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INTRODUCTION 

 
The discovery of single-walled carbon nanotubes (SWNTs) 1 has invoked numerous research 

interests because of their unique physical properties 2 and hence remarkable potential as a new 
material for various applications. Extremely high thermal conductivity is one of the interesting 
properties of SWNTs, but because of their small scale, experimental studies of heat transfer 
involving SWNTs are not easy. In this study, temperature measurements of SWNTs were 
demonstrated using the temperature dependence of Raman scattering, as the first step of heat 
transfer studies.  

SWNT Raman scattering spectra have three major peaks, which are the G-band (at about 
1590 cm-1), D-band (around 1350 cm-1) and the radial breathing mode (RBM, 100-300 cm-1). 
Previous studies 3, 4 suggested an almost linear decrease of Raman shift in the G-band and RBM 
with increasing temperature. However, many discrepancies remain in the G-band Raman shifts at 
higher temperatures, probably because of the laser heating effect and the damage to SWNTs. The 
reliable measurement of nanotube Raman shift is performed in a wide temperature range with low 
laser power and in vacuum environment. 
 

EXPERIMENTAL 
 

We recently built an AFM system with Raman scattering measurement capabilities 5. This 
experimental apparatus allows the control of the atmosphere and the temperature of samples located 
on the AFM sample stage. AFM images and Raman scattering can be simultaneously measured 
under various conditions. Moreover, SWNTs could be successfully generated in this apparatus by 
the alcohol catalytic CVD method (ACCVD method) 6. Using this experimental apparatus, the 
temperature dependence of SWNTs Raman 
scattering was measured. We prepared 5 types 
of SWNTs samples, which were generated by 
the ACCVD method (using zeolite, quartz and 
silicon as substrates 7), the laser oven 
technique 8 and the HiPco method 9. These 
SWNTs samples were glued or dispersed onto 
a silicon wafer, which was connected to an AC 
power supply and located on the AFM sample 
stage. In vacuum, an AC voltage was applied 
to the silicon wafer, and the temperature of the 
wafer was controlled by Joule-heating while 
the temperature was monitored using a 
thermocouple. In the Raman scatterings 
measurements, an Ar laser (488 nm) was used 
as the excitation laser. Its power and spot size 
were 2 mW and about 2 µm, respectively. This 
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Fig. 1  Raman scattering of SWNTs (ACCVD 
method) and  silicon at different temperatures. 



low laser intensity ensured minimal heating of SWNTs. 
 

RESULTS AND DISCUSSION 
 

Fig. 1 shows Raman scattering by SWNTs at different temperatures. This SWNT sample 
was generated on zeolite using the ACCVD method and dispersed onto a silicon wafer. Raman 
scattering by silicon has a sharp peak around 520 cm-1. At high temperatures, both the Raman shift 
and the intensity of the G-band and silicon peaks decreased. The Raman shift downshifted and the 
intensities decreased in both the G-band and silicon peaks at high temperature. 

Fig. 2 shows the relation between temperature and Raman shift in the G-band and silicon 
peaks. The temperature dependence of the silicon Raman peak was experimentally investigated by 
Balkanski et al. 10. They explained the downshift of silicon peak at high temperature by anharmonic 
effects with three and four phonon interactions in the Raman scattering process, and our present 

results in Fig. 2 completely agree with their data. 
In the case of SWNTs samples, the G-band 
shows almost the same temperature dependence, 
in spite of different generation methods and 
morphologies of the samples. The energy 
balance among the SWNTs, the heated silicon 
wafer, and the environment (vacuum for this 
report) determine the temperature of the SWNTs. 
In this case, the thermal resistance between the 
SWNTs and the vacuum environment is much 
larger than that between the heated silicon wafer 
and the SWNTs, so the temperature of the 
SWNTs is almost equal to that of the silicon 
wafer. This is an advantage of making our 
measurements in vacuum, since the heat transfer 
to environmental gas may result in a temperature 
difference between SWNTs and the surface. 
Furthermore, it should be noted that the SWNTs 
remain undamaged in vacuum, even above their 
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Fig. 4  Raman scatterings of HiPco sample RBM 

peaks at different temperatures.  
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Fig. 2  Effect of temperature on the G-band and 
silicon Raman peaks 
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Fig. 3  Temperature dependence of the G-band 

intensity.



burning temperature in air. Using these results we can estimate the temperature of SWNTs from the 
Raman shift of the G-band. 

