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Abstract In the study, the Clothianidin extracted from surface water of Agean region in İzmir were photodegraded 

using TiO2/CNT/Pd-Cu nanocomposite. The maximum Clothianidin photodegradation rate was observed as 98% at 

20 mg/L Clothianidin concentration   using 0.12 mg/L TiO2/CNT/Pd-Cu Nanocomposite. At 40 mg/L Clothianidin 

concentration the photodegradation yield decreased to 56%. The maximum Clothianidin photodegradation 

efficiency was found to be 98% at an alkaline ph of 10.00 at a Clothianidin concentration of 20 mg/L using 0,15 

mg/L TiO2/CNT/Pd-Cu nanocomposite concentration after 65 min under solar light irradiation. By the metal 

composition of TiO2/CNT/Pd-Cu 68.6 wt% TiO2 + 29.4 wt% CNT + 1 wt% Pd + 1 wt%; 99.90% Clothianidin 

photodegradation yield was detected. 

Keywords Surface water, Clothianidin, Photodegradation, nanocomposite, endocrine disruptors, Neonicotinoids, 

TiO2/CNT/Pd-Cu 

1. Introduction 

Neonicotinoids are a group of insecticides, following organophosphorus, and carbamates, and developed versus 

nicotine properties  [1]. The neonicotinoids can be used in the word to control of piercing-sucking mouth insects 

concerning the delphacidae, since their well root charming, and high yields and decreased inhibitionss to mammals 

[2]. Neonicotinoids were effective agonists of the acetylcholine receptors in nicotine. This act an important factor 

for the nervous of the insects. These insecticides lead to nerve inhibitions and ending by paralysis and death as 

aresult toxic effects to the nerves. With the detection of novel nicotine-relevant organics a lot of insecticide assays 

were performed to determine metabolic properties of insects [3]. The stability and steady-state conditions and the 

resistance of neonicotinoids decreased after operating the treatment plants. The photo-removal of neonicotinoids and 

the effect of some operational conditions were necessary to raising of insecticidal stability. A lot pesticides are stabil 

and resistant to hotodegradation depending to physicochemical metabolic differences [4].  During photo-oxidation 

of pesticides in aquatic ecocystems spraying of a chemical completely changes the genetic properties and exhibited 

some sustainabilities to their oxidation [5]. The photo-oxidation process two big process were performed; 

photosensitization and photo-quenching [6]. The photo-oxidation process pathways and formed metabolites varied 

according to differencies in environmental ana operational conditions [7]. Nomore study was found about the the 

photo- oxidaton of neonicotinoid chemicals. However in recent years a significant incres in the degradation of these 

chemicals were performed. In last years the utilization of clothianidin were extremely increased. The natural 
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structure such as rivers and seas were polluted.  It is important to note that presence of the micropollutants raised by 

the utilization of these chemicals. 

Micropollutants are pollutants, with low level of concentrations such as ng/L and μg/L [1]. Clothianidin was 

measured in Minnesota ground water and surface water at levels below the guidance value developed by The 

Minnesota Department of Health. Drinking water is exactly the point emitted to the clothianidin. In some researches, 

high doses of clothianidin cause changes in weight, growth and metabolic activities in animals. 11% of clothianidin 

was measured in groundwater. In surface water, clothianidin was measured at a concentration as high as 0.26 ppb.  

The levels and variations of clothianidin depend to the seasons in Minnesota. It was found that in the animals the 

exposure concentration to clothianidin was found to 100-fold higher in pregnant rats. The female animals also were 

sensitive to clothianidin. This chemical inhibits the endocrine homeostasis of the human body, and it was measured 

in the blood and urine. Clothianidin emitted to   the lands an aquatic body and degrade neonicotinoid insecticides. 

