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Abstract. In this study, we report the synthesis of two CdS@TiO, nanocomposites (CT1 and CT2) by two-step low
temperature solvothermal decomposition method using two different stoichiometric combinations between CdS and TiO,
nanoparticles (NPs). CdCl,(3-chlorobenzaldehyde thiosemicarbazone), was used as a molecular precursor to obtain CdS
NPs, whereas titanium isopropoxide was used to obtain TiO, NPs. The as-prepared CT nanocomposites were charac-
terized by powder X-ray diffraction, field emission scanning electron microscopy, Raman spectroscopy, transmission
electron microscopy and X-ray photoelectron spectroscopy to evaluate their structures and properties. Further, these
nanocomposites were used for the photocatalytic degradation of rhodamine B under solar light irradiation. It is found that
CdS@TiO, (CT1) nanocomposite shows highest degradation efficiency of 98.74% within 60 min as compared to bare
TiO, NPs which shows only 66.40% degradation efficiency. The enhanced photocatalytic efficiency due to charge transfer
properties of bare NPs and CT nanocomposites was further investigated by electrochemical analysis and photolumi-

nescence studies.
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1. Introduction

The organic pollutants, hazardous materials and industrial
toxic effluents in waste water have major environmental
issues. To overcome these problems, development of most
promising materials for water purification has great signif-
icance [1]. For the removal of organic dyes, a major pol-
lutant, various metal oxide semiconductor nanoparticles
(NPs), such as TiO,, ZnS, CdS, Fe,O5; and ZnO have been
used. Among these, TiO, NPs have excellent properties for
the photodegradation of organic pollutants and toxic dyes
[2]. It has been mostly recognized semiconductor material
for the industrial application, because of its high photocat-
alytic activity, chemical inertness, high stability, low cost
and non-toxicity [3—6]. However, due to its wide band gap
(anatase E, = 3.2 eV; rutile E, = 3.0 eV), it has some
limitations as a photocatalyst. This is because only 3-5% of
the solar light spectrum falls in the UV region, which
restricts the photocatalytic activity of TiO, in the solar
region [7-9]. To enhance the use of solar energy spectrum
in photocatalysis by semiconductor materials, several
methods have been reported, such as doping of
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semiconductors with nitrogen, tin [10], transition metals
[11-13] or combining them with another narrow band-gap
semiconductors [14,15], etc. Among various narrow band-
gap semiconductor materials, CdS is the most promising
candidate due to its unique optical properties, which falls
under visible region at wavelength of ~510 nm (E, =
2.42 eV) [16]. When CdS is coupled with TiO,, resulting
material shows excellent photocatalytic activity towards
visible region due to generation of electrons and holes
[17-20]. CdS@TiO, heterojunction nanocomposites (NCs),
reduce the recombination rate of electron-hole pair, which
is responsible for enhancing the light harvesting efficiency
of photocatalysts. The improvement in photocatalytic
activity of catalyst has been observed due to the synergetic
effect between TiO, and CdS NPs [21].

Several researchers have reported the synthesis of
CdS @TiO, nanocomposites using various methods, such as
sol—gel [22], hydrothermal [9], silar method [23], chemical
bath deposition [24], electrospining [7] and solvothermal
method [1]. Very few reports are available on the synthesis
of metal chalcogenide nanocomposites using molecular
precursors. For example, Pawar et al [25] have reported the
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synthesis of CdS-oxidized multiwalled carbon nanotube
(OMWCNT) through a solvothermal route for the pho-
todegradation of methylene blue dye, Samant et al [26]
have prepared CSs—ZnS composite by solvothermal
method, showing good photocatalytic activity for the pho-
todegradation of eriochrome black-T and methylene blue.
Earlier, we have reported synthesis of CdS@TiO, using
solvothermal route and used it as a catalyst for the reduc-
tion of nitroaromatic compounds [27]. As the molecular
precursors contain the desired elements in a single mole-
cule, they have inherent advantages over other multiple
source precursors, such as low toxicity, no or limited pre-
reactions, control over stoichiometry, low volatility [28,29],
etc.

