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Abstract 

Once widely utilised in both human and veterinary medicine, tetracycline antibiotics are now recognised as major 

environmental pollutants with detrimental effects on the environment and human health. Concerns regarding allergic 

responses, gastrointestinal problems, and diseases resistant to antibiotics are raised by their persistence in soil, 

groundwater, and surface water. The production of a tungsten disulfide-graphene oxide nanocomposite for tetracycline 

degradation under varied light sources is presented in this work. The successful incorporation of tungsten disulfide on 

graphene oxide structures was confirmed by characterization using Attenuated Total Reflectance-Fourier Transform 

Infrared Spectroscopy (ATR-FTIR) and X-ray Diffraction (XRD). This revealed characteristic peaks for hydroxyl (3328 

cm–1), carbonyl (1732 cm–1), alkene (1583 cm–1), and ether (1044 cm–1) bonds, as well as sulphur bonding (500 to 739 

cm–1). With a D-spacing of 2.24 nm, the tungsten disulphide-graphene oxide nanocomposite had a strong peak at 2θ = 

15.5˚corresponds to the (002) plane, as shown by X-ray diffraction. A distinctive GO peak was found at 2θ = 10.1˚, which 

corresponds to the plane (002). With light emitting diodes (95.67%), fluorescent lights (81.28%), and ultraviolet-visible 

light (88.09%), the nanocomposite in a photoreactor showed excellent photocatalytic efficiency. The better performance 

of the tungsten disulfide-graphene oxide nanocomposite under varying illumination circumstances, as determined by 

the Langmuir-Hinshelwood (LH) model, presents a viable and sustainable option for tetracycline degradation in water 

purification. This technique tackles a long-term strategy for tetracycline photocatalytic degradation in water 

purification under different illumination scenarios. 
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1. Introduction  

Pharmaceuticals are often employed in 

healthcare to maintain the health of both humans 

and animals, but this has unintentionally resulted 

in their accumulation in the environment, posing 

serious threats to both health and the 
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environment [1]. Entire classes of 

pharmaceuticals, including hormones, antibiotics, 

painkillers, and many more prescription and over-

the-counter drugs, can enter the environment 

through a number of pathways, including 

improper disposal, agricultural runoff, industrial 

discharge, and excretion from animals and 

humans After they are in the ecosystem, they 

could persist and have the potential to 
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contaminate water supplies, disrupt ecosystems, 

and harm species [2,3]. The presence of 

pharmaceuticals in soil, natural water bodies, and 

even the air serves as a stark reminder of the 

unintended consequences of drug use. This 

highlights how important it is to grasp how 

medications affect the environment thoroughly. 

When it comes to treating a wide range of 

bacteria, including Gram-positive and Gram-

negative ones, tetracyclines (TC) antibiotic count 

among the drugs that are often employed in both 

veterinary and human healthcare [4]. Moreover, 

their broad-spectrum antibacterial properties are 

used to treat a variety of bacterial diseases, such 

as gonorrhoea and chlamydia, facial acne, 

infections of the respiratory system, urinary tract 

infections, and skin infections TC also have a 

great method of action that includes stopping 

bacteria from producing proteins where it inhibits 

the aminoacyl-tRNA from binding with the RNA-

ribosome complex by adhering to the bacterial 

ribosome [5-7]. This process ultimately prevents 

the amino acids from being integrated into the 

growing peptide chain, which inhibits the growth 

and multiplication of bacteria.  

Due to their extensive usage has severely 

damaged the environment, residual pollutants 

have frequently been discovered in soil, 

groundwater, and surface water. TC are very 

difficult for natural microbial processes to break 

down due to their low biodegradability and strong 

tendency to adhere to soil and sediment particles 

[8-9]. In addition, by having a complex molecular 

structure and chemical stability, TC can be 

challenging to break down in an environmentally 

friendly way. These characteristics extend the 

TC’s resistance to chemical and biological 

degradation in the environment. Luckily, a 

variety of approaches nowadays might be 

investigated to promote TC breakdown while 

minimizing adverse environmental consequences. 

Green nanotechnology and advanced oxidation 

processes (AOPs) are two such potentially eco-

friendly methods for TC breakdown [10-11]. By 

using ozonation and photocatalysis, for instance, 

AOPs degrade organic pollutants like TC by 

generating highly reactive hydroxyl radicals 

(˙OH) [12]. The use of nanostructured materials, 

such as metal nanoparticles or carbon-derived 

nanomaterials, as catalysts for the degradation of 

TC is also referred to as "green nanotechnology". 

