JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Color-Tunable Photoluminescence of Alloyed CdSSe Nanobelts
Anlian Pan, Hua Yang, Ruibin Liu, Richeng Yu, Bingsuo Zou, and Zhonglin Wang
J. Am. Chem. Soc., 2005, 127 (45), 15692-15693+ DOI: 10.1021/ja056116i  Publication Date (Web): 20 October 2005
Downloaded from http://pubs.acs.org on March 25, 2009

Caxbi(el(d) (=) (N CgIChI (i)

~LdSe

Intensity (a.u.)
]
i

0.4-
0.2-

_ / ,J k |
0.0 S

450 500 550 600 650 700 750 800
Wavelength {nm)

More About This Article

Additional resources and features associated with this article are available within the HTML version:

Supporting Information

Links to the 21 articles that cite this article, as of the time of this article download
Access to high resolution figures

Links to articles and content related to this article

Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja056116i

JIAIC[S

COMMUNICATIONS

Published on Web 10/20/2005

Color-Tunable Photoluminescence of Alloyed CdS  ,Se;-x Nanobelts

Anlian Pan,™* Hua Yang,* Ruibin Liu,™* Richeng Yu,* Bingsuo Zou,*"* and Zhonglin Wang*$

Micro-Nano Technologies Research Center, Hunansgrsity, Changsha 41008, China, Institute of Physics,
Chinese Academy of Sciences, Beijing 100080, China, and School of Materials Science and Engineering,
Georgia Institute of Technology, Atlanta, Georgia 30332-0245

Received September 6, 2005; E-mail: zoubs@aphy.iphy.ac.cn

Wide band gap semiconductor nanowires and nanobelts, such
as ZnO, CdS, as the 1D nanostructure, recently have received
considerable attention for their special properties and applications
in sensors, lasers, waveguides, and optoelectronic devie&ar
devices in nanoelectronics and nanophotonics, it is very important g

. . . . . . 2um
to fabricate materials with continuous tunable physical properties. : ~FX
Recent advances in ternary semiconductor nanocrystals or films

have shown that their band gaps and then their optical emissions __,(]D?
can be tuned by changing their constituent stoichiometri@syhile

such study is few for the ternary semiconductors with 1D nano- " * Y%
structures. <l

Very recently, Lee’s group reported the fabrication of@th .S
nanoribbons by a laser ablation-assisted CVD route and realized
the tunabl_e PL emission in the reglon from ultravioleB#O nm) nanobelts. (b) TEM image of a single ternary nanobelt; (c and d) its selected
to green light ¢-515 nm)!3 In this paper, we report for the first  area electron diffraction (SAED) pattern and HRTEM image, respectively.
time the synthesis of single crystal ternary G8&_ nanobelts
with site-controlled compositions via a simple one-step physical
evaporation process and the observation of their color-tunable PL
emissions from green~508 nm) to the near-infrared(705 nm).

The CdS$Se_« (0 < x < 1) nanobelts were synthesized based
on the physical evaporation of commercial-grade CdS and CdSe
(Alfa Aesar, 99.995% purity) in the presence of a Au catalyst
following that demonstrated for CdSe nanobelts and nano¥aws.
To prepare the ternary CdSa 4, a 1 gmixture of CdS and CdSe
powders (mole ratio 1:1) was placed onto a ceramic plate at the
center of a quartz tube, which was inserted into a horizontal tube
furnace. Several pieces of silicon slices coated with nm Au
film were placed downstream of the gas flow and separately about
8—14 cm from the center of the ceramic plate. Prior to heating,
high-purity He was introduced into the quartz tube with a constant
flowing rate (20 sccm) to purge the,@hside. After 100 min, the
furnace was rapidly heated to 90C and maintained at 900C
for 60 min. Bright yellow to brown-red products were deposited
on the surface of the silicon wafer at the deposition temperature of
650—-800 °C downstream. CdS or CdSe nanobelts were prepared
through the same procedure, except using only CdS or CdSe powde;S
as the evaporation source.

