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Abstract 
Methylene orange (MO) is organic dye, unsafe and 

persevering in the climate. This study was chosen to 

assess photocatalytic expulsion of MO color from fluid 

arrangement utilizing Mn doped ZnO nanoparticles. 

Characterisation of Mn doped ZnO nano particle was 

performed utilizing Fourier transform infrared 

spectroscopy (FTIR), Electronic microscopy and X-

beam diffraction (XRD). A 5-level-5-factor focal 

composite plan (CCD) approach-based reaction 

surface system (RSM) analysis was utilized to indicate 

the impact of primary cycle factors.  

 

The removal efficiency of dye was acquired more than 

90 % in ideal circumstances (10 mg/L, pH: 9, contact 

time: 91.25 min, Mn-ZnO NP's measurement: 0.77 

g/L). Exploratory information was well fitted to 

pseudo-second request dynamic model (R2 = 0.989). 

Therefore, Mn-ZnO NP's can be applicable for treating 

contemporary wastewater having colour. 
 
Keywords:  Mn doped ZnO NP’s, Dragon fruit peel 

extracts, Methyl orange, Degradation efficiency. 
 

Introduction 
Researchers from all over the world are particularly 

interested in the green synthesis of nanoscale materials. We 

outline a straightforward, reliable, reasonably priced and 

ecologically friendly method for creating gold, silver and 

iron nanoparticles making use of a number of biomolecules 

and phytochemicals as possible stabilisers and reducers. 

Utilising plant extracts forms the foundation of the 

environmentally friendly method for the controlled synthesis 

of nanoparticles with various morphologies23,36. Greenly 

produced nanoparticles can be employed as adsorbents, 

catalysts, photocatalysts, or alternative agents to remove 

different organic dyes. The use of biochemically 

functionalized nanoparticles in engineering may benefit 

greatly from the kinetic improvement of nanoparticles for 

the degradation/removal of dyes.  

 

In this study, morphology dependent nanoparticles for the 

degradation of organic contaminants in wastewater are 

discussed along with recent plant-mediated methods for 

producing gold, silver and iron nanoparticles. Overall, the 

strategy outlined in the study promotes environmental safety 

and offers a promising substitute for conventional synthesis 

methods17,21. 

 

The dragon fruit, also known as Hylocereus undatus, 

contains antioxidants such as flavonoids, phenolic acid and 

betacyanin. These organic compounds shield cells from the 

harm. One of the tropical fruits that belongs to the Cactaceae 

cactus family is the dragon fruit, sometimes referred to as 

pitaya9,12,18. Three primary species of dragon fruit. 

Hylocereus undatus (white flesh with pink skin), Hylocereus 
polyrhizus (red meat with pink skin) and Selenicereus 

megalanthus (white flesh with yellow skin) are available for 

commercial cultivation.  
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Because ZnO absorbs weakly in the visible spectrum, it only 

possesses a small amount of photocatalytic activity on its 

own. In this study, a sol-gel technique is used to create 

manganese (Mn) doped zinc oxide (ZnO) nanoparticles with 

Mn concentrations varying from (0,2,4 wt%). ZnO 

nanoparticles with manganese doping had a larger visible 

light absorption band that extended from 400 nm to 700 nm. 

To further explain it, X-ray diffraction, FT-IR, FESEM, 

EDAX and HRTEM were used. The XRD data show that the 

nanoparticles were properly crystallised and had a hexagonal 

wurtzite structure while the EDAX results show that 

manganese was doped into the ZnO structure.  

 

FESEM scans revealed the granular form of the 

nanoparticles without any flaws, supplying additional proof 

that manganese doping reduces grain size. The FT-IR signal 

denotes the formation of a connection between functional 

groups and metal oxide. High-resonance transmission 

electron microscopy studies show that both undoped and 

Mn-doped ZnO crystallites can form Wurtzite structures 

which have a mean size of 50–20 nm. This is in line with the 

crystallite size that Scherer's formula predicts2,6,22. 

 

The components of the un-doped and doped nanoparticles 

were identified via EDAX research. In comparison to 

undoped ZnO nanostructures, ZnO nanoparticles with 

manganese doping have shown enhanced photocatalytic 

activity for the degradation of the dye methyl orange. 

Manganese doping of ZnO nanoparticles promotes an 

improvement in photocatalytic activity by shrinking the 

grains and enhancing light absorption to include the visible 

spectrum43. 

