted  
the  entropy con t r ibu t ions  from t h e  conduction band and t h e  
l a t t i c e  and took i n t o  account  only t he  con t r ibu t ion  from t h e  
holes  i n  t h e  4f s h e l l .  This  theory p r e d i c t s  a  c r i t i c a l  temp- 
e r a t u r e s  of on ly  280 '~  and moreover the  s l o p e  of  t h e  T-P p l o t  
t u r n s  o u t  t o  be  negat ive.  Goncalves da S i l v a  and Fa l icov  (17) 
have provided another  formulat ion of t h e  equat ion  of s t a t e  
t ak ing  i n t o  account the  hybr l d i z a  t i o n  between t h e  l o c a l i z e d  
and i t i n e r a n t  s t a t e s .  This  theory aga in  p r e d i c t s  t h e  wrong 
s lope .  I t  is c l e a r  t h a t  i n  a l l  t he se  formula t ions ,  t he  entro-  
py of t he  mixed va lence  phase t u rns  ou t  t o  be  h igher  than t h a t  
i n  t h e  semiconducting phase. 

Kapliin and Mahanti (18) proposed a two l e v e l  model involv- 
i ng  a n  f 2  s p i n  s i n g l e t  and fd  s p i n  s i n g l e t  ( i n s t ead  of f 6  and 
f5d)  a t  each Sm s i t e .  I n  t he  mean f f e l d  approximation they 
worked o u t  t h e  consequences of t h i s  model i n  r e l a t i o n  t o  the  
phase diagram. They p r e d i c t  t h a t  t h e  f i r s t  o ~ d e r  phase boundary 
te rmina tes  i n  a  c r i t i c a l  p o i n t  around 1 5 0 0 ~ ~ .  Although the 
o r d e r  of magnitude e s t ima te  of Tc is c l o s e  t o  t h e  experimental  
va lue ,  t he  shape of the  f i r s t  o rder  boundary had the  wrong 
s lope .  This was a t t r i b u t e d  to  t he  l i m f t a t i o n s  of t h e  two l e v e l  
model and i n  a  l a t e r  work (19) they have c a r e f u l l y  considered 
a l l  t h e  entropy con t r ibu t ions  i n  t he  semfconducting and metal- 
l i c  phases. I n  t he  S-phase t h e  ground s t a t e  of sm2+ is 7 ~ 0  
(J=0) w i th  7 ~ 1  (J=1) l e v e l  l y i n g  about  4 0 0 ' ~  above and t h e  
next  c r i t i c a l  s t a t e  7 ~ 2  l i e s  about  1 0 0 0 ~ ~  from t h e  ground 
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Fig. 4. Theore t i ca l  phase 
diagram of SmS (Ref. 19) .  

s t a t e .  I n  t h e  temperature regime of i n t e r e s t  (>100O~), t h e  
J=l l e v e l  w i l l  be  s u b s t a n t i a l l y  occupied and t h i s  i n t r a - s i t e  
entropy has t o  b e  considered. The c a l c u l a t i o n  of t h e  entropy 
i n  t h e  M-phase is complicated and is the  crux of t h e  problem. 
Tho d i s t i n c t i v e  f e a t u r e  of t h i s  model compared t o  a l l  t he  
o t h e r  models is t h a t  a t  t h e  phase t r a n s i t i o n  only a sma l l  
f r a c t i o n  110.1 e lec t ron/a tom goes over  i n t o  t h e  broad conduc- 
t i o n  band, t he  remaining s t i l l  l o c a l i z e d  around t h e  Sm ion.  
The e l e c t r o n i c  entropy, then tu rns  o u t  t o  be  

