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Abstract

CdSe films were electrochemically prepared on ITO electrode in aqueous solution applying a constant
potential. Structural, morphological and optical features of CdSe thin films were examined with FE-SEM,
XRD and UV-visible spectrophotometry techniques. XRD results revealed CdSe films were deposited, in
the form of cubic crystals from aqueous solution of Cd** and Se*', in presence of Na,SO, supporting
electrolyte. Band gap values of CdSe films were found between 1.88 and 2.0 eV. Wide band gap ZnO
was electrochemically deposited on narrow band gap CdSe to improve its optoelectronic properties. Band
gap value of CdSe/ZnO nanonorods was determined as 2.7 eV. Mott-Schottky equation was utilized to
calculate flat band potential (Erg), as well as charge carrier density (Np) of materials. Np values were
found as 1.623x10%° and 9.186x10% c¢m™ for CdSe and CdSe/ZnO, respectively. ZnO offers higher
stability and lower band gap is promising material to be utilized in solar cell applications.

Keywords: CdSe/ZnO, Semiconductor materials, Electrochemical deposition

CdSe ve CdSe/ZnO Filmlerin Elektrokimyasal Sentezi: Morfolojik, Yapisal ve
Elektronik Ozellikler

Oz

CdSe filmler ITO elektrot {izerinde sabit potansiyel uygulayarak sulu ¢ozeltide elektrokimyasal yolla
hazirlanmigtir. CdSe ince filmlerin yapisal, morfolojik ve optik 6zellikleri FE-SEM, XRD ve UV-gériiniir
spektrofotometri teknikleri ¢alisilmistir. XRD sonuglari, CdSe filmlerin Na,SO, destek elektroliti
varhginda Cd** ve Se*" igeren sulu g¢ozeltiden kiibik kristal formda biriktirildigi goriilmiistir. CdSe
filmlerin bant araligi degerleri 1,88 ve 2,0 eV araliginda bulunmustur. Genis bant araligina sahip ZnO dar
bant araligima sahip CdSe iizerine optoelektronik ozelliklerini gelistirmek igin elektrokimyasal yolla
biriktirilmistir. CdSe/ZnO nanogubuklarin bant araligi degeri 2,7 eV olarak belirlenmistir. Mott-Schottky
esitligi malzemelerin diiz bant potansiyelini (Egg) ve yiik tastyici yogunlugunu (Np) hesaplamak igin
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kullanilmustir. Np degerleri, CdSe ve CdSe/ZnO igin 1.623x10% ve 9.186x10%° cm™ olarak bulunmustur.
Dabha yiiksek kararlilik ve diisiik bant aralig1 saglayan ZnO, giines pili uygulamalarinda kullanilmak igin

umut verici bir malzemedir.

