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Silicon carbide nanowires are being actively pursued as com- : ' ' T Markers Peak
ponents for nanoelectromechanical sensongnocatalytic ele- (@ b a 645 o’
ments? and nano-optical circuitsable to operate in harsh envi- = i I b n
ronment, high temperature, and high power applications. Notorious § d 760 cm
challenges accompany the production of high quality SiC (poly- g - ¢ 797 cnn’”
typism, micropipes, and inclusiodg)reventing widespread use in = d 835-960 cni’!
micro- and nanodevices. There is need to establish nondestructive E‘ e 1520-1700 cmi’
characterization techniques to be employed directly with nanowire- &
based devices. Confocal polarized Raman spectroscopy, which has = e
recently enabled the interrogation of individual nanometer-size 2R
specimens;® holds the promise to fulfill this need. Previous work :
has demonstrated the feasibility of generating axial Raman maps 600 ' 10'00 ' 1400 ' 1800

of nanowires to screen for crystal struct@relere, we exploit
peculiar effects of geometric confinement, in particular the large
polarization anisotropy of the Raman signal, to screen individual
3C-SiC nanowires for gradients in chemical composition in the Polarized signal Depolarized signal
radial as well as axial directions. We illustrate how direct detection X(Z2)X X(ZY)X

of bulk and surface carbonization can be achieved due to both

polarization anisotropy and the high surface-to-volume ratio at the o : ‘\% \9 ‘\§ 8
nanoscale. 100 nm :

The SIC.: nanQWIres were grqwn on Si(100) SUbStrateS' A 50-nm Figure 1. (a) Raman spectrum of the isolated crystalline SiC nanowire
catalyst nickel film was deposited by thermal evaporation on the gnoun in (b). (b) Electron micrograph of an isolated SiC nanowire. (c)
Si(100) wafer. The substrate was heated resistively in a homemadejiustration of the configuration for the acquisition of polarized and
LPCVD reactor at temperatures varying between 750 and®@00 depolarized Raman spectra. The nanowire grows intfiéIdirection.

The nanowires were grown from a gas-phase mixture of single j e typically for wires of up to 100 nm in diameter (see Supporting
precursor 1,1,3,3-tetrachloro-1,3-disilabutane and hydrogen at tOta'Information).

pressures varying between 0.5 and 1.0 Torr. After batch synthesis, The exquisite sensitivity of polarized scattering to surface modes
the wires were dispersed on a flat Au substrate for Raman analysisg|iows for the detection of an outermost ordered layer of carbon in
under a confocal microscope suitable for the acquisition of spectra some nanowire samples. The presence of carbon is readily detected
in backscattering geometry from individual nanowires, such as the pecause of its large Raman cross section. Graphite is characterized
specimen shown in Figure 1b (see Methods section for details). by a sharp peak at 1580 ct (G-peak), while the diamond
Figure 1a displays the unpolarized Raman spectrum of the nanowiregegenerate optical phonon occurs at 1330 crilanocrystalline
shown in Figure 1b. The signal is dominated by the sharp narrow graphitic layers also produce a strong, broad signal between 1330
line at 797 cm?, the zone-center transverse optical phonon (TO) and 1400 cmt (D-peak), but with frequency that shifts with
mode characteristic of crystalline cubic SiC. The absence of the excitation energy. While most Raman spectra of isolated nanowires
corresponding longitudinal optical (LO) mode (expected at 972 {o not exhibit any carbon signal (such as in Figure 1a), the presence
cm™Y) is indicative of growth along théllildirection by the  of carbon appears to be correlated with the hydrogen flow rate
selection rules for zincblende structure polar crystals. during synthesis. Combined with the polarization dependence of

Similar to what is observed in photoluminescefitee Raman  the transmission coefficient, Raman scattering can determine
signal is highest when the polarizations of both incident and \yhether carbonization has proceeded into the bulk of the nanowire.
scattered photons are parallel to the wire, and lowest when eitherparts a and b of Figure 2 show the polarized and depolarized spectra
(or both) are polarized perpendicular to it. In particular, depolarized of two nanowires with a strong carbon signal. Due to the sensitivity
Raman intensities are always suppressed by a factor~o{2/(e of polarized scattering to surface modes, the carbon signal in Figure
+ 1))? with respect to polarized Raman intensities (it is understood 25 can be identified as being part of the bulk of the wire because
that the incident light is polarized parallel to the wire). The large the carbon signal is strongly affected by polarization (similar to
suppression of the depolarized signal affords a greatly increasedine carbide signal). On the other hand, the carbon in the wire shown
sensitivity to surface modes relative to bulk mo8@his happens  in Figure 2b should be on the surface because its Raman intensity
when the ratio of the number of surface modes to the number of j5 ot substantially diminished in the depolarized spectra.
bulk modes per unit lengthof the wire becomes comparabledo The presence of carbon in some nanowires (either as a surface

T Present address: Department of Chemical and Biomolecular Engineering, JohnsIayer _Or as bulk |mpur_|ty) has t_)een also Cha_raCtenzed by spatlgl
Hopkins University, Baltimore, MD. mapping along the axial coordinate of the wire. In these experi-
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Figure 2. Dependence of the observed carbon signal on polarization in
different nanowires. In (a) the carbon signal is strongly affected by
polarization, suggesting bulk carbonization. In (b) the carbon signal is nearly
unaffected, indicating its presence on the outside of the nanowire.
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Figure 3. Effect of the carbon content on the position of the TO peak.

ments, we have observed an intriguing correlation between the
intensity of the carbon signal and the shift of the SiC TO phonon
from its position in an ideal cubic crystalline lattice (797 ©in
(see Figure 3). Such shift signifies a softening of the Sibond

and may be brought about either by local lattice disorder or by
localized heating of the nanowire as a result of structural disorder
(lower local thermal conductivity and higher absorption coefficient).

Because the softening of the elastic constants appears larger at the
edges of the wire, whereas the carbon signal is higher at the center

we attribute it to thermal effect, which is enhanced at the two ends
of the sample because of boundary reflection, consistent with a
one dimensional (1-D) model of heat transport.

We conclude by observing that the possibility of tuning growth
parameters to encourage or prevent the formation of a nanostruc-
tured carbon layer suggests a convenient way of engineering-core
shell structures or simply altering the surface properties in a
material, which is otherwise extremely inert and thus difficult to
functionalize!! More generally, this work demonstrates that con-
focal Raman microscopy can be employed to extract chemical
information in the radial direction of an individual nanowire.

Methods. Raman spectra were acquired in backscattering
geometry at room temperature with a JY-Horiba Labram spectrom-
eter, equipped with two gratings (low and high resolution, 600 and
1800 grooves/mm respectively; when using the higher resolution
grating, care must be taken to correct for the large polarization
anisotropy of its response around 633 nm). A HeNe laser (632.8
nm) provided the excitation line through an Olympus BX41
confocal microscope, which was focused on the sample by a 100
long working distance objective. The spot size was less tham,1
and the power at the sample, about 13 mW. The laser polarization
could be rotated with a half-wave plate. Polarized and depolarized
spectra were acquired by placing a polarization analyzer in front
of the instrument slit.
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Supporting Information Available: Detailed calculations of the
scattering states of the electromagnetic field in the presence of a
dielectric nanowire, showing the importance of polarization analysis;
experimental results demonstrating a moderate temperature rise of the
SiC nanowires during spectra acquisition. This material is available
free of charge via the Internet at http://pubs.acs.org.
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