The morphologies of the as-prepared samples at different
substrate temperatures show little variation and are all sword-like
nanobelts (Figure 1a), with the typical length of-280 um and a
thickness of 46-80 nm. The width is 100 nm to Zm at one end
and tapers off to a50—100 nm tip at the other end. The elemental
compositions of these nanobelts were investigated using in situ
energy-dispersive X-ray spectroscopy (EDS), which shows that all
of the samples, except the pure CdS and CdSe, contain Cd, S, an
Se, and the atomic ratios of {&e)/Cd are all very close to 1, but
the relative ratios of S to Se are highly dependent on the distance

of the silicon wafer from the location of source materials (see the
Supporting Information Figure S1). That is, the mole fraction of S
(or Se) monotonically increases (or decreases) from high to low
substrate temperature. Moreover, the distributions of elements S
and Se in the nanobelts are very homogeneous, which can be
confirmed by element mapping (see the Supporting Information
Figure S2). The composition change with deposition temperature
is similar to that of the ZgCd;_,S nanobelts fabricated by the laser
ablation-assisted CVD routé.Figure 1b shows a TEM image of

a representative single ternary nanobelt with a catalytic particle at
the sharp tip. The selected area electron diffraction pattern (Figure
1c) confirms the single-crystal quality of the belt and can be indexed
to have a hexagonal structure with lattice parameteess=6f0.418

nm andc = 0.678 nm. The corresponding HRTEM image (Figure
1d) further demonstrates a single-crystalline structure with 0.680
nm lattice spacing, corresponding to the (001) interplanar distance
of hexagonal Cd&e . The formation of the alloyed nanobelts is
likely to follow the VLS+VS growth mechanism, proposed for the
growth of the CdSe nanobelts.

Figure 2 shows the normalized X-ray diffraction patterns of
everal representative C® , (0 < x < 1) samples. Curves (a)
and (e) are for the CdS and CdSe nanobelts, respectively, which
are consistent with respective bulk wurtzite CdS (JCPDS 41-1049)
and CdSe (JCPDS 77-2309) crystals. Curves—(8) are the
samples in queue deposited on the substrate with gradually rising
temperature. It is clearly seen that the crystallographic phase of all
the samples is in good agreement with that of the typical hexagonal
wurtzite crystals. The diffraction peaks from curve (a) to (e) shift

radually toward low angles, indicating that the lattice constants

f the belts increase with the S concentration decreases. The fitted
lattice cell parameters for these samples are labeled above the
corresponding curves in Figure 2. According to Vegard's law for
ternary Cd$Se -, compounds} the lattice parameters have a linear

T R i . .
%ﬁ{:@"sgﬂ\'ﬁgﬂ}%y of Sciences dependence on the compositimmaccording tac(X) = X x Ceqs +
§ Georgia Institute of Technology. (1 — X) x Ccgse Whereccgs Cecase @ndc(x) are the respective-axis
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88 the PL spectrum maxima of our samples are in good agreement
:: s g a4 11606674 = with the results of the corresponding G88& films,! so the
so] T E | CuS a T 2 spectral shift of the bandedge emission of the alloyed nanobelts
~ sl L@ x i with the deposition temperature should come from the variety of
a I"I ji“” a=4.150 c=6.742 ) their band gap energy, due to the different relative composition of
= z:zf—'ﬁ‘ A N J — Se or S. At the same time, the continuous shift of the PL bands for
T o], (@ FHBecesT | the obtained nanobelts with their compositions gives further
B - evidences for the formation of the alloyed G88_, nanobelts via
154 h A j (4 @=4218 c=6868 | o intermixing the wide band gap of CdS (2.48 eV) and the narrow
e 156 <a280 c-a.07 band gap of CdSe (1.77 eV), rather than the formation of the
00] (e) in _A___L_.__; independent CdS and CdSe nanobelts. In contrast, the PL spectra
" 0 j 0 ' 50 of all the nanobelts only have the bandedge emission, but the
2 theta (degree) CdSSe - films or microcrystalst-12simultaneously show a defect
Figure 2. The normalized X-ray diffraction patterns of several GBS « or structural disorder-related low-energy emission in their PL