Anahtar Kelimeler: CdSe/ZnO, Yariiletken malzemeler, Elektrokimyasal biriktirme

1. INTRODUCTION

The ability to meet increasing energy request and
environmental concerns gradually increase the
interest in alternative energy production techniques
[1,2]. Hydrogen has much higher energy
conversion efficiency as a fuel than other
commonly utilized energy sources. Furthermore,
its environmentally friendly and sustainable
feature has also increased the interest in hydrogen-
based fuel cells. There are various methods for
hydrogen production using solar energy. Among
them, photo electrochemical splitting of water into
oxygen and hydrogen molecules is considered to
be the most promising and inexpensive method
[3,4]. While photo electrochemical cells provide a
low-cost, easy-to-apply, environmentally friendly
solution, there is still a need for further
improvement in efficiency/cost ratio. In photo
electrochemical cells, n or p-type semiconductor
materials that comprise significant physical and
optical properties are used as photo electrode.
Thus, good absorption ability, chemical stability
and low cost in the solar spectrum are the
anticipated properties of the semiconductor
materials [5]. Therefore, there is a great effort to
develop semiconductor materials used in
environmentally ~ friendly ~ fuel  production
applications by splitting of water using solar
energy. The improvements that can be made
increase the photo catalytic efficiency of the
semiconductor electrode materials [6]. Opto-
electronic property of semiconductors, which is
directly dependent on its morphological and
crystallographic properties, is extremely important
for the device applications. Besides, it is well
known that the synthesis parameters and method
have a direct influence on morphological and opto-
electronic features of semiconductor materials [7].
Semiconductors have wide band gap; such as ZnO,
TiO, and SnO, or narrow band gap
semiconductors like CdSe, CdTe, and CuO are the
most utilized materials for this purpose [8].
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I1-VI group semiconductor materials have been
utilized for a long time owing to their various
application areas; for instance electronic, light
emitting/detecting devices and photovoltaic solar
cells [9]. Among them, CdSe is a significant
material for electronic devices and photo
electrochemical solar cells. Energy band gap for
CdSe, an n-type semiconductor, is around 1.74 eV
[10]. CdSe is used in thin film transistors, photo
electrochemical solar cells, photo conductors and
y-ray detectors because of its high photo sensitivity
in visible area. CdSe are also preferred due to their
properties such as high efficiency radiation
recombination and absorption coefficient, direct
band transition and quantum size effect. The size
dependent property of CdSe nanostructures has a
significant effect on band gap energy. This
situation greatly affects physical properties of the
material that are important for potential
applications [11,12]. CdSe has two different
crystal structures, including cubic and hexagonal
[12,13]. Moreover, the photo response of a narrow
band gap semiconductor lengthens more into range
of visible wavelength than a wide band gap
semiconductor.  However, due to rapid
recombination rate of photo  generated
electron/nole (e/h*) pairs, a narrow band gap
semiconductor offers lower photo catalytic
efficiency [14]. There is requirement to enhance
optical and electronic behavior of a narrow band
gap semiconductor for different applications.
Therefore, many efforts have been applied to
improve their opto-electronic properties. One of
them is combination of a narrow band gap
semiconductor and a wide band gap semiconductor
[15]. This provides more effective charge
separation and higher transport rate of e/h™ pairs
[16].

Among 11-VI oxide semiconductor compounds,

ZnO is the most used material with hexagonal
wurtzite structure, as well as wide band gap value
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(3.37 eV) [17]. ZnO nanostructures have attracted
much interest by researchers due to its remarkable
electrical, optical and mechanical characteristics
[18]. For this reason, it has been frequently
pronounced as strong candidate for various
purposes like light emitting diodes, dye-sensitized
solar cells, gas sensor and photo-catalysts [19-22].
Moreover, the feasibility of ZnO is strictly affected
by its morphological and crystallographic
properties for these applications [23]. 1D metal
oxide semiconductors (like nanofiber, nanotube
and nanorod) have been extensively used. Rod-like
ZnO nanostructures offer straight pathway for
transportation of photo generated electrons that
recombination rate decreases through the bulk
material [24].

In present study, CdSe films were deposited on
ITO electrode via electrochemical technique at
different deposition time, in aqueous solution. First
of all, the optimal electro synthesis parameters
were determined by using CV technique. Rod-like
ZnO was deposited electrochemically on CdSe to
enhance its opto-electronic properties. Np values
were found as 1.623x10%° and 9.186x10% cm™ for
CdSe and CdSe/zZnO, respectively with help of
Mott-Schottky equation.

2. MATERIALS AND METHOD

2.1. Materials

Indium tin oxide (ITO) electrode (8-12 Q cm?)
was used. Moreover, cadmium sulphate 8/3

hydrate (CdS0,.8/3H,0), selenium dioxide
(Se0,), potassium chloride (KCI), zinc nitrate tetra
hydrate  (Zn(NOs),.4H,0), sodium sulphate

(Na;SO,4), sodium hydroxide (NaOH), ethanol
(C,Hs0OH), sulphuric acid (H,SO,4) materials were
utilized without purification.

