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and gap engineering is an attractive

technique for the control of optical

properties of semiconductors en route
to potential applications. Utilizing the quan-
tum confinement effect, altering the band
gap by controlling the size dimension of
materials is a common approach. In particular,
this approach has been favored in the studies
of one-dimensional (1D) semiconductor na-
nomaterials because of the ease in achieving
confinement in the other two-dimensions for
these nanomaterials. Owing to the rapid de-
velopment of modern growth techniques,
such as chemical vapor deposition, molecular
beam epitaxy, and the hydrothermal ap-
proach, precise control of the size of 1D
materials is now routinely achieved.' Through
these methods, nanomaterials with unique
optical and electrical properties can be syn-
thesized.>> However, for some applica-
tions, extreme reduction of the diameter
of nanowires may not be desirable. For ex-
ample, in nanolaser applications,®~® one
may encounter the disappearance of the
Fabry—Perot cavity for ultrathin nanowires,
as a reasonably large dimension is required
to avoid the diffraction limit. Thus, alterna-
tive approaches to modify and control the
band gap of a semiconductor material are
clearly desirable. For this purpose, band gap
engineering by tuning the constituent com-
position of certain semiconductor alloys
has been reported.”'® So far, 1D ternary
alloyed semiconductors of CdS,Se;_,,'' '3
ZnS,Seq_,,"*"® Ag,Se,_,Te,'® Zn,Cd,_.S/
Se,”"° Mn,Cd;_,5*° and Zn;_,Mn,Se?’
nanowires or nanoribbons have been synthe-
sized through template-assisted electrodepo-
sition or chemical vapor deposition methods.
These materials are exploited in the fabrica-
tion of field effect transistors, solar cells, and
laser diodes but their extensive applications
are constrained by the typical heterogeneous
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ABSTRACT (dS,Se;_, nanobelts are in- [@
teresting nanostructured materials with a
tunable band gap from 1.7 to 2.4 eV depend-
ing on the nanobelts' stoichiometry. On the
basis of their chemical compositions, these
nanobelts give out strong photoluminescence

with unique color. In this work, we demon-

Sample inVacuum Chamber Computer

sampleStoge - ST

strate that a direct focused laser beam

irradiation was able to achieve localized modification of the chemical composition of the

nanobelts. As a result, we could locally change the optical properties of these nanobelts. With

a scanning laser beam, micropatterns with a wide range of fluorescence color could be created

on a substrate covered with ternary nanobelts without a prepatterned mask. The laser

modified nanobelts showed higher resistance to acid corrosion and these nanobelts exhibited

more superior photoconductivity. The construction of micropatterns with functionality/color

control within the sample would provide greater building blocks for photoelectronic

applications.
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composition of these materials.”'? More re-
cently, we reported a simple but efficient one-
step method to synthesize ternary CdS,Se;_
nanobelts with uniform and controllable
composition.?> Once samples with uniform
composition are fabricated, in light of inter-
est to miniaturize a functional device, it is
worthwhile to develop techniques which
can further create micropatterns with con-
trolled functionalities on these samples.
These techniques should be able to directly
pattern the nanomaterials as well as alter
the optical properties of the ternary alloys
during the process. Therefore, a simple, flex-
ible, efficient, and low cost multipurpose
postprocessing technique is highly desir-
able. So far, several innovative patterning
methods have already been reported. These
include nanoimprinting,®>?* microcontact
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Figure 1. (a) Schematic of the optical microscope-focused laser beam setup for micropatterning. (b) SEM and (c) fluorescence
microscopy images of a “dragon” patterned via a 660 nm laser with a power of 30 mW.

printing,? soft lithography,?® dip-pen lithography,?’

photolithography,®® and inkjet printing.?® Each of
these techniques has specific advantages and draw-
backs. For example, most of the methods involved
employment of masks to define the patterns with
postprocessing treatment for the removal of photo-
resist. These processes often destroy or compromise
the optical properties of the delicate nanomaterials. In
this work, we present a facile and effective focused
laser pruning method that can controllably modify the
chemical composition of the nanobelts. In doing so,
we can control the photoluminescence properties of
the nanobelts. This is a surprising result considering the
more conventional destructive nature of the focused
laser beam. With a scanning focused laser beam, multi-
colored micropatterns can be fabricated on an ex-
tended area on a substrate covered with the nano-
belts. Moreover, the fabrication of the micropatterns
does not require the use of any predefined mask.
Hence this method reduces the risks of physical damage
and chemical contamination to the sample. The possible
chemical modifications were systematically investigated
by photoluminescence spectroscopy, energy-dispersive
spectroscopy, X-ray photoelectron spectroscopy, and
X-ray diffractometry. To the best of our knowledge,
this is the first report on the modification of the chemical
composition of the ternary CdS,Se;_, compound utiliz-
ing a focused laser technique.

