
HAL Id: jpa-00221172
https://hal.science/jpa-00221172v1

Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

ON THE THERMAL AND ELECTRICAL
CONDUCTIVITY OF V3Si AND V5Si3

A. Khoder, M. Couach, M. Locatelli, M. Abou-Ghantous, J.P. Senateur

To cite this version:
A. Khoder, M. Couach, M. Locatelli, M. Abou-Ghantous, J.P. Senateur. ON THE THERMAL AND
ELECTRICAL CONDUCTIVITY OF V3Si AND V5Si3. Journal de Physique Colloques, 1981, 42
(C6), pp.C6-383-C6-385. �10.1051/jphyscol:19816111�. �jpa-00221172�

https://hal.science/jpa-00221172v1
https://hal.archives-ouvertes.fr


JOURNAL DE PHYSIQUE 

CoZloque C6, suppZe'ment au no  12, Tome 42, de'cembre 1981 page C6-383 

ON THE THERMAL AND ELECTRICAL CONDUCTIVITY OF V 3 S i  AND V 5 S i 3  

* * y. 
A.F. Khoder, M. Couach, M. Locatelli, M. Abou-Ghantous and J.P.Senateur 

Service des Basses Tempe'ratures, Laboratoire de Cryophysique, Centre dlEtudes 
Nucze'aires de Grenoble, 85 1-38041 GrenobZe Cedex, France. 

"~acul te '  des Sciences, Universite' Libanaise, AZ-Hadet, Liban 

**ER 155, ENSIEG, BP 46, 38042 S t  Martin d 'H&res, France. 

A b s t r a c t .  - Thermal c o n d u c t i v i t y  and e l e c t r i c a l  r e s i s t i v i t y  measurements have 
been performed on V3Si and V5Si s i n g l e  c r y s t a l s .  Thermal c o n d u c t i v i t y  anoma- 
l i e s  a r e  observed on b o t h  compounds and seem l i k e l y  t o  be r e l a t e d  t o  t h e  re -  
s i s t i v i  ty " s a t u r a t i o n "  behav iour  e x h i b i t e d  by these two compounds. 

I n t r o d u c t i o n .  - I t i s  known t h a t  t h e  e l e c t r i c a l  r e s i s t i v i t y  o f  a  "d" band compound 

( t r a n s i t i o n  elements and t h e i r  a1 1oys )dev ia tes  f rom 1  i n e a r i  ty a t  h i g h  temperature  

e x h i b i t i n g  a  nega t i ve  cu rva tu re .  

Several  i n t e r p r e t a t i o n s  as anharmonic i ty ,  Fermi Smearing, T  dependent band 

s t r u c t u r e ,  phonon i n e f f e c t i v e n e s s  e t c .  ( 1 )  were proposed t o  e x p l a i n  such a  behav iour .  

I n  t h i s  paper we r e p o r t  and d i scuss  r e s u l t s  o f  t he  e l e c t r i c a l  and t h e  thermal 

c o n d u c t i v i t y  measurements performed on two ex t remely  d i f f e r e n t  compounds be long ing  

t o  t h e  Vanadium-Sil i c o n  system : V3Si,  an A15 compound w i t h  a  h i g h  s u p e r c o n d u c t i v i t y  

temperature (Tc = 17  K) and V5Si 3 which i s  normal down t o  0.2 K. 

F i n a l l y  a  c o r r e l a t i o n  between these two t r a n s p o r t  p r o p e r t i e s  i s  o u t l i n e d  f o r  

these compounds. 

Exper imental  r e s u l t s .  - F igu re  1 shows t h e  r e s i s t i v i t y  o f  V3Si and V5Si as a  func-  

t i o n  o f  temperature,  b o t h  o f  these curves d i s p l a y i n g  t h e  c l a s s i c a l  s a t u r a t i o n  pheno- 

menon. The temperatures where a  change o f  c u r v a t u r e  can be observed, a r e  respec t i ve -  

l y  82 K f o r  V3Si and 130 K  f o r  V5Si3. 