2.2. Electrochemical Deposition of CdSe Thin
Films

Electrochemical deposition of CdSe nanomaterials
was done in three-electrode system at 80+2 °C in
water bath. ITO electrodes were utilized as
working electrode for electrochemical deposition
of CdSe. Reference electrode and counter
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electrode were Ag/AgCI (3 M KCI) and platinum
sheet, respectively. Firstly, ITO electrodes were
ultrasonically cleared by using sodium hydroxide
solution, ethanol and distilled water for 5 minutes,
respectively. Cycling voltammetry (CV) technique
was carried out at 10 mV s™ scan rate for 1TO
electrode in different deposition solutions. The
deposition solution was a consisted of 0.01 M
CdSO,4 + 0.001 M SeO; + 0.1 M Na,SO,. pH value
of solutions was arranged to 2.5 by diluted H,SO,
solution. The deposition of CdSe nanostructures
was done at -0.70 V constant potential employing
diverse deposition times between 3 and 20
minutes. After electrochemical deposition process,
CdSe nanomaterials were cleaned by distilled
water and finally dried at room temperature.

2.3. Electrochemical ZnO
Nanorods on CdSe

Deposition  of

Electrochemical synthesis of ZnO nanomaterials
was applied in  three-electrode  system.
Temperature of deposition solutions was held at
70+2 °C by using water bath. For electrochemical
deposition of ZnO nanostructures, 1TO/CdSe
electrode where CdSe thin film was deposited at 3
minutes deposition time was the working
electrode. In addition, Ag/AgCIl (3 M KCI) was
used as reference electrode and platinum sheet was
the counter electrode. Deposition solution was
comprised 0.01 M Zn(NOs), and 0.1 M KCI.
Electrosynthesis of ZnO was employed at current
value of -0.30 mA cm™ for 30 minutes deposition
time. After electrochemical deposition process,
CdSe/ZnO nanomaterials were cleaned with
distilled water and finally dried under room
temperature.

2.4. Characterization of CdSe and CdSe/ZnO
Nanorods

The surface morphology of CdSe materials was
examined via field emission scanning electron
microscopy (FE-SEM, Zeiss, Supra 55). Elemental
composition of CdSe nanomaterials was
determined with FE-SEM equipped by energy
dispersive X-ray spectroscopy (EDX). Besides, X-
ray diffraction (XRD, Rigaku, SmartLab) was used
to study crystallographic features of CdSe
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nanostructures.  The optical  behavior  of
semiconductor nanomaterials was investigated via
UV-visible Spectrophotometer (Perkin Elmer,
Lambda 25).

2.5. Electrochemical Measurements

Mott-Schottky measurement was utilized by
electrochemical impedance spectroscopy method.
For this technique, 5 mV amplitude was the
applied at 1000 Hz frequency in 0.1 M Na,SO,4
solution.

3. RESULTS AND DISCUSSION
3.1. The CV Results of ITO

The CV technique was realized to determine the
appropriate  electrochemical — parameters  for
synthesis of CdSe on ITO electrode surface. The
CV measurement was obtained from 0.0 to -1.0 V
in 0.1 M Na,SO, (pH= 2.5) at 10 mV s™ scan rate,
given in Figure 1a. While significant change was
not observed in the current over a wide potential
range, a slight increase in current started from
around -0.6 V. This situation is associated with the
reduction reactions of hydrogen ions and
In,04/SnO, species. However, the ITO electrode
appears to be electrochemically stable in wide
potential range in this solution.

The CV obtained in 0.01 M CdSO, and 0.1 M
Na,SO, (pH= 2.5) was given in Figure 1b. There
was not any noticeable current change indicating
to Faradaic process, in a wide potential range.
Once electrode potential arrived at -0.70 V, during
scan, reduction of Cd®* ions gave raise cathodic
current increase. Moreover, the oxidation of
freshly reduced metallic Cd was observed as
anodic current increase, during the backward scan,
again starting at -0.70 V. The relevant equations
for reversible equilibrium of Cd*"/Cd are given as
below [25]:

Cdiyo* 2e <> Cdg) @
E=-0,403+0,0295 log (Cd*") )
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From equation 2, theoretically, the reversible
electrode potential value is calculated as -0.68 V,
for Cd**/Cd equilibrium. It is apparent that there is
quite small overvoltage for the onset of this
electrochemical reaction.

