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ELECTRONIC AND TRANSPORT PROPERTIES OF LIQUID QUENCHED AMORPHOUS (M0,_xRux)80P20 

SUPERCONDUCTORS* 

S.J. Poon and W.L. Johnson 

W.M. Keek Laboratory of Engineering Materials, California Institute of Technology, Pasadena, 
California 91125, U.S.A. 

Résumé.- Les résultats sur les propriétés supraconductrices et les susceptibilités magnétiques d'al
liages amorphes à base de molybdène obtenus par trempe du liquide sont présentés et discutés. Les 
températures de transition supraconductrice de ces alliages varient de 3 K à 9 K. La corrélation 
entre Tc et la susceptibilité magnétique est observée. Néanmoins, la variation prévue de la densité 
d'états au niveau de Fermi avec la valence ne permet pas dans le cadre des théories de "l'alliage sa
le", d'expliquer la variation du champ critique supérieur. 

Abstract.- Results of superconductive properties and magnetic susceptibilities of amorphous molybde
num based alloys obtained by liquid quenching are presented and discussed. These alloys have super
conducting transition temperatures ranging from 3 K to 9 K. Correlation between Tc and magnetic sus
ceptibility is observed. However, the predicted variation of density of states at the Fermi level 
with electron valence fails to explain the observed variation in the upper critical field within the 
framework of "dirty alloy" theories. 

Recently a series of amorphous molybdenum ba

sed alloys with superconducting transition tempera

tures up to 9 K have been obtained by liquid quen

ching/1/. These alloys are produced in the bulk 

form and are stable at and well above room tempera

ture (spontaneous crystallization temperature at 

^ 1000 K). Electron and X-ray diffraction studies of 

these alloys exhibit features characteristic of a-

morphous structure. In figure 1 is shown the Varia

tion of transition temperature (T ) as a function of 

average group number (AGN) of the transition metal 

constituent in the alloys. The general trend of T 

vs AGN resembles that observed by Collver and Ham

mond on vapor quenched films 111. However the occur

rence of the maximum T is shifted to a lower AGN 

c 

(probably < 6) as compared to their results of ma
ximum T at AGN "J 6.5. It is conceivable that elec-

c 

tron transfer takes place from Mo to P but not from 

Ru to P based on the Pauling electronegativities of 

Mo, Ru, and P being 1.8, 2.2 and 2.1, respectively. 

The depletion of screening charge from Mo to P leads 

to a relaxation of Mo d-states. A net increase in 

d-band occupation could result. Such considerations 

may explain the apparent discrepancy in the T vs 

AGN curve with respect to that of reference 121. 
In order to understand the trend of T vs AGN, 

c ' 
magnetic susceptibility measurements are made to es-
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Fig. 1 : Superconducting transition temperature and 
electronic density of states derived from magnetic 
susceptibility measurements vs average group number 
(AGN) for amorphous molybdenum alloys. 

timate the variation of the electronic density of 

states at the Fermi surface N(0) as a function of 

AGN. Since the experimental susceptibility x is com

posed of contributions from different types of elec

trons, certain approximations have to be made to 

isolate the most important contribution. The Landau 

term which goes inversely as the effective mass for 

both s and d electrons, and the core term are usual

ly one or two orders of magnitude less than the ob-
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Table I : Some magne.tic a ~ d  transport properties of amorphous molybdenum based alloys. 

8Ru0. 2)8op20 

gRu0. 4'80'20 

qRU0. 6)8op20 

(M00.2Ru0.8)80P20 

M08~P10B10 

8Re0. 2)80~10~10 

served ~131. Igqoring such terms, x is mainly given 
P by the Pauli term y, plus the d-electron erbital 

term X: . XI which is quite difficult to calculate 
from first principles can be comparable to the d- 

electron contribution to xP. For the purpose of 
simplicity, we shall assume. X: to be constant with 

P 
respect to xd. This might not be such a bad assump- 
tion since Xi depends on the number of d-electrons 

P (Wcm) 

300 + 50 
300 + 50 

330 + 50 
320 + 50 

---- 
---- 

rather than d-electron density of states/3/. Thus, 

we attribute the variation of x vs AGN to the varia- 
tion of N(0) roughly given by ~ 1 2 ~ ;  (yB is the Bohr 

magneton). Up to this point we have also ignored 

many-body effects. The values of x and N(0) are gi- 

ven in table I. We have also plotted the variation 

of N(0) as a function of AGN in figure 1. The pre- 

sent results complement the picture of N(E) being 

a smoothly varying function of E indicated by pho- 

toemission studies on amorphous Mo films/4/. The 

loss of d-band structure on passing from bcc to 

amorphous Ma probably leads to an increase in N(0). 

A quantitative description of Tc vs AGN must await 

further data from specific heat and tunneling mea- 

surements. 

The upper critical field Hc2(T) vs temperatu- 

re has been measured for all alloys of the series. 

The width of transition AT (from 0 to 0.5 of the 

normal resistivity) is on the order of < 0.2 K in -. 
fields up to 80 kG. On the other hand, results re- 

ported for vapor quenched Mo films show broader 

transitions/5/. Within the feasible temperature and 

field domains (T > 2 K, H 80 kG), HcZ has a well .., 
defined linear dependence on T. The field gradients 

(dHc2/dT) for all alloys studied are listed in ta- 

from 9 x lo4 ~/cm' to 3 x 10' ~ / c m ~ .  So far only 

weak flux pinning forces are observed in some alloys. 

Using the theories of type I1 superconducti- 

vity, the field gradient can be related to funda- 

mental quantitiesl61. By including strong coupling 

effects151 dHc2/dT can be expressed as 

6 
~ ( 1 0  emulg) 

0.72 + 0.05 

0.52 1 0.05 

0.40 t 0.05 

0.28 t 0.05 

0.70 + 0.05 
--- 

dHc2 hockB - = - -  (1) 
d~ n e ~ "  

where a is a numerical constant close to unity, D% 

is the electron-phonon dressed diffusivity. Direct 

application of the Boltzmann's transport equation 
r allows one to express D in terms of resistivity 

p and density of states N(O), equation (1) becomes 

dHc2 4akBep~(0)" 
- = -  (2) 
dT 'IT 

where ~(0)" = (I+X)N(O) , X is the electron-phonon 
coupling constant. Once notices from figure 1 that 

both T and N(0) decrease rather rapidly with in- 

creasing AGN. This leads to an even more rapid de- 

crease in ~(0)". Based on the constancy of p in ta- 

ble I, one expects to see a corresponding decrease 

in dH /dT throughout the alloy series. However, c2 
one observes experimentally that dHc2/dT remains 

rather constant. The failure of equation (2) to pre- 

dict dHc2/dT for amorphous Mo films was also noted 

in reference/5/. An attempt to explain this discre- 

pancy will be given in another paper. 

N(0) (stateslev-atom) 

0.93 t 0.07 

0.68 t 0.07 

0.53 + 0.07 
0.37 t 0.07 

0.88 t 0.07 

--- 

ble I. At H = 0, the critical current density ranges 

dHc2/dT(kG/ K) 

24.5 t 0.5 

25.5 + ,0.5 
26.8 0.5 

27.6 + 0.5 
17.6 t 0.5 

24.2 t 0.5 

1 
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