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Zn,Cd;—,Se alloy nanowires, with compositior= 0, 0.2, 0.5, 0.7, and 1, have been successfully synthesized
by a chemical vapor deposition (CVD) method assisted with laser ablation. The as-synthesized alloy nanowires,
60—150 nm in diameter and several tens of micrometers in length, complied with a typicaH\apod —

solid (VLS) growth mechanism. The Abd,—.Se nanowires are single crystalline revealed from high-resolution
transmission electron microscopic (HRTEM) images, selected area electron diffraction (SAED) patterns, and
X-ray diffraction (XRD) measurement. Compositions of the alloy nanowires can be adjusted by varying the
precursor ratios of the laser ablated target and the CVD deposition temperature. Crystalline structures of the
Zn,Cdi—Se nanowires are hexagonal wurtzitexat 0, 0.2, and 0.5 with the [0 +1 0] growth direction and
zinc blende ak = 0.7 and 1 with the [1-1 1] growth direction. Energy gaps of the &u,_Se nanowires,
determined from micro-photoluminescence (PL) measurements, change nonlinearly as a quadratic function
of x with a bowing parameter 0£0.45 eV. Strong PL from the Z8d,—,Se nanowires can be tuned from red
(712 nm) to blue (463 nm) witl varying from 0 to 1 and has demonstrated that the alloy nanowires have
potential applications in optical and sensory nanotechnology. Micro-Raman shifts of the longitudinal optical
(LO) phonon mode observed in the ,&1,_,Se nanowires show a one-mode behavior pattern following the
prediction of a modified random element isodisplacement (MREI) model.

1. Introduction also commonly used as a quantum-well material in the ZnSe-
based diodes grown on InP substrate which can effectively
educe the compressive strain. Due to the lattice matching of
nCdi—xSe & ~ 0.5) to the InP substrate, the ,8d;,—Se
guantum well can be applied as totally lattice-matched light
emitters and is expected to be more reliable and resistant to
strain-induced degradation. Different color emission can be
achieved from almost identical structures where only the
guantum-well thickness and/or composition are varied, which
clearly shows the potential for these materials to fabricate
integrated full-color display elements. ZnCdSe/BeZnTe alloy
semiconducting multilayer structures have been applied to build
laser diodes with a green-yellow emission range (5500 nm)8
Ternary/quaternary and quaternary/quaternary quantum layers
of ZnCdSe/ZgCd Mg:-xSe and ZnMgCdSe/ZnMgSeTe can also
be integrated into light emitting diodes covering the visible
spectral rang&10

In addition to quantum wells, intense studies have been made
toward one-dimensional HVI semiconducting materials. For
instance, binary nanowires of Zn$e'® and CdS¥-1° were
synthesized with methods such as molecular-beam epitaxy

Band gap energy is one of the most important parameters
that characterize a semiconductor and determines many gros
electronic and optical properties.—VI semiconductors with
energy gaps covering the visible spectral range are compatible
candidates for optoelectronic devices. In the past decade,
considerable efforts were made to prepare nanoscatedl Il
semiconductors and to investigate their electronic and optical
properties, because of their wide applications in photovoltaic,
electroluminesceri? and laser devices. The promising advan-
tages of I-VI materials, compared with other semiconductors,
are their high photochemical stability and size-dependent optical
properties due to quantum confinement effetiside from
choosing various semiconducting materials of different band
gaps, it is now possible to control the band-gap energy of a
given semiconductor from lowering its dimensionality and/or
reducing its size to values comparable with or smaller than the
corresponding excitonic Bohr diamefer.

Alloying of semiconductors is another means that can be
applied to achieve semiconductor materials for various band-

gap energies. Semiconducting alloys with high-emission quan- ! . =

; : et MBE),!216 metal organic chemical vapor deposition
tum yields, low turn-on voltages, and high efficiency for ener ( ' . : )
um yi Wi votag '9 iciency oy (MOCVD),*315CVD assisted with laser ablatidf!° and wet

conversion are of high applications in optoelectronic devices, P .
such as semiconductor lasers and eIectromagnetic-radiationChem'Stry ' meth_ods. Alloyed nanowires of ternary Vi
detectors. In particular, wide band-gap-¥l materials are a semiconductors with elementary compositions of ZnCdSe and