The CV studies were also realized in presence of
0.001 M SeO, with 0.1 M Na,SO, (pH= 2.5), in
Figure 1c, at which Na,SO, was again the
supporting electrolyte. The reduction of Se** could
start at around -0.40 V, however further reduction
steps could also take place beyond -0.70 V. The
observed first cathodic peak is related to reduction
of Se** to Se’, between the potentials -0.40 V and -
0.70 V. The further reduction process is explained
with equation 5. During the backward scan, the
anodic peak appeared at around -0.30 V, which
corresponds to oxidation of species on the surface.
These species are the product of reduction
reactions occurred at the previous forward scan
[26].

H,Se05,+ 4 Hyg+ 4 € < Sely 3,04 (3)
E=0,741-0,059 pH+0,0148 log (H,Se05) @)
Sefugt 2 Hiag ™ 2 € < HaSeqq) (5)
E=-0,399-0,059 pH-0,0295 log (H,Se) (6)

In Figure 2a, the CV result of the ITO electrode
obtained in 0.01 M CdSQ,, 0.001 M SeO, and 0.1
M Na,SO, (pH= 2.5) solution was presented. In
this case, the reduction of Se** started at around -
0.40 V, and then the reduction of the cadmium
ions started and changed the pattern, as well as the
current values. Moreover, at backward scan, the
anodic peak indicated much higher anodic current
(charge) with respect to solely Se*" including
electrolyte solution. This was an evidence for the
onset of reduction reactions for Se** and Cd*
consecutively, on ITO surface. For the rest of
backward scan, anodic oxidation of Se®” species to
Se® was observed at around -0.20 V and an extra
oxidation peak at around +0.80 V. The later anodic
peak is attributed to oxidation of Se° type to Se**
ion [27]. In solution containing both Cd** and Se**,
it was apparent that reduction/oxidation products
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alter the 1TO surface, thus the electrode/solution
interface. This was due to experimental conditions,
at which a whole scan is employed in a wide
potential range and various types of species (CdSe,
metallic Cd, Se°, Se”, etc.). The adsorbed species
on the surface may create some kind of poisoning
effect and/or extra overvoltage, rescheduling the
electrochemical reactions.
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Figure 1. CV result of ITO obtained in 0.1 M

Na,SQ, solution (a), 0.1 M Na,SO, +

0.01 M CdSO, solution (b) and 0.1 M

Na,SO, + 0.001 M SeO, solution (c)

with 10 mV/s scan rate
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3.2. Electrochemical Deposition of CdSe on ITO

From evaluation of voltammetry results, it was
determined that -0.70 V was chosen as the most
appropriate potential value for deposition of CdSe
compound on ITO surface, since this value is the
limit for avoiding bulk deposition of metallic Cd
and suitable for production of sufficient Se at the
interface, offering precise control for deposition of
freshly produced Se* and Cd*" on the surface.
Figure 2b shows the chronoamperogram recorded
during CdSe deposition in 0.01 M CdSQOy,, 0.001 M
Se0; and 0.1 M Na,SO, (pH=2.5) solution, under -
0.70 V. Within the first 40 seconds, the nucleation
of CdSe nanoparticles happened on the surface of
electrode, thus current density values changed
remarkably. Afterwards, almost a constant current
value was observed, which indicated to consistent
deposition process took place on the surface,
homogeneously.
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Figure 2. CV result of ITO obtained in 0.01 M
CdSO, + 0.001 M Se0O, + 0.1 M
Na,SO, solution with 10 mV/s scan rate
(@) and the chronoamperometry plot
during the deposition of CdSe
nanostructures at -0.70 V (b)
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3.3. Surface Morphology of CdSe Thin Films