Since neonicotinoids, as a part of insecticides, can be adsorbed fully to the plants via root.  They are applied to the 

soil as seed dressing [8]. Researchers showed that 90% of the neonicotinoids used in seed dressings and adsorbed to 

the soil [9]. There are seven types of neonicotinoids namely imidacloprid, clothianidin, thiamethoxam, dinotefuran, 

acetamiprid, thiacloprid, and nitenpyram. Imidacloprid is extensively used, add a clothianidin follow it [10]. With 

the isolation of clothianidin and thiamethoxam in 1991 they used extensively since their physicochemical properties, 

effective rate, resistance and a special integration to pesticide inhibition [11]. The data having the accumulation, 

oxidation and degradation in lands were studied. The removal yield of a pollutant in lands is feasible to detect their 

degradation. The transformation rates of endocrine disruptors varied with environmental conditions, their 

concentration and accumulation duration [12]. Due to their huge biological talent and chronic inhibition [12], they 

not be found in receiving waters. Many novel processes were applied to decrease the pollution. Advanced oxidation 

processes (AOPs) were extensively used to oxidated the neonicotinoids, steroids and other non-degradable 

chemicals to broken down the recalctrant groups [13]. Advanced treatment process consists of ozonation, sonication 

electro-fenton process as photodegradation process [14]. Photocatalytic processes were extensively utilized since it 

was easily utilized; the oxidative radicals can be easily reduced, due to ultimate mineralization, no sludge generation 

and high efficiency rate of pollutants [14]. The photodegradation mechanism contained a semiconductor catalyst, 

under ligth to create a high photodegradation yield. Some researcher’s have generated TiO2 nanocomposite 

consisting of TiO2, and Carbone nanotubes developed from graphene, and some heavy metals [15]. This 

phenomenon was occurred as follows: (a) TiO2 photodegradation, (b) an excellent electron-capture property for 

maximum sorption rate of the organic substances [16] and (c) the improved of the effect of the metal doping to TiO2 

[13]. The physical mixture the TiO2, carbonaceous organic substance and heavy metal exhibited an excellent yield in 

the photo oxidations of chemicals due to a special structure of the nanocatalyst [15]. In the production of the 

nanocatalyst the noble metals were not so cheap. Therefore, nowadays low- cost new photocatalysts were [17]. 

Among heavy metals, Cu advice to increase the photooxdation rate of TiO2 photocatalyst to get the electrons on its 

surface for adsorption [17]. Therefore, developing of a TiO2 nanocomposite including the TiO2, the carbon nanotube 

and copper should be a good idea for photocatalysis of pollutants. The photooxidation yield of this new 

nanocomposite can be improved by doping of a new metal due to mixing of the metals improved the photocatalytic 

oxidation by a combined effect bigger than that of one metal [17]. In the developing of a new, advanced 

nanocomposite including the Cu, the Pd, the TiO2 and the caron nanotube; Pd increase the light absorption; and Cu 

is working as an electron sink [15]. Therefore, the combination of these ingredients should cause excellent 

photocatalytic rates in the clothianidin yields. 

In order to remove the clothianidin which one of the neonicotinoids from the surface water; TiO2/CNT/Pd-Cu 

nanocomposite was generated under laboratory conditions. The effects of increasing initial clothianidin 

concentrations (5 mg/L, to 10 mg/L,  20 mg/L and 40 mg/L); effect of pH increase (4.0; 7.0, 8.5 and 10.0),  effects 

of increasing UV–vis spectra wave lengths (300 nm,  400 nm, 500 nm, 600 nm and 700 nm) on the absorbances of 

TiO2/CNT/Pd-Cu > TiO2/CNT/Pd > TiO2/CNT/Cu > TiO2/CNT,  effects of variations of metal percentages of the 

TiO2/CNT/Pd-Cu nanocomposite such as TiO2/CNT 70 wt% TiO2 + 30 wt% CNT, TiO2/CNT/Pd 68.6 wt% TiO2 + 

29.4 wt% CNT + 2 wt% Pd, TiO2/CNT/Cu 68.6 wt% TiO2 + 29.4 wt% CNT + 2 wt% Cu, TiO2/CNT/Pd-Cu 68.6 
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wt% TiO2 + 29.4 wt% CNT + 1 wt% Pd + 1 wt%, on the photodegradation yields of Clothianidin were investigated. 

Furthermore, in order to detect the surface properties of TiO2/CNT/Pd-Cu nanocomposite XRD and XPS analysis 

were performed.  

2. Materials and methods 

2.1. Used Chemicals in this study  

Titanium (IV) isopropoxide, Cu (II) acetylacetonate (99.9%) and Pd (II) acetylacetonate (99%) were included in the 

process as metal precursors and Titania for photocatalyst synthesis. 