 

Material and Methods 
Materials: Only analytical-grade compounds, which were 

not further refined before use, were employed throughout 

this study. It used zinc acetate di-hydrate and manganese 

acetate as sources of zinc and manganese respectively. The 

same grade is used to buy sodium hydroxide, ethanol and 

methylene orange (molecular formula: C14H14N3NaO3S, 

molecular weight: 319.85 g/mol, max = 660 nm). All of the 

99.5% pure chemicals used for the study were bought from 

Sigma-Aldrich, Mumbai, India. Every chemical tested 

positive for purity. After being completely cleaned in acid, 

all of the equipments were carefully rinsed with tap water 

and then with distilled water. Deionized water was used as 

the experiment's solvent throughout the entire process1,7,30,36. 

 

All other chemicals and reagents, including the 99.5% pure 

methylene red dye, were purchased from Sigma-Aldrich. 

Prior to usage, the entire glassware was carefully washed 

with distilled water and an acid wash. Each experiment was 

carried out with deionized (DI) water. 

 
Collection of Dragon fruit peel: During post-monsoon 

(April 2023), dragon fruits were collected from local fruit 

shops. 

 

Preparation of Dragon fruit peel extract: To eliminate the 

pulp, the dragon fruits' peels were split open. The pulp was 

freeze-dried using a Christ Freeze Dryer Alpha 1-4LD plus 

for 48 to 72 hours at -50 °C and 0.040 mbar. After using an 

MRC knife mill cup to grind the sample into a powder, it was 

stored at -80 °C until it was required. 

 

Synthesis of Zirconium oxide nanoparticles using 

Dragon fruit peel extract: 10 ml of fruit extract received 

individual applications of 0.1M, 0.3M and 0.5M zinc oxide 

solutions before being agitated for three hours at 80°C. Then, 

to further purify it, it was centrifuged for 30 minutes at 5000 

rpm. After that, it was periodically rinsed with deionized 

water. After that, it was maintained for two hours at 120°C 

in a hot air oven. Calcination at 500°C for four hours resulted 

in the creation of the dark brown powder. The same 

procedure was being employed for the 0.3M and 0.5M 

preparations respectively.  

 

The synthesis of Mn-ZnO NPs was confirmed by the light-

to-dark brown transition of the reaction mixture. The 

conversion of Zn2+ ions to Zn by phenolic compounds, 

which are abundant in CFE, provides an explanation for this. 

Fruit extracts have been found to operate as a reducing agent 

as well as a capping agent for the metal nanoparticles21,44. 

 

 
Dragon Fruits and peel collections 
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Synthesis of Manganese doped zinc oxide nanoparticles: 

The starting solution was made by combining 0.1 M solution 

of zinc acetate di-hydrate Zn(CH3Coo)2.2H2O with ethyl 

alcohol. The right quantity of manganese acetate 

Mn(CH3Coo)2•4H2O in 0, 2 and 4 wt% deionized water was 

added to the aforementioned solution. The supplementary 

solution included 20 mM NaOH and 10 mL of ethanol. The 

initial temperature for these three solutions was 50 °C. Zinc 

acetate solution was heated in the round bottom flask before 

manganese acetate solution was added. 80°C was reached 

while continuously stirring the zinc and manganese acetate 

solution for 30 minutes. Refluxing Zn(CH3Coo)2.2H2O and 

Mn(CH3Coo)2•4H2O into a solution was the next step, to 

which NaOH solution was then added drop by drop.  

 

The solutions were heated to 60-70°C once more and 

magnetically stirred for two hours. The solution was then 

cooled to room temperature. After the precipitate had 

formed, it was repeatedly washed with distilled water before 

receiving an ethanol treatment. The precipitate needed to be 

washed with ethanol to remove the unwanted salt and 

impurities. The finished item was kept at 550°C for 5 hours 

in a Muffle furnace. In the absence of a manganese source, 

the similar procedures were used to produce pure ZnO nano 

particles4,20,27,28. 

 
Photocatalytic Experiments: To test a synthetic 

photocatalysts performance in determining the pollutant's 

photocatalytic discolouration efficiency, 30 ppm of the 

contaminant model methyl orange was combined with UV 

light. A UV light source (WSFSWL ultraviolet lamp with 

specified voltage 220 V, nominal wattage 30 W) was used to 

efficiently destroy the dye in order to evaluate the efficacy 

of un-doped and Mn-doped nanoparticles. Un-doped and 

doped (0.2, 0.4M) ZnO nanoparticles were dissolved in 50.0 

ml of a 10 mg/L MO dye solution. The mixture was stirred 

in the dark for 30 minutes to allow the MO dye molecules to 

adhere to the Zn1-xMnxO nanoparticles' surface.  