In this study, CdS@TiO, (CT) nanocomposites were
prepared via two-step low temperature solvothermal
method. TiO, NPs were prepared using titanium iso-
propoxide precursor (first step). These TiO, NPs were fur-
ther used for the synthesis of CdS@TiO, nanocomposites
using CdCl,(3-chlorobenzaldehyde thiosemicarbazone), as
a molecular precursor for CdS (second step). Further, the
resulting materials have been used as photocatalysts for the
degradation of rhodamine B (RhB) under solar light. Their
charge transfer behaviour was studied by photolumines-
cence (PL), cyclic voltammetry (CV) and electrochemical
impedance spectroscopy (EIS) studies.

2. Experimental

2.1 Materials

Titanium (IV) isopropoxide >97% and nafion were pur-
chased from Sigma-Aldrich. Ethylene glycol, thiosemicar-
bazide, cadmium chloride (CdCl,), potassium chloride
(KCI) and 3-chlorobenzaldehyde were purchased from S.D.
Fine Chemicals Limited. All chemicals purchased were of
analytical grade and used without further purification.
Double distilled water was used throughout the experiment.

2.2 Synthesis of molecular precursor

The molecular precursor was prepared according to the
reported method [30]. 1.795 g (4.199 mmol) of 3-
chlorobenzaldehyde thiosemicarbazone was dissolved in a mix-
ture of anhydrous methanol and anhydrous THF (20 ml).
Then this solution was added to the round bottom flask kept
under nitrogen atmosphere containing solution of 0.770 g
(4.200 mmol) cadmium chloride dissolved in anhydrous
methanol (20 ml) kept under nitrogen atmosphere. To
complete the reaction, the reaction mixture was allowed to
stir for 48 h at room temperature. Then, the solvent was
evaporated under vacuum to get a white product. Further, it
was repeatedly washed with cyclohexane (3 x 10 ml) and
n-hexane (3 x 10 ml) to remove any impurities if present.
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The resulting white product was dried under vacuum (MP:
227°C, yield: 2.348 g, 93.92%).

FTIR: 3434.03 cm™ !, 3262.99 ¢cm™! (vng2 assym. and
symm.); 3172.81 cm™' (unp); 1596.18 cm™' (ven);
941.58 cm ™! (vc=s) (supplementary figure S1). '"H NMR:
(300 MHz, [Dg] DMSO, 25°C, TMS): 7.4-8.2 (m, 7H,
—C¢Hs + NH,); 11.5 (s, 1H, -NH) (supplementary fig-
ure S2a). '*C{'H} NMR (300 MHz, [Ds] DMSO, 25°C,
TMS): 177.9 (>C=S); 140.7 (>C=N); 136.4-125.9 (aro-
matic carbons) (supplementary figure S2b).

2.3 Synthesis of nanoparticles and nanocomposites

2.3a Synthesis of TiO, nanoparticles by solvothermal
method [31]: In a typical synthesis, 50 cm® of double dis-
tilled water was taken in a round bottom flask kept under
nitrogen atmosphere and allowed to stir and refluxed. Then,
3 cm® of titanium isopropoxide precursor was injected with
the help of syringe into the above refluxing solution. The
reaction mixture was then refluxed for 2 h under nitrogen
atmosphere. The reaction mixture was then allowed to cool
to room temperature. The white product, i.e., obtained TiO,
nanoparticles was separated by centrifugation. It was
repeatedly washed 4-5 times with double distilled water
and centrifuged to get the final material. The product was
dried in oven at 70°C for 5 h. The obtained product was
further characterized by various techniques.

2.3b Synthesis of CdS@TiO, nanocomposites by
solvothermal method: In a typical synthesis, 350 mg
CdCl,(3-Cl-benztsczH),, (3-Cl-benztsczH = 3-chloroben-
zaldehyde thiosemicarbazone) was taken in 50 ml ethylene
glycol (EG) and sonicated for 30 min. After sonication,
50 mg (CT1) or 100 mg (CT2) of as pre-synthesized TiO,
NPs were added. The solution was allowed to stir and reflux
under nitrogen atmosphere for 2 h at 200°C. Then the
reaction mixture was allowed to cool at room temperature
under nitrogen atmosphere. The yellowish product,
CdS@TiO, nanocomposites obtained was washed 4-5
times with methanol followed by centrifugation to remove
excess of EG or any other impurities. The product was then
dried under vacuum and further characterized.