All chemicals were purchased from Merck Co. Darmstadt-Germany. Multi-walled carbon nanotubes (98%) as TiO2 

support and pure ethanol as hydrolytic agent has been studied using 

and these were obtained from Merck Co. The diameters of the CNT were 12-32 nm (outer) and 4-11 nm (inner) 

(manufacturer's data), and the BET layer area was 210 m2/g (data not shown). Carbon dioxide (99.9%) was used in 

the synthesis of the catalyst, which was used as a dissolvent and obtained from Sigma-Aldrich. 

Commercial TiO2 P25 supplied by Sigma-Aldrich was used as the reference photocatalyst. Carbon dioxide (99.9%) 

was used in the synthesis of the catalyst, which was used as a dissolvent and obtained from Sigma-Aldrich. 

The photocatalytic capacity was approved in the disruption of clothianidin (≥ 98%). All purchased from Merck Co. 

Tert-butyl alcohol (99.5%), p-benzoquinone (99%), sodium azide (99%) and glycerol (99%) were used as radical 

scavenging chemicals, the chemicals were supplied by Merck Co. H3PO4 (85%) and NaOH (98%), supplied by 

Merck, were used to regulate the pH of the hydrated mixtures if essential. Other dissolvents used were methanol and 

acetonitrile, both with the maximum pure (HPLC-rate) and supplied from Sigma-Aldrich.  

 

2.2. Preparation of TiO2/CNT/Pd-Cu Nanocomposite   

Synthesis situations were depend on those firstly recorded in literature [18]: pressure 20 MPa, temperature 300 ºC, 

reaction time 2 h, 5 mmol of titanium isopropoxide, 128.4 mg of CNT, molar rates of TIP/ethanol and ethanol/CO2 

equal to 3.6% and 8%, in order of, and volumes of metal first minerals (Pd(II) acetylacetonate or Cu(II) 

acetylacetonate) lead to composites with metallic weight percent of 2%. To measure the essential volume of CNT it 

was taken notice that only 75% of titanium available in TIP was incorporated to the photocatalyst [18].  

 

2.3. Clothianidin properties     

The clothianidin (C6N5H8SO2Cl) used in the study were produced by PESTANAL®, analytical standard MERCK 

(Figure 1). They were both in dust shape with pure of 99.5%. Present mixture of 1000 mg/L was prepared by solving 

clothianidin in analytical grade methanol.  

 
Figure 1: Chemical structure of Clothianidin 

 

2.4. Variation of ingredient percentages in TiO2/CNT/Pd-Cu Nanocomposite on the photooxidation of 

Clothianidin 

Concerning the volumes required of Pd and/or Cu first minerals, we supposed that 100% of the metal in the first 

mineral was combined into the photocatalyst. Based on this assumption the composition was arranged as follow: 

TiO2/CNT 70 wt% TiO2 + 30 wt% CNT  

TiO2/CNT/Pd 68.6 wt% TiO2 + 29.4 wt% CNT + 2 wt% Pd  

TiO2/CNT/Cu 68.6 wt% TiO2 + 29.4 wt% CNT + 2 wt% Cu  

https://www.sigmaaldrich.com/TR/en/product/sial/33589


AKÇAĞLAR S                                                                                                    Chemistry Research Journal, 2022, 7(3):111-120 
 

 

        Chemistry Research Journal 

114 

 

TiO2/CNT/Pd-Cu 68.6 wt% TiO2 + 29.4 wt% CNT + 1 wt% Pd + 1 wt%          

The effects of the aforementioned ratios on photodegradation yields of Clothianidin was researched. 

 

2.5. Photocatalytic oxidation tests  

The photocatalytic motion of the TiO2/CNT/Pd-Cu Nanocomposite was researched for the photooxidation of the 

Clothianidin under irradiation. The photooxidation assays were carried out in a 800 mL glass reactors under 

mechanical stirring at a pH of 9.0. For ligth a Xe arc lamp (590 W) was used for a light power of 120 mW. The 

TiO2/CNT/Pd-Cu dose was 0.12 g/L and Clothianidin dose at the beginning of the study was 20 mg/L. The 

TiO2/CNT/Pd-Cu was put to a glass beaker with Clothianidin at pHs 4.0;  8.5 and 10.0. Then, the surface waters 

samples from the different points of surface water in around Tahtalı region was provided under mixing in the dark 

until steady-state conditons were obtained (15 min).In the relevant assay the photocatalytic essay was performed for 

150 min under sun light. The data obtained from the photooxidations assays exhibited the aritmetic mean in 

triplicate studies. Samples of about 2 mL were taken from the glass beakers filtered with an filter apparatus having 

0.45 µm membrane filters.   

