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Optical studies of electrochemically synthesized CdS nanowires
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Abstract In this paper, electrochemical fabrication and
characterization of CdS nanowires having diameter 100
and 200 nm is reported. Nano-channels in anodic alumina
membrane were utilized as template. Morphological study
of nanowires was made using Scanning electron micros-
copy (SEM). UV-visible absorption and laser induced time
resolved photoluminescence (PL) spectroscopy were used
for optical characterization. UV-visible absorption depicts
that, there is slight increase in band gap of nanowires with
decrease in diameter of nanowires. PL measurements
indicate emission band peak of 435 and 420 nm in case of
200 and 100 nm wires respectively. These studies are very
important regarding the synthesis and optoelectronic
applications of CdS nanowires.
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1 Introduction

In recent years, semiconductor nanowires have assumed
fundamental interest because these structures with size
confinement in two coordinates exhibit novel physical
properties which make them suitable for potential appli-
cations in nanoscale electronics, optoelectronic devices,
high-density magnetic memories, electrochemical and
sensing devices [1-7]. The special properties of nanowires
are due to high aspect ratio, quantum confinement effects
and an extremely large surface to volume ratio relative to
bulk materials. Among semiconductor materials, CdS is the
most commonly studied material for functional nanode-
vices such as light emitting diodes, sensors, solar cells,
photoconductors, thin film FETs and optoelectronic devi-
ces [8-14]. CdS is a well known direct band gap II-VI
semiconductor with E, = 2.42 eV at room temperature. So
far, a variety of techniques such as physical vapor depo-
sition [15], chemical solution transport growth [16, 17],
solvothermal synthesis [18], sulfurization [19], microwave
assisted growth [20], thermal evaporation [21] and elec-
trodeposition [22, 23] have been used to synthesize CdS
nanowires.

Template synthesis is an elegant chemical approach
for the fabrication of nanostructures, in particular of
nano-wires and tubules. It is a membrane based tech-
nology which makes use of porous templates as host
materials for the deposition of desired materials such as
metals, semiconductors, conducting polymers, carbon and
other materials [23, 24 and references therein]. The
nanostructures can remain inside the pores of templates
or they can be freed and collected as an ensemble of
free nanomaterials. Using electrodeposition method, we
report here the template assisted growth of CdS nano-
wires within the nano-channels of anodic alumina
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membrane (AAM, Whatman USA) with pore diameter
~100 nm, 200 nm.

2 Experimental

Anodic alumina membranes (AAM) with pore diameters
~ 100 and 200 nm; purchased from Whatman, USA, were
used as template. A gold layer of thickness ~ 100 nm was
deposited onto one side surface of AAM to provide a
good conductive contact using Jeol, fine sputter JFC 1100
sputter coater. The deposition of CdS within the pores of
template was carried out at constant potential (1.62 V) for
30 min at room temperature (27 & 1 °C) with an anode
of pure Cd. The electrolyte solution used was 0.002 M
3CdS0O4-8H,0 (98%) and 0.1 M Na,SO;3 (99.9%). The
pH value of the electrolyte was adjusted 2.5 using dilute
H,SO,. Figure 1 shows the current versus time response
for electro-deposition of CdS nanowires of 100 nm (a)
and 200 nm (b). The current versus time graph shows that
the deposition of nanowires is not a steady state process.
After applying the potential, the current dropped suddenly
due to creation of diffusion layer within the pores of
template and afterwards the current gradually increased
during the growth of nanowires in the template and
attained a steady state when the filling reached the top of
template. As soon as caps start to cultivate on the top of
structure, the current starts increasing slowly which
increases rapidly with the increase of surface area of the
caps due to over-deposition [25]. After the deposition was
over, the AAM was dissolved in 1 M NaOH solution for
30 min followed by rinsing with double distilled water in
order to retrieve the nanowires. Finally, the samples were
dried at room temperature before being subjected to fur-
ther characterization.
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Fig. 1 Current versus time response for potentiostatic deposition
of CdS nanowires of 100 nm (a) and 200 nm (b)

@ Springer

3 Result and discussion
3.1 Morphological properties

For morphological study, the rinsed and dried samples
were mounted on specially designed aluminum stub with
the help of double adhesive tape, coated with layer of gold—
palladium alloy in JEOL, FINE SPUTTER JFC 1100
sputter coater and viewed under scanning electron micro-
scope (JEOL JSM 6100) at an accelerating voltage of
10 kV. Figures 2 and 3 show the SEM photograph of CdS
nanowires. The diameter of nanowires closely corresponds
to the diameter of pores of the AAM. From the SEM fig-
ures, it is clear that the growth of nanowires is uniform and
confined within the ordered pores of the AAM.