 

The homogeneous mixture (200 W) was exposed to Xenon 

lamp illumination. Five millilitres of the aqueous dispersion 

were sampled after being subjected to radiation for ten 

minutes and the nanomaterial was separated using 

centrifugation. The amount of MO that was still present in 

the supernatant liquid, was measured using a UV 

spectrophotometer. The following formula was used to 

determine the photo catalytic efficiency3,13,41.  

 

% of decoloration of color = (1 - C/C0). 

 

where the MO dye solution's initial concentration is C0 and 

the residual MO dye solution concentration is C. 

 

Characterization: In the scan range of 20°C to 80°C at 

room temperature, a Philips PW 137 X-ray diffractometer 
(XRD) with a Cu source (k=1.5406) was used to measure the 

crystalline character of the produced products. Both 

HRTEM (TEM-2100 plus electron microscope) and EDAX 

(AZTEC/Xact) were used to confirm the findings of the 

morphological and compositional analyses of components 

conducted by the FESEM (HITACHI SO-6600, Japan). 

Utilising UV-Vis spectroscopy, the CARY 5E UV-Vis 

spectrometer was used to investigate optical properties in the 

200-800 nm wavelength range. The functional groups of the 

substances were estimated by a 5DX FTIR spectrometer. 

The chemical states of the elements contained in the 

nanoparticles were determined using X-ray photoelectron 

spectroscopy (XPS)24,32,42. 

 

Results and Discussion 
Analysis of X-ray diffraction: Fig. 1 shows the XRD 

patterns of Mn-doped and un-doped ZnO NPs. The structural 

properties of pure and Mn-doped ZnO nanoparticles have 

been studied using XRD in the 2 range, which spans between 

0 and 800. The (100), (002), (101), (102), (103), (112) and 

(203) planes of the miller indices correspond to the 2 values 

31.950, 34.610, 36.430, 47.730, 56.780, 63.050, 68.130 and 

69.260 respectively. Each of the diffraction peaks' 

underlying hexagonal wurtzite structures is in agreement 

with JCPDS card no. 36-1451. The impurity peaking does 

not exist in the doped samples. The diffraction peaks of 

doped samples are slightly different from those of pure ZnO 

by shifting lower, as seen in figure 1. This could be due to 

Mn2+ substitutions at Zn2+ sites in the ZnO lattice.  

 

Scherer's formula can be used to determine the typical 

crystallite size. In contrast to the samples that contain Mn 

doping, which have smaller crystallite sizes, pure ZnO is 

measured to have an average crystalline size of 49.5 nm. It 

has been found that the average crystallite size tends to 

decrease as Mn concentrations increase5,25,31. 

 

FT-IR Spectroscopy: The KBr pellet method is used to 

capture solid phase FT-IR spectra in the 4000-400cm-1 

region. Each sample's FT-IR spectrum is shown in figure 2. 

Figure 2 shows clear variations in the locations and sizes of 

the IR peaks, suggesting that Mn may have been absorbed 

into the ZnO host. The band at 632 cm-1 could be explained 

by the anti-symmetric Zn-O-Zn stretching mode whereas the 

band between 480 and 510 cm-1 is caused by symmetric Zn-

O-Zn and Mn-O bonds. The peak that occurs at 1120 cm-1 is 

connected to the vibration of the hydroxyl-tin (Zn-OH) 

bond. The vibration at 1340 cm-1 is caused by the C-O 

stretching mode connected to the citrate complex. Since the 

carboxylic groups are released in solid citrate, the vibration 

of C=O stretching is thought to be the cause of the peak at 

1602 cm-1. The strong bands between 3430 and 1602 cm-1 

demonstrate the presence of absorbed water.  

 

Strong agreement exists between the values given in the 

pertinent literature and the actual allocations15,17,33,44. The 

diagonal optical mode must swing downward in this 

investigation's of Mn ion replacement and the peak must 

transfer to the doped sample's vibrational modes, which must 

be acceptable at frequencies of 480 cm-1 and higher. 
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UV–Visible spectroscopic study: UV-visible spectroscopy 

was used to examine the optical properties of un-doped and 

Mn-doped ZnO nanoparticles. The optical measurements 

were performed by UV-Vis diffusion reflectance 

spectroscopy to confirm the substitution of Zn2+ for Mn2+. 

Figure 3 shows the spectra of samples of pure and Mn-doped 

ZnO for UV-Vis diffusion reflectance. Due to the relatively 

high stimulating binding energy, it has been discovered that 

the absorption edge between 300 and 370 nm and the higher 

Mn concentration both decrease the optical transparency of 

pure ZnO.  