 

2.6. Measurement of clothianidin 

Different clothianidin concentrations (5 mg/L, to 10 mg/L, 20 mg/L and 40 mg/L) were carried out by using 

methanol. The samples were photo-oxidated under light irradiation, and the samples were retained under dark for 

control. The mixtures were filtered from the membrane with a membrane filter apparatus having a por diameter of 

0.21 μm. The samples were measured in a LC-Q-TOF-MS accoutered with diode array detection. This contains an 

automatic jet stream electrospray ionization apparatus. The typical ion source properties were: capillary voltage, 

+4040/-3570 V; temperature, 320˚C; gas flow ratio, 7 L/min; case gas temperature, 258˚C; sheath gas flow rate, 13 

L/min; and nebulizer pressure was 48 psi.  

 

2.7. Physicochemical properties of TiO2/CNT/Pd-Cu nanocomposite 

The physicochemical properties of the TiO2/CNT/Pd-Cu nanocomposite were determined using X-ray powder 

diffractometer (XRD, Philips X′Pert MPD). Layer analysis was achieved by the X-ray Photoelectron Spectroscopy 

(XPS) technique using a spectrometer Specs hoibos-150. 

 

2.8. Effect of pH   

The pH has a important effect on the photo-degradation of organic contaminants [19]. In this research, diluted 

NaOH and HCL were used to obtain pH values of 4.0,  7.0, 8.5, and 10.0 in order to investigate pH effects on the 

photo-degradation of Clothianidin.  

 

2.9. Effect of the initial Clothianidin concentration on photo-degradation 

In order to detect the effect of initial Clothianidin concentrations on photodegradation the Clothianidin 

concentrations was increaed from 5 mg/L, to 10 mg/L, to 20 mg/L and to 40 mg/L. 

 

2.10. Light absorption, charge separation and charge transfer  

Diffuse reflectance ultraviolet-visible spectrophotometry (DRS UV–vis) was used to determine the optical 

specifications of synthesized catalysts. 

 

2.11. Photo-degradation efficiency of Clothianidin   

The photo-degradation efficiency was determined from Equation 1: 

Photodegradation rate (%) = 
𝐶𝑑−𝐶ₗ

𝐶𝑑
 x 100                   (1) 

Where; Cd and Cl are Clothianidin concentrations (darkness control) and different experiments, respectively.  
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3. Results and Discussion 

3.1. Effect of the initial Clothianidin concentration on photo-degradation in the presence of 0.12 mg/L 

TiO2/CNT/Pd-Cu Nanocomposite     

The recent studies showed that TiO2/CNT/Pd-Cu Nanocomposite was used to degrade the at Clothianidin 

concentrations varying between 0.10 and 1.20 mg/L [20]. Therefore, in this step a constant TiO2/CNT/Pd-Cu 

Nanocomposite concentration of 0.12 mg/L was used. Table 1 illustrates the photo-oxidation yields of Clothianidin. 

As the Clothianidin concentrations increased from 5 mg/L, to 10 mg/L, and to 20 mg/L, the photodegradation yields 

increased from 67% to 80% and 98%. However the yield decreased to 56% at 40 mg/L Clothianidin concentration 

after 120 min. Excess Clothianidin concentrations at the beginning is relevant to a big part of Clothianidin samples; 

Ths is due to high competiton between photon absorption ana small amount of energy sorbed by the TiO2/CNT/Pd-

Cu nanocomposite. As a result, small photo-oxidation yields were detected [21]. Furthermore, a lot of metabolites 

compete for ligth photons, resulting in low photon adsorptions and reduced photooxidations [22]. 

