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ABSTRACT 
The green synthesis method has been successfully carried out to CdS with tea leaf extract 
and calcination temperature variation for the application of photocatalytic degradation 
of ciprofloxacin antibiotic. Variations in calcination at temperatures of 500, 600, and 700 
℃ were carried out to determine the effect of temperature on morphology and elemental 
composition, crystal structure and size, functional groups, and band gap energy by SEM-
EDX, XRD, FTIR, and UV-DRS Spectrophotometer. The SEM-EDX image of the synthesized 
CdS is smooth and spherical and there is agglomeration with an even distribution of 
elements. The results of XRD and FTIR characterization showed the CdS peaks. The size 
of the CdS crystal increased with increasing temperature, namely CdS-600 at 64 nm and 
CdS-700 at 81.58 nm. The band gap energy value is influenced by the calcination 
temperature during synthesis with the band gap energy values of CdS-600 2.3 eV and 
CdS-700 2.38 eV. The percentage of CdS effectiveness with variations in calcination 
temperature in ciprofloxacin photodegradation is CdS-500 at 32.18%, CdS-600 at 
48.72%, and CdS-700 at 8.73%. The optimum condition of CdS synthesis in degrading 
ciprofloxacin by photocatalytic process occurs at a temperature of 600℃ with a 
photocatalytic irradiation time under visible light for 120 minutes, a CdS mass of 10 mg, 
and an initial concentration of ciprofloxacin of 25 ppm. This result demonstrates the 
potential of an environmentally friendly method that can be applied in wastewater 
treatment. 
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1. INTRODUCTION 
Ciprofloxacin (CIP) is a third-generation fluoroquinolone antibiotic, which is 

widely used to treat bacterial infections due to its broad spectrum of antibacterial 
activity (i.e., it can inhibit both gram-negative and gram-positive bacteria). On the 
other hand, excessive use of CIP can pose a serious threat to the ecosystem such as 
antibiotic resistance Kelly & Brooks (2018), Mathur et al. (2021). Consumption of 
water contaminated by ciprofloxacin in the environment can cause health problems 
such as vomiting, headaches, diarrhoea, skin disorders, and the immune system 
Gunawan et al. (2023), Shehu Imam et al. (2018). Organic contamination in waters 
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originating from the pharmaceutical industry often contains toxic pollutants with 
low biodegradability Barra Caracciolo et al. (2015), Chopra & Kumar (2017), 
Dsikowitzky & Schwarzbauer (2014), so an efficient method is needed to overcome 
this problem. 

Various methods are carried out to overcome organic pollutants in waters such 
as bioremediation and coagulation-flocculation followed by the activated sludge 
biological process Kumar et al. (2023), Majumder et al. (2014). This method still has 
shortcomings compared to photocatalytic. The semiconductor photocatalytic 
method is considered one of the promising methods for CIP degradation in water 
because it is environmentally friendly, has low energy consumption, low cost, and 
has no secondary pollutants Zhao et al. (2021), Zhao et al. (2021). Another 
advantage is that the photocatalytic reaction is a non-specific reaction, meaning it 
can destroy organic compounds widely ranging from alkanes, alkenes, alcohols, 
phenols, carboxylic acids, aromatic compounds, dyes, pesticides, to surfactants. In 
addition, photocatalysis can degrade organic compounds because it has a very 
strong oxidation power Akerdi & Bahrami (2019). 

The photocatalytic activity comes from a hydroxyl radical resulting from an 
electron-hole pair (e-/h+), an electron-hole pair e-/h+ is produced when the 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 Gunawan et al. (2023), Verma & Singh (2023). Photocatalytic activity 
depends on semiconductor characteristics, where the photocatalytic properties can 
be modified through the techniques and methods used for synthesis to control 
particle size and shape.  