2.4  Characterization of TiO, NPs and CdS@TiO,
nanocomposites

The X-ray diffraction (XRD) studies were carried out on
XRD-7000 Shimadzu X-ray diffractometer, using CuKo
radiation with / = 0.15406 nm at a scan rate of 2° min~"'.
The accelerating voltage and applied current were 20 kV
and 20 mA, respectively. Fourier transform infrared (FTIR)
spectra were recorded in the range of 400-4000 cm™' with
Perkin Elmer FTIR spectrophotometer as KBr pellets using

KBr press. The 'H and '*C{"H} nuclear magnetic resonance
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(NMR) spectra were recorded in dimethyl sulphoxide-dg
(DMSO-dg) on Bruker Avance 300 spectrophotometer. The
chemical shifts were referred to the internal standard
tetramethyl silane (TMS) for both 'H and *C{'H} NMR
spectra. The morphologies and elemental analysis of com-
posites were performed using FEI make Nova NanoSEM
450 field emission scanning microscope (FESEM) with
energy dispersive X-ray analysis (EDAX) using Bruker
XFlash 6130 with operating voltage of 20 kV and EDAX,
respectively. Transmission electron microscopy (TEM) and
selected area electron diffraction (SAED) were recorded on
PHILIPS, CM 200 microscope with operating voltage
between 20 and 200 kV. The diffused reflectance spectra
(DRS) were recorded using UV-2450 PC Shimadzu UV-
Vis spectrophotometer at room temperature using BaSO, as
reflectance standard. Raman spectra were recorded using
Kaiser Optical systems Inc. (KOSI) laser Raman spec-
trometer. The X-ray photoelectron spectroscopy (XPS)
measurements were performed on ESCA™ omicron nano-
technology oxford instrument. C 1s peak with binding
energy of 284.6 eV is used as an internal standard for the
calibration of the binding energy scales. The fluorescence
spectra were recorded on a Perkin Elmer LS 55 fluorescence
spectrometer. The specific surface area was determined
using nitrogen adsorption—desorption instrument (SMART
SORB 92/93 BET). Brunauer-Emmet-Teller (BET) anal-
ysis is based on the single layer adsorption of N, gas at
partial pressure (p/py = 0.025-0.999). Before N, adsorp-
tion, all samples were degassed at 100°C. The electro-
chemical measurements, i.e., CV and EIS were carried out
using AUT87573 equipped with USB electrochemical
interface using Nova 2.1.3. The CV measurements were
carried out using 1 M KCI aqueous electrolyte solution at a
scan rate of 20 mV s~ in the potential range of 0.0-0.6 V.
The EIS measurements were performed in the frequency
range of 0.01 Hz-100 kHz with amplitude of 10 mV.

2.5 Photocatalytic activity

Photocatalytic performances of as-prepared NPs and NCs
were evaluated through the degradation of RhB in an
aqueous solution under solar light. Direct sunlight was used
in this study and the experiment was carried out between
11.00 am and 2.00 pm, when solar intensity fluctuations
were minimal. In a typical experiment, 10 mg 1~ aqueous
solution of RhB was prepared. Fifty milligrams of the
sample as a catalyst was dispersed in 50 ml of aqueous
solution containing RhB (Cy = 10 mg 171). The mixture was
sonicated for 10 min. The suspensions were magnetically
stirred for 30 min in the dark to achieve adsorption—
desorption equilibrium between dye and catalyst at room
temperature. The dye and catalyst suspensions were mag-
netically stirred before and during the irradiation. During
irradiation of aqueous dye solution, 3 ml of samples were
extracted for analysis at every 15 min intervals. The
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photocatalysts were removed from solution by centrifuga-
tion and the supernatant was filtered through Whatman filter
paper 41. The degradation of RhB was observed by mea-
suring intensity of its absorption peak at 553 nm using a
UV-2450 PC Shimadzu UV-Vis spectrophotometer. The
recyclability of as-synthesized catalyst was studied up to 5
cycles under similar conditions. In this, the catalyst used in
the previous cycle was separated by centrifugation, dried in
oven and reused for the next cycle with fresh solution of
RhB dye for the degradation studies. The photodegradation
efficiency of RhB dye was calculated using formula C/Cy,
where C is the concentration of RhB solution at each irra-
diation time interval, and C, is the initial concentration
when the adsorption—desorption equilibrium was achieved.