20,21 i 21,22
good representative example in laser photonics to generat nCdsSi®2tsuccessfully fabricated by MBEMOCVD,**?and

coherent blue-green light. For example, the recently developedlasﬁr'asst'sﬁed dep;oapéﬁare of dh'?]h Iumtl)nescegce natt:retagdt
ZnSe-based laser diodes have a potential coverage of the whold€'-crystaliine structures and have been demonstrated 10

reen spectral region (49690 nm)’ The ZnCd:_.Se allov is possess high lasing efficiency in a broad range of composi-
9 P gion ( ) N Gx yi tions2® In recent years, remarkable progress in the growth
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promises versatile applications in photdi@® and high- until the pressure reached 250 Torr. When the gas flow became
efficiency photovoltai¢’ devices. steady, a pulsed Nd:YAG laser (Spectra Physics, GCR-190) with
In the AB;1-xC mixed crystals of VI and llI-V alloys, 1064 nm wavelength, 7 ns pulse duration, 30 Hz repetition rate,
the nonlinear variation of energy gaps with compositigrcan and~15 mJ/pulse was ignited to ablate the target of the sintered
generally be explained by the dielectfiand pseudopotenttl mixture. Furnace temperature was kept at 825throughout

models. While the dielectric modé&lconsiders the nonlinear the experiment. Colors for the as-synthesized products vary from
variation of band gap with composition as due to fluctuations dark brown (CdSe) to yellow (ZnSe) depending upon the
in the crystal field caused by the disorders in alloys, the composition X) in the ZnCd;-,Se nanowires. It is found that
pseudopotential model attributes the nonlinearity to nonlinear the ZnCd;—«Se nanowires of various compositions were
dependence of the crystal potential on the properties of deposited at different collection positions, that is, at distinctive
component ions and neglects the disorder effect. For the phonongleposition temperature. Uniformity in the compositions of
in a mixed crystal of an fB;-,C ternary alloy, there exist one- ZnCdi—xSe nanowires was sensitive to the growth temperature.
mode and two-mode behavior pattefA#n the one-mode type, By finely adjusting the growth temperature, the,Zd.Se
phonon frequencies of single transverse optical (TO) and hanowires with a particular compositior = 0.2, 0.5, or 0.7)
longitudinal optical (LO) modes in the,&;-xC mixed crystal could be found in a narrow area-40 mn¥) on the substrate.
vary continuously and approximately linearly with composition Electron Microscopic Characterizations. X-ray diffraction
between the component frequencies of the end-member pure(XRD) spectra of the as-synthesized nanowires were recorded
crystals (AC and BC). Furthermore, the strength of the mode using Scintagx 1 diffractometer with Cu k& (1 = 1.5418 A)
remains approximately constant and the widths increase to aradiation at scanning speed df/@in in 20 ranging from 20
maximum atx ~ 0.5. In the two-mode type, on the other hand, to 60°. The fabricated nanostructures were also characterized
two phonon frequencies for each of the allowed optic modes in by scanning electron microscopy (SEM) (LEO 1530, Filed
the pure crystal are observed close to the frequencies of theEmission SEM), transmission electron microscopy (TEM),
end-members. In addition, the strength of each phonon modeselected area electron diffraction (SAED), and high-resolution
of the mixed crystal is approximately proportional to the mole transmission electron microscopy (HRTEM) (JEOL JEM 2010
fraction of the component. Analytical TEM at 200 kV and JEOL 4000 EX HRTEM at 400

In view of the versatile optoelectronic properties of alloy KkV). Compositions for the Zi€d,—xSe nanowires were mea-
semiconductors, Z&d—xSe (0< x < 1) nanowires are good  sured by energy-dispersive X-ray spectroscopy (EDS) and
candidates to offer flexible physical parameters suitable for energy-dispersive analysis of X-rays (EDAX) equipped in the
advanced nanotechnological applications. In this study, we have TEM and SEM, respectively.
attempted to synthesize &xd;—,Se alloy nanowires, with the Confocal Spectroscopic MeasurementExperimental de-
compositions ok =0, 0.2, 0.5, 0.7, and 1, by a chemical vapor tails for the PL and Raman spectroscopic measurements of
deposition (CVD) method assisted with laser ablation. Energy nanoscaled materials studied in this laboratory can be found in
band gaps of the Z€d,—,Se alloy nanowires, determined from some earlier publication$:32-34 In the present study, room-
micro-photoluminescence (PL) measurements, have shown atemperature PL from a single nanowire was measured in a
nearly linear dependence of compositiof \{ith a downward confocal microscope (Jobin Yvon, MFO) using a 488-nm-Ar
bowing. LO modes in the Z&d;—«Se nanowires, observed in  Kr ion laser (Coherent, Innova 70C) as an excitation source
micro-Raman spectra, indicate that the LO phonon possesses avith laser intensity of<3.8 kW/cn?. Laser light was introduced