Cadmium sulfide (CdS) is a semiconductor compound with a band gap of 2.4 eV 
which is suitable and excellent in photocatalytic activity due to its visible light 
absorption feature. The photocatalytic activity of CdS is influenced by the synthesis 
conditions, structure, morphology, particle size, surface area, and crystallinity Lang 
et al. (2014). CdS displays efficient visible light absorption at wavelengths up to 530 
nm Shen et al. (2013). CdS is easy to synthesize, one of which is by the green 
synthesis method.  

The synthesis of cadmium sulfide by the green synthesis method is now starting 
to be developed because it is cost-effective, harmless, and environmentally friendly. 
Several biological entities that can play a role in the green synthesis method to 
produce nanoparticles include algae, fungi, microbes, actinomycetes, and plant 
extracts. Each of these agents has its advantages. Compared to other agents, tea 
extract used as a component in green synthesis acts as a complexing agent that 
regulates the size of cadmium sulfide in the form of more stable nanoparticles 
Shivaji et al. (2018). 

Efforts to increase the photocatalytic effectiveness of semiconductors can be 
calcined to increase light absorption and charge separation processes during the 
reaction. Increasing the calcination temperature will affect the increase in crystal 
size. In addition, heating with high temperature can also affect the band gap energy 
so that it can increase photocatalytic activity Asadah et al. (2022). Therefore, in this 
study, the synthesis of green semiconductor CdS with tea leaf extract with 
calcination temperature variation was carried out for the application of 
photocatalytic degradation of ciprofloxacin antibiotic. Calcination variations at 500, 
600, and 700 °C were carried out to determine the effect of temperature on crystal 
size, crystallinity, and band gap energy. Morphology and elemental composition, 
crystal structure and size, functional groups, and band gap energy of the synthesized 
CdS were characterized by SEM-EDX, XRD, FTIR, and UV-DRS spectrophotometer. 
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The results of this study are expected to provide new insights into developing more 
efficient and environmentally friendly photocatalysts for wastewater treatment 
applications. 

 
2. EXPERIMENTS 

2.1. MATERIALS AND INSTRUMENTS 
Trade tea powder, Cadmium sulfate octahydrate (3CdSO4.8H2O) (Merck), 

sodium sulfide (Na2S) (Loba Chemie), methanol (Merck), deionized water 
(Waterone), acetone, distilled water, ciprofloxacin (Sigma Aldrich). The instruments 
used are glassware (Herma), filter paper (Whatman no.42 ), 1 mL volume pipette 
(Iwaki), analytical balance (Ohaus, Model PA323), oven, furnace (Nabertherm), 
hotplate (Thermo Scientific Cimarec), centrifuge (Hettich Zentrifugen), 
photocatalytic reactor with visible light (Vaco IP 66, 200 W), UV-Vis 
spectrophotometer (Shimadzu UV-1280), UV-DRS spectrophotometer (Shimadzu 
UV-2450), Scanning Electron Microscope (JSM-6510LA), Energy Dispersion X-Ray 
Spectroscopy (JED-2300 Analysis Station Plus), X-Ray Diffraction (Shimadzu 7000),  
and FTIR Spectrophotometer (PerkinElmer Frontier). 

 
2.2. GREEN SYNTHESIS OF CADMIUM SULFIDE 
The synthesis was carried out by dissolving 3.848 grams of 3CdSO4.8H2O and 

0.39 grams of Na2S each in a 10 mL volumetric flask using distilled water to obtain 
a solution of 0.5 M CdSO4 and 0.5 M Na2S. The solution was stored in vials for further 
use. 0.5 grams of tea powder was mixed in 30 mL of methanol and left in the dark 
for 1 day, after 1 day filtering was done to separate the tea precipitate from the 
solution. The extract was added to 2 mL of 0.5 M CdSO4 solution and left in the dark 
for 3 days, followed by the addition of 0.5 mL of 0.5 M Na2S solution and left in the 
dark for 4 days. The precipitate was washed with deionized water and centrifuged 
at 6000 rpm for 10 minutes then dried on a hotplate at 70℃. 

