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Surfactant-assisted synthesis of semiconductor nanotubes and nanowires
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Nanotubes and nanowires of CdSe and CdS have been obtained from solutions containing a
surfactant such as Triton 100-X. They have been characterized by x-ray diffraction, electron
microscopy, and optical spectroscopy. ZD01 American Institute of Physics.
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Several methods have been employed for synthesizingtructure witha=4.307 A, c=7.046 A in the case of CdSe,
semiconductor nanowires in the literatdfé These methods anda=4.140A,c=6.695A in the case of CdS. The lines
include laser ablation, electrochemical fabrication, and higlwere somewhat broad due to the small dimensions of the
temperature reactions. We have been exploring relativelpanostructures. It is noteworthy that CdS, which is ordinarily
simple chemical methods of preparing semiconductorcubic, occurs in the hexagonal structure in the nanowires and
nanowires and have been able to synthesize these materidte nanotubes. In Figs(d) and ib) we show typical TEM
by employing surfactants such as t-octd€H,CH,),OH, images of CdS nanowires. The diameter and length of the
x=9, 10 (Triton-X) and sodium bi@-ethylhexy) nanowires are in the ranges of 40—-160 nm and 3¢,
sulfosuccinate AOT). Thus, nanowires of sulfides and se- respectively. Most of the nanowires appear to be polycrys-
lenides of Cu, Zn, and Cd with high aspect ratios can bealline as shown from the electron diffracti¢BD) pattern in
prepared by using Triton 100-XIt was of great interest to the inset of Fig. {b). The innermost ring in the ED pattern
explore whether surfactant-assisted synthesis under suitabterresponds tal(100) of 3.66 A. In Fig. 1c) we show TEM
conditions can yield nanotubes of II-VI semiconductors,images of polycrystalline CdSe nanowires. The diameter of
since nanotubes of [I-VI semiconductor materials are nothese nanowires is in the range of 30—40 nm and length goes
known to date. We have indeed found it possible to obtairup to a micron.
both nanotubes and nanowires of CdSe and CdS by Figure 2 shows the TEM images of the CdSe nanotubes,
surfactant-assisted synthesis. We have characterized theedemonstrate their tubular nature. The nanotubes are gen-
nanostructures by various means. erally long, with lengths up to xm. The outer diameter of

In a typical preparation of CdSe nanotubes, a suspensidime nanotubes is in the 15—-20 nm range while the diameter of
of a fine powder of cadmium oxide.0 mmo) was prepared the central tubule is in the 10—15 nm range. The wall thick-
in 20 ml of Triton 100-X (~24 mmol). A solution of NaHSe ness is therefore around 5 nm. The ED pattern of the nano-
(NaBH,/Se in 40 ml waterwas added dropwise under con- tubes, given as an inset in Fig(h?, shows diffuse rings
stant stirring, to the suspension at 40°C in an argon atmandicating the polycrystalline nature of the material. The
sphere. The resulting mixture was refluxed for 12 h and leftings corresponding tod(101)=3.25A and d(110)
overnight. The product was washed repeatedly with cyclo=2.10A are clearly seen.
hexane and diethyl ether and dried. Much of the surfactant In Fig. 3@ we show a high-resolution TENHREM)
was removed in the washing process. When AOT was usetinage of a nanotube after annealing the as-obtained material
as a surfactant, the procedure was as follows. To a solutioto 300—400 °C under high vacuum. The image clearly re-
of AOT (4.5 mmo) in 25 ml cyclohexane, cadmium oxide veals the tubular space and the presence of some ordered
(10 mmo) was added and stirred rigorously to form a goodCdSe layers surrounding the central tubule. The interlayer
suspension. The rest of the procedure was similar to that witbpacing is 3.23 A, just as in multiwalled carbon nanotubes. It
Triton 100-X. In order to obtain nanowires of CdSe the sameappears that annealing the nanotubes removes the remaining
procedure was followed except that the surfactant concentraurfactant and also improves the crystallinity of the nano-
tion was lower(10 mmol of Triton 100-X or 2.25 mmol of tube.

AOT). Nanotubes and nanowires of CdS were obtained by  We have also been able to prepare nanotube structures of
using an agqueous solution of thioacetamide in basic mediur@dS by employing a high concentration of the surfactant, by
in place of the NaHSe solution. The products were examined procedure similar to that employed with CdSe. Figui® 3

by EDX analysis, x-ray diffractioiXRD), and transmission shows a typical TEM image of a CdS nanotube. The ED
electron microscopyTEM). EDX analysis of the nanostruc- pattern given in Fig. @) shows diffuse rings with the inner-
tures showed them to have Cd:&® ratios of 1:1. most ring corresponding td(100)=3.66 A. The CdS nano-

XRD patterns of the nanowires and nanotubes of CdSeubes have a central tubule diameter-af5 nm and an outer
and CdS showed patterns characteristic of the hexagondiameter of~50nm, with a length of a few microns.

The electronic absorption spectrum of the CdSe nano-
“Author to whom correspondence should be addressed:; electronic maifub@S shows a broad band with the highest intensity maxi-
cnrrao@jncasr.ac.in mum around 550 nm compared to the bulk polycrystalline
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FIG. 1. (a) and(b) TEM images of CdS nanowires obtained by using Triton ) ) )

100-X as the surfactant. Insét) shows the electron diffraction pattern of FIG. 2. (&) and (b) TEM images of CdSe nanotubes obtained by using

the CdS nanowire€t) shows TEM images of CdSe nanowires obtained by T'iton 100-X as the surfactant. The TEM image of CdSe nanotubes obtained

using Triton 100-X as the surfactant. by using AOT as the surfactant is shown (t). The inset(b) shows the
electron diffraction pattern of the nanotubes.

sample which has a maximum around 650 nm. It is interest-

ing that the nanotubes show a blueshift due to quantum comnaxima due to quantum confinement. Quantum confinement
finement, even though they are extended along one dimermffects in the nanotubes are also seen in the photolumines-
sion. The electronic absorption spectrum of the CdScence(PL) spectra. In Fig. 4 we show the PL spectrum of
nanotubes also shows a similar blueshift of the absorptio€dSe nanotubes. The spectrum of the nanotubes shows a
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FIG. 4. Photoluminescence spectra of nanotube and bulk samples of CdSe.

In conclusion, we have obtained semiconductor nano-
tubes and nanowires by surfactant-assisted synthesis. These
nanostructures show quantum confinement effects. It appears
that at the high concentrations employed, the surfactant mol-
ecules aggregate, providing a template for the growth of the
nanotubes of the chalcogenides.
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