Green synthesis strategies that employ plant 

materials or biocompatible polymers can be 

preferred over alternative methods to produce 

nanoparticles with a minimal environmental 

effect. 

Therefore, through this experiment, tungsten 

disulfide (WS₂) and graphene oxide (GO) 

composites are considered as an effective catalyst 

in degrading TC among others due to their unique 

synergistic properties [13]. Owing to its two-

dimensional structure, GO is noted to provide a 

high surface area which increases the number of 

active sites available for catalytic reactions when 

combined with WS₂. Moreover, GO has an 

excellent electrical conductivity which facilitating 

rapid electron transfer beneficial for catalytic 

processes involving electron transfer reactions 

[14]. Next, WS₂ are chosen to combine with GO to 

help in enhanced stability and durability for the 

composite because WS2 is known for its chemical 

stability and resistance to harsh conditions which 

making it suitable for a long-term catalytic 

application [15-16].  

Nevertheless, synergistic effects are formed 

when WS₂ and GO are combined where the 

characteristics of each part improve and 

complement the total catalytic activity [17]. For 

example, GO enhances dispersion and inhibits 

agglomeration of WS₂ particles, whereas WS₂ 

supplies active sites for catalysis. By varying the 

ratio of WS₂ to GO and the synthesis process, the 

characteristics of WS₂/GO composites may be 

customised, enabling the composite to be 

optimised for certain catalytic applications [18-

19]. Due to the special combination of WS₂ and 

GO, the composite material can display 

multifunctional features, such as simultaneous 

electrocatalysis and photocatalysis, making 

WS₂/GO composites adaptable for a variety of 

catalytic processes. Additionally, the different 

oxygen functional groups found in GO have the 

ability to create defects into the WS₂ structure, 

resulting in the creation of extra active sites for 

catalysis and an increase in the composite 

material's catalytic activity. Hence in this study, 

by utilising the advantages of both materials, WS2 

and GO work together to create a composite 

catalyst that performs better overall in terms of 

activity, stability, and adaptability when 

degrading TC. 

 

2. Materials and Methods 

LabChem Sdn Bhd, a Malaysian company, 

provided the graphite powder required to make 

graphene. The following supplies were utilized, as 

supplied by LabChem Sdn Bhd, Malaysia: 

potassium permanganate (KMnO4, 99%), sodium 

nitrate (NaNO3, R&M Malaysia), concentrated 

hydrochloric acid (HCl, 37%, R&M brand, 

Malaysia), acetone, and methanol. The 

tetracycline came from Sigma Aldrich, located in 

Malaysia. NaH2PO4 and laboratory grade 

acetonitrile were supplied by the Malaysian 

business Merck Sdn Bhd. During the whole 

experiment, deionized water was used. 
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2.1 Synthesis of Tungsten Disulphide 

(Hydrothermal Method) 

WS2 was produced hydrothermally in an 

acidic atmosphere with tungstic acid and thiourea 

as the starting components. Generally, 1.5 g of 

tungstic acid and 1.9 g of thiourea were dissolved 

in 20 mL of deionized water and sonicated for 30 

min. Subsequently, 1 M HCl solution was added 

to the mixture and stirred for an additional 30 min 

to bring the pH of the mixture to 2.0. After being 

hydrothermally treated for 24 h at 80 ˚C, the 

reaction mixture was moved to a 50 mL stainless-

steel autoclave walled with Teflon and given time 

to cool to room temperature. After being 

repeatedly washed with ethanol and deionized 

water, the final product was centrifuged for 10 

min at 4000 rpm. It was then dried for 12 h at 60 

°C in a vacuum oven. The completed object was 

then kept in a desiccator for storage. 

 

2.2. Synthesis of Graphene Oxide (GO) (Modified 

Hummer’s Method) 

Hummer's approach was adapted to create 

graphene oxide (GO). A standard procedure 

involved adding 1 g of graphite flakes, 0.5 g of 

sodium nitrate (NaNO3) and 23 mL of 

concentrated sulfuric acid (H2SO4) to a 250 mL 

three-necked round-bottom flask. The flasks were 

then agitated for 1 h at ambient temperature and 

placed in an ice bath (0-5 °C). Next, gently add 3 g 

of potassium permanganate (KMnO4) and mix 

vigorously for 1 h. Following the removal of the ice 

bath, the solution was stirred for a further 4 h. 

