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Abstract

This study describes the synthesis of cadmium sulfide (CdS) modified through green synthesis and doped with oxygen
(CdS-0), followed by testing its effectiveness in ciprofloxacin photocatalytic degradation. Green synthesis using tea powder
produces smaller CdS particles. Green synthesis using tea powder resulted in smaller particles and oxygen doping, helping to reduce
the band gap and increasing its effectiveness in the photodegradation of ciprofloxacin. The synthesized CdS and CdS-O
characterized using FTIR, XRD, SEM-EDS, and UV-DRS. FTIR and XRD characterization confirmed the formation of CdS. SEM
analysis revealed that CdS particles have a smooth, spherical surface, while CdS-O particles exhibit a coral-like structure. Oxygen
doping reduced the band gap of CdS from 2.37 eV to 2.35 eV. The Ciprofloxacin (CIP) degradation results showed that CdS-O
achieved a better degradation effect than CdS, with a degradation percentage reaching 58.5%. This highlights the development

potential of CdS green synthesis methods and modified enhanced photocatalytic properties for wastewater treatment.
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1. Introduction

Photocatalysis is a treatment technique for water
remediation that attracts wide interest due to its
environmentally friendly methods and operation [1].This
method has good potential to address water pollution caused
by harmful organic compounds such as antibiotics [2].
Ciprofloxacin, a widely used antibiotic, frequently detected
in wastewater and aquatic environments, posing risks to
ecosystems and human health. Ciprofloxacin is an antibiotic
fluoroquinolone class that is most commonly used. This
antibiotic creates waste that can affect environmental
conditions, such as creating conditions where many bacteria
become resistant to antibiotics [3-4]. Photo catalyst activity
comes from a hydroxyl radical resulting from electron hole
pairs (e/h*) generated when photon energy exceeds the band
gap value. Electrons (e) then settle in the conduction band
(CB) after leaving their place in the valence band (VB),
producing holes (h*) in the valence band [5-6].

The photo catalysis activity depends on
semiconductor characteristics, where the properties of photo
catalysts modified through techniques and methods used for
synthesis to control particle size and shape [7]. Cadmium
sulfide (CdS) is a semiconductor compound with a band gap
of 2.4 eV. It is suitable for photo catalytic activity because it
features visible light absorption [8]. CdS efficiently absorbs
visible light at wavelengths up to 530 nm. The photo catalytic
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activity of CdS affected by the synthesis conditions and
methods, its structure, morphology, particle size, surface
area, and crystallinity [9]. Several CdS synthesis methods
developed, including hydrothermal, co-precipitation, sol-gel,
and green synthesis [10-11]. The green synthesis method has
recently attracted attention because of its environmentally
friendly process and ability to produce particles with smaller
sizes and more even distribution. CdS powder obtained by
green synthesis from plant-based materials containing several
substances, such as flavonoids, catechins, and
epigallocatechin gallate (EGCG), which play an important
role in nanoparticle formation [12]. Research by Tudu et al.
[13] successfully obtained CdS as nanoparticles from
mushrooms. Munyai et al. [14] extracted the leaves of
Sutherlandia frutescence (S. frutescens) and produced
cadmium Sulfide (CdS) nanostructures, which are effective
in photodegrading Malachite green dye. In addition,
modification efforts to improve the effectiveness are also
required to overcome the relatively large band gap and high
recombination rate of electron-hole pairs. Various
modification methods, such as doping with certain elements,
carried out to improve the photocatalytic performance of
CdS. Research by et al. Esra et al. [15] using Ag doping can
increase its photocatalytic activity, and Zein et al. [16] used
Fe as doping to doping to improve the optical properties of
CdsS. On the other hand, developments in doping oxygen in
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semiconductors reported to reduce the band gap and increase
charge separation, help form more semiconductor charge
carriers, increase car semiconductors, and improve carrier
mobility and material stability [17-21]. Therefore, this study
aims to synthesize CdS using the green method using tea
powder and doping it with oxygen (CdS-O) to improve the
photocatalytic performance in the photodegradation of
ciprofloxacin. Characterization performed using FTIR, XRD,
SEM-EDS, and UV-DRS to analyze the structure,
morphology, and optical properties of the materials produced.
The results of this study expected to provide new insights into
developing more efficient and environmentally friendly
photo catalysts for wastewater treatment applications.