Table 1: Effect of increasing initial Clothianidin concentration on photo-degradation 

Clothianidin concentration (mg/L) Photodegradation yield (%) 

5 67 

10 80 

20 98 

40  56  

 

3.2. Effect of pH on photodegradation of 20 mg/L Clothianidin in the presence of 0.12 mg/L TiO2/CNT/Pd-Cu 

Nanocomposite after 95 min 

As shown in Table 2, the photo-oxidation yields decreased under acidic conditions, while the photo-oxidation yields 

elevated under neutral and alkaline conditions. At pH 4.0, the photo-photooxidation yield of Clothianidin was found 

to be very low. The photo oxidation yield of Clothianidin elevated at raised pHs, The yield raised at pH 8.5 and 

10.0. Neonicotinoids easily generated hydroxyl anions in alkaline conditions in the compairison of the other pH 

levels. The production of the aforementioned radicals was significantly affect the photo-oxidation yields of 

Clothianidin [23]. Under acidic conditions the photons were absorbed at awave lentgh of 260 nm. This wave lentgh 

was the upper sorption wavelength of Clothianidin. As a result, photons compete during the sorption of the photo-

oxidation process.  

This phenomenon ending with decreased photo-oxidation yields [24].  Under alkaline conditions, an elevated level 

in photo-oxidation yields depends to an elevated photo-quantum efficiency. This cause to raise of the protonation 

degree of the excited Clothianidin  [25]. 

Table 2: Effect of increasing pH on the photodegradation of Clothianidin 

pH level 

 

Clothianidin Photodegradation 

yield  (%) 

4 60 

7 67 

8.5 87 

10 99.90 

 

3.3. Photocatacalytic studies with 20 mg/L Clothianidin at pH=10.0 and at a initial 0.15 mg/L TiO2/CNT/Pd-

Cu Nanocomposite dose after 120 min 

Table 3 shows the Clothianidin photodegradation yield under optimal conditions. With the aforementioned doses 

99.99%  Clothianidin yields was detected. 

Table 3: Effect optimal operational conditons on the photodegradation of Clothianidin 

pH level Clothianidin 

concentration 

(mg/L)  

TiO2/CNT/Pd-Cu 

dose (mg/L) 

Clothianidin 

Photodegradation 

yield (%) 

10 20 0.15 99.99 
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3.4. Effects of metal percentages in TiO2/CNT/Pd-Cu nanocomposite on photodegradation of Clothianidin 

Table 4 exhibited the photodegradation yields of 20 mg/L Clothianidin with 0.15 mg/L total TiO2/CNT/Pd-Cu with 

different TiO2, CNT, Pd, and Cu percentages 

Table 4: Effects of metal percentages in TiO2/CNT/Pd-Cu nanocomposite on photodegradation of Clothianidin 

Variation of metal percentages in the TiO2/CNT/Pd-Cu Clothianidin Photodegradation 

yield (%) 

TiO2/CNT 70 wt% TiO2 + 30 wt% CNT  77 

TiO2/CNT/Pd 68.6  wt% TiO2 + 29.4 wt% CNT + 2 wt% Pd  80 

TiO2/CNT/Cu 68.6 wt% TiO2 + 29.4 wt% CNT + 2 wt% Cu  81     

TiO2/CNT/Pd-Cu 68.6 wt% TiO2 + 29.4 wt% CNT + 1 wt% Pd + 1 wt% 99.99 

The results showed that the maximum Clothianidin Photodegradation yield was detected with TiO2/CNT/Pd-Cu 68.6 

wt% TiO2 + 29.4 wt% CNT + 1 wt% Pd + 1 wt% containing all types of metals in the formation of TiO2/CNT/Pd-

Cu nanocatalyst. 

 

3.5. Photodegradation kinetic of Clothianidin  

TiO2/CNT/ Pd-Cu nanocomposite exhibited a huge Clothianidin yield as illustrated in Figure 2. Clothianidin level 

decreased after 120, 50 and 30 min of photooxidation. The TiO2/CNT/Pd-Cu nanocomposite exhibited excellent 

removals for Clothianidin after 150, 90 and 60 min photooxidation times. When the TiO2/CNT/Pd-Cu composites 

were without all its ingredients exhibited reduced photooxidation yields. For TiO2/CNT/Pd-Cu nanocomposite the 

lowest time for maximum Clothianidin yield was found to be as 65 min. Although high removal yields was found 

for Clothianidin the presence of a lowest part of this chemical indicated that some metabolites at insignificant levels 

were found. 

