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An investigation of Ca‑doped MgO 
nanoparticles for the improved 
catalytic degradation 
of thiamethoxam pesticide 
subjected to visible light irradiation
Huma Khalid 1, Atta ul Haq 1*, Ameer Fawad Zahoor 1, Ali Irfan 1 & Magdi E. A. Zaki 2*

The remediation of pesticides from the environment is one of the most important technology 
nowadays. Herein, magnesium oxide (MgO) nanoparticles and calcium‑doped magnesium oxide 
(Ca‑doped MgO) nanoparticles were synthesized by the co‑precipitation method and were used for the 
degradation of thiamethoxam pesticide in aqueous media. Characterization of the MgO and Ca‑doped 
MgO nanoparticles were performed by XRD, SEM, EDX, and FT‑IR analysis to verify the synthesis and 
variations in chemical composition. The band gap energy and crystalline size of MgO and Ca‑doped 
MgO nanoparticles were found to be 4.8 and 4.7 eV and 33 and 34 nm respectively. The degradation of 
thiamethoxam was accomplished regarding the impact of catalyst dosage, contact time, temperature, 
pH, and initial pesticide concentration. The pH study indicates that degradation of thiamethoxam 
depends on pH and maximum degradation (66%) was obtained at pH 5 using MgO nanoparticles. 
In contrast, maximum degradation (80%) of thiamethoxam was observed at pH 8 employing 
Ca‑doped MgO nanoparticles. The percentage degradation of thiamethoxam was initially increasing 
but decreased at higher doses of the catalysts. The degradation of the pesticide was observed to 
be increased with an increase in contact time while high at room temperature but decreased with 
a temperature rise. The effect of the initial concertation of pesticide indicates that degradation of 
pesticide increases at low concentrations but declines at higher concentrations. This research study 
reveals that doping of MgO nanoparticles with calcium enhanced the degradation of thiamethoxam 
pesticide in aqueous media.

The majority of the nation’s economy relies heavily on agriculture and helps the country’s population directly. 
Cotton, rice, fruits, vegetables, and wheat are the major crops. The irrigation system is one of the biggest system to 
support the agriculture. Utilizing resources more effectively, particularly land and water, is the principal require-
ment for agricultural  production1. The land, water, agronomic, climate, and socioeconomic challenges facing 
the agriculture sector have significant effects on agricultural productivity. To enhance agricultural productivity 
various strategies are required to improve water and non-water management of agricultural  productivity2. The 
attack of pests is one of the major issues for crop production. Pest infestations account for approximately 45% of 
annual food production losses: thus, efficient pest management with pesticides is compulsory to combat pests 
and boost crop  production3. It can be removed by using varieties of pesticides because pesticide provides numer-
ous agricultural benefits. The application of pesticides in forestry, public health, and agriculture has resulted in 
tremendous benefits. High-yield seed varieties, agricultural chemicals, and cutting-edge irrigation techniques 
all contributed to this  outcome4. All over the world, pesticides are widely employed to control insects, pests, and 
various plants diseases but there is some concern about environmental  safety5.

The first commercial neonicotinoid insecticide in the thionyl subclass is  thiamethoxam6. The thiamethoxam 
has demonstrated enormous benefits in industries, domestic landscapes, forests, and  agriculture7. Various biting 
and sucking insects like white flies, thrips, and aphids are effectively prevented by this insecticide. It has a wide 
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range of certain physical and chemical properties such as seed treatment, soil drench foliar and seed applications. 
Corn seed has been treated with this insecticide. Neonicotinoid is effective against pest insects that are resistant 
to other insecticide classes like chlorinated hydrocarbons, carbamates, organophosphates, and  pyrethroids8. 
However, the evidence that is currently available indicates that insecticides may pose a risk to aquatic inverte-
brates, humans, honey bees, and non-target insects. But the excessive use creates a serious threat to aquatic life 
and also raises environmental  risks7.