one-mode behavior pattern in the mixed crystal ofCth—Se into a high objective lens (160 NA = 0.9) to excite and collect

nanowires. the PL from a single nanowire. The PL signal was then sent
into a monochromator (Jobin Yvon, Triax 550) via an optical

2. Experimental Section fiber cable and was detected by a liquid-nitrogen cooled charge-

. . coupled device (CCD) camera (Jobin Yvon, 102256 pixels).

Catalytic Growth. Apparatus for the CVD experiment 10 Room-temperature micro-Raman-scattering experiments were
synthesize ZiCci—«Se nanowires is similar to that described erformed in a Nicolet Almega XR dispersive Raman spec-
in our earlier publications for the fabrications of Si nanowdtes  {.ometer with a 1890 backscattering geometry. The excitation
and CdSe nanobelts and nanoshé®ts. the fabrications of jight at 785 nm from a diode laser was focused to a spot of 4
CdSe and ZnSe nanowires, high-purity CdSe and ZnSe powders , in diameter by an optical microscope and was normal to a
(Strem Chemicals, 99.999%) were used straightforwardly in the 's; gpstrate on which the Z0d:_Se nanowires were freely
CVD experiments. For the syntheses of&th,Se k= 0.2, gispersed. The backscattered Raman signal was then dispersed
0.5, and 0.7) alloy nanowires, the source materials were preparedoy a 1200 groove/mm grating and was finally collected by a
first by physically mixing the desired quantities £ 0.2, 0.5, thermoelectric-cooled Si CCD detector. In the micro-Raman
and 0.7) of CdSe and ZnSe powders and then by sintering themeasurements, laser intensity was keft3 kW/cn? to avoid
mixture of CdSe and ZnSe powders at 10@in a vacuum-  any possible local heating effect. It is also noted that no
sealed quartz tube for18 h. The sintered mixture was cooled — gjgpjficant band-shifts/broadenings were observed in the laser
slowly to room temperature 5 h and was then used as source ptensity of <50 kwW/cn?. This observation is consistent with
material for the fabrication of Z&d,Se alloy nanowires. The 4 recent study of the Raman scattering from CdSe nanobelts
sintered mixture was pressed into a pellet and placed inside agnq sheet&® where neither peak shift nor broadening effect was

quartz tube in the middle of an electric furnace. Prior to the observed in the power-dependence measurements even with
synthetic reaction, the quartz tube was evacuated and heated t@;gq, intensity up to 70 KW/chi®

825 °C. A gold (Au) film (20 nm thickness) coated on a Si

wafer (~20 x 10 mn?), used as a prpduct collection substrate 3. Results and Discussion

and located downstream to the carrier-gas flow at 850was

vacuum annealed to recrystallize into Au nanoparticles. A Structural Characterization. General SEM morphologies
carrier-gas mixture of Ar (90%) and-H10%) with a flow rate of the as-synthesized 4Dd;—Se nanowires orienting randomly
of 200 sccm was subsequently introduced into the quartz tubeon the Si substrate are shown in partseaof Figure 1 with



Catalytically Grown ZrCd;—xSe Alloy Nanowires

Figure 1. SEM images of the as-synthesized«Zdh—Se nanowires
with (@) x =0, (b)x = 0.2, (c)x = 0.5, (d)x = 0.7, and (e)x = 1.
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Figure 2. XRD spectra of (a) CdSe, (b) 46CdysSe, (€) ZRsCh s