 

 
Fig. 1: XRD array of   Un-doped, 0.2M Mn/ZnO and 0.4M Mn/ZnO nanoparticles 

 

 
Fig. 2: FT-IR spectrum of Un-doped, 0.2M Mn/ZnO and 0.4M Mn/ZnO nanoparticles 

 

 
Fig. 3: UV-DRS spectrum Undoped, 0.2M Mn/ZnO and 0.4M Mn/ZnO nanoparticles 
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The absorption margins significantly redden as Mn 

concentration rises from 0 to 4 wt %; this indicates that 

doping has narrowed the band gap of ZnO. Band gap energy 

was assessed using the K-M model8,11. The optical band gap 

of Mn doped ZnO decreases from 3.27 eV to 3.20 eV as Mn 

content (0–4% wt %) is raised. The development of an 

incorrect energy level in the ZnO optical band gap between 

the valence and conduction bands is most likely the root of 

the Mn doped ZnO's absorption wavelength range red shift.  

 
This may be due to the incorporation of Mn2+ into the ZnO 

lattice, which led to a significant sp-d energy exchange 

between the s and p electrons in the ZnO conduction band 

and the d electrons of Mn. This allowed the conduction band 

to move downward and decreased the energy of the 

forbidden band. As shown by the lowered band gap value of 

the final dopant Mn on ZnO semiconductors in this work, an 

effective nano photo catalyst has been produced29,40. 

 

FESEM-EDAX analysis: The surface morphology and 

energy dispersive scattering (EDAX) pattern of 

nanoparticles of Mn-doped and un-doped ZnO are analysed 

using FESEM. Researchers can analyse the morphological 

and compositional actions of solid sample surfaces using a 

high resolution microscope. Huge aggregates of uniform 

nanoparticles can be seen in fig. 4 and the doped samples are 

more accumulated than the pure ZnO samples. The typical 

size of pure ZnO is found to be about 50 nm, however as 

manganese doping concentration increases, the average size 

decreases, as demonstrated in the XRD data35.  

 

Mn-doped ZnO nanoparticles are crystalline and have 

elongated spherical flakes as their structure, un-doped ZnO 

is crystalline and has a spherical structure. EDAX spectra 

were also utilized to confirm the elemental makeup of the 

created nano-photocatalyst. Figure 4d shows the Mn-doped 

and un-doped ZnO nanoparticles' EDAX spectra. The 

presence of zinc, manganese and oxygen atoms in the 

synthesised nanoparticles may be seen by the emission of 

continuous, high-pitched peaks with zinc oxide and 

manganese-zinc oxide (Zn: 52.49% O: 44.77% Mn: 2.74%). 

Over the entire scanning range, there were no visible 

impurity peaks8,38. 

 

HRTEM analysis: A HRTEM picture with SAED inserts 

was shown in fig. 5. Pure ZnO nanoparticles have a cubic 

spherical form and a typical size of about 20 nm, but they 

aggregate because the grain boundary is not clearly defined. 

When doping concentrations are higher than 0.2 or 0.4M, the 

grain size changes and the image seems to be comprised of 

spherical flakes about 12 nm in width. While possessing 

diffuse grain and grain border properties, Mn-doped ZnO 

nanoparticles have a dense nanostructure that is particularly 

beneficial in boosting their photocatalytic activity.

 

  
 

  
Fig. 4: FESEM images of (a) Undoped ZnO (b, c) 0.2M Mn/ZnO,0.4M Mn/ZnO (d) EDAX spectrum of Mn doped 

ZnO nanoparticles 
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The insets of each figure demonstrate how the ZnO 

nanostructure's d-spacing fits the SAED rings' ability to 

reflect light. The images show a typical lattice spacing that 

corresponds to the (001) and (101) planes of the ZnO crystal. 

Starting from the SAED pattern, the ZnO and Mn-doped 

ZnO nanocrystals have arbitrary orientations14,37,39. 

 

Photocatalytic activity measurements: Utilising the 

breakdown of methyl orange dye, the photocatalytic activity 

of un-doped and Mn-doped ZnO nanoparticles was assessed. 

The results showed that the quantity of photocatalysts and 

exposure time had a significant impact on how quickly 

reactive dyes degrade.  

 

The variation in degradation effectiveness with radiation 

exposure time is seen in figure 6. After UV exposure, the 

percentage of MO dye concentration that declines in the 

presence of typical pure and Mn (2 and 4 wt %) doped ZnO 

materials has been graphed in fig. 6.  