 
2.3. DETERMINATION OF TEMPERATURE CALCINATION 

VARIATION 
The calcination process was carried out at temperature variations of 500, 600, 

and 700 °C for 2 hours each, which were then named CdS-500; CdS-600; and CdS-
700. The process started by putting the samples into a vacuum furnace instrument 
at a constant time for 60 minutes. 

 
2.4. CHARACTERIZATION 
The synthesized CdS samples were characterized using a Scanning Electron 

Microscope-Energy Dispersive X-ray (SEM-EDX) instrument to determine the 
morphology and elemental composition. Meanwhile, X-ray diffraction (XRD) to 
determine the crystal structure and a UV-DRS Spectrophotometer to determine the 
band gap. In addition, the difference in functional groups of CdS was observed by 
Fourier Transform Infrared (FTIR).  

 
2.5. PHOTOCATALYTIC TEST  
Photodegradation applications were carried out with 100 mL of 25 ppm 

ciprofloxacin solution added with 10 mg of CdS semiconductor catalyst and mixed 
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in dark conditions for 1 hour to achieve adsorption-desorption equilibrium. It was 
illuminated with visible light and stirred with a magnetic stirrer at time intervals of 
15; 30; 45; 60; 75; 90; 105; and 120 minutes. The solution was centrifuged at 5000 
rpm for 5 minutes before measuring the absorbance of ciprofloxacin solution after 
photocatalytic with UV-Vis spectrophotometer at 319 nm wavelength.  

 
3. RESULT AND DISCUSSION 

3.1. GREEN SYNTHESIS OF CDS 
The synthesis of green CdS was carried out using tea leaves that had previously 

been tested for flavonoids with the results in 0.01 g of tea containing 0.41% 
flavonoid quercetin. Predicted reactions that occur in the mechanism of green 
cadmium sulfide synthesis are described in Figure 1. Phytochemical screening is 
carried out first to determine the presence or absence of alkaloids, flavonoids, 
phenols, tannins, quinones, saponins, etc. Quercetin can chelate metal ions (Cd2+) to 
form metal complexes Dolatabadi (2011). The cadmium complex with quercetin is 
formed by the way quercetin acts as a capping agent which then can also protect Cd 
from bulk and against aggregation so that when the addition of S-2 ions from Na2S 
can form nano-sized CdS crystals Zhou et al. (2014). 
Figure 1 

 
Figure 1 CdS Formation Reaction by Green Synthesis Method 

 
3.2. CHARACTERIZATION 
3.2.1. MORPHOLOGY AND ELEMENTAL COMPOSITION 

The semiconductor catalysts that were characterized were CdS powder 
calcined at 600 ℃ and 700 ℃ while SEM images at 1000x, 5000x, 7500x, and 10000x 
magnifications are given in Figure 2. Based on the SEM characterization results of 
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the CdS-600 sample at 5000x magnification, it can be seen that the morphology of 
the particles is smooth and round and there is agglomeration. The CdS-700 sample 
SEM characterization results at 1000x magnification showed a less smooth spherical 
change with non-uniform size and agglomeration. The spherical morphology and 
small particle size are expected that the synthesized cadmium sulfide has good 
photocatalytic activity. In the case of biogenic synthesis based on plant extracts, 
nanoparticles are generally formed that are very stable and homogeneous in shape 
Shivaji et al. (2018). In addition, Figure 3 is the result of mapping or elemental 
distribution of samples tested with the different colouring of each element. Both 
CdS-600 and CdS-700 samples have an even distribution of elements. 
Figure 2 

 
Figure 2 SEM Morphology of a) CdS-600 b) CdS-700 

 
Figure 3 

 
Figure 3 Surface Metal Mapping of a) CdS-600 b) CdS-700 

 
The EDX analyzer results of both samples prove that there are elements of the 

constituent elements of cadmium sulfide, namely Cd and S, so it can be concluded 
that cadmium sulfide has been synthesized properly as shown in Table 1. The CdS-
600 sample contained the element C which was thought to come from the carbon 
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tab used to attach the sample during EDX testing. The O element that appears with 
a large enough percentage is caused by air during the calcination process. The 
presence of additional oxygen peaks in the EDX spectra may come from the organic 
capping material i.e. tea extract bound to the surface. Another possibility for the 
presence of elemental oxygen is due to calcination occurring in atmosphere 
conditions. Shivaji et al. (2018).  
Table 1 