Pesticide contamination of water typically results from agricultural run-off and toxin-producing  wastewater9. 
The most pressing issue is their impact on natural and human  health10. Due to the toxic effects of thiamethoxam 
on human beings and the ecosystem, this chemical substance must remove from soil and water sources using 
efficient and environmentally safe  methods11.

Numerous approaches can be taken like flocculation, bioremediation, coagulation, ozonation, photo-Fenton, 
and photocatalysis for the degradation and removal of this  contaminant12,13. These methods have some limita-
tions, such as operational difficulty, formation of waste products, and high  cost14.

In recent years, photocatalysis has been one of the advanced oxidation processes that has paid substantial 
immersion because of low power consumption, using cheap catalysts, undergoing complete degradation of con-
taminants, and its simplicity in  operating15. In this method, a catalyst, radiation, and oxidizing agents combine 
to convert organic material into less hazardous inorganic compounds. This method produces hydroxyl radicals 
with low selectivity and high oxidative power. Resultantly, numerous toxic compounds are transformed into 
non-toxic and highly degradable substances. In the photocatalytic process, catalysts are used which are low-cost, 
nontoxic, and extremely stable  substances16. During the last decade, novel materials have been developed and 
evaluated for the decontamination of wastewater containing toxic and persistent  pollutants17–21.

The magnesium oxide is widely accepted due to its high stability, non-toxicity, environmentally friendly 
having a large band gap of 7.8 eV, low refractive index, and dielectric  constant122,23. The magnesium oxide nano-
particles provide a large surface area to enhance the rate of thiamethoxam  adsorption24.

During the last decade, many researchers focused their attention on enhancing the photocatalytic efficiency 
of the photocatalysts by decreasing the recombination of electron–hole pairs, decreasing the band gaps, and 
extending the absorption ability of the photocatalyst in the visible region because most of the solar radiation 
is composed of visible  radiation25. In the recent past, the researchers have focus their attention to improve 
the catalytic activities of the photocatalysts by doping of an appropriate atom in the crystalline structure of 
 photocatalysts26–33. The fact that MgO semiconductor uses a small range of UV light is the primary drawback of 
photocatalysis. This issue can be resolved by taking a slight modification of MgO nanoparticles to widen the band 
gap by doping other heterometal atoms. Therefore, calcium was used as a dopant to hinder the fast recombination 
of electron–hole pairs and provide a wide band gap  range34.

Therefore, in the current research, MgO nanoparticles and Ca-doped MgO nanoparticles were synthesized 
through co-precipitation method. The MgO and Ca-doped nanoparticles were then employed for the degradation 
of thiamethoxam in aqueous media concerning the influence of the dosage of catalyst, contact time, temperature, 
pH of the solution, and initial pesticide concentration. Moreover, the stability and reusability of MgO nanopar-
ticles and Ca-doped MgO nanoparticles were also studied in the current research work.

Experimental
Materials
The analytical pure chemicals of calcium chloride, magnesium sulfate, boric acid, phosphoric acid, acetic acid 
and thiamethoxam were purchased from Sigma-Aldrich Germany and Merck chemical company Germany, and 
were used without any further purification.

Preparation of standard solution of thiamethoxam
To prepare a stock solution of 1000 µgmL−1 of thiamethoxam, an accurately weigh quantity of 0.25 g was trans-
ferred in a beaker (250 mL) and dissolved in an appropriate quantity of distilled water. The beaker content was 
then transferred in to a volumetric flask of capacity of 100 mL and diluted with distilled water up to mark. Dilute 
solutions of thiamethoxam of known concentrations in 100 mL volumetric flasks were prepared by diluting the 
stock solution for further studies.

