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RESI STIVITY OF ZrCu AND ZrNi GIASSY ALL OYS 
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Acc urate measurements of the e lectrical res is tivity o f  g lassy 
ZrCu and ZrNi alloys have been performed in the temperature ran­
ge 1 . 5  to 3 00  K .  It is shown that the temperature depe ndence of  
resistivity is  dominated by the quantum coherenc e  effects and 
can be quantitatively described by the Fukuyama-Hoshino expre­
ssion . The magnitude of resistivity is also at variance with the 
Ziman' s model which is probably due to neglect o f  d-e lectron 
contributio n in thi s theory . 

Accurate measurement s o f  the electrical re sis ti vi ty o f  
Zr100 _xcux ( 26 �x67l ) and Zr1 0 0_xNix ( 2 2�x�6 7 )  glassy alloys in
the temperature range 1 . 5 to 300  K have be en performed . A� ill u­
·stra ted in Fig .1 a linear in T ( T � 1 0 0  K )  and T11 2  ( T � lOOK )  de­
pendence dominate the co nducti vity variation for all alloys . As
already noted / 1 , 2/ the se temperature depende nces are not co n­
sistent with the predictions of  the diffractio n mode.l . / 3/ which
was develo ped from the Ziman ' s  theory /4/ . Indeed , in an amor­
phous metal with a very short el ectro nic mean free path the qu­
antum coherence effects are expected to affect the conductivity
variation .  One o f  these effects , the incipient l ocal isatio n is
expected to  c�ntribute as ( D ?". ) -l/ 2 (D  is the di ffusion constant

1 
and �i is the inelastic scattering time ) to the change o f  con-
ductivi ty over a broad temperature interval / 1 / .  In a non-mag­
netic metal � is determined by the •eiectron-pho non interaction. -i 2 - 1 for which ?"i ""' T  · at low temperatures and t"i ...... T for T � e0/ 3
( 0D is the Debye temperature ) ha s been calculated / 5 / . Apparen­
tlyt these predictions are in qualita tive agreeme nt with our da­
ta ( Fig . 1 ) At very low temperature s ( T �  15 K )  the o ther scatte-
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ri ng mechani sms such a� the electron-electron i nteraction ( modi­
fi ed by the disorder)  / 6 / , the superconducti ng fluctuatio ns ,  the 
spi n-orbit interac tion and possibly the scattering on two-le vel 
systems ( TLS ) al so contribute to the conductivity . 
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Fi g . 1 : Conductivity for s.ome ZrCu ( • ) and ZrNi ( x )  alloys v s  T 
C a )  and vs T1 1 2  ( b ) . 

The measure me nts of  the magnetore si stenc e  e nable one to ve­
ri fy the relatio n 't, = /3 T- 2 and also to determi ne the value s o f

l. 
ti , and �so ( the spin-orbit scatteri ng time ) .  Knowing these va-
lues one can use the Fukuyama-Hoshi no expression / 7/ : 

.6 d( T ) =a [ 3 ( b+c 2T 2 ) 1 1 2  -cT - 3b 11 2 + dT1 1 2 ] ( 1 ) 

where a=e 2/ TT h , b= ( D t's0 ) -
1 , d= 0 . 6 5 ( 1 . 3 3 - 2F*-0 . 2 ) ( 21fk/Dh ) 11 2 ,

c= ( 4 D�) - 11 2 ,  F* =x- 1 1n( l +x ) - � , x= ( 2k f/k
0

)
2 , )  is  the electron­

-phonon co�pling constant a nd k0 is the screening l ength , in  or­
der to deduce the co nductivity variation arisi ng from the quan­
tum coherence effects . Equation C l )  i ncl udes the co ntributions 
from the local isation, the spin-orbit scattering a nd from the 
electron-electron scatteri ng . We use d the magnetoresista nce re­
sul ts for amorphous Zr4 3cu5 7  alloy / 8 / in order to deduce the
corresponding t

i
,fi and �so ' The corresponding diffusion constant

( D ) . has bee n  determined from the Einstein relation by using the 
experimental co nductivity and the density of states at the Fer­
mi level / 9 / value s .  Fig . 2 shows that ( 1 )  describes  wel l  the ob­
served co nduc ti vity variation for Zr4 3cu