Table 1 Shows the Atomic Element Content on the Surface of Each CdS Sample 

Sample Element Weight Concentration (%) 

 
CdS 600 

Cd 48,18 
O 38,23 
S 9,47 
C 4,13 

 Cd 44,41 
CdS 700 S 11,53 

 O 44,06 

 
3.2.2. CRYSTALLINITY ANALYSIS 

To examine the crystal size and phase structure, XRD testing of CdS 
nanoparticle structures prepared by green synthesis at different temperatures was 
carried out. The test was conducted using Kα radiation from a copper anode (Cu- 
Kα) with a wavelength of 0.154 nm and recorded at a diffraction angle of 2θ between 
10-90°. The diffractogram of the measurement results in the form of diffraction 
peaks with a certain intensity was then compared with the standard data obtained 
from Crystallography Open Database (COD) No. 1011054 shown in Figure 4. 
Figure 4 

 
Figure 4 XRD Spectrum CdS-600 dan CdS-700 
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The XRD pattern results of the measured samples show that cadmium sulphide 

(CdS) has been formed which is characterised by the formation of diffraction peaks 
with high intensity, this proves that the crystallinity of the synthesised CdS sample 
is quite good Asadah et al. (2022). Diffractogram peaks with the highest intensity of 
CdS-600 and CdS-700 samples are shown in Table 2. The peak intensity of the 
diffractogram increases with increasing synthesis temperature, The increase in the 
intensity of various peaks indicates better crystallinity which leads to a decrease in 
the strain value and dislocation density Chauhan (2020). The synthesised CdS has a 
crystal phase with a p-63mc space group, which is hexagonal. To maintain excellent 
optoelectronic properties, CdS must remain in the hexagonal wurtzite structure 
Xiao et al. (2014). The crystal size was calculated based on the Full Width at Half 
Maximum (FWHM) values at various peaks with the Debye-Scherrer equation (1) 
Gunawan et al. (2022). 

 

𝐺𝐺 =  𝑘𝑘 𝜆𝜆
𝐷𝐷 cos𝜃𝜃

                                                                                                                          (1) 

 
Where G is the crystal size, k = 0.9 is the formation factor, λ is the wavelength 

of the CuKα line, D is the FWHM in radians, and θ is the Bragg angle.  
The crystal size increases with increasing synthesis temperature, the crystal 

size of CdS-600 is 64 nm to CdS-700 of 81.58 nm and it can be concluded that the 
synthesized CdS includes nanoparticles. Crystal grains undergo a growth process 
when CdS is calcined. If the temperature used is a temperature that exceeds the 
optimum temperature, the crystals will be larger. If the temperature used is below 
the optimum temperature, it is possible that the expected crystals have not formed 
or even formed but are not pure Aprilianingrum (2016). The higher calcination 
temperature causes the crystal size and per cent crystallinity to be greater. This is 
because high temperatures make particles move more reactive and faster than low 
temperatures and result in agglomeration Asadah et al. (2022). 
Table 2 

Table 2 XRD Result Analysis of CdS-600 and CdS-700 

Sample 2 𝛉𝛉 h k l d (nm)  
24,95 (1 0 0) 43,74  
26,44 (0 0 2) 40,23 

CdS-600 28,28 (1 0 1) 64,00  
45,79 (1 1 1) 39,02  
47,53 (0 1 3) 38,58  
51,62 (1 1 2) 37,87  
24,88 (1 0 0) 81,35  
26,29 (0 0 2) 81,58 