where a is t h e  number cf e l e c t r o n s  o r  ho l e s  p e r  i o n  a t  t h f s  
temperature. The l a t t i c e  o r  phonon con t r ibu t fon  is q u i t e  im- 
p o r t a n t  and need t o  be taken i n t o  account.  The experimental 
obse rva t ibn  of s o f t  bu lk  modulus accornpanyi1;g t h e  S-M t r ans i -  
t i o n  i n  SmS impl ies  t h a t  t h i s  would inc rease  t he  entropy of 
t he  M-phase . The theore  t i c a l  phase diagram according t o  t h i s  
model is shown i n  F igure  4. The phys t ca l  reason  f o r  ob ta in ing  
a  p o s i t i v e  s lope  is due t o  the  s t rong ly  reduced e l e c t r o n i c  
entropy term i n  thfs e s s e n t i a l l y  l o c a l i s e d  model. The elec-  
t r o n i c  t r a n s i t i o n  (4f6-4f55d1) r e s u l t s  i n  e l e c t r i c  d ipo le s  
ordered  i n  some complicated a n t l f e r r o e l e c t r i c  arrangement which 
would not  c o n t r i b u t e  t o  t he  entropy. A s  y e t  t h e r e  Is no ex- 
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per imenta l  conf i rmat ion  of t h i s  a s p e c t  of t he  model. This i s  
i n  marked c o n t r s t  t3 t he  o t h e r  convent icna l  models where a  
s u b s t a n t i a l  f r a c t i o n  -0.7 e l e c t r o n / i o n  g e t s  de loca l i zed .  I n  
t he  band model f o r  T > l O o ° K ,  t he  e l e c t r o n  entropy i n  t he  meta l  
w i l l  be approximately 0.7 kBln6 + 0.3 kBln4. Here 1x16 is the  
entropy c o n t r i b u t i o n  of t h e  J = 512 ground s t a t e  of t he  sm3+ 
ion .  This  is c l e a r l y  g r e a t e r  than kgln4 which is the  approxi- 
mate e l e c t r o n  entropy i n  t he  semiconducting phase. This  a lone  
g ives  AS > 0. The l a t t i c e  c o n t r i b u t i o n  w i l l  f u r t h e r  i n c r e a s e  
AS. Thus i t  fs d i f f i c u l t  t o  s e e  a  s i g n i f i c a n t  nega t i ve  con- 
t r i b u t i o n  t o  t he  entropy of t he  M-phase i n  any band model. 

The change of s l o p e  from p o s i t i v e  t o  nega t i ve  va lue  f o r  
temperatures  less than 100°K which a t  t h e  p r e s e n t  moment is a 
t h e o r e t i c a l  con j ec tu re  (4,19)  is a ~ e n e r a l  consequence of t he  
f a c t  t h a t  t b e  entropy of t h e  metal  is approximately yT (elec- 
t r o n i c  s p e c i f i c  h e a t ) .  This is  much l a r g e r  than  the entropy 
i n  t he  S-phase a s  T + 0. The t u r n  around i n  t h e  phase diagram 
around 1 5 0 ~ ~  imp l i e s  t h s t  t h i s  e l e c t r o n i c  entropy is exhausted 
around t h i s  temperature. The 4f e l e c t r o n s  which appear t o  b e  
i n  a  coheren t  hybr id ized  band a t  low temperatures  seems t o  go 
ove r  i n t o  t he  VBS regime a t  h igh  temperatures .  The l o w  temp- 
e r a t u r e  r e s i s t i v i t y  ( 5 )  shows t h a t  t he  S-M t ransformat ion  
s h i f t s  t o  h ighe r  p r e s su re s  which can be  taken as a n  i n d i r e c t  
evidence f o r  t he  nega t i ve  s l o p e  a t  low temperatures .  

I n  summary, we n o t e  t h a t  t h e  d i f f e r e n t  a spec t  of t he  phase 
diagram of ST& pre sen t  a  cha l l enge  t o  t h e  t h e o r e t f c a l  models. 
The convent ional  o r  the  band type of models cannot r e a l l y  ac- 
count  f o r  t h e  h igher  entropy of t h e  semiconducting phase. The 
l o c a l i z e d  model a l though capable of expla in ing  t h i s  f e a t u r e  
poses some d i f f i c u l t i e s  i n  understanding o t h e r  experimental  
da t a .  Another problem of ,considerable  experimental  and theore- 
t i c a l  i n t e r e s t  is whi le  SmS shows a  d i scont inuous  t r a n s i t i o n  
a t  room temperature,  t he  c l o s e l y  r e l a t e d  compounds SmSe and 
SmTe show a cont inuous phase t ransformation.  The p re sen t  
s t u d i e s  c l e a r l y  e s t a b l i s h  t h a t  even i n  SmS t h e  phase t r a n s i -  
t i o n  is cont inuous above t he  c r i t i c a l  po in t .  A p l a u s i b l e  
explana t ion  f o r  t he  cont inuous t r a n s i t i o n s  i n  SmSe and SmTe 
is t h a t  they have a  much lower c r i t i c a l  temperature.  Experi- 
ments a t  low temperature and high p re s su re s  a r e  r equ i r ed  t o  
con£ i r m  t h i s  po in t .  

