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Morphology Dependence on Thermal Transport Properties
of Single-walled Carbon Nanotubes
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In this study, we measured thermal conductivity of randomly-networked single-walled carbon
nanotube (SWNT) films by using Raman spectroscopy. Structural anisotropy along thickness direction
of the films was evaluated by angular dependence of absorption spectra together with a fitting model.
The results indicated that anisotropy of SWNT films decreases with the film thickness increases while
their anisotropy is preserved in the case of stacked films. Suppression of thermal conductivity is
discussed based on change of SWNT films from 2D-like (anisotropic) structure to 3D-like (isotropic)
structure, suggesting that high thermal conductivity films with arbitrary thickness can be obtained by
stacking thin SWNT films.
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Fig. 1 (a) SEM image of 90% transmittance (T = 90 %) SWNT film. Random network structure of SWNTs can be seen.
(b) Raman scattering spectrum of SWNT films. The G/D ratio is more than 100, and RBM peaks were observed in low
frequency region. (c) Optical absorbance spectra of SWNT films. ES;, ES;;, and EM;; indicate the absorption peaks of
each transition energy between van Hove singularities.
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Fig. 2 (a) Relationship between incident angle and optical absorbance of SWNT films. The dashed lines show calculated
values of optical absorbance based on the connected rigid sticks model. The values on the vertical axis were normalized
by the value measured with the incident angle a = 0 for each SWNT films. The results of stacked films were confirmed
that there is almost no difference with T = 90 % film. (b) Schematic illustration of rigid stick model. The black stick
indicates individual SWNTs and has no radius. The direction of x y axis is same as in-plane direction of the films. The z
axis is perpendicular to in-plane direction of the films. (c¢) Density distribution of SWNTSs. The horizontal axis indicates
the number of SWNTSs that have direction ;. It is assumed that the total number of SWNTs is constant value N, and the
distribution is uniform. (d) Relationship between film transmittance at 550 nm wave length and normalized density. The
density of each SWNT films were normalized by the density of T = 90 % film. The values next to each data points
indicate the thickness of the films. Negative relationship between transmittance and density of SWNTs was confirmed.
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Fig. 3 (a) Temperature dependence on Raman shift of the G band. The temperature was measured by using thermocouple
attached in the vacuum chamber. The black solid line indicates the results obtained by Chiashi et al. The experimental
data agree with Chiashi’s results. (b) Laser power dependence on Raman scattering spectra of G band. The values on the
horizontal axis were calculated based on optical absorbance shown in Fig. 1 (c) and laser power directly measured by
using laser power meter. (c) Relationship between film transmittance and thermal conductivity of SWNT films measured
by using Raman spectroscopy. Thermal conductivity of the films was increased with decreasing transmittance because of
negative relationship as shown in Fig. 2 (d).
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Fig. 4 (a) Relationship between normalized density and thermal conductivity. The red dot-dashed and blue dashed lines
show calculated thermal conductivity of perfect 2D and 3D structure respectively, based on soft core models. Thin films
and stacked films have almost same trend as that of perfect 2D structure. Thermal conductivity suppression was observed
for thick films. (b) Schematic illustration of 3D and 2D random network structure. There is perpendicular direction heat
conduction in the case of 3D network structure.
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