(0 = x = 1) samples. Curves (a) and (e) are for the CdS and CdSe nanobelts,spectrum besides the bandedge emission. The absence of low-energy
respectively. Curves (b)(d) are, in turn, for the samples at the deposition  emjssjon band of our samples further demonstrates that the obtained
?lf)s;g%?ovﬂt?hgergusﬂgs'ggg‘?"smg temperature. The peak atZBaf curve _nanobelts are highly crystallized with few _de]_‘ects. Furthermore, it
is worth noting that the bandedge emission of these ternary
CdSSe_« nanobelts is very strong at room temperature, indicating
their potential applications in adjustable nano/micro optoelectronic
devices in the visible region.
cdse In summary, we have successfully synthesized single-crystal
~ CdSSe_4 nanobelts of variable composition ® x < 1) by a
very simple one-step evaporation route. PL measurements showed
that all the CdgSe - hanobelts have a strong single emission band
near their bandedges, and these spectral peaks could shift from
~508 nm (for pure CdS) te-705 nm (for pure CdSe). This work
shows the feasibility to tune PL emissions, covering the whole
- . : LS W visible spectral range, of 1D ternary semiconductor nanostructures.
460 500 650 600 650 OO T 800 This finding may find significant applications in the tunable nano/
Wavelength (nm) micro photoelectric devices in the visible region.

Figure 3. The normalized PL spectra of the obtained (25« nanobelts . .
excited with a He-Cd laser (325 nm). Curves (a) and (i) are the PL spectra ~ Acknowledgment. The authors are grateful for the financial
for CdS and CdSe nanobelts, respectively, and curves(h)are for the support of the Nano fund of Hunan University, National 973 Project,
CdSSe-x nanobelts collected at650, 670, 695, 720, 745, 770, and 800  Nano and Bio-device Key Project of CAS.

°C, respectively. The data above the spectra show the relative concentrations

of S and Se in the corresponding sample. Supporting Information Available: EDS spectra, element map-

lattice constants of the hexagonal structured CdS, CdSe angdPing, and the method for composition decision. This material is available

CdSSe . The compositiorx of the nanobelts can be determined free of charge via the Internet at http://pubs.acs.org.
from Vegard’s law using the lattice parameters deduced from the
XRD data. For samples shown in Figure-2fy the determined
compositions are, respectively, Ggg5e ., CdSssSa .45 and
CdS365&.64 in good agreement with the results from EDS (see  (2) Law, M; Sirbuly, D. J.; Johnson, J. C.; Goldberger, J.; Savkallv, R. J.;
the Supporting Information Figure S3). The above results indicate Yang. P.Science2004 305 1269.

. ", (3) Sun, X. W.; Kwok, H. SJ. Appl. Phys1999 86, 408.
that alloyed CdgSe x nanobelts with modulated compositions (4) Pan, Z. W.: Dai, Z. R.; Wang, Z. LScience2001, 291, 1947.

between CdS and CdSe were successfully obtained at the different Egg Euan%, YL._; DLE)anLX.;FI{.ie%r, C. 2/5?3”25505 1Ii 2151025. L 080
. . .. - . an, A.; Liu, D.; Liu, R.; Wang, F.; Zou, BSmal , .
temperature region during this simple physical evaporation process. (7) Zhong, X.; Feng, Y. Knoll, W.: Han, MJ. Am. Chem. S0@003 125

Figure 3 shows the normalized photoluminescence (PL) spectra 13559.

H i i (8) Bailey, R. E.; Nie, SJ. Am. Chem. So2003 125 7100.
of the obtained Cd&e_, nanobelts excited with a HeCd laser (9) Petrov, D. V.- Santos, B. S.: Pereira, G. A, L. Donega, C. DINPhys.

(325 nm). Curves (a) and (i) are the PL spectra for CdS and CdSe Chem. B2002 106, 5325.
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