Following a half-hour of stirring, a water bath was 

used to get the temperature up to 35 °C. 

Subsequently, the suspension was heated to 70 ˚C 

after 250 millilitres of deionized water were added 

to the suspension. The final mixture was then 

whisked for 15 min. After the unreacted 

compounds were removed, a 30% hydrogen 

peroxide solution was added. By centrifuging and 

repeatedly washing with a 5% HCI solution, the 

GO was extracted. Lastly, a vacuum oven set at 70 

°C was used to dry the slurry for the whole night. 

Using an Ultraviolet-Visible Spectrometer 

(UV-Vis) between 200 and 900 nm, the 

concentration of tetracycline in the aqueous phase 

was determined. Tetracycline was broken down 

under various light source irradiation conditions, 

such as LED, fluorescent lamp, UV lamp, and 

total darkness, to evaluate the photocatalytic 

activity of tungsten disulphide/graphene oxide 

(WS2/GO). The photoreactor utilized for the 

photocatalytic tests had four quartz tube reactors. 

In a typical photocatalytic experiment, 0.002 g of 

WS2/GO composites were placed in a beaker and 

20 mL of a stock solution containing 20 mg/L was 

added. To ensure that the adsorption/desorption 

equilibrium is attained, 0 mL and 50 mg/L (Co) of 

each solution were then pipetted out and put in a 

UV photoreactor at the starting point (t = 0) for 30 

min in a dark environment with steady stirring. 

Lastly, a UV-Vis spectrometer was used to detect 

the absorbance of solution samples in order to 

monitor the concentration of tetracycline during 

the photocatalytic decomposition process. The 

C/Co ratio, where C is the tetracycline 

concentration at a certain time and Co is the 

tetracycline concentration at t = 0 min was 

computed using the observed tetracycline 

absorption for each sample. 

 

2.3. Synthesis of WS2/GO 

For 10 min, 40 mg of GO were ultrasonically 

dissolved in 40 mL of deionized water in a beaker. 

Next, 40 milliliters of deionized water were mixed 

with six milligrams of WS2. The solution was then 

ultrasonically sonicated for 10 min. The precursor 

was finally centrifuged, rinsed with water, and 

dried in an 80 °C vacuum oven for 24 h. The 

synthesized composite, designated as WS2/GO, is 

stored in a desiccator. 

 

2.4. Instrumentation 

Using the Fourier transform infrared (FTIR) 

method of attenuated total reflectance (ATR) 

(Spectrum 100 FTIR Spectrometer, Perkin Elmer) 

in the 4000–650 cm-1 range, the photocatalyst 

tungsten disulphide/graphene oxide composite is 

characterized continuously during this degrading 

process. An PG Instrument Ltd. T80 + UV/VIS 

Spectrometer was then used to measure the UV-

Vis absorbance in the range of 200 to 900 nm. A 

Cu target was used in an Empyrean x-ray 

diffractometer operating at 40 kV and 40 mA to 

acquire an X-ray diffractogram (XRD) in the 2 

theta (θ) with a range of 5-70˚. 

 

2.5. Procedure 

Using an Ultraviolet-Visible Spectrometer 

(UV-Vis) between 200 and 900 nm, the 

concentration of tetracycline in the aqueous phase 

was determined. Tetracycline was broken down 

under various light source irradiation conditions, 

such as LED, fluorescent lamp, UV lamp, and 

total darkness, to evaluate the photocatalytic 

activity of tungsten disulphide/graphene oxide 

(WS2/GO). The photoreactor utilized for the 

photocatalytic tests had four quartz tube reactors. 

In a typical photocatalytic experiment, 0.002 g of 

WS2/GO composites were placed in a beaker and 

20 mL of 20 mg/L of TC was added. To ensure that 

the adsorption/desorption equilibrium is attained, 

0 mL and 50 mg/L (Co) of each solution were then 

pipetted out and put in a UV photoreactor at the 

starting point (t = 0) for 30 min in a dark 

environment with steady stirring. Lastly, a UV-

Vis spectrometer was used to detect the 

absorbance of solution samples to monitor the 
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concentration of tetracycline during the 

photocatalytic decomposition process. The C/Co 

ratio, where C is the tetracycline concentration at 

a certain time and Co is the tetracycline 

concentration at t = 0 min was computed using the 

observed tetracycline absorption for each sample.  