FE-SEM images of CdSe nanomaterials obtained
at increased deposition times on ITO electrode
surface were given in Figure 3. The well-defined
and homogenous CdSe nanoparticles with compact
form were obtained as clearly seen from FE-SEM
images. On the other hand, surface morphology of
CdsSe films prepared at 3, 5 and 10 minutes were
almost similar appearance. Moreover, the number
and size of CdSe nanoparticles increased with
increasing deposition time. When FE-SEM images
of CdSe nanostructures obtained at 15 and 20
minutes deposition period were examined, it was
seen that the general morphology did not change
significantly, but the particle size increased
gradually. Particularly, the particle sizes of CdSe
nanoparticles synthesized at 20 minutes deposition
period were quite large and distinct. Furthermore,
the EDX analysis results of the CdSe nanoparticles
prepared in different deposition period were
summarized in Table 1. CdSe thin films were
electrochemically synthesized almost in the ratio
of 1:1 (by atomic %), apart from film deposited at
20 minutes in Table 1. This situation is attributed
to higher amount of the selenium ions existing at
ITO/solution interface, rather than cadmium ions
which should be transported from bulk solution.

Table 1. The elemental ratio of Cd and Se in

CdSe  nanostructures at  different
deposition times
Deposition time Cd:Se
(minute) (atomic ratio %)
3 51.22:48.78
5 52.87:47.13
10 50.60:49.40
15 52.86:47.14
20 40.39:59.61
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Figure 3. FESEM images of CdSe nanostructures
obtained at different deposition times; 3
(@), 5 (b), 10 (c), 15 (d) and 20 minutes
(®)
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3.4. Structural Analysis of CdSe Thin Films

XRD analysis was employed to examine the
crystallographic properties of electrochemically
prepared CdSe films. XRD patterns were given in
Figure 4. This result showed that CdSe was
obtained in cubic crystal structure. Furthermore,
major characteristic peaks were observed at ~25
and ~42° values, for (111) and (220) planes of
CdSe, respectively. The achieved results were
consistent with literature (PDF card no: 19-0191)
[28]. Intensities of observed two peaks were very
close to each other for samples prepared with 3
and 5 minutes deposition periods. On the other
hand, intensity of the (111) plane peak increased
significantly with increasing deposition time. This
situation showed that CdSe nanoparticles prepared
at 15 and 20 minutes deposition times developed
along the dominant (111) plane. As a result, XRD
results depicted that CdSe nanomaterials were
deposited in the form of cubic crystals.

The crystallite size (D) values of the obtained
nanomaterials were calculated as described by
Scherrer (Equation 7) [29]. A and k are the X-ray
wavelength (1.54 A) and a constant (0.9),
respectively. 6 and B are Bragg diffraction angle
and full width at half maximum of material.

ki
pcosé

()

The values of lattice constant (a=b=c), as well as
unit cell volume (V) were calculated with the
equations 8 and 9 [30]. (hkl) is the Miller indices
of lattice constant and d is interplanar spacing of
atomic planes.

Gokmen SIGIRCIK, Tun¢ TUKEN

1 h?+k*+I?
R ®
hkl

V=al 9)

From evaluation of data summarized in Table 2, it
was proved that electrochemically deposited CdSe
films have the expected crystal properties from
regular CdSe cubic crystals. It was also noticed
that the lattice constant values decreased with
increasing deposition time and approached the
standard value. The determined lattice parameters
are consistent with the standard values. The
crystallite size values of CdSe nanostructures were
calculated in a range of around 4.5 and 6.5 nm.
These findings were evidence for deposition of
CdSe nanomaterials on ITO surface, by means of -
0.70 V (vs. Ag/AgCI) constant potential value,
from aqueous solution of Cd* and Se*, in
presence of Na,SO, supporting electrolyte.

