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Abstract

In this work, gold/ titanium oxide: cadmium sulfide (Au/TiO2:CdS) thin film
nanocomposites as photocatalysts were synthesized using the sol-gel technique and
deposited on glass substrates using the dipping method for the degradation of
Methylene Blue (MB) dye in water. The CdS doping with TiO2 at ratios 1:1, 0.25, and
0.5 wt%. Au/TiOz: CdS thin film characterization was achieved using X-ray diffraction
(XRD), atomic force microscopy (AFM), Raman spectroscopy, field effect electron
scanning microscopy (FESEM), and UV-Vis spectroscopy. The results of XRD showed
that the obtained phase of TiO2: CdS was cubic. The results of AFM showed that the
distribution of grain sizes increased with increasing CdS concentration, as did the
roughness and RMS. The FESEM results indicated that the particle size decreased from
58.68 nm to 22.24 nm as the concentration of CdS increased. Raman spectroscopy
revealed that the TiO: peaks appear only at 1300 cm™ (Blg), 1600 cm™ (Alg), and
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2000 cm™ (Eg). The optical properties were enhanced after the addition of CdS. The
photocatalytic decomposition of Au/TiO2: CdS thin films was investigated by the
degradation of MB dye in water under ultraviolet (UV) light exposure. The results
showed excellent photocatalytic performance after the addition of CdS.

1. Introduction

In the past decades, researchers have been interested in using photocatalysis in many
chemical processes, especially in the field of environment, due to the urgent need to use
environmentally friendly methods to get rid of pollutants, especially toxic organic compounds that
pollute the air and water [1]. Titanium (IV) oxide (TiO2) is one of the many photocatalysts that has
drawn much interest in industrial applications because of its many benefits, including cheap cost,
stability, and performance. TiO: photocatalytic performance is limited in some ways.
Since TiO:2 is primarily an n-type semiconductor with a broad band gap (anatase, energy gap (Ey)
= 3.2 eV, and rutile, Eg = 3.0 V), it can only be activated at UV wavelengths, which excites an
electron from the valence band to the conduction band [2]. This indicates that TiO: can only be
activated using 4-5% of the solar energy from sunshine [3]. To increase TiO- photo response to
longer wavelengths, considerable efforts have been performed [4, 5]. However, some problems
limited the significant expansion of its use in this field, such as the need to use an ultraviolet (UV)
excitation source. To solve this problem, the light absorption range of titanium dioxide was
expanded, and different methods were used [6].

Photons within the visible spectrum (400 nm to 750 nm) stimulate CdS, a photocatalyst. It
is a dimeric semiconductor with a band gap of 2.4 eV and is a member of the II-VI group [7].
Unlike the more often used lower photocatalytic activity thresholds of 4% to 5%, CdS has a high
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photocatalytic activity that enables greater utilization of the solar spectrum, i.e., 40% to 50% [8].
Numerous techniques, including decorating titanium dioxide with metal nanoparticles (NPs) [9,
10] and combining it with other semiconductor photocatalysts [11], have been documented to
increase the absorption of titanium dioxide to visible wavelengths and to increase the lifetime of
electron-hole pairs in titanium dioxide. Because of the noble metals' Localized Surface Plasmon
Resonance (LSPR), decorating titanium dioxide with gold nanoparticles causes its activation
wavelength to expand into the visible spectrum [12]. Researchers have used many combinations
of heterojunctions (TiO2: ZnO, SnOz: TiOz, and TiO2: PbO) [13]. The overlay and doping between
cadmium and titanium dioxide showed high photocatalytic efficiency as an effective photocatalyst
for visible and ultraviolet light. Many researchers have studied the CdS/TiO- heterojunctions [14].
One approved method to improve the photocatalytic process in semiconductors is using plasmonic
photocatalysts made of metals and semiconductors. The most important of these plasmonic
materials are gold nanoparticles (Au NPs). Thin film of gold was deposited with a nano thickness
as like island on the surface of the TiO,: CdS films [15].