3. Results and discussion

Figure 1 shows XRD patterns of TiO, NPs and CdS@TiO,
nanocomposites (CT1 and CT2). The appearance of sharp
and intense peaks implies the crystallinity of NPs and NCs.
The crystallinity is retained even after the formation of CT1
and CT2 nanocomposites. The diffraction peaks of bare
TiO, at 20 = 25.2, 37.8, 48.0 and 62.2° were attributed to
tetragonal phase of TiO, (JCPDS no. 021-1272) [32]. The
existence of hexagonal CdS phase (JCPDS no. 041-1049)
with diffraction peaks at 260 = 26.5, 28.2, 37.1, 44.0, 48.1,
52.0 and 66.8° have been reported in the literature [33].
Along with peaks due to TiO,, peaks corresponding to CdS
have also been observed in the XRD patterns of CT1 and
CT2 nanocomposites. This confirms the successful forma-
tion of CdS@TiO, nanocomposites. The average crystallite
size of TiO, NPs and CT nanocomposites were calculated
using Scherrer’s formula, D = kA/ff cos 0, where k is the
shape factor and has a typical value of 0.9, 4 is the wave-
length of the X-rays (0.15406 nm), f is the full width half
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Figure 1. XRD patterns of as-synthesized bare TiO, NPs, CT1
and CT2 nanocomposites.



11 Page 4 of 11

maximum (FWHM) of the most intense peaks and 6 is the
peak position [34]. For TiO, NPs, the crystallite size was
calculated using peaks at 20 = 25.2, 37.8 and 48.0°, and it is
found to be 8.95 nm. For CT1 peaks at 20 = 24.9, 26.6 and
28.2° were considered and the crystallite size was found to
be 30.19 nm, whereas for CT2 peaks at 26 = 25.1, 26.6 and
28.2° were considered and the average crystallite size was
found to be 26.21 nm.

The surface morphology of bare TiO, NPs, CT1 (fig-
ure 2a and b) and CT2 (supplementary figure S3)
nanocomposites obtained from solvothermal method was
analysed by FESEM. Almost spherical morphology was
observed for as-prepared NPs and NCs. The rough surface
of the CT nanocomposites indicates that TiO, NPs have
been successfully deposited on the surface of CdS
nanocrystallites. The elemental composition of nanocom-
posites is determined by EDAX analysis. Supplementary
figure S4a and b shows EDAX spectra of CT1 and CT2
nanocomposites, respectively. The prominent peaks due to
cadmium (Cd), sulphur (S), titanium (Ti) and oxygen
(O) are observed due to the presence of CdS and TiO, in the
CT nanocomposites.

The as-synthesized TiO, NPs and CT nanocomposites
were further characterized by TEM analysis (figure 3).
TEM image of bare TiO, NPs shows their spherical mor-
phology (figure 3a). Figure 3¢ and e shows TEM images
of CT nanocomposites. The formation of agglomerated
spherical nanoclusters of CdS coated with nearly spherical
TiO, NPs can be seen. Figure 3b, d and f represents the
SAED patterns of as-synthesized bare TiO, NPs and CT
nanocomposites. Presence of ring patterns in these images
indicated the polycrystallinity of the materials. Their cor-
responding diffraction planes were calculated and they were
found to match with planes present in XRD patterns.

Figure 4 shows Raman spectra of bare TiO, NPs and
nanocomposites (CT1 and CT2). In case of TiO,, the pho-
nonic lines are observed at 141.90, 398.11, 513.96 and
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636.76 cm ™. These peaks can be assigned to the El,, Bl,,
Al,+Bl1, and E,, respectively, for anatase phase of TiO,
NPs [35-37]. In case of nanocomposites, two additional
Raman peaks are observed at 286.78, 594.37 (CT1) and
286.61, 577.21 cm ™' (CT2) as shown in figure 4. The peaks
observed at 286.78 and 286.61 cm™! in CT1 and CT2,
respectively, can be ascribed to the longitudinal optical
(1LO) modes of CdS, whereas peaks at higher values, i.e.,
594.37 cm™ "' (for CT1) and 577.21 cm™" (for CT2) can be
assigned to their overtones (2LO) [38]. The corresponding
peaks match well with the bulk CdS Raman peaks [37,38]
which confirm that the CdS@TiO, nanocomposites have
been successfully formed.

