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Abstract
The present study aims to prepare magnesium oxide (MgO) nanoparticles from seawater bittern using an electrochemical method to 
evaluate their application as antioxidant, antimicrobial, and photocatalytic agents. The synthesis of nanomaterial was performed at 
room temperature, employing graphite and nickel as anode and cathode, respectively, without any pH adjustment. Spectroscopic 
analysis determined that the optical band gap of MgO nanoparticles was 4.814 eV. The XRD patterns show hexagonal single cubic 
phase MgO matched with JCPDS Card No 78-0430. Electron microscopic analysis demonstrated the appearance of MgO 
nanoparticles in spherical morphology with 30–50 nm in particle size. Based on the maximum inhibition concentration (MIC), it 
was found that the MgO nanoparticles has good antibacterial activity against Staphylococcus aureus, Enterococcus faecalis, 
Escherichia coli, and Shigella dysenteriae bacteria (MIC values: 220−480 μg mL−1), and much stronger antifungal activity against 
Aspergillus flavus, Aspergillus niger, and Candida albicans (MIC values: 62.5–115 μg mL−1). Methylene blue and rhodamine B 
dyes were degraded by MgO nanoparticles with strong photocatalytic activity when they were exposed to visible light and achieved 
97% and 95% degradation, respectively. This study demonstrates that MgO nanoparticles can be effectively applied in industries 
like wastewater treatment and nanomedicine.    
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1. INTRODUCTION

Magnesium oxide MgO (nanoparticles) are 

environmentally friendly, economically promising, 

and industrially significant nanomaterials due to 

their unique physicochemical properties [1]-[3]. 

Based on these properties, MgO finds numerous 

applications such as a semiconductor material [4], a 

catalyst for organic compound synthesis [5], an 

adsorbent for organic and inorganic waste [6], a 

photocatalyst [7], and a refractory material [8]. 

MgO nanoparticles also exhibit excellent 

antibacterial [9], antifungal [10], anticancer [11], 

and antioxidant [9] properties. Several researchers 

have synthesized metal oxide nanoparticles using 

various methods, including sol-gel [12], 

sonochemistry [13], co-precipitation [14], green 

chemistry [15], chemical reduction [16], and 

 
electrochemical [17]. Among them, the 

electrochemical method attracts interest to 

researchers for synthesizing metal and metal oxide 

nanoparticles because it can be performed at low 

temperatures and pressures [18]. 

The electrochemical method is widely used for 

preparing magnesium oxide (MgO) or magnesium 

hydroxide with seawater bittern as a magnesium ion 

source. Amrulloh et al. [17] synthesized nano-sized 

MgO based on seawater and bittern obtained from 

the local salt industry in Pamekasan, Madura, 

Indonesia, using the electrochemical method. The 

electrochemical process was carried out in a two-

compartment electrochemical cell with a fixed 

potential of 18 V for 4 h at ambient temperature and 

without adjusting the initial pH. The obtained solid 

was identified as Mg(OH)2, which was then 

converted to MgO through calcination treatment at 

500 °C for 4 h. Characterization results showed that 

the produced MgO material was spherical in shape 

with particle sizes ranging from 60 to 100 nm, 

indicating successful synthesis of MgO 

nanoparticles [17]. 

MgO nanoparticles have a potential application 

as an antimicrobial and photocatalyst for the 

degradation of wastewater under UV or visible 

radiation. Amrulloh et al. [10] showed that the 

antioxidant activity increases proportionally directly 

with MgO nanoparticle concentration tested by the 
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DPPH free radical scavenging method. 

Antibacterial activity against Staphylococcus 

aureus, Enterococcus faecalis, Escherichia coli, 

and Shigella dysenteriae shows promising 

minimum inhibitory concentration (MIC) value of 

250 µg mL-1. Antifungal activity against 

Aspergillus flavus, Aspergillus niger, and Candida 

albicans, observed the lowest MIC against C. 

albicans (62.5 µg m L-1) [10]. Nguyen et al. [19] 

studied the antimicrobial effect of MgO 

nanoparticles against Pseudomonas aeruginosa, S. 

aureus, MRSA, C. albicans, C. albicans FR, 

Candida glabrata, and C. glabrata ER. The MIC of 

MgO nanoparticles varied from 500 µg mL-1 to 

1200  µg mL-1 and the minimal lethal concentration 

(MLC) of MgO nanoparticles at 90% killing varied 

from 700  to 1,400 µg mL-1 against the pathogenic 

bacteria and yeasts tested [19]. 