In this paper, the Au/ TiO2:CdS thin films were synthesized for photocatalysis applications
to eliminate pollutants from water, especially Methylene Blue (MB) dye. Its properties were
investigated by X-ray diffraction (XRD), and Field Emission Scan Electronic Microscope
(FESEM). The catalytic activity of the prepared films with different doping ratios in eliminating
MD was also studied and analyzed.

2. Experimental Details

For the purpose of preparing Au/TiO2:CdS thin film, the following materials were used:
Tetra(ethyl)titanium oxyhydroxide (TIOCH(CHz)4), ethanol (C2Hs0), acetic acid (CH3COOH),
polyethylene glycol, cadmium acetate, and thiourea. All the materials of 99% purity were
purchased from Merch KGaA, Germany.

Au/TiO2:CdS film was deposited using the sol-gel and the dipping methods at 0.5 M of all
solution prepared. First, CdS solution was prepared by dissolving 0.1072 g of cadmium diacetate
dihydrate (Cd (Ac)2.2H20) in 25 ml of ethylene glycol with stirring at 60 °C. 0.006 g of thiourea
was diluted in 12.5 mL of ethylene glycol and added dropwise with continuous stirring for 1 hour
to the CdS solution. Second, TiO: solution was prepared by dissolving 3.15 mL of TIOCH (CHs)4
in 25 mL of ethanol and 5 mL of acetic acid with continuous stirring for an hour. Thirdly, the
Ti02:CdS was prepared by mixing the two prepared solutions with different doping ratios of
cadmium sulphate (1, 0.25, and 0.5) wt% using the sol-gel method. To prepare the TiO2:CdS thin
films, the TiO2:CdS solution was deposited on glass substrates by the dipping method at a dipping
speed of 1 cm/s. After each dipping process, the sample was dried using an oven at a temperature
of 100 °C for 15 minutes. The dipping process was repeated 3 times to obtain the desired thickness.
Finally, using a Prothero oven, the films were heated at 500 °C for 4 hours in air. The thicknesses
were determined using a device of the type (Stellar Net pp2000), it measures thickness using the
fringes interference method and calculates thickness values using software via a computer specific
to the device. The measured thicknesses were 286.9, 1110.6, 729, and 379.6 nm for TiO2:CdS,
Ti02::0.25%CdS, and Ti02:0.5%CdS thin films, respectively. The TiO2:CdS thin films were placed
inside a plasma sputtering chamber to deposit gold as like islands on the prepared film surfaces.
The chamber was evacuated to 3 x 10 Torr [15], and the distance between the target and the
sputtering electrode was 5 cm. Argon gas was used, with a flow rate of 27 cm3/min and a working
pressure of 4 x 102 Torr. To increase the homogeneity in the bound site of the thin films, the
substrate was gradually heated to a balanced temperature of 200 °C while rotating it during
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deposition. The gold deposited on the surface of the thin film was in 5 island-like shapes with 3
mm diameters for each one.

2 .1. The Photocatalytic Activity Process
To ascertain the photocatalytic activity of the synthesized TiO.:CdS thin films, the
degradation of MB dye was evaluated. This was performed in an aqueous solution containing the
AU/TiO2:CdS thin film under UV light irradiation. For each experiment, 50 mL of a 5 mg/L MB
aqueous solution was introduced into a circular glass jar with a diameter of 4.5 cm. The solution
of MB dye was then stirred for 30 minutes at room temperature in the dark to establish adsorption-
desorption equilibrium. To assess their impact, the prepared samples were deposited onto 10x10
mm? glass slide substrates. During the photocatalytic activity, the glass vessel holding the MB dye
solution was exposed to the environment and kept in an ice bath to maintain a steady temperature.
The MB dye was exposed to UV light using a 300 W tungsten lamp (Philips halogen) with a cutoff
filter (A > 420 nm); the lamp was positioned 20cm away from the solution surface. On exposure
to the UV light, the concentration of MB dye in the aqueous solution decreased as a result of the
dye's adsorption onto the Au/TiO2:CdS film surface. The dye absorbance following UV irradiation
for different periods 10 to 80 minutes was measured using a Shimadzu UV-16001 UV-visible
spectrometer. The absorbance of the MB dye solutions, i.e. the dye content, was altered by this
adsorption. To remove the background effect, the photoinduced responses were observed after the
synthesized Ti0O2:CdS thin films were left in the MB dye solution for 30 minutes in the dark.
The relationship between absorbance (A) and the Methylene Blue (MB) dye concentration
(A) at time t is expressed by the following equation [16]

C=A,/A 1)
where C is concentration of MB dye, A, is the absorbance of MB before irradiation, and A is the
absorbance of MB after irradiation.