3.2 UV-visible absorption studies

The fundamental optical property of CdS nanowires inves-
tigated here is the absorption spectra at various wavelengths
using UV-visible spectrophotometer. Figures 4 and 5 shows
the absorption spectra of CdS nanowires of 100 and 200 nm
respectively. The energy band gap of CdS nanowires is

Mag = 20000

Fig. 2 SEM photographs of CdS nanowires (100 nm)

Mag = 7000:
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Fig. 3 SEM photographs of CdS nanowires (200 nm)
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Fig. 4 Plot of absorption (x) versus wavelength (1) for CdS
nanowires (100 nm)
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Fig. 5 Plot of absorption (x) versus wavelength (1) for CdS
nanowires (200 nm)

determined from absorption spectra using Tauc relation
[26]:

ohv = A(hv — E,)",

where o, hv, Eg, n and A have their usual meanings.

The graphs between (xhv)? versus hv for CdS nanowires
of 100 and 200 nm are shown in Figs. 6 and 7 respectively.
The presence of single slope indicates the direct and
allowed transitions. The extrapolation of straight line to hv
axis gives value of energy gap value of CdS nanowires.
From the graph, the band gap in case of 200 nm wires
comes out to be 2.46 and 2.51 eV in case of 100 nm
nanowires. It is seen that there is not much change in the
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Fig. 6 Plot of (ochv)2 versus hv (Tauc plot with dotted line is a
theoretical fit) for CdS nanowires (200 nm)
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Fig. 7 Plot of («hv)? versus hv (Tauc plot with dotted line is a
theoretical fit) for CdS nanowires (100 nm)

band gap of nanowires when size changes from 200 to
100 nm.

3.3 Time resolved photoluminescence

Further, laser induced time resolved photoluminescence
was used to study the photoluminescence spectra of 100
and 200 nm CdS nanowires. Nitrogen laser having pulse-
width of 5-7 ns, average power of 10 kW, peak power of
1 MW and wavelength 337.1 nm is used to irradiate the
CdS nano-/microstructures. High photon flux density of the
Nitrogen laser is extremely useful to excite any type of
defect states. The short-lived phosphorescence from the
sample at an angle of 90° to the incident beam was col-
lected by a fast photo-multiplier tube (PMT) through an
assembly of monochromator and PMT.

The decay signals (Figs. 8 and 9) from the CdS nano-
wires were recorded for calculating emission wavelength
of the nanowires. Photoluminescence investigation shows
that the 200 nm CdS nanowires have an intensive and
broad PL emission band peaked around 435 nm and with
decrease in the size of CdS nanowires to 100 nm, only
negligible variation is observed in the photoluminescence
wavelength i.e. 420 nm. Photoluminescence in case of
nanowires suggest that localized defects and excess S
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Fig. 8 Decay curve of 200 nm CdS nanowires
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Fig. 9 Decay curve of 100 nm CdS nanowires

atoms existing in the CdS nanowires are responsible for
this blue luminescence as no dopant had been added to the
host CdS. In our earlier work regarding ZnO nanowires,
defect related emission was observed at 590 nm [27].

4 Conclusion

CdS nanowires were fabricated using template synthesis,
which proves to be cost effective technique for the pro-
duction of wide range of nanostructures with specified
geometry. SEM results indicate that the wires are uniform,
dense and diameter corresponds to the pore diameter of
template. An optical bandgap study also shows not much
change in the band gap with decrease in diameter of
nanowire. It is due to the fact that the diameter of the
nanowires is very much greater then the bohr exciton radius
and there is no confinement. The defect related emission is
observed in this case of undoped CdS nanowires.
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