On the other hand, Kuruthukulangara and 

Asharani [20] reported the photocatalytic 

performance of MgO nanoparticles for rhodamine B 

degradation under UV light exposure. The MgO 

nanoparticles prepared by a one-pot process and the 

optical bandgap determined was 4.71 eV. The 

experimental results were consistent with first-order 

kinetics with 95% degradation. Pachiyappan et al. 

studies the photocatalytic properties of cubic crystal 

MgO nanoparticles for methylene blue (MB) and 

rhodamine B (RhB) dyes degradation. The optical 

band gap of MgO nanoparticles used was calculate 

and found to be 4.71 eV. The photocatalytic dye 

degradation was studied under visible light 

irradiation. The experimental data fitted first-order 

kinetics, and around >95% degeneration of both 

dyes was achieved by photocatalysis using 

synthesized MgO nanoparticles [20]. To the best of 

our knowledge, the application of MgO 

nanoparticles prepared from natural seawater bittern 

source through an electrochemical method for the 

antioxidant, antimicrobial, and photocatalytic dyes 

degradation has not been reported yet. Here, we 

investigated the biological and photocatalytic 

performance of the electrochemically synthesized 

MgO nanoparticle for the antimicrobial against the 

selected microbial and the degradation of MB and 

RhB. 

  

2. MATERIALS AND METHODS 

 

2.1. Materials 

The bittern sample was obtained from a salt farm 

in Pamekasan, Madura Island, Indonesia. Other 

chemicals, e.g., gelatin powder, sodium chloride 

(NaCl), sulfuric acid (H2SO4), 2,2-diphenyl-1-

picrylhydrazyl (DPPH), ascorbic acid, Tris-HCl 

buffer, ethanol, dimethyl sulfoxide (DMSO), 

resazurin sodium salt, MB, and RhB were of 

analytical grade purchased from Sigma-Aldrich 

Reagent Pte. Ltd., Singapore. All chemicals were 

used without any further purification.  

 

 

 
Figure 1. Schematic process of the electrochemical synthesis of MgO nanostructure.  

 
 

 

Table 1. Composition of primary elements in bittern. 

 

Ions (g L-1) Na+ K+ Mg2+ Ca2+ 

Bittern 17.31 57.57 53.37 30.15 
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2.2. Methods 

 

2.2.1. Preparation of MgO Nanoparticles 

The bittern sample was obtained from 

Pamekasan, Madura, Indonesia. The concentration 

of Mg2+, together with other main cations in bittern, 

were analyzed using inductively coupled plasma-

optical emission spectroscopy (715 ES, Variants). 

Table 1 shows that the content of Mg2+ ions in 

bittern is 53.37 g L-1 (2.22 mol L-1). Prior to 

electrochemical experiments, the bittern was diluted 

with distilled water to adjust the concentration of 

Mg2+ in the range of 0.28–2.22 mol L-1.  

The preparation of MgO nanoparticles was 

conducted in a similar manner to that previously 

described in Amrulloh et al [17][21][22]. The 

electrochemical process employed a two-

compartment electrochemical cell connected by a 

salt bridge (gelatin and NaCl suspension) with 

graphite and nickel as the cathode and anode, 

respectively. The schematic process of the 

electrochemical method is shown in Figure 1. 

Bittern samples were diluted four times with 

deionized water without any pH adjustment, and 

then the electrolysis process was performed at 18 V 

for 4h at room temperature. 1 mL of 0.1 M H2SO4 

was added to the cathode solution for 

decarboxylation. The mixed solution was 

homogenously stirred at 120–600 rpm for 2 h. The 

resulting solid at the cathode was filtered and 

washed three times with deionized water. The solid 

sample was dried at 110 °C and then calcined at 

500 °C for 4 h in a muffle furnace to produce MgO 

powder. 