2. Materials and methods

Materials used were cadmium sulfate hydrate
(3CdS04.8H,0) (Merck), natrium sulfide (Na.S) (Merck),
Methanol (CH;OH) (Merck), tea bag powder (trade), oxygen
(Pure Air), ciprofloxacin 98% (Sigma), deionized water,
distilled water. The tools used were glassware (Herma), filter
paper (Whatman no.42), a 1 mL volume pipette (Sigma), 1
mL volume pipette (Iwaki), visible light (Ivaco IP 66, 200
W), analytical balance (Ohaus, Model PA323), furnace
(Nabertherm), Tubular Furnace (handmade), centrifuge
(Hettich Zentrifugen), photo catalytic reactor (handmade).
UV-Vis  spectrophotometer  (Genesys 10S), FTIR
spectrophotometer  (PerkinElmer  Frontier, Integrated
Laboratory, UNDIP), SEM-EDX (Phenom Desktop ProXL,
Swift ED3000, Integrated Laboratory, Ull), XRD (Bruker D2
Phaser, Integrated Laboratory, ull), UV-DRS
spectrophotometer (Shimadzu U-2450, Laboratory, Ul) were
used for characterization analysis.

2.1. Solution Preparation

The solution was made by mixing 3.848 grams of
3CdS04.8H,0 and 0.39 grams of NayS. Then, each was
dissolved in a 10 mL volumetric flask using distilled water to
obtain a solution of 0.5 M CdSO4 and 0.5 M NaS.

2.2. Green Synthesis of Cadmium Sulfide

0.5 grams of tea powder was mixed in 30 mL of
methanol and left in a dark room for 1 day. After 1 day,
filtering was done to separate the tea sediment from the
solution. The extract was added to 2 mL of 0.5 M CdSO,
solution and left in the dark for 3 days, followed by adding
0.5 mL of 0.5 M NayS solution and left in the dark for 4 days.

The precipitate was filtered tethe-heating-stage and heated at
600 °C in furnace for 2 hours to form CdS powder.

2.3. Oxygen Doping

The green synthesized CdS powder was heated at
200°C with a constant oxygen flow rate of 0.25 L/min. This
doping process was carried out in a tubular furnace system,
and CdS-O was formed with a time variation of 30, 60, and
120 minutes (CdS-0O 30, CdS-O 60, and CdS-O 120).

2.4. Characterization

The difference in functional groups of bare CdS and
oxygen-doped CdS (CdS-O) was observed by FTIR
spectrophotometer analysis. In addition, the crystal size and
crystallinity peak also was measured by X-ray diffraction
(XRD) analysis using a Bruker D2 Phaser XRD (Cu-Ka, Ni
filter). Meanwhile, optical properties and band gap energy
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was measured with a UV-DRS spectrophotometer
instrument. Meanwhile, the films' surface morphology and
elemental composition were determined using a Phenom
Desktop ProXL Analytical 20 kV scanning electron
microscope (SEM) equipped with a Swift ED3000 energy
dispersive  X-ray spectrometer (EDX). A UV-Vis
spectrophotometer also was used to calibrate and measure the
photodegradation performance.

2.5. Application of ciprofloxacin photodegradation

The ciprofloxacin samples used first were calibrated
to ensure the accuracy of the concentration and maximum
wavelength values. Calibration was done by preparing
solutions of 10, 15, 20, 25 and 30 ppm CIP. Each
concentration was observed for absorbance with a UV-Vis
spectrophotometer.  In  addition, photo degradation
applications then were carried out with variations in
degradation time of 15, 30, 45, 60, 75, 105, and 120 minutes
to observe the kinetics and reaction order.

3. Results and Discussion
3.1. FTIR Analysis

FTIR was used to evaluate the functional groups in
a material/compound on the synthesized cadmium sulfide
(CdS) and oxygen-doped cadmium sulfide (CdS-O) samples,
as Figure 1. There is no significant difference in spectra
between bare CdS and oxygen-doped CdS. The absorption
bands in the 400-700 cm™ wavenumber range caused by the
Cd-S stretching vibrational mode. Peaks around 3056 cm
and 3223.85 cm? are O-H stretch vibrations of H,0O
molecules attached to the sample surface [22]. The peaks
between 1540 cm® and 1551 cm are carbon double bonds
with oxygen (C=0) associated with amide groups such as
polyphenols, proteins, and amino acids [23].

