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Abstract The conduct i v i  t y  o f  Lanthanum Hydr i des compounds i s computed by 
c o n s i d e r i n g  an approx imate model Hami l ton ian  which takes i n t o  account 
the  h y b r i d i z a t i o n  o f  t h e  d and hydrogen-derived s bands. The model i s  
used t o  d iscuss  t h e  r o l e  o f  h y b r i d i z a t i o n  on t h e  e l e c t r i c a l  c o n d u ~ t i v i ~ y  
and t h e  observed metal- semiconductor phase t r a n s i t i o n  i n  LaHx. 

I n t e r e s t  i n  the un ique  c o n d u c t i v i t y  p r o p e r t  i e s  o f  t h e  r a r e  

e a r t h  hydr ides  began wi  t h  t h e  work o f  S t a l  i n s k i l  who s t u d i e d  a range o f  

c o n c e n t r a t i o n  o f  hydrogen i n  LaH u s i n g  pressed powder samples.His work 
X '. 

was supplemented by much more p r e c i s e  d a t a  o n  t h e  CeH s y s t e m  b y  

~eckrnan' and l a t e r  by ~ i b o w i  t z 3  and h i s  coworkers. So f a r  many more ex- 

per imenta l  s t u d i e s  have been c a r r i e d  o u t  on CeH than LaHx. F u r t h e r  

work on LaHx has been presented by Misemer e t  a z 4 .  Thei r da ta  a r e  pre-  

sented i n  f i g .  1 i n d i c a t i n g  a nonvanish ing c o n d u c t i v i t y  ( m e t a l l i c  be- 

h a v i o u r )  as T -t O f o r  x = 2.72 and x = 1.98,  whereas f o r  concen t ra t ions  

2.90 and above, l o g a r i t h m i c  increases i n  r e s i s t i v i t y  w i  t h  d e c r e a s i n g  

temperature a r e  observed, c h a r a c t e r i s t i c  o f  semiconductors. 

The metal- semiconductor t r a n s i t i o n  i n  LaH has been i n t e r p r e t e d  
6 

X 
i n  a p rev ious  work as a consequence o f  t h e  i n c r e a s i n g  h y b r  í d i z a  t í o n  

between t h e  upper and lower  h y b r i d  bands. Wi th  i n c r e a s  i n g  H - c o n c e n -  

t r a t i o n  t h e  h y b r i d i z a t i o n  a l s o  increases and i t  was shown t h a t  a n  gap 

r e s u l t s  between t h e  h y b r i d  bands, and consequent ly  t h e  s y s t e m  changes 

i t s  phase f rom m e t a l l i c  s t a t e .  Consider ing h y b r i d i z a t i o n  thus has pro-  

v i d e d  v a l u a b l e  new i n s i g h t  i n t o  t h e  mechanism o f themeta l- semiconduc to r  

t r a n s i t i o n  i n  LaH . 
X 

The rnodel Hami l t o n i a n  f rom r e f .  6, which i s  r e c a l  l e d  here  i s  

Work p a r t i a 1  1 y suppor ted by CNPq ( ~ r a z i l  i a n  Government Agency) . 
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-I Fig.1 - Finnemore and M a z i n i ' s  
d a t a 5  as presented by Mesemer e t  
a14 on t h e  c o n d u c t i v i t y  o f  LaHx. 

4 

The genera l  form o f  t h e  h y b r i d  bands i s  shown i n  f i g .  2. The 

c u b i c  c e l l  showing t h e  p o s i t i o n s  o f  t h e  f . c . c .  l a t t i c e  o f  La atoms as 

w e l l  as t h e  t e t r a h e d r a l  and oc tahedra l  hydrogen s i  tes  and t h e ' e l e c t r o n i c  

band s t r u c t u r e  and d e n s i t y  o f  s t a t e s  o f  m e t a l l i c  LaH2 and semiconductor 

LaH3 a r e  presented i n  r e f  .6. 

