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An anomaly in the behavior of the specific heat, predicted in general form by Kagan and Iosi-

levskiil?’

for crystals containing heavy impurity atoms, was detected experimentally in the

alloy MgPb (2.8 at.% Pb). The specific heat was measured in the temperature range
1.2—20°K using an adiabatic calorimeter. The results obtained were in good agreement with

the theory.

K AGAN and Tositevskii(™) established that the vi-
bration spectrum of an isolated heavy impurity
atom of mass m’ in an ideal lattice consisting of
atoms of mass m, where m’/m > 1, was strongly
resonant, being localized near the frequency

00 = Omax (k|1 —m’ [ m|)—"h.

In this expression, wmax is the limiting frequency
of the phonon spectrum of an ideal lattice, and k
is a coefficient which depends on the actual form
of the phonon spectrum and is equal to 3 in the
Debye model. Such a deformation of the phonon
spectrum affects considerably the thermodynamic
and, probably, the transport properties of an alloy.

As shown in*] , the localization of the spectral
vibrations of impurity atoms in the region of low
frequencies leads to a strong rise in the low-
temperature specific heat of an alloy even when
the impurity atom concentration is relatively low.
Kagan and Iosilevskii associated this with the
physically self-evident consideration that the
transition to the classical limit occurs much ear-
lier in the frequency region from w =0 to
w ® wg (which is characteristic of the impurity
atom vibrations), than in the main part of the
phonon spectrum of the matrix.

The present communication reports the results
of an experimental discovery of the anomalous be-
havior of the specific heat of a MgPb alloy
(2.8 at.% Pb). ! The measurements were carried
out on polycrystalline samples of pure Mg and of

1)Using the same alloy, Zemlyanov and Chernoplekov
were the first to detect experimentally a strong deformation in
the vibrational spectrum and the appearance of a quasilocal
level, by investigating the inelastic scattering of neutrons.
Preliminary data on the behavior of the specific heat of a
similar system have been reported also by Leman et al.

the alloy, which was a substitutional solid solution
with a hexagonal lattice similar in its parameters
to the Mg lattice. The chemical composition and
uniformity of the alloy were checked by x-ray dif-
fraction and chemical analyses. It should be men-
tioned that this alloy had a sufficiently high mass
ratio m’/m = 8.6 and a relatively low value of the
Debye temperature of the matrix (®Mg = 311°K),
which made it possible to observe the specific heat
anomaly in the temperature range 1.2—20°K—con-
venient from the measurement point of view.

The measurements were carried out using an
adiabatic calorimeter. Cylindrical samples,
15 mm in diameter and 50 mm long, were sus-
pended in a vacuum jacket by thin capron filaments.
Each sample was heated by a manganin heater,
wound bifilarly on the lateral surface of the sample.
A carbon resistor, made by the Speer Resistor
Company, was used as a thermometer. Good
thermal contact between the thermometer and a
sample was ensured by soldering the thermometer
to a copper foil glued to the ends of the sample.
The thermometer was calibrated using the mag-
netic susceptibility of chromium —potassium alum
for the region from 1 to 1.5°K, He! vapor pressure
from 1.5 to 4.2°K, and a standard germanium re-
sistance thermometer (prepared and calibrated at
the All-Union Scientific Research Institute for
Physico-technical and Radiotechnical Measure-
ments) for the range from 4.2 to 20°K. Repeated
calibrations of our thermometer in the range from
1.2 to 4.2°K over two years showed that it was
highly stable: the calibration of the thermometer
was fully reproduced, within the experimental
error, in the region 1.2—2.8°K and the maximum
discrepancy at 4.2°K was 0.02 deg.

To determine temperature, we used an inter-
polation formula with two constants:
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FIG. 1. Temperature dependence of the specific
heat of Mg and the alloy MgPb (2.8 at.% Pb): x — Mg;
1000 t100 / © = MePb.
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Figure 1 shows the temperature dependence of
the specific heat of Mg and MgPb obtained in our
experiments. The electronic specific heat coeffi-
cients and the Debye temperatures calculated from
these data were, respectively:

y = 1.31 mJ-mole! deg?, ® =311 + 10°K for Mg
and y = 1.11 mJ-mole™! deg™® for MgPb (y and ®
were obtained by analyzing the experimental re-
sults by the least-squares method).
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FIG. 2. Experimental and theoretical curves for the quantity
AC/C as a function of T/® for the alloy MgPb (2.8 at.% Pb):
the continuous curve is experimental; the dashed curve is
theoretical.

curve which gives AC/C as a function of the ratio
T/® (AC is the difference between the phonon
specific heats of the alloy and the matrix, C is the
phonon specific heat of the matrix), and includes

a dashed theoretical curve, calculated using Eq. (2)
given in &3 Extrapolation of the experimental
datato T = 0 gives AC/C = 0.32. As the temper-
ature is raised, the value of AC/C increases,
passes through a maximum AC/C = 0.93 at
Tmax ® 10.6°K, and then rapidly decreases to 0.5
at 20°K. The theory of Kagan and Tosilevskii(*]
gives, at T = 0, the expression AC/C = (34)| e |n
(where 7 is the concentration of impurity atoms,
€=|1-m’/m|) which gives AC/C =~ 0.31 at

T =0. Direct calculations give Tpyjax = 3.5 X 1070
= 10.9°K and the corresponding value AC/C

= 0.91, i.e., the measured and calculated values
are very close. It is evident from Fig. 2 that,

in general, the theoretical curve agrees well with
the experimental curve over the whole range of
temperatures.

Thus, our investigations of the specific heat of
the alloy MgPb confirmed experimentally the
Kagan and Iosilevskil effect. Small amounts of a
heavy impurity in a light-atom lattice alter very
greatly the specific heat of the matrix lattice. In
our experiment, 2.8 at.% Pb doubled the specific
heat in the region of 10.6°K.
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