Se, (d) ZRLCdysSe, and (e) ZnSe nanowires. Stick spectrum in the

top (bottom) graph shows the XRD peaks for ZnSe (CdSe) powder, in

which numbers indicate the Miller indices for the identified planes.
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TABLE 1: Chemical Contents in the Zn,Cd;—,Se Nanowires
with Various Compositions

chemical contents from EDS

composition ) Zn Cd Se
0 0 50.15 49.85
0.2 9.95 39.80 50.25
0.5 25.25 25.37 49.37
0.7 34.21 15.05 50.74
1 49.23 0 51.77

compositionsx = 0, 0.2, 0.5, 0.7, and 1, respectively. While
the diameters of the Z68d,—Se & = 0, 0.2, 0.5, and 0.7)
nanowires are distributed in the range of~560 nm, ZnSe
nanowires in general have smaller diameters of 800 nm.
Lengths for all of the ZgCdi—Se (0= x < 1) nanowires can
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PCDF WIN data. It is obvious that at= 0, 0.2, and 0.5 (parts
a—c in Figure 2), the ZyCdi—4Se nanowires are hexagonal
wurtzite. In contrast, the structures can be identified zinc blende
atx = 0.7 and 1 (parts d and e in Figure 2). The structural
variation in the ZRCdi—Se nanowires of this work is similar

to the phase change in the bulky,@uh—.Se crystals at 0.6

X < 0.8 studied by Hotje et & The phase change in
Zn,Cdi—,Se alloy nanowires was also reported recently by Shan
et al.21 however, the change point is:at< 0.13, much lower
than those in the bulky crystdfsand of the present study, which
could be attributed to the orientation effect of the GaAs (110)
deposition substrate in the MBE growth process. It is noted that
spectral widths in the XRD spectra of ,&d;—Se nanowires
(Figure 2) are relatively sharp for the end-members (0 and

1) and broader for those of & x < 1. This line width
broadening might simply result from the contribution of a small
range of compositions on the temperature-gradient CVD deposi-
tion substrate, when under the XRD measurement with a
relatively large radiation-sampling area-ef. cn?. In contrast,

the XRD spectra for the CdSe and ZnSe nanowires did not suffer
from the uniform distribution of compositions, because both of
these end-member nanowires were fabricated from their pure
source powders in the CVD experiments.

Compared with the lattice constants of CdSe and ZnSe source
powders, the interplanar distances analyzed from the XRD data
(graphs a and e of Figure 2) reveal that there exist lattice
contractions in both of the as-synthesized CdSe and ZnSe
nanowires. We have measurett = 4.271/6.898 A (CdSe
nanowires) and 4.293/6.998 A (CdSe powder) in the hexagonal
wurtzite crystals anad = 5.646 A (ZnSe nanowires) and 5.679
A (znSe powder) for the zinc blendes. The observed lattice
contractions could have been induced by a surface tension during
surface reconstruction in the growth of nanocrystallites, which
was also reported in the previous studies of CdSe nanocr/stals
and CdSe nanobelts/nanoshéésccording to Vegard's lavi®3°
the lattice constants of £8d;—«Se nanowires with a hexagonal
structure have to decrease as the Zn content increases due to
the substitution of the Cd lattice by smaller Zn atoms. By the
same token, the lattice constants ofZd;—Se nanowires with
a cubic structure have to increase with an increasing Cd content.

Typical TEM images of the Zi€d;«Se & = 0, 0.5, and 1)
nanowires are shown in parts a, d, and g of Figure 3,
respectively. In any as-synthesized,Zd; Se nanowire, an
Au-containing tip, composed of major Au and minor Zn, Cd,
and Se, was always found at one end suggesting that the
nanowires complied with a vapefiquid—solid (VLS) growth
mechanism and will be discussed later. Figure 3 also shows
the SAED (parts b, e, and h) and HRTEM (parts c, f, and i)
images of the ZyCd,«Se & = 0, 0.5, and 1) nanowires. The
SAED patterns further reveal that single-crystallingQh —Se
nanowires have hexagonal wurtzite< 0, 0.2, and 0.5) and
zinc blende x = 0.7 and 1) structures. Lattice constants, growth
directions, and lattice spacings calculated from the SAED and
HRTEM data are listed in Table 2. Consistently, the lattice
constants determined from the SAED data are in good agreement

be up to several tens of micrometers and respond sensitively toWith the XRD results (Figure 2) discussed earlier.

the synthetic reaction time. Chemical contents of thgdin .Se
nanowires were analyzed from EDS data with their stoichio-
metric ratios being listed in Table 1.