DISCUSSION OF TEP RESULTS 

The anomalous v a r i a t i o n  of TEP i n  t he  h igh  p re s su re  phase 
of SmS and i n  t he  doped system Sm0.84Gd0-16S f i n d s  a  s imple 
explana t ion .  According t o  t he  H i r s t  model t he  va lence  f luc-  
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t u a t i o n s  on d i f f e r e n t  r a r e  e a r t h  s i t e s  a r e  uncorre la ted  which . 
is a good approximation a t  h i  h temperatures. Then the  r a r e  

5 5 e a r t h  ions  which a r e  i n  4f 5d con f igu ra t ion  a c t  a s  resonznt  
s c a t t e r e r s  f o r  t he  de loca l i zed  5d e l ec t rons .  Making t h e  plau- 
s i b l e  assumption t h a t  t he  energy dependence of t he  r e l a x a t i o n  
time makes t he  main c o n t r i b u t i o n  (7 ) ,  t he  expression f o r  TEP 
under these  condi t ions  takes  t he  form 

where A is the  wid th  of the  4f VBS and EF is t h e  Fermi ener- 
gy. When EF is pinned to  E4f which is the  p r e r e q u i s i t e  f o r  a 
va lence  f l u c t u a t i n g  system, Q w i l l  be  very small. Thus al thou- 
gh t h e  resonance s c a t t e r i n g  makes a l a r g e  c o n t r i b u t i o n  t o  
r e s i s t i v i t y ,  i ts con t r ibu t ion  t o  TEP is small. This  accounts  
f o r  t h e  s n a l l  magnitude of TEP a t  t he  phase t r a n s f t i o n .  The 
anomalous i n c r e a s e  i n  th.3 magnitude of TEP with  p re s su re  can 
be understood i f  one assumes a downward displacement of  t h e  
Fermi l e v e l  w i t h  r e spec t  to  t h e  c e n t r e  of 4f resonance. The 
experimental  observa t ion  a s  der ived  from the  l a t t i c e  parameter 
da t a  sugges ts  t h a t  t h e r e  is an  inc rease  i n  t he  f r a c t i o n a l  
va lence  wi th  pressure .  This  is equ iva l en t  t o  t he  Fermi l e v e l  
scanning the  lower ha l f  of the  4f resonance. TRese smal l  s h i f -  
ts w i t h i n  t he  width of 4f VBS is q u i t e  e s s e n t i a l  t o  account for 
t h e  v a r i a t i o n  of f r a c t i o n a l  va lence  wi th  pressure.  The posi-  
t i v e  s i g n  and t h e  drarmt ic  i nc rease  of TEP wi th  p re s su re  is 
due t o  t h e  i n c r e a s e  of E4f-EF wi th  p re s su re  and is obvious from 
t h e  exp re s s ion  f o r  Q. -\  

' y-a TRANSITION IN Ce 

The p re s su re  induced y-a e l e c t r o n i c  t r ans i t imn  i n  Ce and 
the  anomalous p r o p e r t i e s  of t h e  mixed v a l e n t  a-phase has been 
reviewed i n  s e v e r a l  a r t i c l e s  ( 5 , 6 ) .  Here w e  d i s cus s  b r i e f l y  
t he  TEP behaviour i n  t h e  y-phase which throws l i g h t  on t h e  
p o s i t i o n  of 4f VBS r e l a t i v e  t o  t h e  Fermi energy. F igure  5 
g ives  t h e  TEP vs  p re s su re  p l o t  a t  room temperature (9).  It is 
remarkable t h a t  i n  t he  y-phase TEP i nc reases  markedly w i t h  pres-  
s u r e  and shows a cusp l i k e  anomaly and i t s  v a r l a t i o n  wi th  pres-  
s u r e  has been s a t i s f a c t o r i l y  accounted f o r  on t h e  b a s i s  of 4f 
VBS r e s i d i n g  c l o s e  t o  EF (within 0.1 eV) I.n y-Ce. I n  a r e c e n t  
s tudy  i t  has been e s t ab l i shed  t h a t  y-Ce is a Kondo-compound 
verv s i m i l a r  t o  CeA12.  There is a l a r g e  p re s su re  enhancement 
of Kondo-like anomalies both i n  TEP and r e s i s t i v i t y .  These new 
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Fig. 5. Thermo-electric power versus  p re s su re  graph f o r  
Cerium a t  30'~. 
o - Data p o i n t s  ob ta ined  using )lo-W themocouple.  
0 - Data po in t s  obtained us ing  Chrome1 Alumel thermocouple. 

observa t ions  sugges t  t h a t  the coupling o? t he  conduction elec- 
t rons  w i th  t he  4f l o c a l  moment ts ant f fe r romagnet ic  i n  na ture .  
A l l  these  experfmental f ind ings  suppor t  t h e  promotion model 
where i n  t he  4f VBS l i e s  c l o s e  t o  EF. There is another  conjec- 
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PRESSURE ( K bar 1 