 

2.2.2. MgO Nanoparticles Characterization 

The synthesized MgO nanoparticles were 

characterized with a UV-visible spectrophotometer 

(Analytic Jena Specord 200 Plus) to analyze the 

optical properties of the synthesized MgO 

nanoparticles. The diffractogram of MgO 

nanoparticles was recorded with continuous 

scanning for 2° min–1 by using an X-ray diffraction 

spectrometer (XRD, Expert Pro PANAnalytical) 

with Cu Kα radiation at 1.5406 Å (40 kV and 30 

mA). Scanning electron microscope couplied with 

energy dispersive X-ray (SEM-EDX, FEI Inspect-

S50) and transmission electron microscope (TEM, 

JEOL JEM-1400) analyses were conducted to 

determine the elemental composition and visualize 

the morphology and size of MgO nanoparticles. The 

average particle size was determined by the particle 

size analyser (PSA, Horiba SZ 100z). 

 

2.2.3. Biological Activity Test 

 

2.2.3.1. Antioxidant 

Antioxidant activity of MgO nanoparticles and 

MgO nanoparticles standard was evaluated through 

DPPH radical testing in accordance with the 

 

 

 
Figure 2. Effect of dilution of bittern on the MgO contents.  
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procedure described by Das et al. [9], using ascorbic 

acid as reference. A DPPH 0.1 mM solution was 

prepared by dissolving it in ethanol. 1 mg of 

ascorbic acid was dissolved in 1 mL of methanol. 

Dilution was carried out to make a standard solution 

of ascorbic acid with different concentrations (50–

500 μg/mL). For each tube containing a standard 

solution of ascorbic acid (200 μL), 1 mL of 0.1 mM 

DPPH solution was added and followed by the 

addition of 800 μL 50 mM Tris-HCl buffer (pH 

7.4). The final volume is adjusted to 4 mL using 

ethanol. Stock solutions of the prepared MgO 

nanoparticles and the standard MgO nanoparticles 

were prepared by dissolving 1 mg of each sample in 

1 mL of DMSO. 

Different aliquots of stock solution (50–500 μg) 

was added to separate tube, and the final volume 

was adjusted to 2 mL using ethanol. A total of 1 mL 

of 0.1 mM DPPH solution and 800 μL 50 mM Tris-

HCl buffer (pH 7.4) was added to each tube. The 

control was made by mixing 1 mL DPPH 0.1 mM, 

800 μL 50 mM Tris-HCl buffer (pH 7.4), and 2 mL 

ethanol. Absorbance was recorded after incubation 

for 30 min at room temperature, measured by an UV

-vis spectrophotometer at 517 nm. The percentage 

of antioxidant activity (AA %) was calculated using 

the following Equation (1) [10].  

 

      (1) 

 

The mean and standard deviation (SD) were 

calculated based on triplicate measurements. 

 

2.2.3.2. Antibacterial and Antifungal 

 

2.2.3.2.1. Microorganism and Inoculum 

Preparation 

The antibacterial activity of MgO nanoparticles 

and the standard was evaluated against both Gram-

positive (S. aureus and E. faecalis) and Gram-

negative (E. coli and S. dysenteriae) obtained from 

the microbiology laboratory of Airlangga 

University. The fungal cultures of A. flavus, A. 

niger, and C. albicans were obtained from the 

microbiology laboratory of Airlangga University. 

Bacterial and fungal cultures for testing were 

cultivated on nutrient agar (NA), tilted by selecting 

a colony from the Mueller-Hinton agar plate 

(MHA) after 24 h. For standardized populations, a 

single bacterial or fungal colony was selected and 

transferred using a sterilized loop to the Mueller-

Hinton (MHB) broth, followed by continuous 

shaking at 100 rpm at 37 °C overnight. For the test 

of antibacterial and antifungal activity, the optical 

density of bacterial or fungal suspension was 

maintained at the 0.5 MacFarland standard by 

adding sterilized MHB. Thus, the inoculum consists 

of several bacteria or fungi around 106–107 CFU 

mL-1. 