5
7 a�loy . The magne tore-

217 



0 

.,,. ,,.',.. ..-·�" .. , •  e-· ·- .
50 

' 

I 

100 T(K) 

Fig . 2 :  {l<J' vs T .  ( x) 
experimental values 
and ( • ) calculated 
values from eq . C l ) • 

sistance measurements on other alloys will enable a detailed ve­
rification of the applicability o f. the Fukuyama-Hoshino expre­
ssion to amorphous ZrCu and ZrNi systems . 

Although the quantum coherence effects seem to dominate the 
conducti vity variation i n  glassy ZrCu and ZrNi alloys , the mag­
nitude of  their resistivity i s  expected to be adequately descri­
bed by the clas sical type of theory . The simplest such theory is 
the extended Ziman model /10/ . In thi s model the resistivity of 
an alloy is : 

1 21T.no
j

2kf d 3 < T  ) 
2 ( 2 )  

f =  2 
qq alloy 

e hvf 0

where ( Talloy > 
2
= c1 tfC 1-c1 +c1a11 ( q ) ) +c 2t �C l-c2+c 2a2 2 C q ) ) +

c1c2 C t! t2+t1t� ) C a1 2C q )-l )

and ..Q0 is the atomic volume ,  vf i s  the Fermi velocity , 8 is the
scattering angle , a . .  are the structure factors , c .  are the con-1 J  1 
centrations . of the components and ti are the t-matrice s .  2kf is
determined by the integrated dens ity of state / 11 , 1 2/ . By using 
the experimental structure factors for ZrCu /1 3/ and ZrNi /14 ,15/.,. 
alloys and the published phase shifts /16 / we calculated (assu-
ming the dominant contribution from the �esonant d-term) the 
electrical resisti vities of several ZrCu and ZrNi alloys . The 
calculated values ( Table 1 ) are considerably larger (_from 1 . 6 to 
3 times) th�n the measured ones . Although a good quatitative ag­
reement between these values may not be expected because of the 
sensitivity of the expression ( 2 ) on the po sition of  the maximum 
in the struc�ure factor in re spect to 2kf ' the . di fferent conce n­
tration dependence of th� ca�cul ated and measured resistivities 
for ZrCu alloys is . disturbing . A .possible ori gin of this discre -
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Alloy 2kf · l o -10m Ycalc 5'exp f calc -fe xp ) f exp- l

Zr3 5C u6 5 2 . 8 8  28 0 1 71 . 5 0 . r 3 
Zr5 0Cu50 2 . 8 5  3 50  1 7 3 . 2 1 . 0 2  
Zr5 5Cu35 2 .8  2 4 20 1 6 7 . 2 1 . 51 
Zr3 7Ni6 3 2 .  71 5 3 0  1 76 . 2 2 . Gl 
Zr so Nis o 2 . 8 7  3 30 181 . 0  0 . 8 2  

Tab le 1 Calculated and measured res is tivi ties in /'il.cm

pancy i s the ne glect  of the d-electron contribution to conducti -
vity in  the Ziman ' s  theory , which may not be j usti fied for the 
amorphous trans ition metal alloys with a hi gh densi ty of d-ele ­
ctron s tates at  the Fermi level . Indeed · recent calcula tio n /1 7/ 
of the electrical res istivities of glassy ZrCu alloys (which i n­
cl udes the d-electron contribution to conductivity )  yields a ra ­
ther good quantitative agreeme nt wi th the experimental values . 
Therefore , i f seems likely that the clas sical theory can account 
for the. magni tude of re sistivity of our alloys , whereas the qu­
ant um  correct ions are required for the proper description of  
their variation of re si stivi ty with temperature . 
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