2 .2. Mechanism of Degradation
Egs. (2-4) describe the beginning of the mechanisms. Eq. (5) describes the formation of a
superoxide radical anion (O2-) by oxygen adsorption, whereas Eq. (6) describes the formation of
hydrogen peroxide (H20:2), which in turn produces a hydroxyl radical (- OH) (Eq. (7)). Both surface
and solution pollutants will be attacked by these produced radicals (Eq. (8)). This action increases
the quantity of oxygen radicals that will attack the pollutants by preventing this electron from
recombining with the hole (106, 107). The following is a description of these reactions [16]:

TiO, + hv & TiO,(ht +e7) Q)
TiO,(h* + e7) + Hy04450rpeq < Ti0,(e™) + HY +- OH 3)
h* + OHgasorpea < OH “4)
e +0,->0" 5)
2e” +0,+2H" - H,0, 6)
H,0,+0-5->-0H+0H + 0, @)
*OH + dye — degradation products 3

2 .3. Characterization
XRD patterns were used to describe the structural property of the TiO.:CdS thin films, an
X-ray diffractometer type the Bruker D8 ADVANCE with CuKou (made in the U.S.) was used. A
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UV-Vis spectrophotometer (Shimadzu UV-16001) was used to investigate the optical properties.
The FESEM (type JEOL, JSM-67001), and Atomic Force Microscope (AFM) type Bruker
MultiMode 8-HR AFM, made in USA were also used to characterize the prepared thin films.

2. Results

Fig. 1 shows the XRD patterns of the pure TiO, TiO2:CdS and Ti0O2:(0.5, 0.25) wt% CdS
films. Analysis of the results of pure TiO: revealed that the peaks observed belonged only to the
anatase phase. The anatase phase of TiO2 (JCPDS No. 21-1272) is responsible for the diffraction
peaks observed at 20 angles of 25.042°, 37.904°, 48.011°, and 62.762°, which are consistent with
the (101), (004), (200), and (204) crystal phases, respectively [16], as shown in Fig. 1a. The
diffraction peaks matched a crystal structure of anatase TiOs-.

The TiO2:(0.5, 0.25) wt% CdS and TiO2:CdS(1:1) XRD patterns, Fig. 1(b, c, d), have
diffraction peaks corresponding to CdS at angles of 23.01°, 35.274°, 55.73°for the (101), (102),
(201) planes, respectively, according to the JCPDS cart. No. 41-1049. The anatase peak of TiO:
coincided with the peak at 25.042°, attributed to CdS. In addition, a small peak was observed in
other samples of TiO2:CdS and Ti02:0.25%wt CdS. The formation of a peak at 23.536° in the
composites indicated the presence of a cubic phase of CdS [17]. The XRD patterns showed no
additional peaks, indicating that only pure phases of titanium dioxide and cadmium sulphide were
formed. As the concentration of cadmium sulphide increased, the peaks associated with cadmium
sulphide became more pronounced.

XRD measurements indicated that the samples exhibited a high degree of crystallinity. The
nanocomposites showed an anatase phase for the titanium dioxide component and a cubic phase
for the cadmium sulphide component. The Scherrer's formula (Eq. (9)) was used to determine the
average crystalline size (D) in nm [18]:

0.9

b= BcosO ©)

where D is the average crystallite size (in nm), A is the X-ray wavelength of 1.54 °A, k is the
Scherrer constant equal to 0.89, 0 is the diffraction angle, and B is the Full Width at Half
Maximum(FWHM) (in radian). The results indicated that the average crystallite size of pure
titanium dioxide film was 11.75 nm, while the particle sizes of TiO2:CdS(1:1) and TiO.: (0.5, and
0.25) wt% CdS films were (8.25, 14.16, and 13.33) nm, respectively, as shown in Table 1.
Dislocation density (6) and macrostrain (€) were determined by Eqs. (10 and 11) [19]:

§=+L (10)

D,
_ BcosO — %

11
4sin0 (11)

where § represents the dislocation density line/nm?, € represents macrostrain.
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Figure 1: XRD patterns of (a) TiO:; pure, (b) 0.25wt% CdS, (c) 0.5wt% CdS, (d) TiO::CdS(1:1).

Table 1: The parameters of XRD of TiO; and TiO,: CdS films.

Crystalline | Dislocation 6
samples 20 d (nm) FWHM D (nm) line/nm B 0 €
TiO, 25.042 0.3553 0.685 13 0.00591 0.01194 | 12.521 0.0658
37.904 0.23717 1.026 9 0.01234 0.01789 | 18.952 | 0.043525
48.011 0.18934 0.507 18 0.00308 0.00884 | 24.005 | 0.00105
62.262 0.14792 1.4 7 0.02040 0.02442 | 31.381 | 0.17474
TiO,:CdS | 23.536 0.37768 1.011 8 0.01562 0.01763 | 11.768 -0.0043
25.403 0.35034 1.134 7 0.02040 0.01978 | 12.701 | 0.036375
36.464 0.2462 0.846 10 0.01 0.01475 | 18.232 | -0.00519
67.743 0.13821 1.26 8 0.01562 0.02198 | 33.871 | -0.00671
24.988 0.35606 0.49 18 0.00308 0.00854 | 12.494 | -0.02948
TiO2:0.5
%CdS 27.485 0.32425 0.4 22 0.00206 0.00697 | 13.742 | 0.000727
35.972 0.24945 1.098 8 0.01562 0.01915 | 17.986 | -0.00409
39.395 0.22853 1.112 8 0.01562 0.01939 | 19.697 | 0.004278
47.728 0.1904 0.564 17 0.00346 0.00983 | 23.864 | -0.00077
54.309 0.16878 0.787 12 0.00694 0.01372 | 27.154 | -0.00166
23.75 0.37433 0.954 9 0.01234 0.01664 | 11.875 | -0.00503
Ti0,:0.25
CdsS 25.51 0.35574 0.538 16 0.00390 0.00938 | 12.505 | -0.03818
36.379 0.24676 0.615 15 0.00444 0.01072 | 18.189 | -0.00346
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Fig. 2 illustrates the relationship between the size of the crystals and the amount of CdS
present. The findings indicated that the size of the crystals grew as the CdS content increased at
0.25% and 0.5% from 13.33 to 14.16 nm but dropped at TiO2(1:1) CdS sample where it reached
8.25 nm. The variation in ionic radius of Cd ion, Ti ion, and S ion were (151, 134, and 105) pm,
respectively, responsible for the observed phenomenon. The crystallite size was observed to
increase with the addition of cadmium sulfate from 0.25 to 0.5 weight percentage. However, at a
1:1 TiO2:CdS molar ratio, a decrease in crystallite size was noted, which can be attributed to the
disparity in atomic radii [20].

Fig. 3 illustrates the correlation between dislocation density, macrostrain, and the
concentration of CdS. Initially, the dislocation density was relatively low at 0.0068 line/nm for the
0.25 wt% CdS sample, subsequently increasing to 0.01541 line/nm in the 1:1 TiO2:CdS sample.
This trend is attributed to the discrepancy in ionic radii among Cd, Ti, and S, in conjunction with
the influence of CdS on the Au/TiO2 composite. Similarly, the macrostrain exhibited an initial low
value of 0.00565 at 0.5 wt% CdS, which then increased to 0.0131 in the 1:1 TiO2:CdS sample.
These observations are consistent with the findings of Sharma et al. [20]. Furthermore, the obtained
XRD results for Au/TiO>:CdS align with those reported by Aoudjt et al. [21].
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Figure 2: The crystalline size of TiO::CdS vs CdS concentration.
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Figure 3: Macrostrain and dislocation density of TiO::CdS vs CdS concentration.