 

 

 

 
Figure 3. Tauc plot of MgO nanoparticles.  

 
 



J. Multidiscip. Appl. Nat. Sci. 

485 

2.2.3.2.2. MIC Determination 

To determine the MIC, the resazurin microtiter 

assay was utilized. This method was chosen since it 

is considered as the most rapid and inexpensive 

way to screen several microorganism isolates at the 

same time, and provides satisfying results [23]-[25]. 

The resazurin solution was prepared by dissolving a 

270 mg tablet of resazurin in 40 mL of sterile 

distilled water. The test was carried out in 96-well 

plates under aseptic conditions. A volume of 100 

µL of the sample containing 600 µg mL-1 was 

transferred into the well of the plate. Afterwards, 50 

µL of bacterial or fungal suspension was added to 

all other wells, and the tested sample was serially 

diluted. Subsequently, 10 µL of resazurin solution 

was added to each well. To prevent dehydration, the 

plates were wrapped with film and incubated at 37 °

C for 24 h. The color change was visually observed. 

A blue to pink color change was considered 

indicating cell growth. MIC was recorded at the 

lowest concentration where a color change 

occurred. Streptomycin (antibacterial) and 

ketoconazole (antifungal) (10 µg/500 µL) served as 

a positive control, whereas a mixture of sterile 

distilled water and DMSO solvent with nutrient 

broth were used as the negative controls. 

 

2.2.4. Photocatalytic Test 

A stock dye (MB and RhB) solution of 100 ppm 

was prepared by dissolving 100 mg of dye in 1 L of 

double-distilled water. The standard flask was kept 

for complete mixing by using magnetic stirrer. 

From the stock solution, 100 mL standard solutions 

of required concentrations (5–20 ppm) were 

prepared. The photocatalytic study for MB and RhB 

degradation according to Pachiyappan et al. [26]. In 

100 mL of MB and RhB dye solution with a defined 

concentration (5–20 ppm), 100–500 mg of MgO 

nanoparticles were disseminated and subjected to 

visible light while swirling continuously. 

Withdrawing a certain volume of the exposed 

solution (10 mL), every 15 min, was used to 

measure the absorbance spectra of the samples. By 

centrifuging the solution, we were able to separate 

the MgO nanoparticles  and evaluate their 

deterioration. A spectrophotometer at 664 and 554 

nm was used (MB and RhB, respectively) to 

evaluate the degradation rate of the dye. Equation 

(2) was used to calculate the percentage of dye 

degradation;  

 

      (2) 

 

where Ci and Ce (mg L-1) are the initial and 

equilibrium metal concentrations, respectively, and 

V is volume of solution taken.  

 

3. RESULTS AND DISCUSSIONS 

 

3.1. Characterization of MgO Nanoparticles 

Figure 2 shows the effect of shows the effect of 

dilution of bittern on the purity of MgO produced, 

 

 

 
Figure 4. XRD diffractogram of MgO nanoparticles.  

 
 



J. Multidiscip. Appl. Nat. Sci. 

486 

showing that dilution led to increased purity of the 

product. The best result (the purity of 97.41 %) was 

obtained by diluting the bittern four times (0.56 mol 

L-1 ion Mg2+).  

 

3.1.1. UV-vis Spectroscopy 

The optical characteristics of MgO nanoparticles 

have been evaluated based on the double-beam UV-

vis spectrophotometer examination by observing 

the absorption spectrum. The band gaps of the MgO 

nanoparticles were calculated using Tauc’s plot (Eq. 

3 and Figure 3) [27].  

 

(h)1/2 =  (h – Eg)     (3) 

 

where hv denotes the energy of the photon that 

struck the material, α denotes the absorption 

coefficient, A denotes a constant, Eg denotes the 

band gap energy (eV), and n = 1/2 for direct 

transitions that are permitted, as well as n = 2 for 

indirect transitions, are also mentioned. The MgO 

nanoparticle’s band gap was found to be 4.814 eV. 