Recent ly  i t  has been shown t h a t  t h e  thermal c o n d u c t i v i t y  o f  V3Si (2)  i s  main- 

l y  due t o  t h e  e l e c t r o n s  (F ig .2 )  whereas t h a t  o f  V5Si 3 i s  p a r t l y  due t o  t h e  phonons. 

I n  t h i s  l a t e r  case t h i s  dependence appears c l e a r l y  by p l o t t i n g  K.p/T as a  f u n c t i o n  

o f  T  (Fig.3) and shows t h a t  t h e  c o n t r i b u t i o n  o f  t h e  phonons which reaches a  maximum 

a t  20 K, i s  impor tan t  around t h i s  temperature .  I n  f a c t  i t  appears d i f f i c u l t  i n  t h e  

case o f  V5S i3  t o  separa te  q u a n t i t a t i v e l y  t h e  two c o n t r i b u t i o n s  o f  e l e c t r o n s  and pho- 

nons and one has t o  cons ide r  q u a l i t a t i v e  arguments i n  t h i s  p a r t i c u l a r  case. The t h e r -  

mal c o n d u c t i v i t y  goes through a  minimum f o r  V3Si (F ig .2)  l i k e  f o r  V5Si3  (F ig .4 ) .  I n  

t h e  case o f  VBSi t h e  temperature  o f  t h i s  minimum Tm i s  t h e  same as t h e  temperature  

o f  t h e  i n f l e x i o n  p o i n t  i n  t h e  p (T )  curve.  For  V5S i3  t h e  c o n d u c t i v i t y  due t o  phonons 

decreases a t  h i gh  temperature  because o f  t h e  occurence o f  anharmonic and umklapp pro- 

cess and t h e n  t h e  i nc rease  o f  K(T) a f t e r  Tm i s  e s s e n t i a l l y  due t o  t h e  e l e c t r o n s .  More 
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p r e c i s e l y  f o r  t h i s  compound t h e  temperature  Tm o f  t h e  minimum o f  K(T)  (150 K) d i f -  

f e r s  s l i g h t l y  from t h e  temperature o f  t h e  i n f l e x i o n  p o i n t  on t h e  r e s i s t i v i t y  cu rve  

(130 K ) .  Th is  would be a  consequence o f  t h e  impor tan t  c o n t r i b u t i o n  o f  t h e  phonons 

i n  t h e  thermal c o n d u c t i v i t y  f o r  t h e  temperature  range i n v e s t i g a t e d .  

D iscuss ion.  - The semi c l a s s i c a l  t r ea tmen t  o f  Wi lson ( 3 )  i n v o l v e s  a  minimum t o  oc- 

c u r  i n  t h e  thermal c o n d u c t i v i t y  b u t  i t  i s  l i k e l y  t h a t  such a  t r ea tmen t  i s  n o t  rea- 

l i s t i c  f o r  complex compounds as V3Si and V5Si3 .  Furthermore t h e  behav iour  o f  t h e  r e -  

s i s t i v i t y  cannot be exp la ined  s a t i s f a c t o r y  i n  t h e  framework o f  a  semi c l a s s i c a l  the- 

o r y  o f  t r a n s p o r t  phenomena. The e m p i r i c a l  r e l a t i o n  o f  Wiesmann e t  a1 (4 )  
1- - - - I. +'- I ( p a r a l l e l  r e s i s t o r )  takes i n t o  account  t h e  occurence o f  
P p i d e a l  pmax 1 

t h e  s a t u r a t i o n  phenomena where - pmax appears as an excess o f  e l e c t r i c a l  conduc t i -  

v i t y  a r i s i n g  a t  h i g h  temperature.  S i m i l a r l y  t h e  i nc rease  o f  t he  thermal c o n d u c t i v i -  

t y  a f t e r  t h e  minimum can be unders tood as an excess of thermal  c o n d u c t i v i t y .  