 

Higher Mn ion concentrations increased the Mn-doped ZnO 

samples' photocatalytic activity. With a reaction period of 

120 minutes, the methyl orange degradation efficiencies of 

Mn doped (2 and 4 wt.%) ZnO samples are approximately 

36, 45 and 78% respectively. After 120 minutes of UV light 

irradiation, the photocatalytic activity of methyl orange was 

tripled when Mn (4 wt%)-doped ZnO samples were used. By 

significantly boosting the photocatalytic activity (78%), 

Mn2+ doping demonstrated the maximal photocatalytic 

performance of MO decolonization.  

 

The same photocatalysts are gathered and utilised 

repeatedly. The potential for reuse of samples of Mn (4 

wt%)-doped ZnO is also investigated. The photocatalytic 

activity of the Mn-ZnO samples shows some degeneration 

after seven cycles of photo methyl orange degradation, as 

seen in fig. 7, due to insufficient memory and loss during 

washing. Mn-ZnO samples used as photocatalysts are an 

excellent option due to their stability and significant 

potential for application in water treatment.

 

 
Fig. 5: HRTEM images of (a) 0.2M Mn/ZnO (c) 0.4M Mn/ZnO (b,d)SAED pattern of Mn doped ZnO 

 

 
Fig. 6: Photo catalytic degradation % of Methyl Orange by un-doped ZnO and Mn doped ZnO 



Research Journal of Chemistry and Environment____________________________________Vol. 29 (2) February (2025) 
Res. J. Chem. Environ. 

https://doi.org/10.25303/292rjce081089        87 

 
Fig. 7: Reusability Test of Mn doped SnO2 

 

 
Fig. 8: Mechanism of Photocatalytic degradation 

 

The photocatalytic activities of the catalyst are strongly 

influenced by its shape, size, band gap energy and surface 

modification. Mn doping could be used to achieve these. 

Given the smaller particle size and higher band gap energy 

of ZnO, the increased photocatalytic activity of Mn-doped 

samples may be attributed to the emergence of accepting 

energy levels below the conduction band. The photocatalytic 

mechanism of MO by Mn-doped ZnO catalysts is shown in 

fig. 8. Although ZnO with a band gap energy of 3.12 eV in 

the current experimental setting theoretically activated by 

photons with wavelengths below 363 nm only displays a tiny 

level of photocatalytic activity.  

 

The quick recombination of the photogenerated electron-

hole pairs in ZnO is the most likely culprit for this. Mn-

doped ZnO, which has a band gap energy of 3.20 eV which 

may be excited by photons with wavelengths less than 384 

nm. ZnO has a lower CB when compared to ZnO with Mn 

doping. The photogenerated electrons can so travel back in 

time10,26. The Mn-doped ZnO nanoparticles may contain 
photogenerated holes which would increase the efficiency of 

charge separation and hence boost the photocatalytic activity 

of the Mn-doped catalyst11,16,34. Electrons may only go in 

one direction, whereas holes can move in either direction.  

 

The photo-excited electron's transition to the conduction 

band is improved as more MO molecules are adsorbed on 

the surface of the Mn-ZnO catalyst and at the same time, the 

amount of electron transport to the adsorbed O2 rises. The 

reduced band gap energy of the Mn doped ZnO may also 

play a significant role in increasing the visible light 

photocatalytic activity of ZnO catalyst. 

 

Conclusion 
Finally, using the sol-gel method, we successfully created 

pure and Mn doped ZnO nanoparticles. ZnO has a hexagonal 

wurtzite type crystal structure, according to powder XRD 

tests and the results are in good agreement with the required 

JCPDS data (card no. 36-1451). FESEM identified an 

expanded spherical form with an average particle size of 50 

nm. It was feasible to observe a large red shift and a drop in 

the band gap energy from 3.12 to 2.77 eV by looking at UV-

Vis spectra. Additionally, Mn-doped ZnO had photo 

absorption that reached beyond the visible light spectrum, 
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according to UV tests. It was claimed that the presence of 

Mn dopant caused the concentration of impurities in ZnO's 

conduction and valence bands to rise, resulting in a narrower 

band gap and more visible light absorption.  

 

By exposing MO to the visible spectrum, the photocatalytic 

effectiveness of pure and Mn-doped ZnO catalysts was 

assessed. When compared to un-doped ZnO, Mn-doped 

catalysts have the best photocatalytic activity. The recycling 

test demonstrates that the degradation rate of the Mn-ZnO 

catalyst is almost consistent and that there was no activity 

loss over the first four cycles. The result suggests that Mn-

doped ZnO catalyst may have significant applications in the 

treatment of waste water as well as the elimination of 

pollution as particularly efficient photocatalysts. 
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