Preparation of MgO nanoparticles and Ca‑doped MgO nanoparticles
In this research work, MgO and Ca-doped MgO nanoparticles were synthesized through co-precipitation 
method. Firstly, accurately 7.84 g of KOH (140 mmol) was dissolved in a beaker of 250 mL capacity and trans-
ferred in 100 mL volumetric flask and, then diluted up to marks with distilled water. This solution was marked 
as solution A. In the second place, an accurately weigh quantity; 2.4 g of magnesium sulfate (20.1 mmol) was 
dissolved in a beaker with a sufficient quantity of water. The solution was then transferred in a 100 mL volumetric 
flask and diluted with distilled water up to mark. This solution was marked as solution B. Similarly, a solution 
of MgO doped with calcium was prepared by dissolving 2.4 g of magnesium sulfate (20.1 mmol) and 0.2 g of 
calcium chloride (2.4 mmol) in a beaker with a sufficient amount of distilled water and transferred in 100 mL 
volumetric flask. The solution was finally diluted up to marks with distilled water and assigned as solution C. After 
preparation of these solutions, solutions B and C were heated at 52 °C and KOH solution was added dropwise in 
both solutions with constant stirring and was refluxed for 2 h. The white precipitate of MgO nanoparticles and 
Ca-doped MgO nanoparticles were obtained. These precipitates were washed with distilled water and allowed 
to cool at room temperature. The resultant products were dried in the air to attain the high crystalline quality of 
nanoparticles. A similar procedure has followed in the literature for the synthesis of ZnO and Co doped ZnO 
 nanoparticles35.
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Characterization techniques
Characterization of the prepared catalysts was done using various techniques. The SEM technique (SEM-Model-
JSM-5910, Japan JEOL) was used for the morphological and structural study of MgO nanoparticles and Ca-
doped MgO nanoparticles while EDX technique (EDX-INCA 200 Oxford Instruments UK) was employed for 
elemental compositional of the MgO nanoparticles and Ca-doped MgO nanoparticles. The FTIR (Mechelle 
5000) and XRD (JDX-3532 JEOL, Japan) techniques were used for the determination of functional groups and 
crystallography of MgO nanoparticles and Ca-doped MgO nanoparticles respectively. The UV–Vis double beam 
spectrophotometer (C-7200S, Peak Instruments Ins. USA) was utilized for the determination of concentration 
thiamethoxam pesticide in the aqueous media.

Degradation experiment
The degradation of thiamethoxam was determined using MgO nanoparticles and Ca-doped MgO nanoparticles 
as catalysts in the presence of sun light as a source of visible radiation. The degradation of thiamethoxam was 
carried out by taking 10 mL of pesticide having concentration ranged of 2–20 µgmL−1 regarding the influences 
of different experimental operational parameters such as initial pH, catalytic amount, temperature, contact time, 
and initial thiamethoxam concentration. In this experiment, the catalyst dose lies in the range of 0.01–0.1 g by 
adjusting the solution pH from 3 to 12 at different temperatures in the range of 30–80 °C. The concentration of 
thiamethoxam pesticide after degradation was investigated at 240 nm by UV/Visible spectrophotometer. The 
percent degradation of thiamethoxam was evaluated by following equation:

Herein,  Co represents the initial concentration of thiamethoxam and  Ct designates the concentration of thia-
methoxam after the desire time interval.

Results and discussion
Effect of pH
According to reports published the solution pH is an important parameter which significantly influences the 
rate of catalytic reaction and the chemistry of the solution. Hence, to investigate and observed the influence of 
solution pH on the photocatalytic degradation of thiamethoxam pesticide, various experiments were performed 
by changing the pH in the range of 3–12 while other experimental parameters were kept constant. The result is 
shown in Fig. 1 which indicates that MgO nanoparticles show maximum degradation of thiamethoxam at 5.0 
pH but thiamethoxam pesticide was degraded maximum at pH 8.0 when Ca-doped MgO nanoparticles was 
used as photocatalyst. However, the degradation of thiamethoxam was enhanced in the case of Ca-doped MgO 
nanoparticles as compared with MgO nanoparticles.

It may be explained that surface of the catalyst attains more positive charges at pH 5.0 resulting the facilita-
tion of adsorption of more negatively charged thiamethoxam molecules which subsequently leads maximum 
degradation. However, below pH 5.0, the number of hydrogen ions was increased and results the capturing of 
photogenerated electrons which lead to lowering of the photocatalytic degradation of thiamethoxam. When the 
pH of the solution lies in the basic medium the degradation rate decreases because the surface of the catalyst 
contains more negative charges which undergo electrostatic repulsion between the catalyst surface and the pes-
ticides molecule in the solution which leads to the decrease in  degradation36. Consequently, further degradation 
of thiamethoxam was studied at pH 5 and pH 8 using MgO nanoparticles and Ca-doped MgO nanoparticles 
respectively.