RESULTS AND DISCUSSION

CdS,Se; _, nanobelts with highly uniform stoichiom-
etry were synthesized through a facile one-step VLS
process, as reported previously.>? With this approach,
ternary alloyed CdS,Se; _, nanobelts with uniform com-
position covering a large homogeneous area on a
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substrate (1 cm x 1 cm) were easily obtained. Both
optical pictures and SEM images of as grown samples
with uniform stoichiometry are shown in the Support-
ing Information (Figure S1).

After the successful synthesis of the ternary alloyed
CdS,Se;_, nanobelts with high uniform composition,
we subjected the alloy to a treatment of focused laser
beam destruction with the aim to create micropatterns
on the substrate. However, instead of destroying the
nanobelts, we found that the focused laser beam could
effectively modify the chemical nature of the nano-
belts and more importantly change the photolumines-
cence nature of the nanobelts. With this feasibility, we
could carry out localized bandgap engineering on a
sample and create different components on the same
sample.

The direct micropatterning and micromodification
was carried out through an optical microscope-focused
laser beam setup. Figure 1a shows a schematic diagram
of our experimental setup. In this setup, a diode laser
(maximum power = 60 mW, 1 = 660 nm) was employed.
The emitted parallel laser beam was introduced into an
optical microscope via two mirrors. The power of the laser
beam was adjusted by a neutral density filter inserted
along the optical train. Inside the microscope, the laser
beam was directed toward the objective lens (L, magni-
fication = 50x) by a beam splitter (S). The laser beam was
tightly focused onto the surface of a sample via an ob-
jective lens. The sample was mounted on an X—Y stage
(motorized stage MICOS) which was controlled by a
computer. A CCD camera was used to capture the optical
images. Hence we could monitor the process of laser
pruning and examine the quality of the pattern directly.
Apart from micropatterning with the sample in ambient
condition, a vacuum chamber (2 cm x 1 cm x 0.5 cm)
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Figure 2. (a) (i) SEM, (ii) optical microscope, and (iii) fluorescence microscope images of a “flower” patterned on CdSy 755€¢ 35
nanobelts film via a focused laser beam (wavelength: 660 nm) at a power of 20 mW. (b) (i) SEM, (ii) optical microscope, and (iii)
fluorescence microscope images of boxes patterned on CdSy 795€¢ 1 hanobelts film: multicolored pattern with four different

colors obtained by careful control of the laser power.

could be used to house the sample. The laser could be
focused toward the sample through a quartz window
positioned on the top of the chamber. A vacuum pump
was linked to the chamber, and thus the sample could
be modified in vacuum condition. In addition, we could
also fill the chamber with helium gas to control the
gaseous environment during the laser irradiation.
When the laser beam was focused upon a film of
nanobelts, the absorbed laser energy was rapidly con-
verted to local heat. The intense heat raised the tem-
perature of irradiated nanobelts and caused localized
partial modification of the ternary alloys. This method
is akin to plant pruning and thus it is denoted as the
laser pruning method. By controlling the sample stage
movement in a programmable manner with respect to
the focused laser beam, micropatterns were construc-
ted on the nanobelts covered surface. Figure 1b shows
an SEM image of a pattern created using this laser prun-
ing method and Figure 1c shows the same pattern as
observed using a fluorescence microscope (FM). The
bright orange background is reminiscent of the optical
properties of the CdSq7;1Se.20 Nanobelts. Remarkably,
the laser modified region was also optically active and
exhibited a different fluorescent color. The “dragon”
was created via a laser power of 30 mW. Figure 2
provides further illustrations on the appearance of the
patterned samples when they were imaged by SEM,
optical microscope, and FM, respectively. The SEM image
(Figure 2a,) did not reveal a striking contrast from
the complex microstructure created. This was attributed
to the relatively low laser power (20 mW) used, and
hence the morphology of the CdSq75S€025 nanobelts
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was not significantly affected. However, the reflectivity
of the laser pruned areas became different from the
pristine areas. As a result, the optical image provided
a clearer distinction and the micropattern became
more visible (Figure 2a,ii). Perhaps the most dramatic
change in the nanobelts was revealed by the image
captured using the fluorescence microscope (Figure 2a;iii).
CdS,Se;_, nanobelts have been demonstrated to pos-
sess high yield luminescence.'>?* Therefore, intense light
emission was achievable upon UV excitation. Remark-
ably, laser treated nanobelts had a different fluorescent
color and the difference in this color from the pristine
nanobelts resulted in the best contrast among the three
types of images. Clearly, the laser treated nanobelts had
transformed into a different type of material with differ-
ent fluorescence property. This is a surprising finding
considering the destructive attribute of a focused laser
beam. The color can be readily regulated and further
altered by carefully controlling the power intensity
of the laser beam. Figure 2b shows another example
of a multicolored pattern with four different colors (as
labeled in Figure 2b;iii). These boxes were formed on a
CdSp79S€021 sample created via laser pruning at dif-
ferent laser powers. Note that the difference in color
between the pristine samples shown in panels a,iii and
biii is due to the difference in the stoichiometry of the
sample (see Supporting Information).