      
Figure 2: Photodegradation of clothianidin under simulated solar light 

3.6. Light absorption, charge separation and charge transfer  

Figure 3 exhibited the presence of TiO2 P25 in the wavelengths range from 302 to 702 nm. The sorption spectra of 

UV region showed that of the absorption spectrum exhibited that TiO2 was not hybrid, it was found solely and the 

UV–vis spectra exhibited the presence of TiO2 metal. The absorption lines showed that TiO2 mainly absorbed in the 

UV region at wave lengths < 300 nm. The spectra of the nanocomposites in the visible light area is as follows: 
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TiO2/CNT/Pd-Cu > TiO2/CNT/Pd > TiO2/CNT/Cu > TiO2/CNT. The properties of the Ti–O–C bonds generated in 

each was completely different [26]. In the hybrid nanocomposite, absorption of visible light occurred extensively 

since Ti-O-C bonds cause to photon charge and Transmittance of the photons between TiO2 and carbon nanotubes 

This situation decrease the recombination. Plasmonic Pd interaction with visible light and the formation of Schottky 

junctions by producing new energies between Pd and Cu near conduction band of TiO2 [27].  

 
Figure 3: UV–vis DRS spectra of the photocatalysts  

 

3.7. Physicochemical properties of Pd-Cu/20 CNT TiO2 nanocomposite 

3.7.1. XRD analysis  

XRD patterns of CNT, Pd-Cu/TiO2, and Pd-Cu/20 CNT TiO2 were illustrated in Figure 4. Typical (0021) and (1001) 

diffraction plots showed the XRD plots of CNT. XRD analysis of TiO2 and CNT-TiO2 nanocomposite showed that 

that solely anatase phase was detected in the TiO2 structure and in whole nano-composit. The XRD pathways of the 

Pd-Cu doped CNT–TiO2 were found to be the same to the one of Pd-Cu/TiO2. The CNT was clearly detected.  

 

 
Figure 4: X-ray diffraction patterns of neat CNT (I), Pd-Cu/TiO2 (II), and Pd-Cu/20CNT-TiO2 (III) 
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3.7.2. XPS analysis 

The whole spectrum of TiO2/CNT/Cu-Pd in the surface illustrated the presence of Ti, O, C, Cu and Pd, with 

photoelectron distributions at binding energies of 284.5 eV (C 1s), 337 eV (Pd 3d), 458.6 eV (Ti 2p), 530 eV (O 1 s) 

and 933 eV (Cu 2p) (data not shown). The Ti 2p high-resolution XPS plot indicated the peaks centered at 458.9 eV 

and 464.7 eV which these can be correlated with Ti 2p3/2 and Ti 2p1/2
 spin-orbital splitting photoelectrons in Ti4+, 

respectively (Figure 5). This showed the occurrence of copper and palladium oxides on the bimetallic on 

TiO2/CNT/Cu-Pd nanocatalyst. This showed the generation of excess Schottky barriers at the oxidated TiO2 surface 

pores. This provides the formation of charge carriers relevant to TiO2/CNT/Cu-Pd nano catalyst. The synergistic 

correlation between TiO2, CNT, Cu and Pd exhibited the excellent performance of the TiO2/CNT/Cu-Pd catalyst 

during photooxidation. 

 

 
Figure 5. XPS analysis results 

 

4. Conclusions 

With the synthesis of TiO2/CNT/Pd-Cu nanocomposite Clothianidin was photodegraded with high yields from 

surface water. The XPS and XRD studies exhibited that the Pd and the Cu ions incorporated into the TiO2 crystalline 

with doping of TiO2 catalyst adsorbed to the CNT surface. For maximum Clothianidin yield (98%) the optimal 

conditions were pH = 10.00, Clothianidin dose was 20 mg/L, TiO2/CNT/Pd-Cu nanocomposite dose was 0.15 mg/L, 

irradiation time was 65 min under solar light irradiation. By the metal composition of TiO2/CNT/Pd-Cu 68.6 wt% 

TiO2 + 29.4 wt% CNT + 1 wt% Pd + 1 wt%; 99.90% Clothianidin photodegradation yield was detected. XRD and 

XPS analysis qualified the presence of copper and palladium oxides in the TiO2/CNT/Pd-Cu nanocomposite. 
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