Figure 2 displays typical XRD patterns for the @u;—,Se
nanowires withx = 0, 0.2, 0.5, 0.7, and 1, respectively. Stick

Growth Mechanism. In this study, the formations of
ZnCd,—4Se nanowires follow a vapeiliquid—solid (VLS)
growth mechanism as evidenced by the eutectic tips containing
Au, Zn, Cd, and Se. At an early reaction stage in the formation
of Zn,Cd;—«Se nanowires, a vapor mixture of Zn, Cd, and Se

spectra in the top and bottom graphs of Figure 2 are the XRD was carried by the Ar and4fases and deposited onto catalytic
spectra of the ZnSe (zinc blende) and CdSe (wurtzite) source Au nanodroplets. When the dissolution of Zn, Cd, and Se in
powders which have been assigned according to the standardhe Au nanodroplets became supersaturatedz@&n.Se nano-
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Figure 3. TEM, SAED, and HRTEM images of the as-synthesized
CdSe (a, b, and c), 48CdpsSe (d, e, and f), and ZnSe (g, h, and i)
nanowires.

wires extruded from the liquid eutectic Au nanodroplets and
precipitated at the liquidsolid interface. This process complies

basically with an ordinary VLS growth model proposed orig-
inally by Wagner et al*? in which a liquid cluster of metal

catalyst provides energetically favored sites for the absorption/

adsorption of gas-phase reactafithe sizes of the catalysts

Venugopal et al.

study, the as-synthesized ,&t;—,Se alloy nanowires exhibit
strong PL at room temperature. Figure 4a shows the micro-PL
spectra of ZgCd;—Se nanowires, demonstrating clearly that the
energy gaps of Zi£d;—xSe nanowires become wider as the Zn
composition increases. On the basis of the strong PL yield of
CdSe, micro-PL from single nanowires has been made possible
for the ZnCd;—xSe nanowires ofx = 0, 0.2, and 0.5,
respectively, at 712, 667, and 591 nm (Figure 4a). In contrast,
micro-PL from ZrCd;—xSe nanowires ok = 0.7 and 1 has
relatively lower PL yields at 539 and 463 nm, respectively, for
which the PL spectra could only be obtained by measuring a
pile of nanowires.

Energy gaps for the Z€d;—,Se nanowires of 1.74«(= 0),
1.86 = 0.2), 2.10 x = 0.5), 2.30 x = 0.7), and 2.68 eVx
= 1), calculated from the observed PL peaks, are shown in
Figure 4b as a function of compositior)( Variation of the
energy gaps deviates slightly from linear dependence, displaying
a downward bowing, which has also been reported as a general
character for many thin films of #VI alloy semiconductoré!42
The nonlinear variation of the energy gaps can be represented
as a function of composition

Ey(X) = Egc + (Eac — Egc — D)X+ b 1)

whereEy(X) is the energy gap of the ,B81-,C mixed crystal,

Eac and Egc are the energy gaps of the end-member crystals
of AC and BC, respectively, antl is a bowing parameter.
According to Hill and Richardsof? the bowing parameter for

a mixed crystal of AB;—«C is composition dependent when the
end-members (AC and BC) have different lattice constants and
depends on the properties of the intersubstitutional atoms rather
than on the structure of the lattice. In the present work, the
bowing parameters calculated from eq 1 are 0.43, 0.44, and 0.47
eV for the ZnrCd;—xSe nanowires ok = 0.2, 0.5, and 0.7,
respectively. A least-squares fit of the energy gaps, shown in
Figure 4b, to the quadratic equation in eq 1 gives

Ey(¥) = 1.74+ 0.4% + 0.45¢ 2)

which yields the bowing parameter bf= 0.45 eV. The extent
of bowing is a measure of the degree of fluctuations in the
crystal field or the nonlinear effect that arises due to the
anisotropic nature of bindintj=** The bowing parameter df
~ 0.45 eV for the ZpCdy—Se alloy nanowires in the present
work is quite small as compared with those of other mixed
crystalst43 also indicating that ZnSe and CdSe have a good
miscibility.