 

3. Results and Discussion 

3.1. FTIR Analysis 

The FTIR spectrums for GO, WS2, and 

WS2/GO are shown in Figure 1. The O-H 

stretching vibrations are responsible for the large 

peak centred at 3328 cm-1 in the FTIR spectra of 

GO. In the meanwhile, carbonyl (C=O), the C=C 

stretching mode, and C–O stretching are shown 

by absorption bands at 1732 cm-1, 1583 cm-1, and 

1044 cm-1, respectively. Subsequently, the WS2 

spectrum in Figure 1(b) displays numerous peaks 

at 657 cm-1 and 739 cm-1, which are caused by the 

in-plane sulfur bonding (S-S) [13]. Similar 

spectrum range was obtained in synthesizing WS2 

[20], indicating that the method was properly 

conducted. In the meanwhile, the WS2/GO 

spectrum shown in Figure 1(c) shows all the peaks 

observed in GO and WS2 combined into a 

composite. This demonstrated the effective 

synthesis of the composite.  

 

3.2. XRD Analysis 

Figure 2 displays the XRD peaks of the GO, 

WS2, and WS2/GO composites. The large peak in 

the XRD pattern suggests that GO is amorphous. 

On the other hand, WS2 has a crystalline 

structure with distinct peaks at 2θ = 14.3˚, 15.5˚, 

23.8˚, 28.5˚, 37.2˚, and 43.2˚, which represent the 

(002), (002), (004), (100), and (103) planes, in that 

order. JCPDS Card 08-0237 indicates that these 

peaks can be attributed to the hexagonal phase of 

WS2 [15,18]. The (002) plane of WS2 has a D-

spacing of 2.24 nm, and the sharp peak at 15.5˚ 

corresponds to this plane. This suggests that 

layered WS2 develops well along the c-axis 

throughout synthesis. This peak is also visible in 

the WS2/GO nanocomposite's XRD pattern, 

indicating the creation of single-layer WS2 in the 

sample. Furthermore, there is the distinctive GO 

peak at 2θ = 10.1˚, which is located in the (002) 

plane. Due to a larger ratio of GO to WS2, the 

diffractogram of the composite shows that GO 

sheets predominate in the WS2/GO hybrids, with 

the typical peaks of WS2 being easily apparent 

[23,32]. 

Furthermore, the GO inclusion resulted in a 

3.6 nm crystallite size in the WS2/GO composites 

by decreasing their crystallinity. This decrease is 

explained by the full dispersion of GO in the 

composite. The Scherrer equation (Eq. 1) was 

utilized to compute the size of the crystallite [12]. 

 

𝐷 =  
0.9 𝜆

𝛽 cos 𝜃
     (1) 

 

where λ is the X-ray wavelength, β is the full 

width at half maximum (FWHM) of the X-ray 

diffraction peak in radians, D is the crystallite 

mean size (nm), k is the crystallite form factor 

(usually assumed as 0.9), and θ is the Bragg angle 

(degrees). Because WS2 is crystalline, it has a high 

crystallinity size of 8.34 nm. According to the 

findings, bigger surface areas correlate with 

smaller crystallite sizes [23-24]. This phenomenon 

enhances the generation of radicals by facilitating 

the passage of light-induced carriers to the 

outermost particles. 

 

Figure 1. FTIR spectrum for (a) graphene oxide 

(GO), (b) tungsten disulphide (WS2), and (c) 

tungsten disulphide- graphene oxide (WS2/GO). 

