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The magnetic susceptibilities of hydrogen doped 4d-3d metallic glasses
have been measured in the temperature range from 2K to 300K. It has been
found that X(T) decreases substantially with encreasing hydrogen content.
This behaviour is primarily atributed to reductions in the density of the
Fermi level electronic states. The form and magnitude of the observed ano-
malous temperature dependence of the magnetic susceptibility -11/2 are in
agreement with recent electron interaction theories which predict quantum
corrections to the susceptibility. Hydrogen has been found to influence
strongly the quantum-mechanical interference at defects, thus slowing down
the spin diffusion” and enhancing the susceptibility at low temperatures.

Weak localization /1,2/ and enhanced electron-electron interaction
/3,4/ have successfully explained the temperature and magnetic field depen-
dence of the electrical conductivity in metallic glasses /5-8/. It has been
shown /3,9/ that the interaction between electrons in disordered conductors
also gives rise to corrections in the density of states at the Fermi level.
Thus, in the case of the electron repulsion the temperature and field
dependences of the conductivity electron magnetic susceptibility imitates
the Curie-Weiss law. Our earlier results have shown a significant influence
of hydrogen on the quantum corrections to the conductivity of metallic
glasses /8,10/.

The samples were cut from ribbons prepared by rabid solidification of
the melt on a single-roll spinning copper wheel under a high purity argon
atmosfere and were doped with warious hydrogen concentrations using an
electrolytic method. The content of absorbed hydrogen was determined using
a previously established relationship between the gain in resistance and
volumetrically determined hydrogen concentration /10/. Magnetic suscepti-
bility measurements were carried out using the Faraday method with a Cahn
ele;frob?Tance and a conventional magnet (0,94T). A precision range of 10-7
JT

mol was maintained in this measurement.

The magnetic susceptibility data for Zr 67Nj0 33Hx (x=0;0,13;0,33)
’ ’

and Z'o,socuo,ho“x (X=0;0,11) samples vs.the square-root of temperature

are shown in Fig.1. The susceptibility in both systems is nearly indepen-

dent of temperature except for temperatures below 30K where a slight in-
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crease is observed and is lowered upon hydrogenation while the low tempe-
rature upturn is increased. Both effects are more pronounced for Zr-Cu
system.

The temperature-independent magnetic susceptibility is expressed ad:

P

= Xel * X * Xorb (M

where Xion and Xorp 27€ the ionic core diamagnetism and orbital paramagne-

xexp ion

tism respectively and x:l is the Pauli susceptibility given as:
P _ 2 _

Xe) = MgNg(ER) /7 (1=1 ¢ Ny (EL)) (2)
with ug the Bohr magneton, NO(EF) the bare density of states at the Fermi
level and Ieff the effective exchange integral within the d- band.

While Xion is relatively small for all the ionic cores in the systems

investigated, the orbital magnetic moments are not completely quenched /11/
and are of the same order of magnitude as the Pauli spin term (Table 1).
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Fig.1 The magnetic susceptibility of Zr-Ni (©) and Zr-Cu (®)
metallic glasses doped with hydrogen vs. the square-root
of temperature

A summary of measured and calculated values are given in Table 1.

The hydrogen atoms migrate mainly to Zr-rlch sites where their
s-electrons hybridise with the zirconium d-band /12/. Since the density of
states at Ep of the early-late transition metal glass is dominated by the
early transition element_(Zr in our case) we expect and indeed observe a
strong dependence of the density of states and hence of the Pauli suscepti-
bility on the hydrogen concentration. The influence of the hydrogen
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electron hybridisation with the zirconium d-band does not seem to influence
greatly the orbital paramagnetism. Measurements of NO(EF) as a function of
hydrogen concentration /13/ give values which indicate that our observation
of susceptibilfy suppression can be wholy attributed to a change in the
Pauli term. In the Zr-Cu system the hydrogen influence is stronger since
copper is in the d 10 state in all its alloys and no hydrogen migrates to

Cu-rich sites.

Table 1. Magnetic susceptibility data for Zr0'67Ni°'33Hx and zr0,60c“0,b0Hx metallic glasses

1nd 1nd P 05 P a5 100 X
sample Xexp 10 Xion 0 xg' 10 Xey"0 Xorb 10 NO(EF)
T 2001”1 ) (4T 2m01 1) (377 Zm01 ™) (3T Zmo1 ™1y (977 2mo1 ') (states/evat)
Zro 67Nio 33 128 -20 42 73 75 1,3
Zro 67"10,33H0,13 120 -20 39,2 65 75 1,21
! 105 -20 33,3 50 75 1,03

Zr9,67%0,33%,33 . 5 ’
Zrg 600,40 93 -17.8 31,5 50, 0, 0,9

Z'o.soc“o.ho”o,ll 76 -17,8 20,9 33,4 60,4 0,65

Interaction between electrons in disordered conductors leads to a
weakly temperature dependant magnetic susceptibility. The quantum correc-
tions to the orbital magnetic susceptibility in the Cooper channel are
given as /9/:

8xg = -2)(0(11/6)1/2 C(1/2)(T1/h)1/2

1n (T /T) (3)

where Xo is the diamagnetic susceptibility of electrons, z(x) is the Rieman
zeta function, t is the momentum relaxation time and Tc is the superconduc-
ting transition temperature.

Besides corrections to the orbital susceptibility there exist correc-
tions to the spin susceptibility in the Cooper channel 6x§ and in the dif-
fusion channel Gxg /9/:

b = 8 R Tt el ()
Xe = OXe * 6Xe = 21n T/T)-2

S S S 16-21/2 n3/2(Dh)3/2 c

where A(J=I) is a constant for the electron-hole interaction and g is the

g-factor of conduction electrons.
The experimental data were fitted (full line) for temperatures

TC<T<T (where Tmin corresponds to the minimum in the magnetic suscepti-

min
bility) to the relation:
sx = -AT'/2 - g71/2 37! (T_/7) + ¢, (s)

and for temperatures T>Tmin to the relation:
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sx = -BT 2 17N (T /M) 4 6)

1/2

where A,B and C2 are the parameters of the fit and C1=024-ATmin . The

values of the parameters T .. and T, are given in Table 2.

Table 2. Coefficients of fit of experimental data to relations (9) and (6)

A B 3 T .

2 min <
Sample o 2t Ry (10751 e Y (10t e ™Y () KD
z'o.67"‘o.33 . 0,6 4,0 115,5 60 1,5
Zr°'67Nio'33H°'l3 0,85 4k 106,3 80 0,95
1'0.67"io.33"o.33 1,15 4,95 91,7 115 0,85

Coefficient A is enhanced relatively to B upon hydrogenation. The
enhancement af the spin susceptibility relatively to the orbital part upon
hydrogenation is in agreement with our data /8/ which show that hydrogen
reduces the spin-orbital scattering rate, thus reducing the mixing of
spin-up and down subbands. In addition hydrogen is found to enhance the re-
lative contribution of the elastic scattering thus reducing the effective
diffusion constant. The slowing down of the spin.diffusion is expressed as
an enhancement of the low temperature susceptibility.

In conclusion, we may say that the observed behaviour of these highly
disordered systems may be accounted for in terms of the theoretical models
outlined and that there is a good quantitative agreement between the pre-

dictions of the models and the experimental data.
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