Systematic studies on the dependence of such laser
modification on the power of the laser beam were
carried out. Figure 3a shows a set of patterned micro-
squares (200 um x 200 um) created on CdSq715€0.29
nanobelts using laser beam with different laser power.
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Figure 3. (a) SEM images of five microsquares patterned on CdS, ;1Seo 29 Nanobelts via different laser powers. [V (30 mW), IV
(25 mW), 1l1 (20 mW), 11 (15 mW), and | (10 mW)]. (b) Corresponding fluorescence images of the five microsquares. (c) PL spectra
of as-grown region and three representative patterned microsquares. (d) PL peak position shifts as a function of laser power.

The laser power was increased from 10 to 30 mW in the
steps of 5 mW corresponding to patterns from | to V
(right to left in the figure). Evidently, from | to V, the
microsquares gradually deepened, attributable to the
increasing laser power. It is interesting to note that
pattern | was barely observable from the SEM image. To
investigate the variation of color emission, FM images
of these squares were captured and shown in
Figure 3b. With increasing laser power, a darker red
color was seen emitting from the pruned region. By
altering the power from 10 to 30 mW, the corresponding
patterns showed color covering a decent range from
bright red to dark red.

Photoluminescence (PL) spectra for each of these
regions were captured as well. As shown in Figure 3¢,
the pristine region and patterns | to V exhibited distinct
PL peaks at different wavelengths. The pristine region
showed a narrow and symmetrical peak located at
593.9 £ 0.1 nm. This corresponded to the orange color
from the FM observation. After patterning with a low
power of 10 mW, the PL peak of region | red-shifted by
a large step from 593.9 + 0.1 nm to 623.1 + 0.1 nm.
Visually, the emitted color changed from orange to
bright red (region I). With increasing laser power in the
steps of 5 mW until 30 mW, the corresponding PL peaks
of regions Il, lll, IV, and V were identified at 630.4 +
0.1 nm, 639.4 £+ 0.1 nm, 654.7 + 0.1 nm, and 671.6 &+
0.1 nm, respectively. Notably, the PL spectra of the pruned
regions had become broadened and asymmetrical.
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The broadening of the peak is attributed to the increase
in surface states or defect states resulting from laser
ablation.33! With the increase in laser power, the dar-
kened color could further enhance the contrast between
pruned and pristine regions and in turn facilitate a better
image contrast of the micropatterns. The color modifica-
tion is quantitatively described by Figure 3d, in which the
shift in PL peak position, A4, from the PL peak position of
the pristine CdSy7,5Se¢20 Nanobelts is plotted as a func-
tion of laser power. The experimental data (blue circles)
can be fitted very well by a quadratic function, indicating
the monotonically increasing relationship between red
shifting in PL peak versus laser power.

Besides the shift in emission color, the morphology
modification also exhibited a direct dependence on
laser power. The striking morphological effects caused
by laser pruning of nanobelts in ambience were ob-
served through SEM. We exposed a CdS,Se,_, sample
with x value of 0.68 to the focused laser beam. The SEM
image shown in Figure 4a reveals the channels cut
with a strong laser power of about 60 mW. The
magnified view shown in the inset clearly illustrates
two distinct and well-defined channels with a width
of ~1 um separated by ~10 um. A clear separation
between the pruned and pristine nanobelts was
obtained. The result indicated that high spatial resolu-
tion is achievable with this direct pruning technique. A
cross sectional image of a line channel is shown in
Figure 4b.