CdS-700 27,99 (1 0 1) 48,16  
43,47 (1 1 0) 37,84  
47,79 (0 1 3) 77,66  
51,51 (1 1 2) 66,31 

 
3.2.3. BAND GAP DETERMINATION 

Determination of the band gap of each CdS sample that has been synthesized is 
done by UV-DRS characterization, where data will be obtained in the form of 
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absorbance, reflectance, and wavelength. Band gap calculation can use the tauc plot 
method and the absorbance edge method. Cadmium sulfide is a semiconductor so 
the calculation of the tauc plot method is done by extrapolating from the graph of 
the relationship between transmittance (αhv2) to band gap energy (eV) then 
forming a straight line to the x-axis (hv) Asadah et al. (2022). The band gap energy 
graph is shown in Figure 5. 
Figure 5 

  
Figure 5 UV-DRS Result Graph of Tauc Plot Method a) CdS-600 and b) CdS-700 

 
Figure 5 shows that the calcination temperature during synthesis affects the 

band gap energy. The band gap value of CdS-600 is 2.30 eV while the CdS-700 band 
gap energy is 2.38 eV. Crystal formation is accelerated by the calcination 
temperature, which allows agglomeration to occur. The shift in absorption can be 
affected by agglomeration which causes a change in the Eg (band gap energy) value 
Asadah et al. (2022). The smaller the band gap, the lower the energy required to 
excite electrons. As a result, the light adsorption of the sample is greater. Increased 
light adsorption offers better opportunities for photocatalytic applications Asadah 
et al. (2022). 

 
3.2.4. FUNCTIONAL GROUP ANALYSIS 

The peak spectra for the two cadmium sulfide samples, CdS-600 and CdS-700, 
did not show significant peak shifts, proving that the change in calcination 
temperature did not affect the functional groups. The absorption peak at 3061 cm-1 
corresponds to the stretching vibration of hydroxyl group (O-H) adsorbed on the 
catalyst surface. The absorption peak at 1550 cm-1 indicates the presence of C=O 
asymmetry stretching vibration. Peaks at 1174 cm-1; 1175 cm-1; 1070 cm-1; and 1057 
cm-1 are related to C=S stretching vibrations derived from sulfide compounds and 
C-O Kumar & Sharma (2016). Other absorption peaks at 880 cm-1 and 883 cm-1 are 
out-of-plane bending vibrations of O-H from H2O molecules Kumar & Sharma 
(2016). Typical absorption peaks of Cd-S bond stretching vibrations were observed 
at peaks below 700 cm-1 namely 585, 588, 650, and 652 cm-1 Munyai et al. (2021), 
Bakhsh & Khan (2022). These results indicate that tea leaf extract has a good effect 
in stabilizing CdS nanoparticles. 
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Figure 6 

 
Figure 6 FTIR Spectrum CdS-600 (Black Line) and CdS-700 (Red Line) 

 
3.3. APPLICATION OF CDS FOR CIPROFLOXACIN 

PHOTODEGRADATION 
The photocatalytic degradation in Figure 7 shows that the variation of 

calcination temperature in the synthesis of cadmium sulfide affects the 
photocatalytic quality. The three variations of CdS show that the longer the 
irradiation time of the photocatalyst, the higher the percentage of degradation. This 
is due to the more energy the electrons get to excite to produce hydroxy radicals. 
The increasing number of hydroxy radicals will increase the bond-breaking process 
in organic pollutants, namely ciprofloxacin and is characterized by a decrease in the 
absorbance of ciprofloxacin Kumar & Sharma (2016). 

The degradation of ciprofloxacin by CdS-500 to CdS-600 increased and 
decreased at CdS-700. The decreased photocatalytic activity can be caused by 
precipitation on the catalyst during photocatalysis so that there are parts of the 
catalyst surface that do not absorb photons or ciprofloxacin compounds optimally. 
Another possibility is that CdS-700 is affected by a decreased surface area. A large 
surface area will provide more active sites that not only react with absorbed water 
and hydroxyl to form oxidative hydroxyl radicals but also organic molecules for 
photodegradation. Generally, the specific surface area increases with decreasing 
crystal size  Cheng et al. (2014) (this is supported by CdS crystal size data by XRD).  

