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Theoretical investigations of the influence of hydrogen contents on the electrical resistivity of amorphous
metallic alloys have been carried out. We have made use of our method of calculations of the electrical resistivity
of disordered systems based on the ground of Morgan-Howson—-Saub and Evans models. Our method is fully
quantum, includes multiple scattering effects and uses the scattering matrix operators for describing the electron—
ion interactions. The model gives good agreement with experiment for many binary systems and should work
for ternary systems as well, thus we performed calculations with hydrogen as one of the components of a ternary
alloy. The results of our calculations show that the resistivity should increase with hydrogen concentration. Some

experimental data confirm this predication.
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1. Introduction

Physical properties of amorphous metallic materials
have been widely investigated by many authors since
their obtainment by Klement et al. [1]. Their electron
transport properties were the subject of special interest
because of their extraordinary high resistivity and — very
often — negative coeflicient of resistivity which could give
rise to a wide spectrum of applications (for an extensive
review see e.g. [2, 3]). In recent years a lot of materials
— including amorphous ones — are examined as possi-
ble media for hydrogen storage [4]. Amorphous alloys
are not so stable after hydrogenation as their polycrys-
talline counterparts. However, several authors reported
fabrication of some stable phases of amorphous materials
with hydrogen as one of the components so that the mea-
surements of the resistivity became possible. Eliaz and
Eliezer [5] examined various physical properties of rib-
bons of amorphous FeggB11Sig alloy during hydrogena-
tion and dehydrogenation. They found that the elec-
trical resistivity was initially increasing upon hydrogen
charging. Further behaviour of the resistivity depended
on the current density but for high densities the increase
continued. Azhazha et al. [6] measured the electrical re-
sistivity of TiggNiggCuy0Siy amorphous alloy doped with
6% (atomic) of hydrogen in the temperature range 4.2—
300 K. They found that the resistivity decreased in the
whole range of temperatures and the values of the re-
sistivity of the sample doped with hydrogen were higher
in that range. Narjis et al. [7-11] recently carried out
extensive study of electron transport in hydrogenated
amorphous silicon—nickel alloys. They thoroughly inves-
tigated the temperature and magnetic field dependence
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of the resistivity (conductivity) of those materials but not
the concentration dependence. Therefore we undertook
this task.

We have recently developed a method for calculation
of the resistivity in disordered (liquid or amorphous)
systems, obtaining very good results for many binary
and ternary alloys. Here we present a proposition for
calculation of the resistivity of hydrogen doped disor-
dered systems.

In semi-classical Faber—Ziman (F-Z) model [12] liquid
and amorphous alloys are considered as the sets of ions,
relative positions of which are described with use of the
partial structure factors, and the electron—ion interaction
is represented by a pseudopotential. The model neglects
quantum interference effects, which were shown to give
significant influence on the resistivity, and the pseudopo-
tential formalism makes the calculations extremely un-
stable [13]. F-Z model was extended by Evans et al. [14].
They replaced the pseudopotentials by the scattering ma-
trix operators that were calculated basing on the phase
shifts of the wave functions. Apart from improving the
physical soundness of the results, another effects of the
Evans correction are: stability of the results and reduc-
tion in number of model parameters. Another approach
to the problem was presented by Morgan et al. [15], who
based their investigations on quantum kinetic equation
and obtained fully quantum model for resistivity, usually
called the “2kg” scattering model (or MHS one). Their
final formula for the resistivity may be interpreted as the
rescaled F-Z one, thus the improvement of the calcula-
tions by moving from the F-Z model to the MHS one is
simple and the results are much more physically sound.
The difficulties here are created by the pseudopotentials
that make the model unstable similarly to the F—Z one.