Kumar et al. [28] prepared MgO nanoparticles 

using tea extract under green chemistry route. The 

band gap of the prepared MgO nanoparticles was 

estimated at 4.21 eV.  

 

3.1.2. XRD 

XRD investigation determines the crystalline 

nature of the nanoparticles. Figure 4 shows the 

XRD diffractogram of the standard and the 

synthesized product. There are five typical 

diffraction peaks at 36.58°, 42.63°, 62.4°, 74.8°, 

 

 

 
Figure 5. (a) SEM, (b) TEM, and (c) EDX profiles of MgO nanoparticles.  
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and 78.6°, indicating the presence of cubic MgO, 

and the peaks can be assigned to a pure phase of 

periclase MgO and have Miller indices as following 

(111), (200), (220), (311), and (222), which are in 

good agreement with the standar JCPDS card 

number 78-0430 [29]. The crystal size of the 

synthesized MgO nanoparticles was calculated from 

the Debye-Scherer equation (Eq. 4). 

 

D (Å) = k /  cos     (4) 

 

where D is crystal size, β is full width at half 

maximum of the peak (FWHM), λ represents X-ray 

wavelength (1.54 Å), and K is the shape factor, 

which is always close to unity (0.9) [30]. 

Accordingly, the crystalline size of MgO 

nanoparticles created can now be expected to be 

around 13.561 nm. 

 

3.1.3. SEM, TEM, and EDX 

SEM characterization exhibited a rough 

spherical shape of MgO nanoparticles synthesized 

(Figure 5(a)). This indicates the homogeneity of the 

nanoparticles during the preparation of the MgO 

nanoparticles. The SEM images of MgO 

nanoparticles synthesized by Moringa oleifera eaf 

extract showed smiliar agglomerated spherical 

morphology [10]. The MgO nanoparticles made 

using the combustion method exhibited 

agglomerated roughly spherical shape [31]. Figure 

5(b) shows a TEM micrograph of MgO 

nanoparticles at a scale of 100 nm. The average 

diameter of the MgO nanoparticles ranges from 7 to 

65 nm. The TEM analysis revealed the irregular 

spherical morphology of MgO nanoparticles, 

consistent with the SEM dan XRD observations. 

TEM analysis of MgO nanoparticles synthesized 

from date pit extract showed a nanograin with a 

14.0 nm mean size [32]. The average size of MgO 

nanoparticles synthesized using Moringa oleifera 

leaf extract was determined to be 35 nm in TEM 

studies [33]. The EDX result is shown in Figure 5

(c) revealing that the nanoparticles were composed 

of Mg and O in a molar rasio of about 1:1, they 

should be attributed to MgO.  

 

3.1.4. Particle Size Distribution 

To gain more insight regarding the particle size 

of the MgO nanoparticles produced, the particle 

size distribution of the sample was determined 

using the PSA technique. As displayed by the PSA 

result presented in Figure 6, the particle sizes of the 

synthesised MgO nanoparticles are in the range of 

25 to 60 nm. Refering to the general definition of 

nanomaterial as the material with the particle size in 

the range of 1–100 nm, the PSA result confirms the 

successful preparation of MgO nanoparticles [34]. 

Another interesting result with respect to the result 

of PSA is that the distribution of particles of the NS

-MgO synthesised practically follows a normal 

 

 

Figure 6. Particle size distribution of MgO nanoparticles.  
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distribution pattern. In this regard, it can be 

observed that most of the particles have a size in the 

range of 35 to 45 nm.  

 

3.2. Bioactivity Test 

 

3.2.1. Antioxidant Activity 

In this study, the antioxidant activity of 

synthesized MgO nanoparticles and MgO 

nanoparticles standard was assessed by DPPH 

method using ascorbic acid as a positive control. 

This method, which is based on the free radical 

capture activity of DPPH, is often applied to study 

the antioxidant activity of nanoparticle materials 

[35]. The experimental results, showing a general 

trend of increased antioxidant activity of the 

samples as their concentrations increased, are 

presented in Figure 7. The most interesting result is 

that the activity of the synthesized MgO 

nanoparticles is very close to that of standard MgO 

nanoparticles. This particular finding demonstrates 

that the method developed in this current study for 

MgO nanoparticle’s synthesis is very promising for 

the production of nanomaterials. It should also be 

mentioned that the results obtained in this study are 

in agreement with the results reported by others 

using nano-size ZnO [36], CuO [37], and MgO [9].  