Effect of catalytic dose
In the photocatalysis experiments, the optimized amount of prepared catalyst is necessary to prevent the exces-
sive use of photocatalysts. This optimization study was done by accomplishment of various experiments in 
which catalytic dose was varied from 0.01 to 0.06 g while keeping other factors remains unchanged. The result 
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Figure 1.  Effect of pH on the degradation of thiamethoxam.
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is shown in Fig. 2 which indicates that photocatalytic degradation of thiamethoxam was increased with the 
augmentation of catalyst dose from 0.01 to 0.05 g of MgO nanoparticles and 0.01–0.04 g of Ca-doped MgO 
nanoparticles. However, after these doses of the catalysts, degradation of thiamethoxam started to decrease with 
further augmentation in catalytic dose. Hence, the maximum degradation of thiamethoxam was found at 0.05 g 
MgO nanoparticles whereas photodegradation of thiamethoxam was maximum at 0.04 g by Ca-doped MgO 
nanoparticles. The reason is that more active sites are available with the increase of catalytic dose which in turn 
increases the degradation  efficiency37. A reduction in the degradation of thiamethoxam was observed as the dose 
of catalyst was increased after optimum dose. This may occur due to the agglomeration of the nanoparticles in 
the solution and turbidity of the solution by high doses of the nanoparticles which prevents penetration of radia-
tion essential for the activation of catalytic surface. Therefore, further degradation process of thiamethoxam was 
executed at these optimized catalyst  doses38.

Effect of time
It has been studied that time of contact plays a significant and key character in photocatalytic degradation. Hence, 
the influence of contact time on the photocatalytic degradation of thiamethoxam was studied by varying the con-
tact time from 10 to 120 min while all the other experimental variables were kept without change. The outcome is 
illustrated in Fig. 3. It has been observed that the degradation of thiamethoxam increases with the time of contact 
by using MgO nanoparticles and Ca-doped MgO nanoparticles as  catalysts16. The photocatalytic efficiency of 
thiamethoxam was enhanced from 23 to 66% using MgO nanoparticles and 57 to 80% using Ca-doped MgO 
nanoparticles with an augmentation of contact time from 10 to 120 min. On the surface of MgO nanoparticles 
and Ca-doped MgO nanoparticles as the catalyst, where hydroxyl radicals are entrapped in the reactive species 
holes, photocatalytic degradation of thiamethoxam takes place. The bonds in the pesticide molecules that are 
adsorbed on the catalyst surface can be broken down by the hydroxyl radical. The pesticide concentration and the 
catalyst dose remain constant, but hydroxyl radicals increase as the contact time was increased, and the pesticide 
molecules are completely broken down into smaller  ones39.

Effect of initial concentration of thiamethoxam
Attention was drawn that the initial concentration of pesticides has played a major function in the degradation 
of pesticides. Hence, initial thiamethoxam concentration was changed from 9 to 10 µg  mL−1 while other param-
eters remained unchanged. The result of this parameter is shown in Fig. 4 which illustrates that the degradation 
of thiamethoxam pesticide was enhanced with an increase in the concentration of thiamethoxam pesticide but 
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Figure 2.  Effect of catalyst dose on the degradation of thiamethoxam.
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a decrease was observed at higher initial concentration. The reason is that the number of hydroxyl radicals is 
insufficient on the surface of the catalyst and the pesticide molecule completely covered the active sites on the 
surface of catalyst at a low initial pesticide  concentration40,41. Because hydroxyl radicals are very important for 
photocatalytic degradation However, at higher initial concentrations, the degradation of thiamethoxam declined 
owing to the reduction in the number of active sites available for pesticide molecules. Another reason is that 
more photons are absorbed by the concentration of pesticide molecules, which, in turn, reduces the number of 
photons that can be used in the photocatalytic  reaction42.

