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Abstract 

MoSe2, a significant component within the class of two-dimensional transition metal 

dichalcogenides, boasts a diverse set of photoelectrochemical characteristics. Herein, we 

propose a simple hydrothermal approach to synthesis MoSe2/MnO2 nanocomposites with 

controllable morphologies with enhanced photocatalytic activity. The obtained 

nanocomposite was confirmed by the analysed peaks of MoSe2/MnO2 observed in X-ray 

diffraction (13.6o, 18.1o, 37.5o), infrared spectra (495, 645, 1410 cm-1), UV-Vis spectra (506, 

640, 748 nm) and the band gap lowering (1.94 eV, 2.8 eV, and 4.57 eV). Due to the efficient 

separation of photogenerated electron-hole pairs facilitated by the rapid transfer of 

photogenerated electrons by the addition of MnO2, the MoSe2/MnO2 composite demonstrates 

significantly enhanced solar-driven photocatalytic performance and excellent stability in 

degrading Direct Yellow (DY), a common pollutant found in industrial effluents. The 

MoSe2/MnO2 nanocomposite photocatalytic activity was found to be 1.2 to 1.6 times higher 

than that of its individual components of MoSe2 and MnO2, indicating synergistic effects 

leading to enhanced performance. This underscores its considerable potential for 

environmental remediation, offering a promising approach for the degradation of harmful 

industrial chemicals present in wastewater using sunlight.

Keywords: Molybdenum diselenide; Manganese dioxide; Nanocomposite; Photocatalysis; 

UV-Vis light 
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1. Introduction

The absorption of the semiconductor photocatalysts could be reducing the energy 

shortages while also removing pollutants from the environment [1], [2], [3]. For water 

pollutant treatment, it is very important to effectively convert solar light to active species. 

UV-Vis light photocatalysts are of great interests due to their extremely solar light 

utilizations. In recent years, transition metal dichalcogenides (TMDs) [4], [5], semiconductor 

– based photocatalysts viz, TiO2 [6], ZnO [7], BiVo4 [8], etc. have been studied as UV-Vis 

light photocatalytic material also among these materials, MoSe2 is a promising candidate 

because it has a narrow bandgap for harvesting extremely sunlight [9]. It also possesses 

unique two- dimensional (2D) layered structure for surface reactions and it has good 

absorbance stability [10], [11]. However, the ease of charge recombination strongly decreases 

photocatalytic activity and limit its applications in water pollutant treatment. To satisfy these 

properties of MoSe2 is an efficient strategy to separate the photo-generated charge carriers 

and reduce its internal recombination [12], [13], [14]. As a well-known oxide semiconductor, 

MnO2 could generate superoxide radical and hydroxyl radical, respectively. These oxidizing 

radicals could effectively decompose various organic compounds [15], [16], [17], [18]. 

Among the different combination of forming MoSe2/MnO2 nanocomposite, it could be a 

good photocatalyst for pollutant treatment. However, it is still a challenge to controllable 

construct MoSe2/MnO2 nanocomposite with uniform interface and good dispersion.

So far combination of MoSe2/MnO2 nanocomposite were usually prepared by a 

different nano structure growth process. For example, some researchers analysed MoSe2 

nanosheets on MnO2 nanorods [19], [20], [21], while the others grew oxides on MoSe2 [22]. 

In comparison with these nanostructures which are easily agglomerate, the interface contact 

and uniformly could be more controllable when MnO2 nanostructure were used as growing 

supports. And tuning network porosity and large amounts of active sites [23], [24], [25], [26]. 

These advantages are favourable for mass transport, surface nucleation and growth process, 

furthermore, their ultralong zero-dimensional structure might be also favour of transferring 

photo generated electrons to surface reactions sites [27], while their MnO2 nanostructure 

network structure can also be easily separated by the reactions [15], [28], [29].

To overcome the uniform interface and good dispersion highlighted in previous 

reports, we developed a novel photocatalyst comprising a MoSe2/MnO2 nanocomposite. 

Utilizing the hydrothermal method, we ensured the MoSe2 component exhibited excellent 
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dispersibility and controllable concentrations when integrated onto the MnO2 nanostructure. 