 

3.2.2. Antibacterial and Antifungal Activity 

Antibacterial activity of MgO nanoparticles 

synthesized and MgO nanoparticles standard was 

evaluated against Gram-positive bacteria (S. aureus 

and E. faecalis) and Gram-negative (E. coli and S. 

dysenteriae) clinically isolated in vitro. The 

evaluation was carried out using the method of 

resazurin microtiter assay plate and the antibacterial 

activities of the samples are compiled in Figure 8. 

As can be seen in Figure 8, the MIC values of MgO 

nanoparticles synthesized for the four bacteria are 

in the range of 220−480 μg mL-1, and comparable 

to those observed for the MgO nanoparticles 

standard (275−525 μg mL-1). Overall, the MgO 

nanoparticles are more effective in combating E. 

coli, and S. dysenteriae, which are Gram-negative 

bacteria. Different antibacterial activity against 

gram-positive and gram-negative bacteria is most 

likely related to the structure of the cell walls of the 

bacteria. Gram-positive bacteria have a thick layer 

of peptidoglycan without an outer membrane and 

contain teichoic acid. In contrast, Gram-negative 

bacteria have a thin layer of peptidoglycan with an 

outer membrane that contains lipopolysaccharides. 

Because of this difference, each type of bacteria 

shows a different sensitivity [19].  

The method of resazurin microtiter assay plate 

was also applied to evaluate the antifungal activity 

of the samples against A. flavus, A. niger, and C. 

albicans, as shown in Figure 9. As seen in Figure 9, 

based on their MIC values, MgO nanoparticles 

synthesized and NS-MgO standard exhibit 

 

 

 
Figure 7. Antioxidant activity of MgO nanoparticles synthesized and MgO nanoparticles standard with 

ascorbic acid as a positive control.  
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comparable effectivity, with the MIC values against 

A. flavus, A. niger, and C. albican are around 110, 

115, and 62,5 μg mL-1, respectively. Based on these 

MIC values, it can be inferred that the NS-MgO 

samples have better activity against C. albican, 

compared to the AEMOL, but against A. flavus, and 

A. niger, the opposite is true. With respect to the 

bioactivities investigated, another important finding 

that should be noted is that the NS-MgO is more 

effective as an antifungal rather than as an 

antibacterial. These findings suggest that 

synthesized nanoscale MgO is promising as a 

therapeutic candidate for the treatment of 

candidiasis.    

The same results were demonstrated in the study 

conducted by Amrulloh et al. [10]. In our previous 

work, MgO nanoparticles were synthesized using 

moringa leaf extract. The bioactivity testing of the 

synthesized MgO nanoparticles showed antioxidant 

activity against DPPH free radicals at a value of 

80% with a minimum concentration of MgO 

nanoparticles used at 200 μg/mL. Based on the MIC 

values, it is known that MgO nanoparticles exhibit 

good antibacterial activity against S. aureus, E. 

faecalis, E. coli, and S. dysenteriae (MIC values: 

250–500 μg/mL), and stronger antifungal activity 

against A. flavus, A. niger, and C. albicans (MIC 

values: 62.5–125 μg/mL). 

 

 

Figure 9. Antifungal activity of the samples against three types of fungi.  
 

 

Figure 8. Antibacterial activity of MgO nanoparticles synthesized and MgO nanoparticles standard.  
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3.3. Batch Photocatalytic Studies 

The photocatalytic degradation of MB and RhB 

dyes over MgO nanoparticles as photocatalysts is 

shown in Figures 10(a) and 10(b), respectively. It 

exhibited significant MB/RhB photocatalysis till 

240 min of light enlightenment, which proved that 

the MB/RhB is stable. After 150 min of 

illumination, the MgO nanoparticles photocatalyst 

degraded >97% for MB and >83% for RhB 

solution. Further, the MgO nanoparticles exhibited 

an excellent photodegradation of MB dye over 

RhB. The photodegradation of MB over MgO 

nanoparticles was found to be 97% after 150 min. 