The best degradation percentages of each sample namely CdS-500; CdS-600; 
and CdS-700 were 32.18%; 48.72%; and 8.73%, respectively. The optimum 
condition of CdS synthesis in photocatalytic degradation of ciprofloxacin in this 
study occurred at a temperature of 600 ℃ with a CdS mass of 10 mg, irradiation time 
for 120 minutes and ciprofloxacin concentration of 25 ppm. The photocatalytic 
degradation test was carried out to see how effective the photocatalyst activity of 
the synthesized CdS was in degrading ciprofloxacin at various photocatalytic times. 
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Figure 7 

 
Figure 7 Graph of Degradation Percentage of Ciprofloxacin 25 ppm 100 mL Using CdS 10 mg for 
Variations of CdS-500; CdS-600; and CdS-700 Against Time. 

 
3.4. REACTION KINETICS OF THE PHOTOCATALYTIC PROCESS 
To determine the reaction rate in the photocatalytic degradation of 

ciprofloxacin by cadmium sulfide with different calcination temperature variations, 
the respective reaction orders need to be known first. Determination of the pseudo 
reaction order is done by comparing the coefficient of determination (R2) value on 
each CdS variation. The best R2 value is close to 1 and indicates the order of the 
reaction that occurs in the photocatalytic degradation of ciprofloxacin. Pseudo-
reaction order is used because it only calculates the rate of concentration decrease 
of ciprofloxacin and not the overall concentration decrease.  

Pseudo reaction order is determined by making a graph between the 
concentration of ciprofloxacin at time t (Ct) against time. A pseudo-first-order 
reaction is a graph between ln initial ciprofloxacin concentration (C0) divided by 
ciprofloxacin concentration at time t against time. While pseudo-second order is a 
graph between (1/Ct) - (1/C0) against time. From the calculation of the reaction 
order, R2 data were obtained for each CdS calcination temperature variation which 
followed the second-order pseudo kinetics. The kinetics curve of ciprofloxacin 
degradation by cadmium sulfide at various calcination temperatures is shown in 
Figure 8. Based on the figure, explains that the rate of photocatalytic degradation of 
ciprofloxacin is the highest on CdS-600. It was found that the reaction rate constants 
for CdS-500; CdS-600; and CdS-700 were 4 x 10-4; 11x10-4; and 8x10-5 mg-1Lmin-1, 
respectively. The value of the reaction rate constant depends on several factors, in 
this study is the initial concentration of ciprofloxacin Usman et al. (2021). 
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Figure 8 

 
Figure 8 Kinetic Curve of Ciprofloxacin Degradation 

 
4. CONCLUSION 

Cadmium sulfide has been successfully synthesized via the green synthesis 
method with various calcination temperature variations for ciprofloxacin 
photocatalytic degradation applications. XRD and FTIR characterization results 
display CdS peaks. SEM-EDX image of the synthesized CdS is smooth round and 
there are agglomerations with an even distribution of elements. The band gap 
energy value is influenced by the calcination temperature obtained by CdS-600 of 
2.3 eV and CdS-700 of 2.38 eV. Calcination temperature variations affect the size of 
CdS crystals formed and their band gap energy. Increasing the calcination 
temperature gives a larger crystal size but the energy of the pit gap increases due to 
agglomeration which results in a shift in the energy of the band gap. The 
effectiveness of cadmium sulfide in degrading ciprofloxacin was shown in CdS-600 
with a result of 48.72%, CdS-500 at 32.18%, and CdS-700 at 8.73%. Photocatalytic 
optimal conditions under visible light for 120 minutes with 10 mg of CdS catalyst 
and an initial ciprofloxacin concentration of 25 ppm. This shows the potential of 
developing an environmentally friendly antibiotic waste treatment method. 
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