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Isomer shifts for the Sn''® and Au'®’ impurity atoms are considered on the basis of the Goodings-Mozer
formula, which expresses the charge density at impurity nuclei in metals in terms of the state density
of the unperturbed matrix and of the magnitude of the perturbation. In the first case the variation of
the isomer shifts can be explained by assuming an appreciable localization of the 5s level in the im-
purity position. In both cases the role of the difference between the valences of the impurity and the
matrix is greater than the density of the unperturbed-matrix states.

AN investigation of the impurity states in metals oc-
cupies an important place in the physics of the con-
densed state of matter. In particular, the determination
of the electron density at the impurity nuclei can be
carried out experimentally either with the aid of the
Knight shift by the method of nuclear magnetic reson-
ance, or the isomer (chemical shift) of the Mossbauer
gamma-quantum absorption spectra. Unfortunately,
there is still no detailed theoretical interpretation of the
isomer shift for impurity atoms in metallic systems
(with allowance for the interaction of the impurities, for
the screening of the impurity by the s-, p-, and d-like
electrons, and also the changes of the electronic proper-
ties of the matrix when impurities are introduced in it),
and only now is the process of accumulation of experi-
mental data being essentially completed for the Moss-
bauer nuclei Fe®” and Sn'*?. (The greatest progress has
been reached in the understanding of the nature of the
isomer shift for Fe®” impurity nuclei!*’.) Therefore the
possibilities of using the Mossbauer effect on impurity
nuclei for the study of the properties of the conduction
band of disordered systems have not been revealed to
any degree at all. In solving such a problem, it is
necessary first of all to determine the contribution
made to the isomer shift by the conduction band of the
matrix. In turn, this would extend the possibility of
taking into account the contribution from the conduction
electrons, for example, to the magnetic fields at the im-
purity nuclei. The connection of the isomer shifts for
the impurity nuclei Sn and Au with the compressibility
of matrices (see®) provides no answer to these ques-
tions.

In the present paper we attempt to consider qualita-
tively, on the basis of the available experimental data,
this problem for impurity nuclei Sn and Au in metallic
matrices from a unified point of view.

Let us consider first the case of Sn impurity nuclei.
It was determined in a number of papers™! that in the
region of solid solutions of binary systems of Sn with
other metals, the isomer shifts for the impurity nuclei
Sn'* are practically constant. Therefore, when the
stable isotope Sn''® was used as the impurity, they were
determined at an impurity content ~ 1 at.%, inasmuch as
at this Sn content in the alloy the Mossbauer absorption
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of the gamma quanta is noticeable and sufficient for an
experimental determination of the parameters of the
spectra. But such an impurity content is rather large,
and the question is raised of the degree of interaction of
the impurities with one another and with the atoms of
the matrix, and the influence of these interactions on
the parameters of the Mossbauer spectra. From the
fact that the isomer shift for the Sn'*® nuclei remains
unchanged in the region of metallic solid solutions of
binary systems, it still does not follow that the impurity
Sn atoms do not interact with one another, since a
similar dependence can be due to the insufficient sensi-
tivity of the Mossbauer effect, when the interaction be-
tween the impurities affects essentially the collectivized
5p-like states of the impurity Sn. Even if the 5p-elec-
trons of the impurity appreciably screen the 5s elec-
trons, the degree of screening may remain approxi-
mately constant when the impurity concentration is
increased, since the broadening and the downward
energy shift of the impurity band act in this case in
opposite directions on the charge density in the nucleus.

The isomer shift for the impurity nuclei Sn''° in Pd
following the hydrogenation of the latter turned out to be
practically equal for the solid solution and for the inter-
metallic compound of Pd with H, which have different
lattice constants!™’ | thus demonstrating the low sensi-
tivity of the isomer shift for the case of impurity Sn in
a transition metal to the change of the lattice constant
on the matrix and of its band structure. The isomer
shift for impurity nuclei Sn'*® in normal metals turns
out to be proportional to the atomic volume of the matrix
and also apparently little sensitive to the singularities
of their band structures. The isomer shifts at Sn im-
purity concentrations near 1 at.% have values corre-
sponding to the divalent state of Sn.

The aggregate of these factors makes it possible to
advance the assumption that in all the cases under con-
sideration of impurity Sn, its valent 5s-level is local-
ized to a considerable degree in the impurity cell, and
therefore the contribution from the band states is small.
The localization of the 5s-states of Sn in monovalent
matrices can be due to the fluctuation accumulation of
impurity'® , in polyvalent matrices the small differences
of the valences V of the impurity and the matrix can
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come additionally into play, and in transition metals it
may be due to the large density of the states in the con-
duction band of the matrix, leading to almost complete
screening of the Sn in the impurity cell.