VOL.6 = NO.9 = 8298-8307 = 2012 @W)

WWww.acsnhano.org

11D1L¢

8301



Figure 4. (a) SEM image of an array of microchannels.
Magnified view in inset shows two distinct 1 um channels
separated by a width of 10 um. (b) A cross sectional SEM
image of a channel reveals the high spatial resolution of the
focused laser beam technique. (c and d) Magnified images
of the boundary of laser modified region (left) with pristine
region (right). The powers of the laser used were 30 mW and
10 mW, respectively. (e and f) Cross sectional SEM views of
the samples shown in images c and d, respectively.

The magnified views of laser treated sample clearly
illustrate the physical distinctions of the morpho-
logy caused by different laser powers. As shown in
Figure 4c, after exposure to a focused laser beam at
30 mW, the film of CdS,Se;_, nanobelts showed a
distinct boundary (red dashed line) between the
pruned and pristine areas. As revealed by the side-
view SEM image (Figure 4e), the length of the film
was obviously shortened by about 20 um. And clearly
the laser pruned surface became populated with
blistered nanobelts, a clear contrast from the pristine
nanobelts with smooth edges. On the other hand, for
the square exposed to a focused laser beam at 10 mW
(Figure 4d), the boundary was less noticeable. The
length of the nanobelts became only slightly shor-
tened (Figure 4f). Similarly, the morphology of the
nanobelts changed from those with smooth edges to
blistered form.

The color modification and morphology changes
could be initially ascribed to a laser-induced thermal
effect from the laser power dependence. Further char-
acterizations are shown in Figure 5. As is well-known,
the band gap energy for CdS and CdSe is 244 and 1.73 eV,
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respectively. These band gaps correspond to PL emission
wavelength of 507 and 713 nm, respectively. Conse-
quently, the significant red-shift observed from the PL
spectra is attributed to the “S” element being driven
away from the CdS,Se;_, nanobelts and the near-
band-edge energy shift toward to CdSe. Briefly, the
focused laser beam resulted in a high local tempera-
ture, which might dissociate the Cd=S bond and thus
increase the relative concentration of CdSe species. To
expound this proposed mechanism, we carried out
energy-dispersive spectroscopy (EDS) analysis on a
pristine region and region pruned with a laser power
of 20 mW. As shown in Figure 5a, the ratio of “S/Cd” was
measured to be 0.69 for the pristine region. On the
other hand, the same ratio for the pruned region was
significantly reduced to 0.49 as shown in Figure 5b. At
the same time, the component of “Se” did not show
any significant change after the laser pruning. In addi-
tion, “O” element was detected in the pruned region,
which indicates the formation of an oxide phase. The
broadness and asymmetry of the PL spectra after
pruning (Figure 3c) could be attributed to defect
contributions from the oxidation.

To further investigate the chemical process during
the pruning process, X-ray photoelectron spectros-
copy (XPS) was carried out for pristine and pruned
regions. The XPS spectra are shown in Figure 5¢,d. The
S 2p peaks at 164.1 and 165.3 eV show a significant
decrease after laser pruning. (the peaks were fitted
and separated by 100% Gaussian profile). XRD studies
were carried out before and after laser pruning as
well. The results are shown in Figure 5 panels e
and f, respectively. Evidently, there was a small left-
shift, which reveals the modification of chemical com-
position,?? of the CdS,Se;_, pattern after pruning. In
addition, three prominent emerging peaks are ob-
served at 33° £+ 0.1°, 38.3° &+ 0.1°, and 55° £ 0.1°,
which are consistent with the (111), (200), and (220)
peaks of CdO, respectively, as referenced to JCPDS No.
75-0594.

The formation of the oxide indicates that oxygen
plays an important role in chemical modification pro-
cess induced by the focused laser beam. To further
explore the role of oxygen, a specially designed va-
cuum chamber, as shown in Figure 1, was employed to
prune the ternary nanobelt in vacuum or in a chamber
filled with helium gas to exclude the impact of oxygen.
Surprisingly, the photoluminescence spectrum reveals
a completely different appearance. As shown in Figure 6a,
the red curve indicates the PL spectrum of the pruned
region created in helium environment. The near-band-
edge peak position after laser modification does
not show any significant shift but a large and broad
defect peak located in the infrared region is displayed.
The emerging broad peak is attributed to the introduc-
tion of defects caused by the destruction of the good
crystalline lattice due to the laser pruning. However, in
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Figure 5. EDS spectra of CdS, g9S€p 31 Nanobelts (a) before and (b) after laser modification. XPS spectra of these nanobelts
(c) before and (d) after laser modification. XRD patterns of CdSg ¢9Se 31 nanobelts (e) before and (f) after laser modification.

the absence of oxygen, the laser induced chemical
modification of the CdSy755€4.55 nanobelts could not
take place, hence there is no peak shift.