The photodegradation of RhB over MgO NPs was 

found to be 95%, respectively, after 210 min. The 

MB dye exhibited a higher photodegradation than 

the RhB dye.  

Photodegradation increases with an increase in 

time, which may be due to an enhancement of the 

absorption of photons. The effect of nanocomposite 

dosage on the photodegradation of RhB/MBn dyes 

was analyzed. The photocatalyst dosage of 400 mg 

was found to produce maximum photocatalytic 

degradation and selected for further experimental 

studies. The different catalyst concentrations from 

100 to 500 mg L-1 of dye solution indicated that the 

 

 

Figure 10. Photocatalytic degradation of (a) MB and (b) RhB dyes.  
 

(a) 

(b) 
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MgO NPs have shown an increased 

photodegradation rate with increasing concentration 

from 100 to 500 mg L-1 for both the dyes. This 

enhancement is attributed to the high surface area of 

the metal oxide, increasing with the dosage of the 

catalyst, leading to a greater number of dye 

molecules adsorbed on the nanocatalyst surface, 

rendering it potentially efficient for dye degradation 

catalysis [38].  

In this study, the Eg value of the produced MgO 

nanoparticle was found to be 4.814 eV. Increased 

dosage of MgO nanoparticles showed enhanced 

performance in photocatalytic degradation of MB/

RhB dyes. Degradation of MB/RhB dye molecules 

on the nanocatalyst was facilitated by surface 

adsorption followed by photocatalytic processes. 

Under visible light irradiation, electron-hole pair 

recombination decreased, leading to increased 

interfacial charge transfer reactions for the 

degradation of adsorbed MB/RhB molecules. 

Possible reaction mechanisms in the dye 

degradation process using MgO nanoparticle 

catalysts are depicted in Equations (5) – (9). 

 

MgO + hv → eCB
− +hVB

+   (5) 

eCB
− + O2 → O2

−     (6) 

2eCB
− + O2

− + 2H+ → ●OH + OH−  (7)  

hVB
+ + H2O → H+ + ●OH   (8) 

MB/RhB + ●OH → CO2 + H2O  (9) 

 

Pachiyappan et al. [26] synthesized MgO 

nanoparticles using a one-step coprecipitation 

approach employing Kappaphycus alvarezii extract 

as a stabilizing agent. The synthesized MgO 

nanoparticles exhibited a cubic crystal structure, 

confirmed by XRD analysis. UV-DRS was utilized 

to calculate the Eg value of the MgO nanoparticles, 

which was found to be 4.71 eV. The MgO 

nanoparticles demonstrated substantial 

photocatalytic activity for the degradation of MB 

(99%) and RhB (95%) dyes under visible light 

irradiation [26].   

 

4. CONCLUSIONS 

 

The results of this study demonstrated the 

potential of the electrochemical method for the 

synthesis of MgO nanoparticles directly from 

bittern. The formation of MgO nanoparticles was 

confirmed by the information provided by various 

characterization techniques applied. The UV-vis 

was used to calculate the optical band gap and 

found to be 4.21 eV. Characterisation using the 

XRD technique confirms the existence of the MgO 

nanoparticles as crystalline material, while the 

information regarding the particle size provided by 

SEM, TEM, EDS, and PSA suggests that the 

particle sizes are in the range of 25–60 nm. 

Bioactivity studies reveal that the antibacterial 

activity as well as antifungal activity of the MgO 

nanoaprticles synthesised is comparable to those of 

the NS-MgO standard. The MgO is more effective 

as an antifungal agent, suggesting its prospective 

use for the treatment of candidiasis. Additionally, 

MgO nanoparticles exhibited significant 

photocatalytic activity in degrading MB and RhB 

dyes under visible light irradiation, achieving 

degradation rates of 97% and 95% for both dyes, 

respectively. Thus, the data obtained from this 

research can effectively be utilized in large-scale 

industrial applications during wastewater 

treatments. 
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