Figure 2. XRD spectrum of (a) GO, (b) WS2, and 

(c) WS2/GO composites. 
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BET Analysis   BJH Analysis 

Materials BET Surface Area (m2.g-1)  Pore size (nm) Pore Volume (cm3/g) 

GO 2.509  15.6349 0.012167 

WS2 1.2119  6.02311 0.012219 

WS2/GO 7.8637  5.6977 0.001800 

3.3. Surface Area Analysis 

Using nitrogen as the analysis gas, the 

Brunauer-Emmett-Teller analysis was performed 

to calculate the surface area of the photocatalysts 

WS2 and WS2/GO composites using adsorption 

and desorption isotherms. Prior to each 

measurement, 0.03 g of each powdered catalyst 

was weighed and degassed under vacuum for 12 h 

at 150 °C. After then, the catalysts were exposed 

to 1 h of 100 °C outgassing. The adsorption-

desorption isotherms of nitrogen obtained for the 

WS2 and WS2/GO composites, were classified by 

BET as TYPE H4 [25] as shown in Figure 3. This 

type of isotherm forms a convex shape to the x-

axis throughout its entire range, with the 

observation of hysteresis, a phenomenon typically 

observed in mesoporous structures (2 nm <size<50 

nm) [26].  

The physicochemical characteristics of GO, 

WS2, and WS2/GO are reported in Table 1. The 

range of GO's specific surface area was 2 to 1000 

m2.g-1 [22]. As GO tends to cluster together when 

dried, the value received from the results is 

significantly lower than the predicted value. It's 

generally understanding that GO can be dispersed 

evenly and fully exfoliated. Based on available 

research, the specific surface area of WS2 was 

determined to be between 5.00 and 20.00 m2.g-1 

[27]. The combination of WS2 and GO can 

significantly minimize the restacking of WS2 

layers and the graphene layer, as indicated by the 

results, which show that the specific surface area 

of WS2/GO is larger than that of both GO and WS2. 

The GO and WS2 nanoparticles tend to aggregate, 

decreasing their surface area. However, the 

specific surface area rose following the 

intercalation of WS2 and GO. An increase in 

surface area results in enhanced photocatalytic 

activity and an improved adsorption transport 

pathway. Furthermore, the WS2/GO composites' 

decreased pore size after merging indicates that 

the pores between these materials are filled and 

integrated with one another. 

 

3.4. Photocatalytic Degradation Analysis 

Water-soluble tetracycline antibiotic solution 

was used to photodegrade the virgin WS2, GO, and 

WS2/GO composites to evaluate their 

photocatalytic performance. The purpose of the 

light source effect study was to establish a 

connection between the characterisation analysis 

of composites and their capacity to break down the 

antibiotic tetracycline. This study assessed four 

distinct irradiation settings for 180 min: dark, 

LED, UV, and fluorescent. The degradation 

efficiency of TC by using GO, WS2, and WS2/GO 

nanocomposites as photocatalyst under the 

specified irradiations are shown in Figure 4. The 

figure revealed that all photocatalysts perform 

poorly at degradation under dark settings, with 

physisorption playing a major role in controlling 

degradation. In contrast, as shown in Figure 4 and 

Table 2, the degradation efficiency of WS2/GO 

(95.67%) outperformed other photocatalysts-GO 

(82.41%) and WS2 (84.31%) in terms of degrading 

performance when light emitting diodes (LEDs) 

were present. This is because there is enough 

WS2, or visible active photocatalyst. Moreover, the 

separation efficiency of photogenerated electron 

pairs in WS2/GO composites was significantly 

enhanced by the addition of GO. Notably, the 

surface-active sites of the photocatalyst were 

enhanced by the addition of GO [22]. 

 

3.5. Contact Time and Kinetic Analysis 

The materials were evaluated for 30 min in 

the dark and then for 0 to 180 min under LED 

irradiation in order to further examine the impact 

of contact time on the kinetic behaviour of the 

photodegradation process. As Figure 5 illustrates, 

there was very little deterioration in the dark, and 

Figure 3. BET plot of nitrogen adsorption 

isotherm of WS2 and WS2/GO nanocomposite. 

Table 1. Brunauer-Emmett-Teller (BET) and Barrett-Joyner-Halenda (BJH) cumulative pore volume 

analysis of GO, WS2, and WS2/GO composites 
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Conditions GO WS2 WS2/GO 

Dark 6.78 10.06 31.02 

Fluorescent 64.61 70.8 81.28 

UV 81.65 83.8 88.09 

LED 82.41 84.31 95.67 

Type of 

Photocatalyst 

Light 

Source 

Contact 

time (min) 

Initial 

concentration 

(mg/L) 

k (min-1) t1/2 (h) Degradation 

(%) 

Ref. 