We developed the MHS model using the Evans cor-
rection to improve stability and reduce the number of
parameters [16]. The Fermi energy has been calculated
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according to the Esposito [17] method, but we improved
the phase-shifts calculations. In opposition to other au-
thors we did not assume that the phase shift in zero-
energy limit is equal to zero and continuous for the
whole energy range (or computed phase-shifts modulo
m). We performed precise calculations, obtaining cor-
rect phase-shifts values, that allowed us to calculate ef-
fective valences of the elements basing on their number
of electrons. Such method is more physically sound and
eliminates one parameter (initial valence). Finally, we
obtained the model with two parameters for each ele-
ment (Slater exchange rate o and effective mass m™)
which were assumed to be fixed for each element and
independent of the system the calculations were made
for. Our method allowed us for successful calculations
of the resistivity in binary and ternary alloys such as
Al-Mg, Cd-Mg, Zn-Mg, K-Cs, Na-Cs, Rb-Cs, K-Rb,
Li-Cd, Ca-Al, K-Rb-Cs, Mg-Li-Cd with various con-
centrations of constituents.

Here we present exemplary results for the binary dis-
ordered system doped with hydrogen. In our approach
the hydrogen is treated as the third element (except for
the wave function which is analytical here for neutral
atom) thus we can apply our method for ternary systems
which turned out valid before. We did not focus here
on a specific physically stable system but rather suggest
the general method for studying the resistivity of such
systems as a proposition for future calculations.

2. Model

The resistivity in the “2kr” scattering model is calcu-
lated as [15]:

m 11 R (X) 1
ne2 ez 1 — 5 X4 Fyus(X) L
where 7pz stands for the transport lifetime and 7 is
one-electron lifetime (both taken from the F—Z model),
X =h/(rEw), and

p:
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where z = (1 + X?)'/2. Instead of the original formula
for F-Z lifetimes we follow Evans [14] taking
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where () is the average volume per one atom in the sys-
tem, and for p-element alloy

PP
Ag) = Z Z V CaCBSap (@)t (q)tz (9) (5)
a=1p=1
where ¢; stands for the number concentration of the i-th
component, S;; are the Ashcroft-Langreth partial struc-
ture factors [18] and ¢;(q) are scattering operator matrix
elements (at the Fermi level)
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where P, are the Legendre polynomials, cosf = 1 —

¢*/(2kp)?, and 1, — phase shifts at the Fermi level for

the I** band of the considered element.

3. Results

We performed numerical calculations for a model dis-
ordered system (Li;_,Cd;)1—,H,. We treated it as a
ternary system in our methodology. We took parameters
ari = 0.75, mi; = 1.16, acqa = 1, m&y = 1.14 and for
hydrogen without any adjustments oy = 1, my; = 0.7.

Figure 1 shows the electrical resistivity of amorphous
alloys Li; _,Cd, doped with hydrogen (crosses are exper-
imental values for pure alloy after [19]). The solid line
represents the relative resistivity py—o.1/py=0- In Fig. 2
we present the dependence of the resistivity on hydrogen
concentration for several compositions of this alloy.
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Fig. 1. Resistivity of (Li1—,Cd;)i1—,Hy as a function

of cadmium number concentration x for various hydro-
gen concentrations y (crosses are experimental values
after [19]). The solid line represents the relative resis-

tivity py=0.1/py=0-

We can see in both figures that increasing the hydrogen
contribution enhances the resistivity. The magnitude of
the effect depends more on the element which is the com-
ponent of the alloy than on the resistivity of the undoped
alloy (in our case is the biggest for pure Li). The general
trend obtained in our calculations i.e. the increase of
the resistivity with hydrogen concentration is in agree-
ment with the results of measurements reported in the
works [5, 6].

4. Summary

We extended the MHS model for electron transport
in disordered media by introducing the Evans correction
and proposed the new method of calculation of the phase
shifts. The model allows us for the calculation of the
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Fig. 2. Resistivity of (Li1—Cd;)1-,Hy as a function

of hydrogen number concentration y for several compo-
sitions of LiCd alloy.

resistivity of binary and ternary liquid and amorphous
alloys with use of very limited number of parameters.
We applied this model to amorphous alloys doped with
hydrogen treating the hydrogen as a third component in
a ternary alloy. Our results obtained for an exemplary
amorphous alloy LiCd show that the resistivity of disor-
dered systems should increase with hydrogen concentra-
tion. This expected trend agrees well with the measure-
ments reported by other authors.
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