The surface composition of bare TiO, NPs and CT
nanocomposite was further studied by XPS technique.
Figure 5 shows XPS survey scans of TiO, NPs and CT1
nanocomposite. XPS spectrum of CT2 nanocomposite is
shown in supplementary figure S5. The presence of peaks
due to Ti and O (in TiO, NPs), Ti, O, Cd and S in CT1 and
CT2 nanocomposites can be clearly seen in their corre-
sponding XPS spectra. Figure 5i(a) shows the XPS spec-
trum of bare TiO, NPs. The peaks at 459.1 and 464.9 eV
corresponds to the Ti 2pz, and Ti 2p,, binding energies
[37,39]. Figure 5i(b) shows the presence of O Is peak at
529.7 eV, which is due to presence of lattice oxygen in TiO,
[22,30,40,41]. The XPS spectrum of CT1 nanocomposite is
shown in figure 5ii. Peaks due to Ti 2p, O 1s, Cd 3d and
S 2p can be seen. Figure 5ii(a) represents XPS spectrum of
Ti 2p peaks located at 458.5 and 464.2 eV binding energies
corresponding to Ti 2p3/, and Ti 2p,,, respectively [37,39].
The peak located at 529.8 eV binding energy corresponds to
O 1s (figure 5ii(b)). This confirms the existence of lattice
oxygen of TiO, NPs [22,40,41]. Figure 5ii(c) shows Cd 3d
peaks located at 405.74 and 412.31 eV binding energies
corresponding to Cd 3ds, and Cd 3ds,, respectively
[42-44]. This reveals the presence of Cd** ion.
Figure 5ii(d) shows two peaks of S 2p which are located at

Figure 2. FESEM images of (a) as-synthesized bare TiO, NPs and (b) CT1 nanocomposite.
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Figure 3.
(b, d, f) their corresponding SAED patterns.

162.21 and 168.71 eV binding energies corresponding to
S 2p32 and S 2p,,,, respectively [22,38,45].

The UV-Vis diffused reflectance spectra (UV-DRS) of
as-prepared bare TiO, NPs, CT1 and CT2 nanocomposites
are shown in figure 6a. It is seen that the TiO, NPs have
absorption edge around at 392 nm with E, = 3.16 eV,
indicating that bare TiO, NPs have no optical absorption in
visible region. CdS has smaller band gap (E, = 2.42 eV)
and absorbs largely in the visible region. The combination
of TiO, and CdS in CT nanocomposites are found to shift

Rl (211) TiO;
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(a, ¢, ¢) TEM images of as-synthesized bare TiO, NPs, CT1 and CT2 nanocomposites and

absorption band edges predominantly making them suit-
able for their use as photocatalysts. This results in the
increase in their photocatalytic activity. This can be attrib-
uted to the synergistic effect of photosensitization of CdS
[39]. The CT nanocomposites shows the sharp absorption
band edge at ~528 nm for CT1 and 533 nm for CT2, with
a distinct shoulder at 461 nm (figure 6a). The optical
absorption spectrum of CT nanocomposites is slightly red-
shifted with respect to bulk CdS (512 nm) [46]. Figure 6b
shows corresponding band gap of bare TiO, NPs (3.16 eV),
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Figure 4. Raman spectra of as-synthesized bare TiO, NPs, CT1
and CT2 nanocomposites.

and nanocomposites (CT1 (2.34 eV) and CT2 (2.32 eV)).
The shifts in the band gap are observed from 3.16 to
2.32 eV. The introduction of CdS in nanocomposites (CT1
and CT2) shifts absorption spectra into visible region
because CdS has efficient visible light harvesting efficiency.
This is because electrons from its valence band get excited
and go to the conduction band of TiO,, which further
increases the electron—hole pair separation efficiency.

