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In a recent letter,1 Wang et al. reported the measurement
of length-dependant thermal conductivity ��� of individual
single-wall carbon nanotubes �SWCNTs� using a 3� method.
Their results appear to agree with a theoretical calculation.2

However, a number of questions need to be clarified be-
fore the results of Wang et al. can be validated. Based on Eq.
�3� of the letter, the obtained 3� signal �U3�� depends on
both � and the line contact thermal resistance �Rc� between
the SWCNT and the substrate. It is unclear how Rc was
estimated before � was obtained from Eq. �3�. Measuring or
calculating Rc between a SWCNT or nanowire and the sub-
strate has been a challenging topic.3–7 The lack of knowledge
of the contact area and the difficulty in modeling phonon
transport through the complex nanometer scale contact make
it inaccurate to calculate Rc based on Fourier’s law of heat
conduction. In addition, Eqs. �1� and �3� in the letter of Wang
et al. appear to contain a mistake, i.e., the L /�2Rc term in
both equations should be corrected to be �2L /Rc. These two
equations were obtained by retaining only the first term of a
series expansion. Truncating the higher order terms leads to a
relative error close to 1 /3 for a SWCNT on a substrate when
heat dissipation across the line contact between the SWCNT
and the substrate becomes dominant; whereas the error is
only 1 /81 for suspended samples.8 Moreover, the data analy-
sis of Wang et al. in Eqs. �1�–�3� assumes diffusive phonon
transport and becomes inaccurate if transport of the long-
wavelength phonons inside the SWCNT is ballistic, which is
the origin of the length-dependant �.2 The assumption of
diffusive phonon transport in Wang et al.’s data analysis ap-
pears to contradict their finding of length-dependant � or
essentially ballistic transport of long wavelength phonons.

Moreover, there is a fundamental question regarding the
suggestion of no contact thermal resistance at the two ends
of the SWCNTs of Wang et al. For either a nanometer scale
point or line contact or a nanoparticle such as a SWCNT
segment embedded in a medium, the constriction thermal
resistance can be rather high because of the ballistic resis-
tance component.3,9–11 In addition, phonon transmission co-
efficient at the interface between the SWCNT and the SiO2
substrate or the metal contact should be well below 1 be-
cause of the large acoustic impedance mismatch, further in-
creasing the contact thermal resistance. In fact, scanning
thermal microscopy measurements have shown elevated
temperature rises in nanotubes near the two metal
contacts,12,13 suggesting appreciable contact thermal resis-
tance or contact heating. As the intrinsic thermal resistance
becomes smaller in the shorter SWCNT, the influence of the

contact thermal resistance becomes larger. This effect can
result in the finding of a �22% lower thermal conductivity
in the shortest SWCNT by Wang et al.

Wang et al. contacted the SWCNTs using focused ion
beam �FIB� assisted metal deposition, which could spread a
conducting layer between the two very closely placed con-
tact electrodes to their shortest SWCNT sample.14 In addi-
tion, extrapolating the electrical resistance versus length re-
lationship for the two longer SWCNTs to zero length, one
can obtain a contact resistance of about 15 k� which is com-
parable to the resistance of the shortest SWCNT sample. The
ballistic electrical resistance of a SWCNT with two one-
dimensional electron subbands is about 6.5 k�,15 which is
the minimum achievable contact electrical resistance to the
SWCNT. The contact electrical resistance to a SWCNT can-
not be eliminated using a four-terminal setup unless the two
middle voltage probes are weakly coupled to the SWCNT
and are noninvasive,16,17 which is unlikely the case for the
metal contact deposited using a highly energetic FIB on the
SCWCNTs of Wang et al. Hence, the contact electrical resis-
tance for the shortest SWCNT might be much larger than the
10% value suggested in the letter of Wang et al. Either an
appreciable contact electrical resistance or the aforemen-
tioned FIB spreading could result in their finding of 22%
lower thermal conductivity in the shortest SWCNT than in
the two longer samples.

There is also a subtle question regarding whether a
SWCNT can be used as an accurate resistance thermometer
to measure its lattice temperature rise during Joule heating.
Electron transport in SWCNTs has been known to be highly
nonlinear and characterized by ballistic transport in short
SWCNTs at low electric field and optical phonon emission at
high electric field.15,18,19 If the nonlinear current-voltage
�I-V� characteristic of a SWCNT is fitted using a polynomial,
the obtained V expression can contain a I3 term caused not
only simply by an increased lattice temperature, but also by
other nonlinear processes including optical phonon emission.
Consequently, the 3� voltage U3� is not entirely caused sim-
ply by lattice temperature rise, especially at high field or in
short SWCNTs where nonequilibrium temperatures of elec-
trons, acoustic phonons, and optical phonons need to be
taken into account.19

In their letter, Wang et al. used a small current in order
to validate the relationship U3�� I3 expected for self heating
of the lattice, and in effect, to avoid other nonlinear pro-
cesses such as optical phonon emission that occur at high
field. Based on their Figs. 3 and 4, the applied peak voltage
was slightly smaller than the 160 mV value needed for emis-
sion of the dominant 1300 cm−1 optical phonon mode ina�Electronic mail: lishi@mail.utexas.edu.
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SWCNTs.18 However, optical or zone boundary phonon
modes with lower energy exist in SWCNTs. Moreover, non-
equilibrium could also be caused by ballistic electron trans-
port in short SWCNTs at low field. In fact, the reported ex-
ponent of the current was 2.723, 2.89, and 2.908 when the
length was 0.509, 4.919, and 6.941 �m long, showing an
increased deviation from the expected value of 3 with de-
creasing SWCNT length. This trend raises a question
whether some nonequilibrium processes have occurred in the
shortest SWCNT, so that U3� was not simply caused by lat-
tice temperature rise.

There are two additional minor issues in the letter by
Wang et al. First, the spurious signals at 50 and 100 Hz in
Fig. 2 of the letter were likely caused by the first and second
harmonics of the power line frequency used in their measure-
ment, instead of heat loss to the substrate suggested in the
letter. Moreover, the �d product in their Fig. 5 is proportional
to the thermal conductance-length product when the SWCNT
cross section is calculated according to S=�d�, where d is
the SWCNT diameter and � is the interlayer spacing of
graphite. On the other hand, the �d product does not seem to
represent any meaningful physical property when S is ob-
tained as S=�d2 /4.

These questions on the measurement method of Wang
et al. raise doubts about their claim of �10.5% measurement
uncertainty. Given the many issues raised here on the experi-
ment, their finding of �22% lower thermal conductivity in
the shortest SWCNT sample than in the two other longer
samples could be either well within the actual uncertainty of
their measurement or caused by one of the possible errors
discussed above.
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