Other readable peaks indicate C-C bonds shown at
990.15 cm™ and 991.13 cm™. The peaks between 1009 cm™?
and 1163 cm™ assigned to S-O stretching vibrations of sulfate
groups, and these peaks were due to the presence of trace
contaminants resulting from the reaction between the
precursor and the solvent [24]. This indicates that doping
does not involve changing the chemical bonds and lattice of
CdS; oxygen acts as an impurity, forming covalent bonds
with atoms around the doping site. However, it can lead to the
formation of complexes involving multiple covalent bonds
between oxygen and the surrounding atoms, altering the
electronic and structural properties of the material, such as
changes in band gap and composition of S and O elements
[25-26].
3.2. Crystal Structure

The XRD patterns of the samples can provide
information about the crystallinity phase and the actual
compounds of the samples obtained from the synthesis and
doping processes. The XRD patterns of CdS and CdS-O 120
are shown in Figure 2, plotted against the CdS (Hexagonal)
database no. 1011054 [27]. Based on the XRD spectra
obtained, the XRD pattern shows that the diffraction patterns
between CdS and CdS-O are similar. The results of the
analysis both show the similarity of peaks with the CdS
database CdS (Hexagonal) no. 1011054 with peaks appearing
at angles 24.95° (1 0 0); 26.48° (0 0 2); 28.28° (1 0 1); 43.66°
(102);45.79°(111);47.8°(110);51.71° (1 1 2) and 60.68°
(0 1 4). After matching with the database, it concluded that
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the preparation of cadmium sulfide by green synthesis and
doping method successfully formed CdS nanoparticles.

The match of XRD analysis data with data in the
Match application explains that the sample obtained has a
hexagonal crystal shape; based on COD (Crystallography
Open Database) diffraction data, the sample used has lattice
parameters a = 4.15000 A, ¢ = 6.73700 A [27]. The crystal
size calculated based on the Full Width at Half Maximum
(FWHM) values at various peaks with the Debye-Scherrer
equation (1) [28]:

G = K2 )

D cos6

Where G is the crystal size, k = 0.9 is the formation
factor, A is the wavelength of the CuKa line, D is the FWHM
in radians, and 0 is the Bragg angle. The calculation results in
Table 1 reveal the crystal size calculation. The average crystal
size of CdS and CdS-O are 28.16 nm and 19.46 nm,
respectively. These sizes include nanometer-sized crystals
because the size of nanoparticle crystals ranges from 0 to 100
nm [6-24].

3.3. Energy Gap Band

UV-DRS analysis used to determine the energy gap
of the analyzed sample and relate it to the photo degradation
effect during the photo catalytic process of ciprofloxacin
degradation to obtain the energy gap (Eg) graph. The known
semiconductor band gap in Figure 3 explains that the energy
gap possessed by CdS-O is smaller when compared to CdS
without doping, with the E4 value of CdS being 2.37 eV while
Ey CdS-0 120 is 2.35 eV. The smaller the energy gap of a
catalyst, the greater the effectiveness of the photo catalyst
because the absorption of photons (hv) requires smaller
energy. In addition to reducing the energy gap, oxygen
doping also helps CdS to trap electrons to reduce the
possibility of electron-hole recombination [17]. Oxygen
doping can affect the probability of electronic transition
between the valence band and the conduction band. This can
affect optical and photo catalytic absorbance.

In an isoelectronic impurity in a semiconductor
whose bonding is predominantly covalent, the electrons
contributing to the covalent bond will tend towards the
electronegative atom, and the resulting polarization will
remain on the impurity. When the electron density between
the impurity and the nearest neighboring atom is insufficient
to produce polarization or charged atoms, electrons will be
supplied from the host atom to the electronegative impurity;
that is, charge transfer occurs. This phenomenon can occur in
ionic semiconductors such as CdS [26-29]. Table 2 shows
oxygen doping on CdS can decrease band gap energy (Eg). As
the band gap reduced, it narrows, producing many photo-
induced charge carriers in photocatalysis [17-26]. Therefore,
CdS-O obtained with better light absorption and a narrower
band gap expected to present better photocatalysis activity.

3.4. Morphology and Elemental Distribution

SEM was used to investigate the structure of the CdS
samples. SEM images were recorded and shown in Figure 4.
As shown, the morphology of CdS and CdS-O have different
shapes. CdS has a surface morphology that tends to look more
like a ball, but the morphology of CdS-O looks like a coral. It
is exactly as stated in the literature [30], that quercetin helps
in agglomeration stability. Figure 4. Shows that the surface
shape of CdS without doping stably agglomerated, so its
Gunawan et al., 2024

shape is spherical and regular. CdS-O is coral-like, according
to the literature [31]. The heating effect causes a
transformation of shape and structure from spherical CdS to
an irregular structure with a larger surface area. Table 3.
Shows a little carbon content in both samples due to the use
of organics in the synthesis process, which still attached to
the sample's surface. Then, the appearance of oxygen in CdS,
even without the doping process, is because heating does not
isolate oxygen in the furnace, so it is possible that heating in
the furnace still has oxygen affecting the CdS sample. The
increase in oxygen also confirms the occurrence of oxygen
doping on the surface. In addition, the decrease in Cd and S
predicted as the effect of defects that may occur in either S-
vacancy or other bonds, as the literature shows [26-29].