Effect of temperature
The temperature of the system has a pronounced influence on the rate of photocatalytic degradation of pollut-
ants. Therefore, the impact of temperature on the photocatalytic degradation of thiamethoxam was scrutinized 
by changing the temperature from 30 to 60 °C while other experimental parameters were remaining unchanged. 
The result is shown in Fig. 5 which indicates that degradation of thiamethoxam was enhanced with the rise in 
temperature by Ca-doped MgO nanoparticles up to a certain level but decreased continuously in the case of MgO 
nanoparticles. However, at high-temperature degradation efficiency was declined using MgO nanoparticles as 
well as Ca-doped MgO  nanoparticles43.

In the course of this study, the thiamethoxam are adsorbed on the surface of Ca-doped MgO nanoparticles 
and the degradation rate enhances as the temperature rises. The reason is that at higher temperatures the kinetic 
energy increases which increases the mobility of pesticide molecules to the surface of MgO nanoparticles, and 
Ca-doped nanoparticles. As a result, more interaction takes place between pesticide molecules and the catalyst 
which enhanced the degradation process. However, after certain higher temperature levels, the degradation 
of thiamethoxam started decreasing. It may be suggested that at high temperatures a decrease in the adsorp-
tive force between active sites of the catalysts and pesticide molecules occurs which leads to low degradation 
at elevated temperatures. On the other hand, using MgO nanoparticles the degradation rate of thiamethoxam 
constantly decreases with the rise in temperature. It may occur due to the increases in the fast recombination 
rate of holes and electrons which is responsible for the desorption of thiamethoxam molecules on the surface 
of MgO  nanoparticles13.
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Characterization
SEM analysis
To study the variation and changes in morphology and structure of MgO nanoparticles and Ca-doped MgO 
nanoparticles SEM analysis was executed before and after photocatalytic study. The images of MgO nanoparticles 
and Ca-doped MgO nanoparticles before and after degradation are shown in Fig. 6. The morphological changes 
brought about by the addition of Ca as a dopant metal can be seen in the image of Ca-doped MgO nanoparticles. 
It was found that the crystals of MgO nanoparticles and Ca-doped MgO nanoparticles consist of irregular shapes, 
clumps of very small crystals. The figure depicts the anatase of undoped MgO nanoparticles generate without 
calcium ions. It was also demonstrated in the figure that the crystal of MgO nanoparticles and Ca-doped MgO 
nanoparticles contain sub-micro-sized particles. The photocatalytic properties are related to the morphology, 
geometry, and particle size of the nanoparticles and their composite  materials40.

EDX analysis
To study the variation of MgO nanoparticles and Ca-doped MgO nanoparticles at elemental levels EDX analysis 
was performed. It can be seen from Fig. 7 that MgO nanoparticles and Ca-doped MgO nanoparticles before 
degradation contain C, O, Mg, and Ca having percentage composition (15.25%, 35.16%, 27.60%) and (29.76%, 
25.62%, 28.65%, 9.97%) respectively. Moreover, an appropriate quantity of Na (18.34%) and Cl (4.00%) were also 
found in the crystalline structures of MgO nanoparticles and Ca-doped MgO nanoparticles. Whereas after deg-
radation of MgO nanoparticles and Ca-doped MgO nanoparticles, the weight percentage of major constituents 
of C, O, Mg, and Ca were found to be (9.13%, 41.93%, 26.85%) and (14.58%, 38.2%, 16.92%, 8.62%) respectively. 
It has also been seen in the figure that P, K, and Si were present in the percent weight of 20.11%, 1.44%, and 0.55 
 respectively44. It may be inferred from the results that calcium atoms have successfully doped in the crystalline 
structure of MgO nanoparticles and the elemental composition of these catalysts was changed after degradation 
which indicates the photocatalytic degradation of thiamethoxam.