Fig. 3 shows the temperature dependence of the G-band intensity. The intensity of the G-
band exponentially decreased with increasing temperature. Here, data from each sample were fitted 
to exponential curves as a function of temperature T (K) and normalized at 0 K. In spite of their 
different generation methods and morphologies of the various SWNTs samples, the temperature 
dependence of the G-band intensity is the same for all samples, so the temperature of SWNTs can 
be estimated by the G-band intensity. 

RBM peaks also have temperature dependence, shown in Fig. 4. Raman shift of the RBM 
peaks downshifted and the intensity decreased with increasing temperature. HiPco samples have 
three major RBM peaks (at 203, 261, 304 cm-1) and each peak has almost the same decrease in 
Raman shift, as can be seen in the insert in Fig. 4.  
 

CONCLUSIONS 
 
The temperature dependence of Raman shift and Raman relative peak intensity in SWNTs� G-band 
was measured. The temperature of SWNTs can be determined by the temperature dependence of the 
G-band Raman shift and its intensity, and the temperature dependence of RBM was also measured. 
 

REFERENCES 
 
1. Iijima, S. and Ichihashi, T., Single-shell carbon nanotubes of 1-nm diameter, Nature, Vol. 363, 

No. 6430, pp 603-605, 1993. 
2. Saito, R., Dresselhaus, G. and Dresselhaus, M. S., Physical Properties of Carbon Nanotubes, 

Imperial College Press, London, 1998. 
3. Raravikar, N. R., Keblinski, P., Rao, A. M., Dresselhaus, M. S., Schadler, L. S. and Ajayan, P. 

M., Temperature dependence of radial breathing mode Raman frequency of single-walled 
carbon nanotubes, Phys. Rev. B, Vol. 66, No. 23, pp 235424-235432, 2002. 

4. Li, H. D., Yue, K. T., Lian, Z. L., Zhan, Y., Zhou., L. X., Zhang., S. L., Shi, Z. J., Gu, Z. N., 
Lui, B. B., Yang, R. S., Yang, H. B., Zou, G. T., Zhang, Y. and Iijima, S., Temperature 
dependence of the Raman spectra of single-wall carbon nanotubes, Appl. Phys. Lett., Vol. 76, 
No. 15, pp 2053-2055, 2000. 

5. Chiashi, S., Murakami, Y., Miyauchi, Y. and Maruyama, S., Cold wall CVD generation of 
single-walled carbon nanotubes and in situ Raman scattering measurements of the growth stage, 
Chem. Phys. Lett., Vol. 386, No. 1-3, pp 89-94, 2004. 

6. Maruyama, S., Kojima, R., Miyauchi, Y., Chiashi, S. and Kohno, M., Low-temperature 
synthesis of high-quality single-walled carbon nanotubes from alcohol, Chem. Phys. Lett., Vol. 
360, No. 3-4, pp 229-234, 2002. 

7. Murakami, Y., Miyauchi, Y., Chiashi, S. and Maruyama, S., Direct synthesis of high-quallity 
single-walled carbon nanotubes on silicon and quartz substrates, Chem. Phys. Lett., Vol. 377, 
No. 1-2, pp 49-54, 2003. 

8. Thess, A., Lee, R., Nikolaev, P., Dai, H., Petit, P., Robert, J., Xu, C., Lee, Y. H., Kim, S. G., 
Rinzler, A. G., Colbert, D. T., Scuseria, G. E., Tomanek, D., Fischer, J. E. and Smalley, R. E., 
Crystalline ropes of metallic carbon nanotubes, Science, Vol. 273, No. 5274, pp 483-487, 1996. 

9. Nikolaev, P., Bronikowski, M. J., Bradley, R. K., Rohmund, F., Colbert, D. T., Smith, K. A. 
and Smalley, R. E., Gas-phase catalytic growth of single-walled carbon nanotubes from carbon 
monoxide, Chem. Phys. Lett., Vol. 313, No. 1-2, pp 91-97, 1999. 

10. Balkanski, M., Wallis, R. F., and Haro. E., Anharmonic effects in light scattering due to optical 
phonons in silicon, Phys. Rev. B, Vol. 28, No. 4, pp 1928-1934, 1983. 