C o r r e l a t i n g  t h e  s imul taneous i nc rease  o f  b o t h  c o n d u c t i v i t i e s ,  we suggest t h a t  

such a  behav iour  c o u l d  be e x p l a i n e d  by a  growing " c o l l e c t i v i z a t i o n "  o f  "d" e l e c t r o n s  

( 5 )  as t h e  temperature  increases beyond Tm. T h i s  phenomenon c o u l d  be i n t e r p r e t e d  as 

a  cont inuous d e l o c a l i z a t i o n  o f  t h e  "d "  e l e c t r o n s  i n  t h e  conduc t i on  band l e a d i n g  

t o  an i nc rease  o f  t h e  number o f  c a r r i e r s  c o n t r i b u t i n g  t o  t h e  observed excess o f  both 

c o n d u c t i v i t i e s .  For t h e  compound V3Si, exper imenta l  ev idence o f  charge t r a n s f e r  and 

i t s  r e d i s t r i b u t i o n  w i t h  temperature  has been ob ta ined  ( 6 ) .  Such a  general  process 

can t a k e  i n t o  account  t h e  e x i s t e n c e  of  an i n f l e x i o n  p o i n t  i n  t h e  r e s i s t i v i t y  cu rve  

o f  t r a n s i t i o n  me ta l s  and t h e i r  a l l o y s  (A15, Nb, V, La, Zr,Rh, V,Si 3 , etc . .  .) and 

t h e  above c o r r e l a t i o n  appears t o  have a  general  v a l i d i t y  ex tend ing  t o  o t h e r  systems 

than  those p r e s e n t l y  s t u d i e d  ( 7 ) .  

Moreover i n  t h e  low temperature  range, V3Si and V5Si3  e x h i b i t  a  q u i t e  d i f f e -  

r e n t  behav iour  : - t h e  r e s i s t i v i t y  o f  V 3 S i  behaves as p = a  + bTn w i t h  n  - 2 con- 

t r a r i l y  t o  t h a t  o f  V5Si3  p  = c + dTm w i t h  4 < m < 5 

- i n  t h e  case o f  V3Si t h e  e l e c t r o n s  a r e  respons ib le  o f  t h e  t h e r -  

mal c o n d u c t i t i t y  (2 )  whereas f o r  V5Si3  an i m p o r t a n t  p a r t  o f  t h i s  p r o p e r t y  i s  due 

t o  t h e  phonon. These d i f fe rences emphasize t h e  importance o f  a  p a r t i c u l a r  e l e c t r o n  

phonon i n t e r a c t i o n  r e l a t e d  t o  t h e  occurence o f  s u p e r c o n d u c t i v i t y  i n  V3Si.  

Conc lus ion.  - It has been shown t h a t  a t  h i g h  temperature  a  c o r r e l a t i o n  a r i s e s  b e t -  

ween t h e  thermal and 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  f o r  t h e  two compounds V3Si and 

V5Si3.  I t  seems l i k e l y  t h a t  such a  c o r r e l a t i o n  c o u l d  be extended t o  o t h e r  a l l o y s  

based on t r a n s i t i o n  elements.  These s t u d i e s  a r e  i n  progress  and more d e t a i l s  w i l l  

be  pub1 i s h e d  e l  esewhere. 
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Fig.l - The r e s i s t i v i t y  o f  t h e  V3Si (MSlb2, 
[110], RRR = 20,4) and V5S i3  (151A, RRR = 11,6) 
s i n g l e  c r y s t a l s .  

1 5 0  

Fig.2 - The t.herma1 c o n d u c t i v i t y  
o f  t h e  V,Si sample (MS, b2 )  w i t h  
t h e  phonon (Kphs) and t h e  e l e c t r o n  
Kes c o n t r i b u t i o n s .  

K Fig.3 - The parameter f o r  t h e  sample Fig.4 - The thermal c o n d u c t < v i t y  o f  t h e  
V5S i3  (151A) showing t h e  e x t r a p o l a t i o n  a t  V5S i3  sample w i t h  t h e  e l e c t r o n  c o n t r i b u -  
T = OK which g i ves  t h e  Lo ren tz  number ( i n -  t i o n  c a l c u l a t e d  f rom W F ~  Ke = 
s e r t  ) . 

2 K ( i n s e r t ) .  
Fgr/po. The ptionon c o n t r i b u t i o n  obeys t h e  Law below 

+ WFL = Wiedemann-Franz Law 
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