As further verification of the importance of heating
with the presence of oxygen, we carried out additional
experiments where the samples were annealed in
ambient conditions. In three separate experiments,
three pieces of CdSq755€925 hanobelts film (5 mm x
5 mm) were inserted into a horizontal tube furnace and
then annealed in ambient condition at 650, 850, and
1050 °C, respectively. The duration of the heating was
0.5 min. The fluorescence images and corresponding
PL spectra of the samples before and after annealing
are shown in Figure 6b. Clearly, the fluorescence images
showed a transition from orange color to light red and
then dark red color. The PL peak position was found
to be red-shifted and became broader and asym-
metrical. All these are of course very similar to the
fluorescence image and PL spectra obtained with
laser pruning (Figure 3). In addition, the resultant
XRD patterns (Supporting Information Figure S3)
are almost identical to the XRD patterns obtained
from laser pruned sample. Therefore, the proposed
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mechanism of laser-induced heating with oxidation as
the main driving force for local chemical modification
of the CdSSe nanobelts is tenable. As a further study,
the local temperature under laser illumination was
simulated by the finite element method (FEM) and
the results showed that the laser heated spot on the
sample could attain a temperature that is more than
800 °C. Details of the simulation are presented in Sup-
porting Information Figure S2.

On top of the fabrication of a multicolored display,
we found that the modified nanobelts are more stable
when they were exposed to mild acid. Figure 7a
illustrates a simple experiment that was carried
out to explore the stability of pristine nanobelts and
laser treated nanobelts toward exposure to acid (HCI).
First we took a sample with CdSy;35e0,7 nanobelts
and created a “Tai Chi” micropattern. The fluorescence
microscope image of the micropattern is shown in
Figure 7d. The sample with the micropattern was fixed
on top of a glass beaker with 5 mL of diluted HCl with a
concentration of about 10%. After a short exposure (5 s)
to the HCl vapor, the sample was collected and imaged
by fluorescence microscope again. The corresponding
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VOL.6 = NO.9 = 8298-8307 = 2012 @%{\)

WWW.acsnano.org

8303



—
D

Intensity (a.u.)

1

500 600 700 800 900
Photon Wavelength (nm)

1000

o
~—

Intensity (a.u.)

550 560 650
Photon Wavelength (nm)

700

Figure 6. (a) PL spectra of pristine sample CdSq 755€¢.25
(blue curve) and sample after laser pruned in helium
environment (red curve). (b) PL spectra of an as-grown
CdSy.755€0.25 sample (yellow curve) and three other
samples after annealing with increasing temperatures
of 650, 850, and 1050 °C for 0.5 min. Insets show the
corresponding images of the samples captured by a
fluorescence microscope.

FM image after exposure to HCl is presented in Figure 7e.
Notably, the contrast of the FM image improved
significantly after acid exposure. Figure 7 panels b
and c display the PL spectra of pristine and pruned
regions before and after acid exposure, respectively.
Clearly, the PL emission peaks of both the laser
pruned and pristine regions did not show any peak
shift. Instead, the dominant change for the spectra is
that the output intensity of pristine region shows an
obvious decrease after acid treatment. Evidently
pristine nanobelts are much more susceptible to
acid corrosion. As for the laser pruned region, the
laser heating introduced defective and oxidized
states on the nanobelt, providing a more stable
state against acid corrosion. With both pristine
and laser pruned regions fluorescing at comparable
intensity, the contrast of the image naturally became
better. Such an attribute could be further exploited
to develop the patterned nanobelts as potential acid
sensors.

Besides the alteration in the optical properties,
changes in the functionalities of the laser pruned nano-
belts were also found in their electrical and photoelec-
trical properties. Figure 8a shows the typical I—V curves
for pristine nanobelts and laser pruned nanobelts.
Clearly, the pristine nanobelts are poor conductors.

LU ET AL.