FT‑IR analysis
FT-IR analysis was used to investigate the functional groups of MgO nanoparticles and Ca-doped MgO nano-
particles in the range of 4000–500  cm−1 and the results are shown in Fig. 8. Due to the reaction between MgO 
nanoparticles and water vapors, the Ca-doped MgO nanoparticles’ transmittance peak around corresponded to 
the typical stretching vibrations of the OH group. The peak intensity becomes reduced due to the presence of 
calcium as a dopant metal in Ca-doped MgO nanoparticles. The asymmetric stretching vibrations of carbonate 
ions and bending vibrational peaks were also observed. It has already been discussed that the decrease in peak 
intensity is due to the presence of Ca-doped MgO nanoparticles. The presence of MgO bending vibrations was 
also noticed in the  figure45. The figure indicates the FTIR of MgO nanoparticles and Ca-doped MgO nanoparticles 
having characteristic peaks at 617, 693, 807, 1435, 619, 693, 809, 1125, and 1404  cm−1. The peaks around 1435 
and 1404  cm−1 indicate the common band of the O–H group stretching  mode46. The band observed at 1117 and 

Figure 6.  SEM of analysis of MgO (a), Ca–MgO (b) before degradation of thiamethoxam, MgO (c), Ca–MgO 
(d) after degradation of thiamethoxam.
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1125  cm−1 related to the C=O stretching  mode47. The band shown at 624  cm−1 may be attributed to the Mg–O 
bond while the peak at 809  cm−1 was assigned for the pure MgO stretching. The decrease in peak intensity con-
firms the presence of doping of calcium atoms onto  MgO48.

XRD
The XRD analysis was performed to comprehend the crystalline plane of MgO nanoparticles and Ca-doped MgO 
nanoparticles. The XRD pattern with 2 theta values shows characteristic peaks at 38°, 48°, and 53° as depicted 
in Fig. 9. This result indicates the plane of MgO nanoparticles which confirms that MgO has a cubic structure. 
These peaks are observed in both the MgO nanoparticles and Ca-doped MgO nanoparticles. However, a new peak 
appeared after the doping of calcium atoms in the crystalline structure of MgO nanoparticles. This result suggests 
that calcium atoms have been successfully doped in the crystalline structure of MgO  nanoparticles49. Moreover, 
it may also have been seen in the figure that most of the peaks disappeared after photocatalytic degradation in 
both cases confirming the degradation of thiamethoxam. The mean crystalline size of MgO and Ca-doped MgO 
nanoparticles were evaluated using the Scherrer equation given below:

where D is the mean crystalline size, K is the constant and has a value of 0.89, λ is the wavelength of X-rays in ang-
stroms (0.154 Å), θ is the peak angle and β is the width at half maximum (FHWM) of the respective XRD peak.

D =

K�

βCOSθ

Figure 7.  Elemental analysis of MgO and Ca-doped MgO before and after degradation of thiamethoxam.

80

85

90

95

100

105

5001000150020002500300035004000

T
ra

n
sm

it
ta

n
ce

 (
%

)

Wavenumber (cm-1)

MgO Ca-doped MgO

MgO after degradation Ca-doped MgO after degradation

Figure 8.  FTIR analysis of MgO nanoparticles and Ca-doped MgO nanoparticles.



8

Vol:.(1234567890)

Scientific Reports |         (2024) 14:1126  | https://doi.org/10.1038/s41598-024-51738-9

www.nature.com/scientificreports/

The mean crystalline size of MgO and Ca-doped MgO nanoparticles were computed using the Origin software 
and were found to be 33 and 34 nm respectively.

Stability and reusability study
The same photocatalytic procedure was performed for the stability and reusability of experiments using the 
recovered photocatalysts. The nanoparticles of MgO and Ca-doped MgO were collected from the suspension 
by filtration and died at in oven at 80 °C for 2 h. The dried MgO and Ca-doped MgO nanoparticles were re-
dispersed in another new thiamethoxam pesticide solution. The reusability of the photocatalysts was analyzed 
three times and the results are illustrated in the Fig. 10. It can be seen from the figure that degradation efficiency 
of both photocatalysts were decreased corresponding to more cycles of the photodegradation process. However, 
the decrease in degradation performance of MgO and Ca-doped MgO nanoparticles is marginally from 66 to 
60% and 80–75% after 3 cycles respectively.