Moreover, the Fourier transform infrared (FTIR), X-ray diffraction (XRD), scanning electron 

microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX), and high-resolution 

transmission electron microscopy (HR-TEM) were used to characterise the chemical 

properties of the obtained MoSe2/MnO2 nanocomposites. The adsorption performance and 

wide spectrum photocatalytic activity of the as-fabricated composite were investigated using 

the target organic contaminants Direct Yellow (DY), and the degradation of DY in solution 

and adsorbed on catalyst surfaces was studied under Vis and UV light irradiation, 

respectively. MoSe2 and MnO2 as single components and MoSe2/MnO2 as a nanocomposite 

were used to compare the photocatalytic efficiency. 

Experimental synthesis process

2.1 Chemicals

Sodium molybdate (Na2MoO4) power assay 98% is purchased from the Sisco 

Research Laboratories Pvt. Ltd. selenium powder block (Se) assay 99%, hydrazine hydrate 

(N2H4.H2O) assay 99%, polyvinylpyrrolidone (PVP), Manganese sulphate (MnSO4.H2O) 

assay 99%, Potassium permanganate (KmNo4) assay 99.99%, Direct yellow dye (DY) 

(C26H18N4Na2O8S2), were utilized for photocatalytic Process. All chemicals were analytical 

grade and were applied precisely as provided. Unless otherwise noted, the experiment used 

laboratory-made deionised (DI) water.

2.2 Synthesis of MoSe2 

MoSe2 were synthesised by the hydrothermal approach. In solution A, 1.20 g of 

Na2MoO4 and 0.5 g polyvinylpyrrolidone were dissolved in 50 ml of distilled water and 

stirred for 1 hour. Following this, in solution B, 0.8 g of selenium (Se) was added with 30 ml 

of N2H4.H2O solution and stirred for half-an-hour separately. Subsequently, solution A is 

steadily added drop by drop to solution B until precipitation occurs. The resulting solution is 

then transferred to a 100 ml Teflon-lined autoclave and placed in an oven at 200°C for 

duration of 24 hours. Ultimately, the contents were subjected to centrifugation, with the 

resulting residue being washed using deionized water and ethanol. Following this, the residue 

was dried at 80°C for a period of 12 hours, yielding a pale block powder.
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2.3 Synthesis of MoSe2 /MnO2 nanocomposite

Initially, a solution comprising 50 ml of deionized water was mixed with 1.20 grams 

of Na2MoO4 and 0.8 grams of selenium (Se). After that, 2.1 grams of MnSO4 and 1.96 grams 

of KMnO4 were individually mixed with 25 ml of deionized water and prepared. Next, both 

the solutions were added drop by drop while continuously stirring the mixture for 1 hour. To 

adjust the mixture, 75 ml of deionized water was added. Subsequently, the mixture was 

sonicated for 30 minutes and subjected to hydrothermal treatment at 180°C for duration of 24 

hours. The heterogeneous material was allowed to cool for half an hour before undergoing 

centrifugation. The remaining residue underwent multiple washes using ethanol and 

deionized water. Following the cleansing process, it was subjected to drying in a hot air oven 

set at 80°C for duration of 12 hours, resulting in the acquisition of MoSe2/MnO2 powder. The 

manufactured sample is detailed and subsequently employed to evaluate its photocatalytic 

performance. Fig.1. illustrates a schematic representation of the chemical approach utilized to 

produce MoSe2/MnO2 nanocomposites, aiding in achieving uniformity.

2.4 Photocatalysis experiment

The photocatalytic activity of a MoSe2/MnO2 nanocomposite was studied under direct 

sunlight. To begin with, 0.5 g of MoSe2/MnO2 nanocomposites and 20 parts per million 

(PPM) of coloured (DY) dye were dissolved in 100 ml of deionized distilled water (DDW) 

and stirred for one hour at room temperature. Following the attainment of adsorption-

desorption equilibrium, the mixture was stirred in darkness for 20 minutes. Afterward, the 

photocatalyst suspension was subjected to UV-visible light irradiation using a 500-watt 

Halogen lamp [30], positioned at a 15 cm distance from the surface of the DY photocatalyst 

mixed solution. To ensure a consistent temperature within the photoreactor, water from the 

water source was re-circulated. Using a UV-Vis spectrometer (model-JASCO V-670) that 

measures the 200-800 nm range, 5 ml of dye mixed solution was taken from the photoreactor 

at certain times (every 30 minutes) for up to 120 minutes of light irradiation. The 

concentrations of DY in samples were determined by measuring the absorbance at 395 nm. 