3.5. Application of ciprofloxacin photodegradation

The maximum wavelength of ciprofloxacin was
determined, and a graph showing the comparison between the
absorbance of ciprofloxacin with different concentration
variations and the maximum wavelength is obtained, as
shown in Figure 5. The graph has two peaks, including 278
nm and 319 nm [32], read at each peak (Fig. 5a). The data
obtained were processed into a curve with the concentration
relationship as the x-axis and absorbance as the y-axis to
obtain the line equation y = mx + c. Figure 5b shows the linear
relationship of concentration to absorbance following the
Lambert-Beer law. The 319 nm wavelength used because the
r-value (correlation coefficient) is closer to one, showing a
stronger linear relationship than 278 nm. The degradation test
was conducted to determine the ability level of CdS and CdS-
O (30, 60, 120 min) catalysts in degrading ciprofloxacin
solution. The degradation test carried out by mixing CdS
powder in ciprofloxacin solution and stirring in the dark with
a measured time to achieve equilibrium absorption -
desorption of ciprofloxacin on the catalyst surface [33].

After reaching equilibrium, the irradiation and
stirring process were continued with a measured time. The
results of the photo catalytic degradation were tested using
UV-Vis spectroscophotometer, and the results shown in
Figure 6. The degradation diagram above shows the
percentage level of photo catalytic degradation of
ciprofloxacin by CdS and CdS-O. The data shows that as time
increases, the percentage of degradation produced increases
and occurs in each sample. The highest percentage of
degradation are obtained from CdS, CdS-O 30, CdS-O 60,
and CdS-O 120 were 41.5%, 50.5%, 53.1%, and 58.5%,
respectively. This proves that adding oxygen doping can
increase the effectiveness in the degradation of ciprofloxacin
solution. The degradation kinetics obtained is shown in
Figure 7. In determining the degradation rate of ciprofloxacin
with CdS and CdS-O (30; 60; 120) catalysts, the first order
pseudo degradation Kinetics equation (2) [34] was used:

c
kt=1In = @)

Co is the initial concentration of ciprofloxacin, C is
the concentration of ciprofloxacin at a certain time variation
(t), and k indicates the constant degradation rate. The
observed degradation rate constant was determined by
plotting In(C/Co) against the time (t) of the observed
ciprofloxacin concentration. The graph explains that each
sample increases its reaction rate; the longer the irradiation
time, the greater the degradation rate.
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Figure 2. XRD diffractogram of CdS, CdS-O, and CdS database.
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Figure 4. Surface morphology of CdS (a) and CdS-O (b) at 5000x magnification.
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Table 1: Crystal size of CdS and CdS-O particles

Sample 20(° FWHM(°) D (nm)

24.93

0.19098 42.60

26.82 0.73336 11.14

28.28 0.21101 38.83

Cds 43.86 39.06734 0.22

45.75 0.21759 39.63

47.48 0.22156 39.17

51.60 0.22768 38.76

60.68 0.61551 14.96

Average 28.16

24.85 0.32636 24.93

26.74 1.11371 7.33

28.57 0.26939 30.43

Cds-0 43.78 0.55836 15.33

45.67 62.6659 0.14

47.42 62.8773 0.14

51.56 0.34406 25.64

60.58 0.17769 51.78

Average 19.46
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Table 2: Values of band gap energy (Eg) and maximum wavelength of absorbance of CdS and CdS-O

Sample Wavelength Band gap energy (eV)
Cds 523.21 nm 2.37eV
Cds-0O 527.66 nm 2.35eV

Table 1: Elemental composition on the surface of CdS and CdS-O samples from EDX analysis.

Sample Element Atom concentration (%) Weight concentration (%0)
Cd 27.34 69.23
0] 49.22 17.74
CdSs S 14.81 10.7
C 8.63 2.34
Cd 19.54 60.28
) 59.42 26.09
Cas-0 S 12.18 10.72
C 8.86 2.92
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