Intensity (arb. units)
(2] o o
*
*
*
(
*
*

20 25 30 35 40 45 50 55 60
20 (degree)
Figure 4. XRD patterns of CdSe nanostructures
obtained at different deposition times; 3
(@), 5 (b), 10 (c), 15 (d) and 20 minutes
(e) (*: ITO peaks)

Table 2. Structural parameters of CdSe nanostructures obtained from XRD results

- -
Deposition time (minute) @ 11)2 0 ¢ )(220) Lattice paazrzrceters (4) V (A% | Average D values (nm)
3 25.31 | 41.77 6.0899 225.86 5.4296
5 25.33 | 4221 6.0864 225.47 4.5186
10 25.34 | 41.93 6.0862 225.44 6.1886
15 25.31 | 41.67 6.0913 226.01 4.6746
20 25.43 | 41.99 6.0718 223.85 6.5275
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3.5. Optical Properties of CdSe Thin Films

The band gap energy (Eg) value is the critical
parameter for semiconductor materials, in aspect
of light harvesting efficiency. For this purpose, the
E, values were calculated with help of Tauc
equation, plotting (ahv)? versus hv [31].

ahv=A(hv-E,)’ (10)

In this equation, n and A are direct band transition
(n=%) and constant, while plot is extrapolated. The
value of n=Y% was used since CdSe are direct band
gap type semiconductor [32], and the results were
given in Figure 5 for electrochemically prepared
CdSe films on ITO surface. It was noted that as the
deposition time increases, the band gap value
decreased gradually. The band gap value of CdSe
nanoparticles obtained at 3 and 20 minutes

deposition periods decreased from 2.0 to 1.88 eV,
respectively.

Band gap energy values of electrochemically
prepared CdSe nanomaterials were found to be
slightly higher, with respect to previously reported
values for bulk CdSe (1.74 eV) [33]. This situation
was attributed to quantum size effect phenomena
[34], since we have proved that electrochemically
produced CdSe nanoparticles have a diameter less
than 10 nm (Table 2). Moreover, as obviously seen
band gap energy values of CdSe thin films
synthesized at 3 and 5 minutes deposition times
were not significantly different and this difference
decreased considerably with increasing deposition
time. Generally, decrease in particle size results in
increasing band gap energy of the material, which
is known as “blue shift”. Thus, absorption at lower
wavelengths in the absorption spectrum is
observed [11].

(ahv)’ (cm?eV?)

12 14 16 18

20 22 24 26 28 3.0

ho (eV)
Figure 5. Tauc plots of CdSe nanostructures obtained at different deposition times

3.6. Electrochemical ZnO

Nanorods on CdSe

Deposition  of

CdSe coated ITO samples were prepared with
employing -0.70 V (vs. Ag/AgCl) constant

562

potential value for 3 min deposition time, as
described above. Then, the nanorod structured
ZnO thin film was deposited galvanostatically, on
ITO/CdSe surface. The chronopotentiogram
obtained during ZnO synthesis was given in Figure

C.U. Miih. Fak. Dergisi, 37(2), Haziran 2022



6a, where the solution composition was 0.01 M
Zn(NO3), and 0.1 M KClI, as well as current value
was -0.3 mA cm? During the synthesis, the
potential value remains constant at about -1.1 V
(vs. Ag/AgQCI) that demonstrates deposition of
ZnO particles, consistently.

Mechanism of ZnO deposition is summarized with
the reactions given in equations 11-13, in aqueous
Zn(NOs,), solution [7]. In the first stage, reduction
of NO;3™ anions yields OH™ anions at interface of
electrode/solution. Afterward, the produced OH"
anions get together with Zn*" cations at once, thus
the production of Zn(OH), takes place on the
surface, that is hydroxylation process. Finally,
Zn(OH), gives the ZnO under the temperature,
namely dehydration process.