In addition, N, adsorption—desorption studies were car-
ried out, using Brunauer—-Emmett-Teller (BET) equation to
calculate the specific surface areas of TiO, NPs and CT1,
CT2 nanocomposites. It was observed that due to formation
of CdS@TiO, nanocomposites (CT), the specific surface
area of nanocomposites decreases as compared to bare TiO,
nanoparticles [7,47]. The specific surface area observed for
TiO, NPs and CT1, CT2 nanocomposites were found to be
68.12, 44.04 and 33.88 m? g, respectively. The obtained
results are in agreement with XRD, FESEM and TEM
analyses. CdS@TiO, nanocomposites have larger particle
size as compared to TiO, NPs resulting in decreased surface
areas. CdS/TiO, heterojunction formation gives rise to
efficient charge separation [47].

The photodegradation takes place as the photogenerated
electrons reacts with adsorbed O, and OH™ radicals. These
radicals are highly reactive and they are responsible for
degradation of RhB dye. Also, the holes present in the
valence band of CdS reacts with H,O and OH™ producing
OH®, which are responsible for degradation of RhB in
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photocatalytic degradation and produces CO, and H,O [1].
The proposed mechanism of photocatalytic degradation
of RhB using CdS@TiO, nanocomposites is shown in
figure 7.

This mechanism is further substantiated by PL spectral
studies. PL spectra have been recorded to investigate the
charge separation efficiency of the materials. Figure 8
shows PL spectra of bare TiO, NPs and CT nanocom-
posites. All samples show two strong emission bands at
402 and 428 nm, which are emission bands of TiO,
nanoparticles. The CT nanocomposites shows additional
emission band in the red region at 500-600 nm which is
attributed to CdS nanocrystals, which is absent in the
emission spectrum of TiO, NPs. This confirms the suc-
cessful formation of CdS@TiO, nanocomposites. The PL
emission intensity of CT nanocomposites is lower as
compared to TiO, NPs. It indicates the enhanced charge
separation, lower electron hole—pair recombination and
increased photocatalytic activity of CT nanocomposites
[48,49].

The photodegradation of RhB under solar light irradiation
(A2 =553 nm) was used to study the performance of photo-
catalysts. It has been observed that the CT nanocomposites
shows excellent photocatalytic activity for degradation of
RhB as compared to bare TiO, NPs. After 60 min, CT1
shows 98.74% (figure 9a) and CT2 shows 91.81% (supple-
mentary figure S6b) degradation of RhB, which is much
higher than bare TiO, NPs (66.40%, supplementary fig-
ure S6a). In the presence of CT nanocomposites, intensity
of the absorption band of RhB at 553 nm decreases with
increase in the time of irradiation. It has been observed that
the maximum absorption wavelength of RhB has been
remarkably blue-shifted due to the decomposition of RhB
chromophoric structure [50,51]. Figure 9a shows that the
maximum absorption wavelength is shifted to 536 nm after
30 min of irradiation under solar light. Further, with
increasing irradiation time (45 min), the absorption band is
shifted to 498 nm, it is due to removal of ethyl group
[50,52]. As irradiation time increases, intensity of
absorption band at 498 nm further decreases and reaches
almost zero after 60 min and the dye solution becomes
colourless. This reveals that the chromophoric structure of
RhB is destroyed.

When CdS is excited, due to narrow band gap energy
(2.42 eV), it produces electron—hole pairs. The conduction
band (CB) of TiO, is more positive as compared to CB of
CdS. Due to this, when electron—hole pair is generated in
CdS, electron from CB of CdS is transferred to CB of TiO,.
Whereas, photogenerated holes remain in valence band
(VB) of CdS. This reduces the electron-hole pair recom-
bination [49,53]. For comparison, the photodegradation
efficiency (C/Cp) of RhB using bare TiO, NPs, CT1 and
CT2 nanocomposites was calculated (figure 9b). Further,
the photocatalytic activity of as-prepared CT1 (CdS@TiO,)
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Figure 7. The proposed mechanism of photocatalytic degrada-
tion of RhB using CdS@TiO, nanocomposites.

nanocomposite is compared with activities of the other
reported materials (table 1). The recyclability of the as-
synthesized CT1 nanocomposite was also performed up
to 5 cycles and slight decrease in the efficiency of the
nanocomposite has been observed, when compared with the
first cycle. The plot of degradation efficiency vs. number of
cycles is given in figure 9c.

