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Introduction Carbon nanotubes have attracted the interest of the nanotechnology scientific community 
since they can be semiconducting or metallic, based on their structure. The physical structure 
is usually characterized by the chirality of the nanotube (i.e. does it curve clockwise or 
counterclockwise). Conventially, the chirality can be described by the two integers (n, m) that 
specify the chiral vector, or equivalently by two other related parameters: the diameter of the 
nanotube (dt) and the chiral angle θ.

Resonant Raman spectroscopy with visible light is able to non-destructively determine the 
diameter of a single walled carbon nanotube (SWNT) by measuring the frequency of the 
vibration of its radial breathing mode (RBM) ωRBM. The RBM frequency, ωRBM, is related to the 
SWNT diameter dt, by the formula:
   
   dt = 248/ωRBM                                        (1)

In the literature it has also been shown theoretically, using the theory of resonant transitions, 
that the chirality (n,m) can be uniquely determined using Raman spectroscopy without the 
need for additional experimental measurements. The integers n and m also define the 
electronic properties of the SWNT, thus Raman spectroscopy is fully capable of determining the 
dimensions and metallic or semiconducting properties of SWNTs, even in an assembled device.

Figure 1 shows a Raman spectrum from a collection of SWNTs, acquired using 514.5nm 
excitation from an Ar+ ion laser. In addition to the D-band, the G-band and the second order 
G'-band, the radial breathing mode (RBM) bands are shown in the low frequency region at 
169cm-1 and 218cm-1 (see inset).

The observation of two RBM bands means that two distinct types of SWNTs were present in 
the volume probed by the laser (typically in the range of 1μm3). The diameters of the SWNTs 
were calculated using equation (1) and were determined to be 1.46nm and 1.13nm, respectively. 
Theoretical calculations demonstrate that the SWNT with an RBM vibration at 169cm-1 
(d=1.46nm) has a chirality (n, m) = (16, 4). This is metallic in nature (n-m is a multiple of 3). 
The SWNT with an RBM vibration at 218cm-1 (d=1.13nm) has a chirality (n, m) = (10,6) and is 
semiconducting (n-m is not a multiple of 3).

Raman spectroscopy can be an indispensable tool for the characterization of carbon nanotubes, 
both in the tube manufacturing process and also after the tubes are incorporated into actual 
devices.

(1) A. Jorio et al, Phys. Rev. Lett. 86, 1118, (2001)

Discussion



©2009 Evans Analytical Group, LLC 2WWW.EAGLABS.COM

Visit www.eaglabs.com for more information about all of EAG's services and solutions.
EAG Corporate Offi ces, 810 Kifer Road, Sunnyvale, CA 94086 phone: 408 530 3500
Copyright © 2008 EAG Inc.   All rights reserved.  EAG, the EAG logo, are registered trademarks of EAG Inc.  
Evans Analytical Group, Evans Analytical Group LLC, EAG Limited, Charles Evans & Associates, Thin Film Analysis, Inc., Applied Microanalysis Labs, Inc., AMIA Labs, Advanced Materials Engineering 
Research,  Cascade Scientifi c Ltd., Cascade Scientifi c GmbH, Nano Science Corporation, Shiva Technologies, Inc., Shiva Technologies Europe SAS, Accurel Systems International Corporation, Micro 
Electronic Failure Analysis Services, Inc., DSL Labs Inc., White Mountain Labs LLC, are service marks of EAG Inc.  All other company, product and service names may be trademarks of their respective 
companies. While every effort is made to ensure the information given is accurate, EAG does not accept liability for any errors or mistakes which may arise.  All information is subject to change without 
notice.

Study of Carbon Nanotubes by Resonant Raman Spectroscopy

 

 2
63

7.
5 

 1
58

5.
9 

 1
32

3.
3 

 2
18

.2
 

 1
69

.1
 

x1000

60

40

20

0

In
te

ns
ity

 (a
.u

.)

500 1000 1500 2000 2500

Wavenumber (cm-1)

 2
18

.2
 

 1
69

.1
 

8000

6000

4000

2000

0

In
te

ns
ity

 (a
.u

.)

150 200 250
Wavenumber (cm-1)

RBM
(Radial Breathing Mode Vibrations)

D

G

G’

Figure 1. Raman spectrum from carbon nanotubes showing the presence of
two different diameter tubes.




