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Abstract
Computer simulation of the specific heat at constant volume (Cv) as a function of temperature is carried out and analysed in
detail for the different types (semiconductor and metallic) of single-walled carbon nanotubes (SWCNT). In particular, at the
low temperatures (up to 10 K) we have obtained the linear Cv(T) dependence for all types of the SWCNT. With temperature
increase the behaviour of Cv(T) dependence becomes more complicated that can be connected with the existence of sub-band
splitting effect in SWCNT. The theoretical results obtained are in a good agreement with available experimental data.
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1. INTRODUCTION

Single-walled carbon nanotube (SWCNT) is a novel
nanostructure consisting of one graphene sheets rolled
into tube. Since its discovery by Iijima [1], SWCNT has a
great deal of attention, and a number of applications have
been proposed and demonstrated [2]. Fundamental
symmetry considerations applied to the electronic band
structure indicate that SWCNT with symmetry (n,n) (n is
the chirality index), as well as 1/3 of all the other
possibilities (n,m≠n), is metallic. The remaining (n,m)
nanotubes are semiconductor. The thermal properties of
SWCNT is directly related to its unique structure and
small size. Because of these properties, SWCNT may
prove to be an ideal material for the study of low-
dimensional physics, and for thermal management, both
on the macro- and micro-scale. Since the specific heat at
constant volume (Cv) is a direct probe of the phonon
energy spectrum of SWCNT it is important to know the
Cv behaviour depend upon the temperature. In the present
paper the computer simulation of the specific heat for the
different types of SWCNT is carried out and analysed in
detail.            

2. RESULTS AND DISCUSSION

In an ordinary 3D solid, the low-temperature phonon
Cv(T) increases as T3. In an isolated SWCNT, all of the
circumferential degrees of freedom are frozen out at low
temperature, so that the phonons are strictly one-
dimensional and Cv(T) is linear in T [3]. Because the
phonon contribution to Cv is determined by the phonon
density of states (PDOS) as a function of energy, we first
calculate the PDOS for armchair (n,n) and zigzag (n,0)
nanotubes. For PDOS computations we utilize the simple
model for the phonon spectrum of a two-dimensional
sheet of graphite [4]. And apply zone-folding method for
getting PDOS of SWCNT. The results obtained, for
example, for the semiconductor (10,0) and metallic
(10,10) nanotubes are presented in Fig. 1.

SWCNT has a 1D phonon structure with four
acoustic branches (one longitudinal, two transverse and
one torsional) with linear dispersions E=hvq (E is the
phonon energy, v is the phonon velocity and q is the
wave-vector). The periodic boundary condition on the

circumferential wave-vector splits each of these modes
into 1D sub-bands which translate into the sharp spikes, or
1D van Hove singularities, in the PDOS. The approximate
location of the first optical (at q=0) sub-band is given by
Esub≈hv/R [3], where R is the radius of

SWCNT:
2π

03nd
zR3aR == . Hear Ra and Rz are the radii of

armchair and zigzag SWCNT, accordingly; d0=0.142 nm
is the average distance between the neighboring carbon
atoms in SWCNT.
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Fig. 1. Calculated PDOS for the (10,0) and (10,10)
SWCNT.



It is clear why SWCNT is ideal for studying low-
dimensional phonons: a small R and large v (of order 104

m/s) lead to a measurably large sub-band splitting (larger
SWCNT will has a smaller sub-band splitting and
approach strictly 2D behavior as R increases). From Fig. 1
we can conclude that the first sub-band splitting for (10,0)
SWCNT is Esub=15.5 cm-1 (or 22.3 K). Calculations for a
1.25 nm diameter tube predict that the first sub-band edge
is at Esub=21.8 cm-1 (or 30 K) [5].

Using the calculated PDOS g(ν) and the Debye
model for the specific heat in the form of a discrete sum
over the frequencies
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we can calculate Cv as a function of temperature for the
different types of SWCNT. The results obtained are
shown in Fig. 1.

Because the PDOS is constant at low energy, the
specific heat displays linear temperature dependence at
low temperature (practically up to T=10 K) because only
the acoustic modes are populated [3]. This result is in a
good agreement with the experimental measurement data
of the specific heat for a 1.25 nm diameter SWCNT [6].
Above ∼10 K the slope of Cv(T) increases as the optical
sub-bands become populated. As one can see the Cv(T)
dependences for metallic (5,5), (10,10) and (12,0)
nanotubes lie higher in comparison with semiconductor
(8,0) and (10,0) ones in the region of temperatures up to
T=80 K. But at high temperatures we observe the
tendency to the increase of Cv(T) for the semiconductor
nanotubes in comparison with the metallic ones. More
complicated behaviour of Cv(T) dependence for different
types of the nanotubes above ∼60 K we connect with the
existence of sub-band splitting effect in SWCNT [6]. The
theoretical results obtained can be used for the further
study of thermal conductivity of SWCNT.
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Fig. 2. Calculated Cv(T) for the various SWCNT types.
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