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HYBRIDIZATION EFFECTS BETWEEN d AND s BANDS IN AMORPHOUS MATERIALS 

F. de la CRUZ, M.E. de la CRUZ, L. CIVALE* AND R. ARCE+

Centro Atómico Bariloche^ e Inst itu to  Balseiro^, 8400 - Bariloche - Argentina.

Measurements of the electrical r e s i s t i v i t y  and the Meissner penetration depth of superconducting 
amorphous materials, based in trans it ion  metáis, show that the d and s bands are strongly hybrid- 
i zed.

In a previ us paper (1) we have shown that 
heat treating amorphous Zr ,70Cu -30 induces a 
decrease in the superconducting c r i t ica l  tem- 
peratu re ,  Tc , and in the electronic density of

states, N(0). Together with the decrease in 
N (0 )  and Tc , an increase  in the e le c t r ic a l

r e s i s t i v i t y  i s  detected. Fig 1 shows the va r i-  
ation of the e lectr ica l resistance for the 
sample of reference (1), as a function of the 
changes in c r i t ic a l  temperature induced by 
annea ling  (1 ).  Al'though the change in Tc has

being understood (1) in terms of the induced 
var iat ion in N(0) there was no explanation of 
why a structural relaxation induces an increase 
in the e lectr ica l re s i s t i v i t y .

FIGURE 1
Variation of the electr ical resistance for the 
sample of re f . ( l )  as a function of the changes 
in c r i t ica l  temperature induced by annealing.

Recent measurements (2,3) of the electrical 
r e s i s t i v i t y  of amorphous ZrxCu^_x as a function

of concentration show that for .50 < x < .80 
the r e s i s t i v i t y  increases with decreasing Zr 
concentration. When d iscussing (2) th is re- 
su lt s ,  a two bond (d-s) model (4) has been 
used, arguing that in the rich Zr región the 
conduction due to the d band cannot be d isre-  
garded. In th is  model and for the rich Zr 
concentration región the increase in r e s i s t i v i ­
ty i s  associated (2) with a decrease in the 
density of states and Zr concentration. An­
nealing decreases (1) the electronic density of 
states and then, the increase in re s i s t i v i t y  
can be qua litat ive ly  understood within the same 
picture. Since the relaxation process i s  made 
at constant concentration the change in r e s i s ­
t i v i t y ,  fo r  a given variation of N(0) (or Tc ),
should be smaller than the correspondí' ng one 
obtained changing N(0) plus concentration.

From the resu lts  in r e f . ( l )  i t  i s  seen that 
the v a r ia t io n  in Tc shown in f i g . l  i s  equiva- 
lent to the variation of Tc induced by a change
in concentration a x  = 0.023. Following refer- 
ences (2) and (3) th is  change in concentration 
corresponds to an increase in r e s i s t i v i t y  of 
2.3% or 1.3% respective ly. The r ise  found with 
annealing i s  less than 1% in qualitative agree- 
ment with the behavior predicted by the two 
independent band model. On the other hand, 
Bosch and Bennemann (5) have indicated the 
importance of the hybridization between d and s 
states to understand the transport properties 
of 1 i quid transit ion metáis. The measurements 
of the Meissner penetration depth, x (T), in 
amorphous metáis can be used to determine the 
importance of the proposed d-s bands mixing.

The electrodynamic response of a supercon­
ductor to the presence of a weak magnetic f ie ld  
i s  determined by the superconducting penetra­
tion depth. The Gorkov expression for X in the 
d irty  l im it,  valid near Tc , i s  given by
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A d = 0.615 ( S0 /S.)1/2 xL( 0 ) ( l - t ) - i ' z  [1]

where X . (0) i s  related to the normal properties 
of the material, XL(0) = [3c2/8ire2v2pN(0)]1/2, 
£0 = 0.18 h vp/kgTc i s  the superconducting BCS 
coherence length and i  i s  the e la st ic  electrón 
mean free path. In expression [ l ]  50 i s  re­
lated to the superconducting interaction poten- 
t ia l  and consequently to the electronic density 
of s ta te s .  The London penetration depth x. (0) 
and the electrón mean free path are related to 
the electrodynamic response of the normal mate­
r ia l .  I t  i s  clear that i f  the independent two 
bands model i s  correct, the d band density of 
states should dominate in the determination of 
Tc and, c o n se q u e n t ly ,  in £«. However the 
contribution of the s band should not be d isre- 
garded when consi dering the electrodynamic 
response of the material. On the contrary, i f  
the hybridization i s  strong enough to consider 
that the electrons that contribute to the 
superconducting and transport properties are 
the same, expression [1] can be reduced to

Ad = 1 .288x l0 -2 (p/Tc ) 1 /2 ( l - t ) - 1/2 [2]

where p i s  expressed in í2-cm and Tc in degrees 
Kelvin.

In a previous publication (6) we have shown 
that exp re ss ion  [2] i s  v e r i f i e d  by the 
Zr , 0Cu _,n amorphous system. In th is  paper we 
include tne previous data plus another sample 
of Zr -70Cu _30 plus the resu lts  correspondí'ng to 
the L ¿ x Mj_x (M = Cu,Au,A l) amorphous systems

(see Table 1).
The same Table includes the preliminary 

resu lts  for Zr . 76Cu _ 2¡t sputtered amorphous 
system (7). The resu lts  shown in Table 1 were 
obtained by measuring the magnetic flux expul­
sión of the superconducting sample as a func- 
tion of temperature. The valué B shown in 
Table 1 i s  obtained by assuming x (T} = By 
(where y = ( l - t 14)-172) and should be compared 
with the coeff ic ient 1.288 10-2 (p/T)1/2 of 
expression [2]. Further details  on the experi­
mental technique can be seen in ref.6. A de­
tai led discussion on the temperature dependence 
of x (T) i s  not relevant for the discussion 
presented here and will be published elsewhere.

TABLE I

E lectrica l r e s i s t i v i t y ,  c r i t ic a l  tempera- 
ture, coeff ic ient B as defined in the text and 
coeff ic ient of eq.[2].

Sample p TC B E c • [ 2  J
[uíícm 1 1 [um] [yin]

L a 70Cu3Q 170 3. 74 0 0 . 8 8 0 . 8 7
La 7üCu 30 170 3 .583 0 . 9 4 0 . 8 9
L a 7 0 Cu3Q 170 3 .570 0 . 8 4 0 . 8 9
L a ^ Q A u 2 q 150 3 .608 0 . 9 5 0 . 8 3
LaaoA u 20 150 3,.288 0 . 8 8 0 . 8 7
La7QAl 172 2,.892 0 . 8 3 0 . 9 9
Zr?gCu3o 152 2,.610 0 . 9 9 0 . 9 9
Z r 7 0 ^ U 3ü 186 2,.533 1. 00 1 .10
Zr76Cuz, 153 3..450 0 . 9 7 0 . 9 3

I t  can be seen that the agreement between
the valué of B and the coeff ic ient in expres-
sion [2 ]  i s remarkable. We thi nk th is  agree-
ment is  a strong indication that hybridization 
between bands should be taken into account for 
a r e a l i s t i c  c a lc u la t io n  of the t ran spo rt  
properties of these amorphous metáis.
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