Using the experimental synthesis technique as well as Eq. (1), we were able to find the 

percentage of DY degradation.

Degradation efficiency(%) = (CO ―  C)
CO 𝑋100% ……………………... (1)
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Where C is the concentration of DY dye at the initial stage and CO is the concentration at the 

final stage respectively. We used XRD and SEM analysis to study the variations in crystal 

structure and morphology of the composite photocatalyst after four reuse experiments.

2.5. characterizations

The X-ray diffraction analysis (Rigaku D/max ultra III diffractometer) and Cu k± 

radiation (40 Kv, α =0.154 nm) were used to study the crystal structure of the MoSe2/MnO2 

nanocomposite. The XRD pattern was obtained at room temperature among the 2 theta 

degrees of 10° and 80°. A (JASCO V-750) instrument from Japan was used to record the UV-

vis spectrum, which has a wavelength range of 200 to 800 nm. A Bruker tensor 27 Fourier 

transform infrared (FTIR) spectrometer model was used to look at how the nanocomposites 

interacted with each other. To look at the shapes, a (JEOL JSM 7500F+) SEM scanning 

electron microscope with an EDS detector set to 2.0 kV was used to prepare the samples. For 

the study, a high-resolution transmission electron microscope (HR-TEM) (JEOL JEM -2100 

+) working at 200 kV was used. The materials' shapes were studied based on their sizes.

3.  Result and discussion

3.1. Characterization of X-Ray diffraction

Fig. 2. (a-c) shows the XRD patterns of MoSe2, MnO2, and MoSe2/MnO2, which were 

determined by XRD together with the samples crystallographic structures and phase 

compositions. For MoSe2, there were found five strong characteristics of XRD diffraction 

peaks at 13.3o, 13.6o, 37.8o, 42.2o and 47.4o, which could be well assigned to (002), (100), 

(103), (104) and (105) diffraction planes MoSe2 structure (JCPDS No: 01-077-1715) 

respectively [30]. These peaks were confirming the hexagonal structure of MoSe2. As noted 

in the pattern, the MoSe2 exhibits distinct and strong peaks, indicating a higher degree of 

crystallinity in the samples. In addition to these prominent peaks, supplementary low-

intensity peaks within the 20° to 30° range, associated with the oxidized state of Mo, are also 

evident in the XRD spectra. The major diffraction peaks can be corresponding to the MnO2 

(JCPDS No: 00-044-0141), where 2θ at 6.91o, 18.1o, 28.8o, 37.5o, 41.9o, 49.8o, 60.2o, and 

69.7 confirms the corresponding planes (110), (200), (310), (211), (301), (411), (521) and 

(541) for MnO2 respectively [31]. The grain size (D) can be determined using the Debye–

Scherrer formula, as shown in Eq. (2), which relies on the full width at half maximum 

(FWHM) of characteristic crystalline peaks.
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𝐴 =
𝐾𝜆

𝛽𝑐𝑜𝑠𝜃

where, D is the size of the particle, k is the Scherrer constant (0.9), λ is the X-ray wavelength 

(1.5418 A), and β is the full width at half maximum of the particular diffraction angle (θ). 

The average grain sizes of the samples MnO2, MoSe2, and MoSe2/MnO2 were estimated to be 

20.05 nm, 19.92 nm, and 12.46 nm respectively. The decline in the crystallite size 

analytically advocates that there could be the reduction in the grain roughening in the Nano 

composites. Moreover, the MoSe2 lattice constant of a = b = 3.28 Å, c = 12.92 Å, MnO2 

lattice constant of a = b = 9.78 Å, c = 2.86 Å and MoSe2/MnO2 lattice constant of a = b = 

4.9325 Å, c = 6.9205 Å respectively. In addition to these results, the lattice strain of the 

samples has been abbreviated to 0.0140, 0.0202, and 0.0070 respectively [32]. The XRD 

pattern of MoSe2/MnO2 clearly shows the crystalline peaks of MoSe2 and MnO2 which 

confirmed that both patterns of shows in figure. 