We detected only a small current of ~2.7 x 107 '° A
through the sample at an applied voltage of 5.0 V.
However, after laser pruning, the sample showed a
significant increase in conductivity. We measured a
current of 1.3 x 1078 A at an applied voltage of 5.0 V.
Such an improvement can be attributed to the laser
induced nanobelts modifications and also the im-
proved nanobelts-to-nanobelts contact. These results
shed light on the potential for a simple one-step,
maskless, and in situ lithographic method for creating
selective conducting domain. Besides a clear differ-
ence in conductivity, the pristine nanobelts and laser
pruned nanobelts also exhibited marked difference in
photocurrent. Figure 8 panels b and c show the typical
|-V curves of CdS,Se;_, nanobelts before and after
laser pruning under broad beam laser illumination
(TmW, 4 = 660 nm). Both samples exhibited increased
output current under illumination, indicating their
obvious photoresponse to 660 nm laser light. However,
the laser pruned sample shows a higher photorespon-
sivity than pristine nanobelts. Figure 8f presents the
on/off photocurrent response corresponding to the
laser illumination at 5 V bias under ambient condition.
A rapid and prominent photoresponse was observed
for both samples with the on/off laser illumination. The
photocurrent of pristine nanobelts increased 5 times
compared to that measured at dark condition. How-
ever, under the same illumination condition, the laser
pruned sample exhibited 10 times increase in current,
as shown in Figure 8f (green curve). Besides the res-
ponse to visible spectrum light, the laser pruned
nanobelts also exhibited sensitive response to infrared
light. Figure 8 panels d and e display typical |-V curves
of pristine and pruned nanobelts under T mW 808 nm
laser illumination. Evidently, the pristine sample did
not show any change in the output current while the
output current of pruned nanobelts increased drama-
tically. As shown in Figure 8g, the pruned sample
(brown curve) exhibited a rapid and prominent on/
off photoresponse to 808 nm laser at 5 V bias, while the
current passing through the pristine sample remained
constant under the same irradiation and bias condi-
tion. In Supporting Information Figure S4, we show that
a pristine sample after being annealed in 650 °C also
exhibited photoresponse to 808 nm laser but the
output photocurrent was lower. The higher photore-
sponsivity of the pruned nanobelts could be attributed
to the change of the optical property after laser
pruning. The red-shift in the PL and the reflection
spectrum (Figure S5) of the nanobelts was suggestive
of a material that exhibited better photoresponse
near to the wavelength of illumination (660 nm and
808 nm). These findings demonstrated the enhanced
photoelectrical properties of laser pruned CdS,Se;_,
nanobelts and indicated their potential in optoelec-
tronic applications such as photoswitching and wave-
length selective photosensors.
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Figure 8. (a) Typical /—V curves acquired with two-probe measurements for the pristine nanobelts film and its laser pruned
counterpart. Typical /—V curves under 660 nm laser irradiation of (b) pristine and (c) pruned nanobelts film. Typical /- V curves
under 808 nm laser irradiation of (d) pristine and (e) pruned nanobelts film. (f) On/off photocurrent response of pristine
nanobelts (pink curve) and laser pruned nanobelts (green curve) to 660 nm laser. (g) On/off photocurrent response of pristine
nanobelts (light blue curve) and laser pruned nanobelts (brown curve) to 808 nm laser.
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CONCLUSION

In summary, we have presented an inherently effi-
cient and high throughput approach to directly create
multicolored micropatterns on CdS,Se;_, nanobelt
samples. Well-defined micro structures are achievable
via a simple focused laser beam. In addition, precise
control over the fluorescence emissions of the nano-
belts is another important attribute that can be achieved
with this effective technique. The result is a chemical
modification in the nanobelts compositions that alters
the physical characteristics of the nanobelts and also

METHODS

Synthesis of (dS,Se;_, Nanobelts. CdS and CdSe (Sigma Aldrich)
mixed powders were used as the source precursor. A silicon
wafer coated with a thin Au layer was slotted vertically inside a
specially designed substrate holder. Such an arrangement
promoted the growth of nanobelts with uniform stoichiometry
since it is free from the influence of temperature gradient
during the growth. The furnace was maintained at 650 °C for
30 min while the pressure was regulated at 1 Torr.

Characterization. Further characterizations of the pruned
samples were carried out through a fluorescence microscope
(FM, Olympus IX71S1F-3 Inverted Microscope), field emission
scanning electron microscope (FESEM, JEOL JSM-7600F) with
built-in energy-dispersive spectroscopy (EDS), photolumines-
cence microscope (Renishaw inVia with a Kimmon 1K Series
He—Cd Laser), X-ray photoelectron spectroscopy (XPS), and
X-ray diffractometer (X'PERT MPD, Cu—Kot (1.5418 A) radiation).
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