UV–Vis spectrum of thiamethoxam
The UV–Vis spectrum of standard solution of thiamethoxam (2 ppm) was recorded at its maximum wavelength 
of 240 nm and the result is shown in Fig. 11. The figure demonstrates that no appreciable change in the absorb-
ance of thiamethoxam with respect to time was observed up to one hour.

Comparative photocatalytic study
The photocatalytic performance of MgO and Ca-doped MgO nanoparticles was compared with other frequently 
used photocatalysts used for the degradation of thiamethoxam reported in the literature and presented in the 
Table 1. It can be obviously demonstrated from the table that photocatalytic performance of the synthesized 
materials is almost comparable with that of the materials reported in the literature.

Kinetic study
The most commonly used kinetic model; Langmuir–Hinshelwood was used to investigate the fitness of degrada-
tion data of thiamethoxam which is represented in the following equation:
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where  Co is the initial concentration of thiamethoxam (µgmL−1) and C is the final concentration of thiamethoxam 
(µgmL−1) after degradation at t time. Moreover,  k1  (min−1) is rate constant and was evaluated from the slope of 
plot ln(Co/C) against irradiation time as depicted in Fig. 12. The values of the rate constant were found to be 
7.7 ×  10–3  min−1 and 6.4 ×  10–3  min−1 for MgO and Ca-doped MgO nanoparticles respectively. The findings of 
kinetic study suggest that photocatalytic performance of MgO and Ca-doped MgO are comparable with each 
other, and similar result has been cited in the  literature52.

Bandgap energy
The shifting of bandgap energy toward visible region improves the photocatalytic performance of the catalyst by 
decreasing the gap between valance band and conduction  band32. Therefore, the bandgap energy of MgO and 
Ca-doped MgO nanoparticles has been calculated by plotting (αhυ)2 against photon energy (hυ) in the Origin 
software using the UV–Visible spectra of MgO and Ca-doped MgO nanoparticles. It can be illustrated from the 
Fig. 13 that bandgap energy of MgO and Ca-doped MgO nanoparticles was found to be 4.8 and 4.7 eV respec-
tively. The result suggests that bandgap energy of the material was decreased slightly with doping of the calcium 
atoms in the crystalline structure of MgO nanoparticles.
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Figure 11.  UV–Vis spectrum of thiamethoxam with respect to time.

Table 1.  Comparison of photocatalytic performance of MgO and Ca-doped MgO against thiamethoxam with 
other photocatalysts reported in literature.

Photocatalyst Degradation (%) References

ZnO 77 50

TiO2 90 51

MgO 66 In present study

Ca-doped MgO 80 In present study

y = 0.0077x + 0.226

R² = 0.9858
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Figure 12.  Plot of  lnCo/C against irradiation time for kinetic study.
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Conclusions
In this study, magnesium oxide (MgO) nanoparticles and calcium-doped magnesium oxide (Ca-doped MgO) 
nanoparticles were effectively synthesized their degradation activities were evaluated for thiamethoxam pesticide 
in aqueous media. The Characterization techniques such as XRD, SEM, EDX, and FT-IR analysis implied the 
confirmation of synthesis of MgO nanoparticles and Ca-doped MgO nanoparticles. The pH study indicates that 
maximum degradation of thiamethoxam pesticides was achieved at pH 5 in the case of MgO nanoparticles while 
in the case of Ca-doped MgO nanoparticles, maximum degradation was obtained at pH 8.0. The percentage 
degradation of thiamethoxam was initially increased with an increase in the dose of catalyst but decreased at 
the higher dose of the catalysts. The degradation of the pesticide was observed to be increased with an increase 
in contact time but decreased with a temperature rise. The degradation of pesticides increases at low initial 
concentrations but declined at higher concentrations. This study reveals that doping of MgO nanoparticles with 
calcium enhanced the degradation of thiamethoxam pesticide in aqueous media.

Data availability
Data is available under reasonable request to the corresponding author.
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