According to a pseudopotential modét3the value ofa(x)-
a(x)* (a(x) is the lattice constant of a ternary2y—xC alloy)

are considered to be responsible for the diameters of resultantshould be constant for the alloys with end-members of isos-

nanowires. Growth directions of the ,&d; 4 Se nanowires are
listed in Table 2 which can be categorized into two groups.
While one follows the [0 -1 0] direction of hexagonal wurtzite
crystal at the compositions af= 0, 0.2, and 0.5, the other is
along the [1—-1 1] direction of the zinc blende structurexat

0.7 and 1. These results suggest that thgCdn ,Se alloy

tructures. In this workb(x)-a(x)* has been calculated 132, 123,
and 122 eV A for the ZnCdi—xSe nanowires ok = 0.2, 0.5,

and 0.7, respectively. On the basis of the pseudopotential model
for a 1I-VI alloy consisting of the end-members of similar
structures, Hill and Richardsthshowed that a plot ofAE:
a(x)¥(1 — x) againstx should render a straight line passing

nanowires prefer a specific crystalline structure with a particular through the origin, wherdE = E; v — E¢(X) andEn = Esc

growth direction at certain composition ratios and growth

+ (Eac — Egc)x. In the present study, a plot afE-a(x)4/(1 —

temperature. The growth directions for the end-members, thatx) vs x indeed shows a line passing through the origin (not
is, CdSe and ZnSe nanowires, are the same as those of CdSshown), thus indicating that the variation of band gaps in the

nanobelt¥® and ZnSe nanowires prepared previously by the

vapor phase reactibhand MBES® techniques.
Photoluminescence and Energy GapiVhile both CdSeky

= 1.74 eV) and ZnSeHy; = 2.68 eV) are direct band-gap

ZnCd,—Se alloy nanowires can be nicely accounted for by the
pseudopotential model.

Confocal Raman Spectroscopykor the phonons in a mixed
crystal of ternary alloys, a modified random element isodis-

materials, CdSe has high PL yield upon photoexcitation. In this placement (MREI) model developed by Chang and Métra
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TABLE 2: Crystalline Structures, Lattice Spacings, Growth Directions, and Lattice Constants in the ZrCd;-4Se Nanowires
lattice constants (A)

composition crystalline lattice spacing (nm) growth from SAED
(x) structures from HRTEM? direction a c
0 wurtzite 0.692 (001) 0t10 4.255 6.953
0.2 wurtzite 0.682 (001) 0%10 4.180 6.845
0.5 wurtzite 0.670 (001) 0%10 4.076 6.697
0.7 zinc blende 0.330 (111) 411 5.715 -
1 zinc blende 0.324 (111) 111 5.613 -
£
=|a x=00.2 05 0.7 1 a Lo
d - A x=0
=]
2 <
= [}
= c
<] ]
= 1 L 1 1 1 1 1 1 £
14 16 18 2.0 22 24 26 2.8 3.0 S
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Figure 4. (a) Normalized micro-PL spectra of the J0th,Se E 210
nanowires wittx = 0, 0.2, 0.5, 0.7, and 1. (b) Variation of the energy © 200 0'0 0'2 0'4 ole ola 1'0

gaps of ZrCd,—xSe nanowires as a function of composition. Solid line

- Composition (x)
represents a least-squares-fitting curve.

Figure 5. Raman-scattering spectra of (a) CdSe (b) 01, sSe, and

ts that th iterion for th ist f th d (c) ZnSe nanowires. The dashed Lorentzians, fitted to the observed
suggests that the criterion for the existence of the one-mMode€|in, shanes, indicate an asymmetric broadening with a low-energy tail

pattern is that there must not be a substituting element whosegeyeloping at higher Cd compositions. fwhm's of the observed line
mass (n) is smaller than the reduced mag$ ¢f the compound shapes (solid lines)/fitted Lorentzians (dashed lines) are 11.8/9.75 cm
formed by the other two elements. In the ternary alloy of (x = 0), 14.2/12.25 cm* (x = 0.5), and 9.5/9.5 cnt (x = 1). (d)
Zn,Cdi—,Se, sincamcy(112) > uznsd36) andmzn(65) > ucdse Variation of the Raman shifts as a function of composition in the
(46), one-mode behavior should be exhibited for the phonons Z%Cdi-xSe nanowires.