NO;,, + H,0,, + 2 — NO,, +2OH , (11)

3(aq)
2+ -
Zn (aq)+20H () Zn(OH)Z(S) (12)
Zn(OH)Z(S) — Zn0, + H,0, (13)
3.7. Surface  Morphology of CdSe/ZznO
Nanorods
FE-SEM images were represented for ZnO

nanostructures deposited on ITO/CdSe surface, in
Figure 6b. It was proven that the deposited ZnO
layer was comprised of rod-shaped particles, with
various diameters. The formation of a dense
structure on the surface is related to applied current
value for 30 min deposition time. The polar crystal
structure of ZnO consists of terminated positively
Zn?* (0001), as well as terminated negatively O
(0001) polar planes. Thus, there is a net dipole
moment throughout c-axis. Growth of ZnO
oriented (0001) polar plane will be faster due to
higher surface energy of (0001) polar surface than
the other non-polar surfaces. Moreover, coulombic
interaction between negatively charged ions and
positive (0001) polar plane gives preferential
growth for ZnO alongside c-axis [35,36]. Besides,
the growth position of every nanostructure will
affect the alignment of newly growing others in the
neighborhood.
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Figure 6. The chronopotentiogram plot during the
deposition of ZnO nanostructures on
ITO/CdSe (a) and FE-SEM images of

CdSe/znO  nanorods at  different
magnitudes (b)
3.8. Structural  Property of CdSe/ZnO

Nanorods

XRD pattern of CdSe/ZnO material was given in
Figure 7a. XRD outcomes revealed ZnO nanorods
are hexagonal wurtzite structure. The characteristic
diffraction peaks detected at 20= 31.96°, 34.39°
36.45° 47.48° and 56.75° were connected to (100),
(002), (101), (102) and (110) crystal surface of
hexagonal wurtzite ZnO, respectively. This result
is consistent with literature (PDF card no: 36-
1451) [37].
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Furthermore, diffraction peaks were obtained
related to (111) and (220) crystalline surface of
CdSe in CdSe/ZnO material. Furthermore, due to
the thicker ZnO nanorods on the surface of
ITO/CdSe, the peaks of ZnO hexagonal wurtzite
crystal structure were more dominant. Besides, the
density of peak related to (002) plane of ZnO
nanostructures was stronger than the others,
indicating that favored growing of ZnO nanorods
were alongside the c-axis.

The volume of unit cell and lattice constant (a and

(c and a=b) of hexagonal rod-like ZnO were
determined as 5.2376 A and 3.2301 A,
respectively. The obtained values are consistent
with standard values (c= 5.2066 A and a= 3.2498
A). The values of V and average D were also
calculated as 4732 A® and 20.7254 nm,
respectively for ZnO in CdSe/ZnO heterostructure.

—_ +— 14
IR S oo

1 4(h*+hk+k?) I
= e

c) were determined for ZnO by the following V =0.866a%c (15)
equations [38], where d is interplanar spacing of
atomic planes. Also, (hkl) is the Miller indices of
lattice constant. Moreover, lattice parameters
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Figure 7. XRD pattern of CdSe/ZnO nanorods (a) and absorbance (b) and Tauc plots of CdSe/ZnO

nanorods (c)
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3.9. Optical Property of CdSe/ZnO Nanorods

The optical behavior of CdSe/ZnO bilayer film
was examined with help UV-visible studies.
Absorbance spectrum of heterostructure material
was given in Figure 7b. Furthermore, Tauc
equation was utilized for determination of the band
gap energy value, which was 2.7 eV (Figure 7c).
The presence of ZnO particles on the top increased
the band gap value with respect to single CdSe
layer (2.0 eV). Absorption ability of narrow band
gap semiconductors increases towards visible
region compared to wide band gap
semiconductors.  Nevertheless, semiconductors
with narrow band gap display lower photo
catalytic efficiency because of rapid recombination
rate of photo generated e/h” pairs [14]. In that
context, prepared CdSe/ZnO material is said to
have effective absorption capability in visible area
of solar spectra. In the literature, similar results
were given for various heterostructures [14,16].
The band gap value of the electrochemically
prepared ZnO/CdS material was determined as
2.25 eV, which was 3.25 eV for solely ZnO [39].
As a conclusion, this kind of bilayer structures
offer high catalytic efficiency with decreased band
gap value and high stability.