W i t h i n  t h i s  model t h e  e l e c t r i c a l  c o n d u c t i v i t y  can now be com- 

pu ted  by 

wi t h  

where a f D E  i s  t h e  d e r i v a t i v e  o f  t h e  Fermi-Dirõc d i s t r i b u t i o n  f u n c t i o n ,  

and t h e  m a t r i x  element DE i s  assumed t o  be a  s low- vary ing  f u n c t i o n  o f  
- 

t h e  energy8 and taken as D . 
l - i~  
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Fig.2 - General s h a p e o f h y b r i d  bands 
i n  t h e  Hartree-Fock approxirnat ion. 
kZB i s  the  wave v e c t o r  t o  the  zone 
boundary . 

Assuming a parabol  i c  densi  t y  o f  s t a t e s ,  t h e  c o n d u c t i v i  t y  can be 

compu t e d  as 

wp 1 e ~ ( 0 . f  - VJ 
+ - - l o g  

B(w? - l iF) B B(wf  - "1 
1 + e  1 + e  

1 
where c can be c a l c u l a t e d  by us ing  eqs. (2 )  and ( 5 )  ; B = l/kgT; uF i s  

P 
t h e  Ferrni leve1 energy; and 1 = ufa and 2 = $ correspond t o  hy- o k=O 
b r i d  band d i s p e r s i o n  energ ies  wP aZBshown i n  f i g .  2, d e f  ined as kõ' 

The gap between the  upper and lower  h y b r i d  bands c a n  b e  ex- 

pressed by 6 
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On f igs .  (3)  and (4) ,  the curves (a) ,  (b) and (c)  correspond t o  

g < O, g = O and g > 0, respect ive ly ,  showing the conduc t i v i t y  versus 

ternperature, using the fo l l ow ing  values o f  t h e  p a r a m e t e r  V, where 

metal 1 i c  

re la ted  to  hyb r i d i za t i on :  (a) V = 0.50; (b) V  = 2.46 and (c)  

n  accordance w i  t h  previous resul  t s ,  g < O corresponds t o  a  

hase,g = O t o  a  semiconductor phase and g > O represents the 

phase trans i t ion. 

So f a r  the v a r i a t i o n  o f  conduct iv i ty  i n  lanthanum hydrides has 

not been understood as resu l  t i n g  frorn an increase o f  h y b r i d i z a t i o n  be- 

tween the upper and lower bands. I t  can be establ ished again, as i n  ref .  

6, t ha t  increase o f  hyb r i d i za t i on ,  which occurs when the H- concentration 

i s  increased, i s  d i r e c t l y  responsible f o r  the phase t r a n s i t i o n  f ro rn  

metal t o  semiconductor when x = 2 . 8 .  

The c a l c u l a t i o n  presented here gives a q u a l i t a t i v e  explanat ion 

o f  the conduct iv i  t y  p roper t ies  o f  LaH . As i n  r e f  -6,  we have establ  i shed 
X 

the irnportance o f  tak ing  i n t o  account the hyb r i d i za t i on  o f  the d and 

hydrogen-derived s bands t o  exp la in  the metal-semiconductor t r a n s i t i o n  

i n  lanthanum hydrides. 

Fig.3 - Conduct iv i ty  versus tempera- Fig.4 - Logarithmic behaviour o f c f  
t u re  f o r  (a) V = 0.50; (b) ~ = 2 . 4 6 ;  wi t h  inverse temperature f o r  (a) V 
(c) V = 4.00. = 0.50;  (b) V = 2.46 and (c) V = 

= 4.00. 
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A condutividade de Hidretos de Lantânio 6 calculada consideran- 
do-se um Hamiltoniano modelo aproximado que leva em conta a h i b r i d i z a -  
ção das bandas d e s derivada do hidrogênio.  O modelo é usado para d is-  
c u t i  r o papel da h ibr id ização na condutividade e l é t r i c a  e na t rans ição 
de fase metal-sernicondutor observada em LaH . 


