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The value of the Debye temperature of the acoustic modes, as required in the application of Slack’s
approximation �G. A. Slack, Solid State Physics, edited by F. Seitz, D. Turnbull, and H. Ehrenreich,
�Academic, New York, 1979�, Vol. 34, pp. 1–71� for the thermal conductivity, is not always
available. It is shown that for these cases, the value at the minimum of the curve of the Debye
temperature versus the temperature obtained from specific-heat data, gives a good approximation.
© 2005 American Institute of Physics. �DOI: 10.1063/1.2148625�
In the literature of inorganic compounds there is a con-
stant flow of papers on materials with unknown properties,
particularly of nonoxidic materials. Since in general the mea-
surement of physical data, such as electrical, thermal, and
mechanical properties, is only possible when dense solid ma-
terials are available, estimates, even relatively crude ones,
are of great value for the experimentalist. For an estimate of
the thermal conductivity of nonmetallic compounds, the
most widely used approximation is the equation given by
Slack:1

K���̃�� = Bn1/3M̄��̃�
2 ��

−2. �1�

In this equation, the following symbols are used: K���̃�� is

the estimated thermal conductivity at temperature T= �̃�, B is
a constant, n is the number of atoms per primitive unit cell,

M̄ is the average atomic mass of the crystal, �3 is the average
volume occupied by one atom of the crystal, � is the Debye
temperature, and � is the thermodynamic Grüneisen con-
stant. It has been shown that the � to be used in Eq. �1�
should be the Debye temperature for the three acoustic
branches only.1,2 Following Slack,1 we indicate this value by

��, and it can be obtained from the phonon density-of-states
�DOS� function g��� according to the equation

�̃�
2 =

5h2

3k2

�
0

�

�2g���d�

�
0

�

g���d�

, �2�

where h is Planck’s constant, k is Boltzmann’s constant, � is
the phonon frequency, and the integration is only over the
acoustic branches of the phonon spectrum. The value for the

acoustic branch at 0 K is �̃0. This quantity is related to the
usual �0 obtained from the elastic constants or by extrapola-
tion of specific-heat data by

�̃0 = �0n−1/3. �3�

There are several problems in the application of Eq. �1�. The
first one is that accurate values for the Grüneisen constant are

often not available. More important, phonon DOS curves are
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generally absent, in particular for recently synthesized com-
pounds. Even if DOS curves are available from inelastic neu-
tron scattering experiments, these curves have to be cor-
rected for the frequency-dependent neutron cross sections.
An extra complication for the interpretation of the DOS
curves is the often occurring overlap of phonon branches. In
practice, this means that for the interpretation of the experi-
mental data one always needs lattice dynamics calculations
or other theoretical approaches.

Given the approximations in Eq. �1�, one should look for
the most simple approach of the theta value in this equation.
Since the specific heat Cp can be measured relatively easily
as soon as powders are available, Cp-T curves can often be
found in literature. These data are then used to calculate the
Debye temperature as a function of temperature, although the
restrictions mentioned above also hold for the calculations of

these curves. However, the values of �̃0 or �̃�
cv derived from

these curves often differ considerably from �̃�. In this article,
we show that a better approximation is obtained by using the
Debye temperature �min at the minimum of the curve of the
specific heat versus temperature. Examples are shown in
Table I. The reason for this can be understood by comparing
the Debye DOS curves with real phonon DOS curves. At low
temperatures, only the low-frequency part of the DOS, i.e.,
the acoustic modes, contributes to the specific heat. In this
region, the Debye DOS is always lower than the real DOS
and the difference first increases with increasing frequencies.

TABLE I. Values of the Debye temperatures of several compounds �num-
bers in brackets indicate references�.

Crystal �̃0�K� �̃�
cv�K� �̃min�K� �̃� �K�

Si 512 �1� 535 �3� 366 �3� 395 �1�
Ge 297 �1� 313 �3� 203 �3� 235 �1�
Diamond 1778 �1� 1485 �4� 1468 �4� 1450 �1�
GaAs 275 �1� 299 �1� 198 �1� 220 �1�
MgO 750 �1� 618 �5� 601 �5� 600 �1�
LiH 944 �1� 928 �6� 635 �6� 615 �1�
NaCl 256 �1� 223 �7� 218 �7� 220 �1�
SiC 898 �1� 923 �8� 750 �8� 740 �1�
Si3N4 396 �9� 498 �9� 347 �9� 370�10�
© 2005 American Institute of Physics1-1
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The Debye temperature is determined by the difference in
the integral in the numerator of Eq. �2� for the Debye DOS
and the real DOS. As a result, the Debye temperature de-
creases until the difference between these integrals starts to
decrease. Consequently, a minimum is found in the curve of
the Debye temperature as a function of temperature, and in
first approximation this occurs where the contribution of the
acoustic modes decreases and/or the contribution of the optic
modes increases. Although there is no strict relation between

�� and �̃min, Table I shows that the value obtained from the

minimum is generally much closer to �̃� than the values at
0 K or at the high-temperature limit of the �-T curve.

We have used this approximation for the case of
MgSiN2. For this compound, CV-T data are available,11 from

which we calculate the following Debye temperatures: �̃0

=357 K, �̃�
cv=395 K and �̃min=294 K. Using the �̃min value

in Eq. �1�, we obtain a thermal conductivity at T=294 K of

30 W/mK, whereas �̃0 leads to an estimated value of
55 W/mK. The experimental value reported up to now at
room temperature is 23 W/mK. An alternative estimate can
be obtained from the experimentally determined relation be-
tween thermal diffusivity and temperature.11 This leads to an
estimated maximum value of 28 W/mK. Obviously, the
Downloaded 18 Jan 2006 to 131.155.83.188. Redistribution subject to
minimum Debye temperature gives a better estimate of the
thermal conductivity.

Within the approximations of Eq. �1�, we conclude that
in cases in which more accurate data for the Debye tempera-
ture of the acoustic modes are not available, the value at the
minimum in the curve of � as a function of temperature is a
good choice.
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