3.10. The Electronic Parameters of CdSe and
CdSe/ZnO Nanorods

Mott-Schottky ~ analysis  offers  significant
information regarding the electronic features of
semiconductor material. For n type semiconductor,
Mott-Schottky equation is given as below [40],
where ¢ and &, are relative permittivity of ZnO and
CdSe (e= 10 and 10.2). C is interfacial capacitance
(F cm™) while vacuum permittivity is 8.854x1072
F m™, respectively. Erg and Np, are the values of
flat band potential and charge carrier density,
respectively. Furthermore, e is elementary electric
charge (1.602x10™ C) and E is applied potential
(V).

1 2 KT
= E_E_ )L
C? eeg,Ng [( ) e }

(16)
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Mott-Schottky graphs for CdSe and CdSe/ZnO
materials were given in Figure 8. Np values were
calculated from slope of linear section As Mott-
Schottky plots exhibit positive slope for CdSe and
CdSe/ZnO, they are both n type semiconductors as
given in Figure 8. Erg values were determined with
extrapolating in straight line to intersect x-axis.
The depletion layer becomes positively charged
while potential of semiconductor/solution interface
shifts to positive potentials. Therefore, hole
density increases at the surface, this provides
inductive influence on solution side that produces
charge deposition at interfacial area. Consequently,
corresponding capacitance value and the slope of
Mott-Schottky plot are due to change, as a function
of potential.
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Figure 8. Mott-Schottky plots for
CdSe/ZnO materials

CdSe and

Np values were found to be 1.623x10% and
9.186x10°° cm® for CdSe and CdSe/ZnO,
respectively. Also, Erg values were found to be -
0.981 V and -0.834 V for CdSe and CdSe/ZnO,
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respectively. Egg values of CdSe/ZnO electrode
shifted to more positive values, with respect to
CdsSe. This situation is related to Erg value of ZnO
which is much more positive than CdSe [41].
Besides, more negative values of Erg for n type
semiconductor is related to effective charge
transfer process, namely lower recombination rate
for electron/hole pairs [42]. Therefore, mobility of
charge carriers at interface of semiconductor/
solution was improved. Np value of bilayered
CdSe/ZnO nanostructure is almost ten times higher
than CdSe. As a result, increasing the charge
carrier density has a significant effect on higher
photo catalytic performance of the material.

4. CONCLUSIONS

From cyclic voltammetry studies, it was shown
that CdSe thin films could be deposited, under -
0.70 V (vs. Ag/AgCI) constant potential condition
from aqueous solution of Cd** and Se*, in
presence of Na,SO, supporting electrolyte. The
deposition time was important for the morphology,
optical and electronic properties. FE-SEM results
depicted that similar size (less than 10 nm) and
shape CdSe particles are formed homogenously on
the surface, and the particle size increases with
increasing deposition time. EDX results revealed
that the deposited films have almost the atomic
ratio of 1:1 (Cd:Se), except 20 minutes deposition
result. This was related to higher amount of
selenium  ions  existing at the ITO
electrode/solution interface, rather than cadmium
ions which should be transported from bulk
solution. XRD patterns represented that CdSe
nanostructures were crystallized in cubic crystal
structure. It was seen that from E; values
determined from Tauc plot were close to each
other. The Eq values were in the range of 1.88 and
2.0 eV for CdSe thin films. Furthermore, ZnO
nanorods were electrodeposited successfully on
CdSe nanoparticles. The band gap value of
CdSe/ZnO nanonorods was calculated as 2.7 eV.
Flat band potentials of the CdSe and CdSe/ZnO
materials were found as -0.981 V and -0.834 V,
respectively. Besides, Np values were determined
as 1.623x10% and 9.186x10% cm™® for CdSe and
CdSe/ZnO, respectively. As a result, all findings
demonstrated that homogenous well-defined and
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crystallized CdSe and CdSe/ZnO nanostructures
were synthesized via electrochemical deposition
method. ZnO top layer offers higher stability and
low band gap (with respect to ZnO) is promising
for such heterostructure material to be used in solar
cell applications.
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