Fig. 4 shows 3D AFM images of TiO2 and TiO2:CdS thin films deposited using the sol-
gel and dipping method. Table 2 shows the values of the grain size surface distribution, roughness
of the films (R), the root mean square (RMS), and the particle density. The results showed that the
grain size distribution on the surface of the prepared films increased from 25.65 nm to 53.77 nm
as the percentage of CdS increased. As for the (1:1) sample, the grain size surface distribution
decreased to 26.70 nm, but it remained more than the TiO> pure sample. The reason can be
attributed to the difference in the atomic size of the cadmium, sulfur, and titanium ions [22]. The
results also showed that the density of the particles increased in the TiO2:0.25wt% CdS film to
5.13 nm, and this was due to the difference in ionic size between the elements that make up the
density of the thin films, where the size of the titanium ion is larger. Increasing the CdS content
led to a greater void volume within the thin film due to enhanced particle stacking, which
subsequently reduced the particle density. This decrease in density was observed with increasing
CdS content up to 0.5 wt% and a 1:1 molar ratio. Furthermore, Table 2 indicates that both
roughness and average grain size increased from 5.13 nm to 5.74 nm as the CdS percentage rose.
However, these values subsequently decreased to 5.13 nm in the 1:1 sample. The RMS increased
from 6.63 to 8.25 nm with increasing CdS percentage. The images showed uniformity in the
distribution of particles on the surface in terms of roughness, which is important in optical, sensing,
and photocatalytic applications because it provides a larger surface area for reaction [23]. The
obtained results from images of AFM outcomes concur with the results of Zhou et al. [24].
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Figure 4: 3D AFM images of Aw/TiO;: CdS, (a) TiO: pure, (b) TiOx(1:1) CdS, (c) TiO::0.5wt%Cds, (d)
Ti02:0.25wt%CdS.

Table 2: The parameters of the atomic force microscope images of the Au/TiO;: CdS.

Samples Average of grain size Roughness RMS
distribution (nm) (nm) (nm)

TiO, 25.65 5.13 6.63
Ti0,:0.25wt%Cds 37.85 5.61 7.69
Ti02:0.5wt%CdS 53.77 5.74 8.25
TiO2(1:1)CdS 26.70 5.13 6.53

Fig. 5 showed FESEM images which display the sizes, forms, and morphologies of TiO-,
TiO:2 (1:1) CdS and with different content of CdS (0.25 wt%, 0.5 wt%) thin films. The results
showed that the particle sizes were about 58.68, 29.74, 26.15, and 22.24 nm of TiO,:(0, 0.25, 0.5,
and 1:1) CdS, respectively. Clumping was seen, and the images showed excellent dispersion. These
results are consistent with the findings of Cerdan-Pasaran et al. (2019) [25]. The different
concentrations of sol-gel solution during the preparation of Au/TiO2:CdS thin films may account
for this phenomenon.

It has been shown that increasing the concentration of TiO: and TiO2:CdS thin films may
induce alterations in the morphology of nanoparticles. Revathi et al. [26] suggested that
agglomeration may alter the morphology of nanoparticles.
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Figure 5: FESEM images of TiO; and TiO;: CdS thin films.

The energy shift caused by the incorporation of CdS into TiO: and the variations in the
Raman bands of TiO: thin films were shown by Raman spectroscopic studies (Fig. 6). The
character table of the D4h point group, which primarily considers the anatase form of TiO.,
revealed that anatase contains six Raman active modes (Alg, 2B1g, and 3Eg). The spectra showed
typical peaks of Longitudinal Optical (LO) modes, the first tone of which was at 150 cm™ of TiO».
Fig. 6 makes it evident that only the 1300 cm™ (B1g), 1600 cm™ (Alg), and 2000 cm™ (Eg) peaks
for TiO: appear [27]. Consequently, after adding CdS to the TiO» matrix, a noticeable peak shift
(blue shift) from 150 to 140 cm™ was identified [28]. These findings align with the findings of
Bhattacharya et al. [29].