The charge transfer properties of TiO, and CdS@TiO,
nanocomposites were further studied by CV and EIS in
the absence of external source of light. The CV mea-
surements were carried out using 1 M KCI aqueous
electrolyte solution at the scan rate of 20 mV s ' in the
potential range of 0.0-0.6 V. Figure 10a shows the CV
curves of TiO,, CT1 and CT2. The CT nanocomposites
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Figure 8. Photoluminescence spectra of bare TiO,, CT1 and
CT2 nanocomposites.

exhibit highest peak current observed for the forward and
reverse scans. The enhancement of peak current of CT,
compared to bare TiO, nanoparticles, indicates increase in
the rate of electron transfer by introduction of CdS. This
is well supported by EIS analysis. EIS was studied in the
absence of sunlight. Figure 10b shows the Nyquist plots
to investigate the charge transfer carriers of bare TiO,,
CT1 and CT2 NCs. It was found that CT nanocomposites
have smaller semicircles at higher frequency compared to
bare TiO, nanoparticles. It suggests the improved charge
transfer in CdS@TiO, nanocomposites due to the pres-
ence of CdS and decreases the electron hole—pair
recombination, which is well supported by PL spectrum
[54-56].
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Figure 9. (a) UV-Vis spectra of RhB during photocatalytic degradation under solar light by as-synthesized CT1
nanocomposite, (b) C/Cy vs. time for photocatalytic efficiency of RhB under solar light irradiation and (c) plot of
degradation efficiency vs. number of cycles.

Table 1. Comparison table of as-prepared CT1 (CdS@TiO,) NCs with reported photocatalysts used for the degradation of RhB.

Nanocomposites Dye Time duration (min) Irradiation source References
CdS/TNTs RhB 120 300 W Xe lamp [21]
CdS@TiO, HDNPs RhB 90 500 W Xe lamp [57]
CdS/TiO, RhB 140 300 W Xe lamp [40]
CdS-a/TiO, RhB 140 500 W Xe lamp [58]
CdS/Ti0,-20 RhB 150 300 W Xe lamp [59]
TiO,/CdS RhB 100 400 W metal halide lamp [54]
TiO,@CdS-6 RhB 120 300 W Xe lamp [60]
CdS/TiO, RhB 120 300 W Xe lamp [61]
CdS/TiO, RhB 420 500 W Xe lamp [62]
TiO,-CdS RhB 120 500 W mercury vapour lamp [63]
TiO,/CdS RhB 180 500 W Xe lamp [17]

CdS@TiO, (CT1) RhB 60 Solar light This work
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4. Conclusions

CdS@TiO, (CT) nanocomposites were successfully syn-
thesized by solvothermal method using bare TiO, NPs
and CdCl,(3-Cl-benzaldehyde thiosemicarbazone), as a
molecular precursor. The band gap was calculated using
Tauc’s plot and it was found to shift from 3.16 in TiO,
to 2.32 eV in nanocomposites. It suggests the shift of
absorption band edge in composites towards visible region
compared to UV region for TiO, NPs. The as-prepared CT
nanocomposites show very efficient photocatalytic activity
towards RhB dye degradation under solar light irradiation.
The photocatalytic degradation using CT1 and CT2
nanocomposites achieves higher RhB degradation (98.74
and 91.81%, respectively) as compared to bare TiO, NPs
(66.40%) within 60 min. It has been observed that the CT
nanocomposites can completely bleach the 10 mg 1~' RhB
aqueous solution dye under solar light irradiation. The
photocatalytic mechanism was studied by PL, CV and EIS.
These studies show high charge transfer efficiency for the
CT nanocomposites as compared to bare TiO, NPs and
enhanced photocatalytic efficiency. The as-synthesized
nanocomposites are promising photocatalytic materials
that have good potential for purification of industrial waste
water. The main advantage of this type of photocatalysts is
that they show photocatalytic activity simply in the pres-
ence of sunlight.
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