Fig. 6. R/Ro (curve A)  and TEP (curve B\ a g a i n s t  p ressure .  
P o s i t i o n  of arrows i n d i c a t e  t he  semimetal-semiconductor t r a p  
s i t i o n .  

t u r e  t h a t  t he  y-a t r a n s i t i o n  is a Mott t r a n s i t i o n  (201 which 
does no t  r e q u i r e  t he  presence  of a c lo se ly  l y i n g  4f VBS. The 
x-ray photoemissfon s t u d i e s  on y-Ce sugges t  t h a t  t h e  4f s t a t e  
is about  1 . 8  eV C5l below EF and t h i s  is gene ra l l y  considered 
t o  favour t h e  above viewpoint.  B o ~ e v e r ,  t he  XPS does no t  probe 
t he  ground s t a t e  of t he  system, u n l i k e  t he  measurements l i k e  
r e s i s t i v i t y  and TEP. O p t i c a l  abso rp t i on  experiments on oxidi-  
sed  Ce sample which would l o c a t e  t he  4f s t a t e  d i r e c t l y  would 
g r e a t l y  he lp  i n  c l e a r i n g  up t h i s  controversy.  
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Fig. 7. R /Ro  (curve A) and TEP (curve B) a s  a func t ion  of 
temperature a t  22 kbar. 

METAL-SEMICONDUCTOR TRANSITION I N  Yb 

I t  is we l l  known t h a t  Yb, a d i v a l e n t  ra re-ear th  metal ,  
undergoes a continuous metal-semiconductor ' t r a n s i t i o n  around 
1 3  kbar p re s su re  due t o  the  remox-a1 of the  6s-5d overlap.  Ex- 
t ens ive  s t u d i e s  on t h i s  phase t r a n s i t i o n  have been made (22) .  
We presen t  here  some new da t a  on TEP and r e s i s t i v i t y  obtained 
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under t r u l y  h y d r o s t a t i c  p re s su re  condi t ions .  F igu re  6 g ives  
a continuous record  of r e l a t i v e  r e s i s t a n c e  versus  p re s su re  a t  
2S°C. I t  can b e  c l e a r l y  s een  t h a t  t h e r e  is a change of s lope  
near  12-13 kbar p r e s s u r e  which was not  observable  i n  a l l  pre- 
v ious  s t u d i e s  probably due t o  non-hydrostatic condi t ions .  Also 
shown i n  t h e  diagram is t h e  TEP behaviour which mani fes t s  a s  a 
shoulder  a c r o s s  t h e  t r a n s i t i o n .  The c o r r e l a t i o n  of t he se  d a t a  
wi th  t he  o t h e r  e l e c t r o n i c  p rope r t i e s  has been d iscussed  else- 
where (11,12). I n  b r i e f ,  t h e  p o s i t i v e  s i g n  of Q is i n  con- 
formity w i th  t h e  H a l l  e f f e c t  d a t a  and t h e  r e l a t i v e l y  l a r g e  
magnitude of Q is simply due t o  the  small c a r r i e r  concentra- 
t i on .  The i n c r e a s e  of Q w i th  p re s su re  i n  t he  semimeta l l ic  
reg ion  is mainly due t? t h e  gradual  removal of t he  band over- 
l a p  and eke consequent decrease  i n  the  e l e c t r o n  concent ra t ion .  
I n  t he  semiconducting phase, t he  s t e e p  i n i t i a l  i nc rease  and 
t h e  subsequent decrease  i n  t he  magnitude of Q w i th  p re s su re  
c l e a r l y  po in t  ou t  t o  two opposing con t r ibu t ions  t o  t h e  elec- 
t r o n  d i f f u s i o n  TEP. 

F igure  7 g ives  t h e  temperature v a r i a t i o n  of t h e  r e s i s t i -  
v i t y  and TEP i n  t h e  semiconducting phase of Yb. The mein 
f e a t u r e  of t h e  r e s i s t i v i t y  curve is  t h e  i nc rease  i n  r e s i s t i v i t y  
w i th  temperature above 150°C. I t  is t o  be  noted t h a t  TEP i n  
t h e  same temperature reg ion  decreases  l i n e a r l y  w i th  tempera- 
t u r e .  These r e s u l t s  s t r o n g l y  suggest  t h a t  Yb behaves l i k e  a 
degenera te  semiconductor (12) above 150'~. 
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