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Characteristics of thermal transport at interfaces between carbon nanotubes and
surrounding materials
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Thermal boundary conductance (TBC) between a single-walled carbon nanotube (SWNT) and a
matrix of solid and liquid argon was investigated by performing classical molecular dynamics simulations.
The SWNT-length effect on the TBC was confirmed to be absent for SWNT lengths from 2 to 50 nm. The
heat transfer mechanism was studied in detail and lattice vibrational spectrum analyses provided evidence
that the resonant coupling between the low frequency modes of the SWNT and the argon matrix is present
both in solid and liquid argon cases. The heat transfer mechanism was qualitatively analyzed by
calculating the time-dependent spectral temperature of the SWNT in different frequency regimes.
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Fig. 1 Single-walled carbon nanotube in
Lennard-Jones matrix (cross-section)
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Fig. 2 TBC as a function of SWNT length.

4. RABIVFIAVRADAD=X L

¥R ENE — RICIKAF L 72 Sl C o %L ¥ — ik % R
FET A7, IRENARY MR E(T o7, 70k, 22 TiX
JEFIMEI IR DOGA ORERE R T, BIROGAIZE N T
b FEHTRE B B 72 ZE BT 2.

FJ, SWNT BINZLTWAEA L, SWNT 28 Ar (2 &
TV DA (Fig DI L TRl MD #5217\, 550l
EoBOMHEEEE 7 — ) 2B MT L2 LIk o T, FRE
NOTREBI O R LF =AY ML g, (NERDT. AL
SWNT & 44 100 SWNT D 22 L& Hilk4 % &, Fig. 3
IRTE DI Ar B DO R LF— R0 N L EHAR D EE
BEEIRIZ B\ T, SWNT O 7 o / > ORI 72 803 B OHLEL
NEZEINT.

DI, BENRBIG BT D720, B7—) =4 #H
12 & o TIEEHRRBEDSWNT D Bk fE— R /L F— X2
RV g (i KTz, EIRONAMG AT [ L ofigE s iz,
SWNT & At 58 D A~ LS E 7 5 (R 8 % Sehe ik & &
2B OEEEEEE O T R X — % AT MARE L L
TERL, UFOXIITHEAELE.

T,y /e &neg (51
TP () =—L| " —=——d 1
no=7], e M
T Sinax &neq (F>1)
7 _ eq neq d 2
e 1 fmax—fcI - e Y @

T Ko T, AR B OB = R L X — OFEFIR R &
ERMICGHEM T2 A TES5. 2F Y, SWNTEAMLEE
DIREN AT VIS E R D HEECHMEMICE BT 5 = R v
X— &, A7 MAOER IR AR SN B
TN —FHIET DI ENFREE 2 D.

FTER & FAEIC SWNT % 10 ps D /L 208 L 72 BRIC/5 5
NI AR NVIREDORER Y% Fig. 4A IR T. £72, Ar D
EELOXE LTEMAELZ b D% Fig. 4B ITRT. T2 OF

low

03

—— in liquid matrix
—®— argon layer
isolated

0.257

027
0.15¢
014
0.05
0
0 2 4 6 8
frequency (THz)

Fig. 3 The phonon energy density spectra of the 22.5 nm long
(5,5) SWNT (isolated and submerged in the liquid Ar matrix),
and the adsorbed argon layer.
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Fig. 4 Spectral temperatures in the low frequency region, 7},
where the SWNT spectrum overlaps with the adsorbed argon
layer, and in the high frequency region, 7j;;, where no
overlap occurs, compared to the kinetic temperature of the
SWNT and the argon matrix.
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