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Specific heat of cadmium arsenide (Cd3As2) below 30 K
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The low-temperature specific heat of Cd3As2 has been measured over the temperature
range between 1.7 and 30 K. In this range, the specific heat is dominated by the lattice
contribution, which yields a limiting Debye characteristic temperature at absolute zero
Sat,'D) =111+3K. This value is found to be in good agreement with that calculated from
the experimental sound velocities.

In recent years, a great amount of work has been
done on Cd3As2 in order to determine its electronic
energy-band structur. It is now established that
Cd3As2 has an inverted energy-band structure near
the I point of the Brillouin zone, analogous to that
of the well-known narrow-gap semiconductors
Hg Te and HgSe. ' An excellent survey of the pro-
gress that has recently been made in the under-
standing of the electronic properties of Cd3As2 can
be found in a review article by Blom. In contrast,
much less attention has been paid to the deter-
mination of the lattice properties of Cd3As2. In
particular, little is known regarding the low-
temperature thermal properties of this compound.
The purpose of this paper is to report the first
measurement of speci6c heat of Cd3As2 at low tem-
peratures.

%e had a 3.684-g sample of Cd3As2, kindly sup-
phed by Prof. , JJiom (University of Technology,
Eindhoven, The Netherlands). This sample con-

sisted of a few large crystals. The specific-heat
measurements were performed in a conventional
adiabatic calorimeter in the temperature range
from 1.7 to 30 K. The sample was fixed by copper
clips and isolated from the calorimeter by nylon
threads. A mechanical heat switch was used to
cool the sample. The temperature was measured
with a carbon resistance thermometer calibrated
with an accuracy of 10 K. The experiment in-

volved about 90 data points over the temperature
range investigated. The precision of an individual
specific-heat measurement was estimated to be

better than 3%.
The results of our specific-heat (C) measurements

are shown in Fig. 1, where C/T (given in
pJ/K g) is plotted against temperature (T). As we
can see, the lowest-temperature data do not show
any evidence of the contribution of an electronic
term linear in the temperature to the measured C
values. This is consistent with the fact that
Cd3As2 should normally have a very small elec-
tronic contribution (yT) to its low-temperature
specific heat. In fact, using the known physical
parameters for this material, we readily obtain the
estimated value y-0.014 pJ/K g. Vhth this
value of y, the electronic specific heat is indeed in-
significant in the temperature range covered in this
experiment as compared to the measured C values
(for example, at T-2 K,C-25 pJ/Kg). As a
consequence, we are thus led to the conclusion that
the analysis of our C vs T data can be carried out
essentially in terms of a lattice contribution only.
Now, as can be seen in Fig. 1, starting at about
2—3 K, C shows a rapid deviation from the low-
temperature asymptotic T behavior expected from
the Debye lattice model. This deviation is at the
origin of the large, well-defined maximum in the
C/T vs T curve near 9—10 K, as shown in Fig.
1. In fact, for an ideal Debye solid, namely, for a
pure ~ lattice frequency distribution, the low-
temperature C/T vs T plot would strictly result
in a horizontal line at C/T =a, where a is related
to the limiting Debye characteristic temperature at
absolute zero SD(0) through the well-known
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FIG. 1. C/T as a function of T for cadmium arsenide. The arrow indicates. the asymptotic value lim(C/T ) as
T—+0 K, as determined from the experimental sound velocities.

asymptotic expression (valid in the limit T +0 K)—
(Ref. 6)

1/3

SD(0)= l2~4Z

5Ma

in which R =8.314&(10 pJ/K mole is the univer-

sal gas constant, M is the molecular weight of the

solid, and a is given in pJ/K g. For Cd3As2

(M =487.0), Eq. (1) reads
' 1/3

3.991X10 pJ/Kg
D a

(2)

As is well known, such a deviation of the low-

temperature lattice specific heat from the strict
asymptotic form aT generally occurs in the tern-

perature region beyond about 8D(0)/SO, so that we

can roughly estimate the value of 8~(0) for

Cd3As2 to be somewhere in the range 100—150 K.
Unfortunately, this marked non-Debye-like nature
of the lattice contribution or, alternatively, the rela-

tively low value of 8D(0), makes it difficult to
analyze accurately our specific-heat data for
Cd3As2.

The analysis of our C vs T data is carried out

using the usual power series expansion in the tem-

perature '

little effect on the analysis, the various terms

a3 ——a,a5,a7, etc. , are obtained by forcing a& to
have the value estimated theoretically (namely,
().()14 p J/K g) (Ref. 5) and by next using a least-

squares computer fitting procedure. Due to the
fact that Cd3Asp has a relatively low SD(0) value,
our lowest temperature (-1.7 K) is relatively

high, so that many terms are required in Eq. (3) to
fit the experimental data over the temperature
range in which we are interested. Since the terms

a5,a7, etc., have no easily identifiable physical sig-
nificance, we have used, alternatively, overlapping
fits in the liquid-helium region, over limited tem-

perature ranges, to analyze our data in terms of
Eq. (3). The values for the leading coefficients,
namely, a3 ——u and a5, which result from these
analyses, appear to be essentially independent of
the temperature ranges used, which thus gives

i some confidence to the uniqueness of the coeffi-
I

cients. These are a=2.9 + 0.2 pJ/K g and

a5 ——0.06 +0.03 )JJ/Ks g. Substituting this value
of a into Eq. (2), we readily deduce
8D(0)=111+3K for the limiting Debye charac-
teristic temperature at 0 K of Cd3As2. This value
of So(0) can be compared with that calculated
from the experimental sound velocities, according
to the asymptotically exact (as T~ K) result

C=ga „2T+"+', (n =0, 1,2, 3, . . .).

Since the exact value of the a i ——y coefficient has

(3)
C

limT~ K

2& ka 1 2
3+ 3

A P UI Uf

(4)
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where uI and u, are the longitudinal and transverse
acoustical phonon velocities, and the other quanti-
ties are defined in Ref. 5. Taking the observed
values ut ——3.5 X 10 m/s and u, =1.65 && 10 m/s
for Cd&As2,

' we readily obtain from Eqs. (2) and

(4), en(0)=109.1 K. As we can see, this calculat-
ed value of ez(0) is in good agreement with that
deduced from our specific-heat fitting analyses.

To conclude this paper, we should emphasize the
need for extending the present specific-heat mea-

surements on Cd3As2 to lower temperatures, for ex-

ample, to 0.1 —0.3 K. In fact, such measurements

would make it possible not only to obtain a better
{that is to say, more accurate) determination of a
and, consequently, of SD(0), but also to extract a
measure of y, the coefBcient of the linear term in

the electronic specific heat. If the measurements

are performed on well-characterized single crystals
of Cd3As2 of known electron concentrations, an ac-
curate knowledge of this latter coefficient would be
of great importance in providing further informa-
tion about the electronic energy band structure of
Cd3AS2.
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energy band, using the well-known expression (see
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Ref. 6, Chap. 2, p. 29)

m*
y=A

mp p

(~/3) Pgmp/$ 1 610)(10
pJ/K cm, k~ is Boltzmann's constant, A is the
Planck constant divided by 2m, mp is the free-electron

mass, N is the number of electrons per cm, p is the
mass density, and m* is the electron effective mass.
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