Consequently, the isomer shift of the Mossbauer ab-
sorption spectra for impurity nuclei should be deter-
mined by the contributions made by the local and virtual
states of the impurity. For the case of one band taking
part in the screening of the impurity and of the impuri-
ties that do not interact with each other, and for a per-
turbation localized in the volume of the impurity cell,
the charge density at the impurity nuclei has, according
to Goodings and Mozer®?, the form
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where |W(0)/? is the square of the modulus of the
Wannier function for electrons in the position of the
impurity nuclei, V is the atomic volume of the impurity,
U is the value of the perturbation, VFy(E) is the princi-
pal value of the integral

S Vgo(E')dE’

E' —E
go is the density of states for one spin direction, and E,
is the position of the local level. The first term in this
expression is due to the virtual states and the second to
local states. The expression in the curly brackets des-
cribes the influence of the matrix on the charge density
at the impurity nucleus.

Although no account is taken of the interaction of the
impurities in the expression for p, we shall nevertheless
attempt to analyze on this basis the experimental data
on the isomer shifts for the impurity nuclei Sn**® in me-
tallic matrices, inasmuch as we know that the Goodings-
Mozer formula is the only one in which the charge den-
sity at the impurity nuclei is connected with the density
of the states in the conduction band of the pure matrix,
and at the same time no attempts were made to compare
it with the experimental data. If an appreciable fraction
of the charge density at the impurity nuclei Sn'*® is due
to the local 5s-state, then it can be assumed that the
character of the interaction of the impurities (if the
interaction exists) is approximately the same in the
sense that if affects principally the 5p-like states. Let
us take into account the possible change of the atomic
volume of the impurity in different matrices, assuming
that the change of the atomic volume of the impurity is
proportional to the atomic volume of the matrix. There
are no published experimental data on go(E) for metals,
so that there is only one possibility—to use the values
of the coefficient of the electronic specific heat v, which
is proportional to the density of the states at the Fermi
level. When the impurity is introduced into the metal,
the density of the states in the conduction band of the
matrix changes, but we shall neglect this change, since,
for example for the case of Ag, the presence of 1 at.%
of Sn impurity changes the value of the electronic
specific heat coefficient by only 0.5%!™.

Figure 1 shows the values of the isomer shifts for
the impurity nuclei Sn'*® (concentration ~1 at.%) as a
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FIG. 1. Dependence of the isomer shift (relative to Mg, Sn) for
Sn!!® impurity nuclei (= 1 at. %) in different metals on the value of
TVM /Vgn. The values of the shifts are taken from (2,3, 8]. The hori-
zontal segments denote the uncertainties in the measurement of v.

FIG. 2. Dependences of the isomer shifts for impurity nuclei Au'®?
in different metals on the value of ¥V /V,,. The values of the shifts
are taken from [9].

function of the coefficient of the electronic specific
heat ¥ ®1 of the matrices, multiplied by the ratio of the
atomic volumes of the matrix and tin. If the values of
the isomer shift are combined in accordance with the
groups of matrices having identical valence, then it can
be noted that the plots have different slopes. The slope
increases with increasing Z, as expected from the ex-
pression for p, taking into account the negative sign of
U for the case of the Sn impurity (it is usually assumed
that Z is proportional to U). Apparently the actual con-
tribution to the isomer shift from the band states is
small. The main role is played in this case by the con-
tribution from the local state, which determines the con-
secutive displacement of the values of the isomer shift
upward for groups of matrices with identical valence
with decreasing perturbation. The tendency of the de-
pendence for normal metals to saturation in the region
of heavy elements is apparently due to the influence of
the limiting value of the number of 5f electrons in the
impurity cell, which cannot be larger than 2, and to the
possible increasing screening due to the 5p-electrons.

The group of transition metals lies separately from
the normal metals, and the isomer shifts are small and
approximately constant in magnitude. Apparently this is
due to the large density of the states in the conduction
band of the matrix, leading to an almost complete
screening of the impurity in the impurity cell in each
transition metal.

The dependences of the isomer shifts for the impur-
ity nuclei Au'®” in metallic matrices on the coefficient
of the electronic specific heat (corrected for the change
in the atomic volume of the impurity) have a different
form than in the case of impurity tin (Fig. 2). It is seen
that it is necessary to take into account here only the
contribution from the band states, for which, taking into
account the positive sign of U, we can expect on the
basis for the expression for p a decrease in the isomer
shift with increasing density of the states of the matrix.
We see that the slopes of the plots depend on the differ-
ence between the valences V of the impurity and the
matrix, and the larger Z the smaller the fraction of the
charge attracted by the impurity Au nucleus for the
same change in the value of yVM/ Vauy, as follows from
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the expression from the first term of p. The absence

of a local state is also indicated by the fact that no dif-
ference is observed in the variation of the shifts for
matrices of normal and transition metals, and also that
the dependence of the isomer shift for matrices with
different valences converge, accurate to within the error
for the data on the coefficients of the electronic specific
heat, to approximately one point. This value of the iso-
mer shifts, equal to approximately 1 mm/sec relative to
metallic Au, can apparently be regarded as the maximum
possible value for impurity Au nuclei and corresponds to
filling of two 6s-states.

It is seen from the considered cases of Sn and Au
impurities in metallic matrices that the Goodings-Mozer
formula explains the tendencies of the dependences of
the isomer shifts for these impurity nuclei, if account
is taken of the valence difference between the impurity
and the matrix, but does not take into account the indi-
vidual features of the impurity atom. For example, the
attracting character of the impurity potential of Au does
not follow at all from this formula.
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