ZnO UV 180 0.0016 Not mention Not mention 93.3 [28] 

TiO2 UV 120 55 0.0163 42.5 83.2 [29] 

B-TiO2 Xenon lamp 240 10 0.0045 Not mention 66.2 [30] 

MWCNT-TiO2 UV 60 10 0.064 Not mention 92.2 [31] 

WS2/GO LED 120 50 0.0797 0.1449 95.67 This 

study 

the variations suggested that an equilibrium 

between adsorption and desorption had been 

established. From 0 to 30 min, there was rapid 

decline; from 150 to 180 min, there was a 

progressive drop and final standstill. Tetracycline 

degraded quickly at first because the 

photocatalyst's active sites were still empty, 

enabling quick degradation. Tetracycline's rate of 

degradation was slowed down when more active 

sites were filled since this lessened the possibility 

of electron-hole recombination. Extensive studies 

on heterogeneous photocatalysts in organic 

pollutants photo-degradation have demonstrated 

that the result is consistent with the Langmuir-

Hinshelwood (LH) kinetic model (Eq. 2):  

 

𝑟0 =  −
𝑑𝐶

𝑑𝑡
=

𝑘𝐾𝐶

1+𝐾𝐶
    (2) 

 

where, K is the adsorption equilibrium constant, k 

is the reaction rate constant, ro is the reactant's 

decomposition rate, and C is the concentration of 

the reactant. Kc « 1 in the LH equilibrium may be 

lowered to a pseudo-first-order kinetic model (Eq. 

3) due to the low dose of tetracycline antibiotics 

utilized in the experiment: 

 

− 
𝑑𝐶

𝑑𝑡
= 𝑘𝐾𝑐 =  𝑘𝑜𝑏𝑠𝐶    (3) 

 

When the threshold of C = Go is further fixed at t 

= 0, it is possible to integrate Eq. 3, leading to (Eq. 

4): 

 

−𝑙𝑛 
𝐶

𝐶𝑜
=  𝑘𝑜𝑏𝑠𝑡     (4) 

 

Table 3 exhibit the kinetic constants for the 

observed values pseudo-first-order of this study 

along with different references regarding 

photocatalytic degradation of TC. Through this 

study, the rate constant k, coefficient of 

determination R2, and half-life t1/2 were found to 

be, respectively, 0.0797 min-1, 0.9998, and 8.695 

min-1, based on a plot of ln C/Co vs. irradiation 

Table 2. Degradation percentage of GO, WS2, and 

WS2/GO under different conditions 

Figure 4. Degradation percentage of GO, WS2, and 

WS2/GO under different conditions. 

Figure 5. Effect of contact time for photocatalytic 

degradation of tetracycline antibiotic (20 mg/L 

tetracycline antibiotic, 12-watt light emitting 

diode irradiation, 0.002 g/L of catalyst loading). 

Table 3. Pseudo-first order (kinetic parameters) of different types of photocatalyst and light sources in 

degrading tetracyclines. 
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length shown in Figure 6. Figure 7 illustrates 

schematic diagram the photogenerated electrons 

in the conduction band (CB) of WS2 would  migrate  

to  GO  while  the  holes  in  the  valence band  (VB)  

of WS2 could  transfer  to  GO.  As a result, the 

recombination of formed electrons and holes could 

be prevented greatly. 

 

4. Conclusions 

To sum up, the hydrothermal approach and 

modified Hummer's method were successfully 

used to manufacture all three GO, WS2, and 

WS2/GO composites. These composites were then 

used as a catalyst for the photodegradation of 

tetracycline under various light irradiation 

conditions. The effective synthesis was 

demonstrated throughout the FTIR study, as the 

composites of WS2/GO showed all of the peaks 

found in GO and WS2 merged into a composite. 

Furthermore, throughout the XRD examination, 

WS2/GO composites exhibit a 3.6 nm decrease in 

crystallite size following the addition of GO to 

WS2. This combination increases the production of 

radicals during the tetracycline degradation 

process. Next, the WS2/GO composite is classified 

as a TYPE 4 based on its hysteresis properties, 

with a convex shape parallel to the x-axis and a 

mesoporous size of 5.6977 nm. With all of the 

features demonstrated by the WS2/GO composites, 

LED light sources displayed the highest 

tetracycline degradation of 95.67% among all light 

situations. As a result, tetracycline degradation 

was shown to be successful in the presence of LED 

light sources and WS2/GO as catalyst. 
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