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Scattering Process of Transmitted Gas Molecules through
Vertically Aligned Single-Walled Carbon Nanotube Arrays
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Scattering process of gas molecules on vertically aligned single-walled carbon nanotube
(VA-SWNT) films was investigated using molecular beam technique. The surface modification with
VA-SWNT films was found to significantly enhance energy accommodation of helium molecules,
which tends to be inefficient even on contaminated or rough surfaces because of the large mass
mismatch between helium and surface atoms. Our results indicate that the surface modification with
VA-SWNT films is promising for enhancing heat transfer across surfaces in micro/nanoscale devices.
The efficient energy transfer originates from high porosity of the films, which enables gas molecules
to penetrate into the film and have multiple collisions with SWNTSs. In order to reveal the scattering
process within the film, we also conducted the measurements with freestanding VA-SWNT films.
Even for the film as thin as 0.1 um, most of the molecules are well accommodated and are reflected
or transmitted diffusively through the film while few molecules are transmitted without any
interaction.
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Fig. 1 An as-grown (a) and a free-standing film (b) of vertically
aligned single-walled carbon nanotubes (VA-SWNTSs), and
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side-view SEM images of the films with thicknesses of 0.1 pm
(€), 4 um (d), and 20 pum (e).
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Fig. 2 The schematic illustrations of experiments with an
as-grown film (a) and a free-standing film (b).
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Fig. 3 Mean translational energy of scattered molecules from a
VA-SWNT film with a thickness of 4 um (e) and a quartz
substrate (o) at room temperature. The incident angle 4 is 40°
for both the cases.

Table 1 Energy accommodation coefficient of helium.

Surface a

Pre-growth quartz substrate 0.34
4 um V-SWNT film 0.97
0.1um VA-SWNT film 0.81
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Fig. 4 Time-of-flight (TOF) distributions of directly transmitted

and reflected molecules. TOF distribution of the incident beam

measured without sample is also shown for comparison.

Table 2 The intensity of directly transmitted molecules through
free-standing VA-SWNT films.

Thickness [um] Transmissivity
0.1 0.075

4 0.006
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