in the ZnCdi—xSe mixed crystal according to the MREI model. .
In parts a-c of Figure 5, Raman-scattering spectra of the compounds has also been observed in,&8S, InGa—AS,

Zn,Cdh_Se nanowires witk = 0, 0.5, and 1 are depicted. The and GalnRcrystals reported earli®r>2 and was conventionally

Raman shifts at 208 cm (Figure 5a) and 251 cm (Figure treated with a “spa_tial corre_lation" mod&In an id_ea_l _crystal,_
5¢) are attributed to the LO phonon modes of CdSe and ZnSe,the spatial correlation function of the_phonon is infinite, which
respectively??45-48 In previous studies, phonon frequency of leads to the plane-wave phonon eigenstates andjthe 0

the LO mode was observed at 209 Snfor single-crystalline selection r_ule of Raman scattering. For an alloy c_ompound,_ the
CdSe quantum dofand is slightly red-shifted to 205 crh asymmetric broadening is cau_sed by aIIo_y potential fluctuat_lon,
for CdSe thin film?® In single-crystalline ZnSe nanowires, the Wh'Ch. removes the translational invariance of the lattice,
LO mode has been reported to appear at-2BBL cnt 4748 resulting in a breakdown of thg = 0 Raman selection rule

These phonon frequencies of LO modes agree very well with and thereby allowing transitions below the LO phonon energy.

the present observations. The Raman shift at 204 émFigure In this work, the Raman sigEaIs for the LO modes in the
5c is due to the TO mode in the ZnSe nanowires. This weak ZnCdch—Se alloy nanowires of = 0.2 and 0.7 have also been

TO mode only shows up in the spectra ofZt;_,Se nanowires observed at 218 and 240 cfprespectively (not shown). Figure
with low Cd composition where the TO signal of ZnSe is not 5d shows the linear variation of the Raman shifts for the LO

embedded in the LO band of CdSe. mode as a function of in the ZnCd;—xSe nanowires and once
more exhibits clearly the one-mode behavior pattérh.is

In parts a-c of Figure 5, phonon frequency for the LO mode h ;
b 9 P " y noteworthy that the one-mode behavior of LO phonon in the

in the ZnCd;—xSe nanowires increases as the Cd composition - . . .
decreases (208 crfy x = 0; 234 cni?, x = 0.5; 250 cmit, x = Zn,Cdy—xSe nanowires of the present study is consistent with

1). Spectral line width of the LO band (solid lines in partsca  the LO phonon obser\gjd in the Lty Se (0= x < 0.35)
of Figure 5; fwhm= 11.8 cn1%, x = 0; 14.2 cm, x = 0.5 film py. Meredith et al3* which also follows quite well the
9.5 cnml, x = 1) increases to a maximum at= 0.5 following prediction of the MREI model.

the route of a one-mode behavior pattétiThe observed LO 4. Conclusions

line shapes become asymmetrically broadened with a low-energy ™
tail developing at higher Cd concentrations, as compared with  Zn,Cd;—«Se alloy nanowires have been fabricated in CVD
the fitted Lorentzians (dashed lines in partscaof Figure 5; assisted with laser ablation. Crystalline structures and lattice
fwhm = 9.75 cnt!, x = 0; 12.25 cm!, x = 0.5; 9.5 cnT!, x = constants of the Z&d—xSe nanowires in the variation of
1). The asymmetric broadening of the LO phonon band in alloy composition X) were determined from XRD measurements.
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HRTEM and SAED results show that the as-synthesized alloy
nanowires are highly single crystalline. These,Zth_,Se
nanowires exhibit strong visible PL from 712 to 463 nm as a
nonlinear function of the compositiorx)(and can serve as
important integrated full-color display elements in nanotech-
nological applications. Energy gaps of the alloy nanowires
follow a pseudopotential model with a bowing parameter of
~0.45 eV. Raman-scattering measurements for the LO phonon
in the ZnCd;—«Se nanowires show that the phonon frequency
shifts linearly with the composition and the bandwidth reaches
a maximum atx = 0.5, demonstrating a one-mode behavior
pattern. The successful fabrication of @h—Se nanowires
promises their applications in optical and sensory nanotechnol-
ogy in the future.
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