Fig. 7 depicts the absorption spectra of the prepared thin films. It shows that the samples
had the highest absorption at a wavelength of 300 nm. It was noted that as the wavelength
increased, the absorption reduced in all samples. This is attributed to the incident light possessing
an energy below the bandgap, thus failing to meet the absorption requirements. Additionally, it
was noted that the basic absorption edge of TiO2:CdS changed towards longer wavelengths after
the inclusion of CdS into TiO.. The TiO2:CdS films had strong UV absorption while showing little
absorption of visible light [30]. The absorbance of all the generated samples was similar and
showed a little reduction as the CdS concentrations increased. These findings align with the
outcomes of the study conducted by Kripal et al. [31].
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Figure 6: Raman spectroscopy of TiO; and TiO;:CdS thin films.
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The Tauc relation [32] was used to calculate the energy gap (Eg)

(ahv)'/™ = A(hv — Ey, 12)
where a is the optical absorption coefficient of the material, hv is the energy of the incident photon,
A is a constant depends on the transition probability and the density of cases, and n depends on the
nature of the electronic transition in the material.

The energy gap of all produced thin films was determined by plotting (ahv)? as a function
of (hv), as shown in Fig. 8. The energy gap values for the thin films were obtained by extending
the straight line of the curve and finding its intersection with the x-axis. Energy gap of pure TiO>
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was determined to be 3.5 eV, indicating that the energy gap is direct and consistent with the
findings of previous investigations [33]. The results showed the energy gap grew from 3.5 to 3.68
eV with increasing CdS concentration. As the CdS concentration increases, localized levels form
within the energy gap, leading to an increase in the energy gap. This, in turn, results in a decrease
in electronic transfer [34].

25D

—a— Ti02 pure

—a— TI02:0 25w 3 C 48
SO —aie— T2 0 St Teld s
—— THO2{1: 143

- 16 -
= Eee e el
L]
E_ T
H
bed
=
= D
.:. -

T T T T T T T T T T
10 15 20 25 30 3{#}' / 40

E (&\7)

Figure 8: Tauc plots to calculate the energy gap of Au/ TiO;: CdS thin films.

This study investigated the photocatalytic elimination and decomposition of dye pollutants
using Au/Ti02:(0, 0.25, 0.5, and 1:1) wt% CdS thin films with 5 mg/L concentration MB dye. The
prepared samples were immersed in a solution of MB dye and remained in darkness for the first
10 minutes to assess the dye's ability to be absorbed. Subsequently, light illumined the inside the
photocatalytic reactor for one hour, after which the photodegradation process was examined. In
summary, the decrease in dye concentration in the absence of light indicated that the dye molecules
were physically transferred from the solution to the surface of the adsorbent.

When semiconductors are exposed to light, they create photo charge carriers, namely
photoelectric electrons in the conduction band and photo holes in the valence band. These carriers
then form superoxide and hydroxyl radicals, respectively. In summary, when light generates holes
and electrons, they combine with water and dissolve oxygen to produce a hydroxyl radical (*OH)
and a superoxide radical (Oz*"). The highly reactive species (*OH and O:¢") engage in numerous
interactions with organic contaminants in the liquid medium to break down the pollutants [35, 36].

Fig. 9 shows the percentage ratio between the final dye concentration C; and the initial
concentration C, versus time. In the absence of absorbent photocatalytic materials (thin films) and
with the presence of lighting (UV light), it was observed that there was no change in the
concentration of the MB dye when exposed to ultraviolet radiation with the exposure time. After
introducing the prepared samples TiO. and TiO.:CdS into the dye solution, a change in the
concentration of MB dye was observed under light conditions in a range of change ranging from
0.002 to 0.008. When thin semiconductor films are illuminated, an electron gap is formed. These
electrons also interact with water molecules to produce superoxide and hydroxyl radicals, which
lead to the decomposition of dye molecules [37]. The results showed that when CdS was added to
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TiO., it can play a dominant role as a light harvester, and CdS mainly acts as a cocatalyst to enhance
charge separation [38]. Fig. 10 explains that the degradation of the dye increases with increasing
concentrations of CdS, as the lowest degradation was for the pure TiO: sample and the highest
degradation was for the TiO2:CdS(1:1) sample. The efficiency of degradation dye was calculated

from Eq.(13) [39]:

Degradadtion = (%) X 100% (13)
The optimal photocatalytic performance for methyl blue dye degradation was observed
with the TiO2:CdS (1:1) film, reaching an efficiency of 1.41%. Conversely, the pure TiO: sample
exhibited the lowest decomposition efficiency, at 0.88% (see Table 3). Also, Fig. 10 indicates that
the degradation efficiency percentage increased with the increase in CdS concentration. The reason
can be referred to the presence of CdS, as it which improved the bandgap and thus increases the

decomposition efficiency [39].
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Figure 9: Photocatalytic degradation for Au/TiO:CdS thin films of MB dye.
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Table 3: The high efficiency for Au/TiO;: CdS thin films degradation of MB dye.

Samples degradation efficiency % | Rate constant (k) E-4
(min)™!
TiO; pure 0.883152 1.87772
Ti0,:0.25CdS 0.855278 1.75433
Ti0,:0.5CdS 1.060717 2.17145
TiO2:CdS(1:1) 1.405975 2.8357

Using the pseudo-first-order reaction equation (k=slope=In(Ci/Co)/t) [40], the
photocatalytic reaction rate constant (k) was calculated from the plots shown in Fig. 11 and
Table 3. Furthermore, Fig. 12 displays the k values of the as-prepared samples to illustrate how the
photocatalytic reaction rate constant k varies with the increased content of CdS. The charts
demonstrated that when CdS was added, k increased. Excluding the 0.25% CdS sample, the
observed trend indicates that the photocatalytic rate constant generally improves with increasing
CdS content. The behavior of the dissolution coefficient can be elucidated through three distinct
mechanisms:

1. As CdS concentrations rise, so does the effectiveness of UV absorption, which raises the e/h
pair generation.

2. Increasing the CdS concentration leads to a greater availability of the bulk material,
consequently accelerating the adsorption process.

3. It was also noted that the more layers there are, the rougher the surface becomes, increasing the
dye breakdown efficiency. Compared to TiO: films with a smoother surface, those with a rougher
surface have a greater breakdown efficiency. Several publications have shown that the porous
surface enhances the active surface sites, which in turn boosts the films' catalytic activity [41].
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Figure 11: The photocatalytic reaction In (Ci/Co) against exposure time of Au/TiO;: CdS thin films as
degradation of MB dye, (a) TiO::CdS(1:1), (b) at 0. 5wt%(CdS, (c)pure TiO;, (d) at 0.25wt%CdS.
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i:ll

3. Conclusions

In this work, Au/TiO2:CdS thin films of TiO2:CdS, Ti02:0.25%CdS, and Ti02:0.5%CdS
were deposited on glass substrates using the sol-gel and the dipping methods. The results of XRD
revealed that the films are polycrystalline with a cubic phase of TiO: structure and TiO2:CdS
structure; also, the crystalline size increased with increasing CdS content, except for the sample
TiO2 (1:1)CdS where the crystalline size decreased. The microstructure parameters of TiO2:CdS
thin films, such as macrostrain and dislocation density, were calculated, and the results showed
random values. AFM analysis revealed a general trend of decreasing grain size and increasing
surface roughness with elevated CdS concentration. An exception to this trend was observed in
the TiO2(1:1)CdS sample, where these parameters remained relatively stable. FESEM results
revealed that the particle size decreased with increasing CdS concentration. Raman spectroscopy
revealed the emergence of TiO: peaks, alongside a discernible blue shift, following the
incorporation of CdS into the TiO. matrix. The optical properties revealed that absorption
decreased and the band gap increased with increasing CdS concentration. The thin films of
Ti102:CdS showed that the decomposition efficiency and the rate constant increased with increasing
CdS concentration; therefore, adding CdS to the TiO- enhances the degradation efficiency of TiO-
at the ratios of added CdS.
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