3.2 FTIR Spectroscopy analysis

The Fourier-transform infrared (FTIR) spectra of MoSe2 and MnO2, recorded in the 

range of 400-4000 cm-1, are depicted in Fig. 3. (a) and (b) respectively. The distinctive peaks 

detected at approximately 484 cm-1, 556 cm-1, 641 cm-1, 781 cm-1, 895 cm-1, 1405 cm-1 and 

1405 cm-1 correspond to the following chemical bonds: (Se-O-Se), (O-Mo-O), (M=O), (Se-

O), (COOH), (Mo-OH), and (C-O) bonds, as well as C-H and O-H stretching vibrations, 

respectively [24]. MoSe2, possessing functional groups like (-OH) and (-COOH), exhibits a 

negatively charged surface, rendering it highly effective for the degradation of organic dyes. 

The nanostructured MnO2 displayed three vibration bands below 1000 cm-1, specifically at 

508 cm-1, and 623 cm-1. Each of these vibrational bands is characteristic of the metal-oxygen 

bond within the MnO6 octahedron, whether it involves the Mn-O or Mn-O-Mn bonding, and 

they exhibit good consistency with previously reported results. [33]. In Fig. 3. (c), the 

MoSe2/MnO2 nanocomposite exhibits shifted peaks corresponding to (Se-O-Se), (O-Mo-O), 

(M=O), (Se-O), (Mo-OH) and (Mn-O), (Mn-O-Mn) bonds, which are located at 453 cm-1, 

609 cm-1, 736 cm-1, 802 cm-1, 1362 cm-1 and 514cm-1, 611 cm-1 respectively. Both XRD and 

FTIR analysis results provide complementary information, confirming the structural and 

functional characteristics of the MoSe2/MnO2 nanocomposite simultaneously.
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3.3 UV-Vis analysis

The UV-Vis spectra of the synthesized samples are depicted in Fig. 4. (a). The 

absorption peaks for MoSe2 were observed at wavelengths of 220 nm, 662 nm, 571 nm and 

759 nm respectively [34] Likewise, the absorption peaks for MnO2 were observed at 

wavelengths of 214 nm, 371 nm, 447 nm and 527 nm respectively [35] whereas for the 

MoSe2/MnO2 composite, shifted peaks were observed at 218 nm, 356 nm, 436 nm, 505 nm, 

647 nm, and 756 nm respectively. It is noteworthy to mention that the sample containing 

MoSe2/MnO2 exhibits the largest absorption peak, indicative of a synchronized effect 

between the two components. Thus, the band gap values may be inferred from the αhv2 

versus photon energy plot (tauc's plot) using the equation: α(hv)2 = const (hv-Eg) 1/2. The 

absorption coefficient, Planck's constant, the incident light frequency, and the band gap are 

represented by α, h, v, and Eg, respectively [36]. Fig. 4 (b) and (c) illustrates an estimated 

optical band gap by using Tauc's plot relations. The calculated bandgap for MoSe2, MnO2 

and MoSe2/MnO2 nanocomposite were 1.94 eV, 2.8 eV, and 4.57 eV, respectively. The 

observed band narrowing in the MoSe2/MnO2 nanocomposite indicates that the combination 

can effectively capture a broader spectrum of visible light, including direct sunlight. The 

enhanced absorption of visible light contributes to the reduction in bandgap observed in the 

MoSe2/MnO2 nanocomposite. This is believed to enhance the photocatalytic efficiency of the 

material when exposed to UV-visible light.

3.4 Morphology analysis

The SEM images of MoSe2 and MoSe2/MnO2 were shown in Fig. 5 The prepared 

samples display nanoparticles that are randomly oriented and interconnected, forming a 0D 

network, as illustrated in Fig. 5. (a-b). The surfaces generally appear smooth, and the 

diameters of the nanoparticles are similar. In Fig. 5 (c-d), it is evident that the highly 

localized MoSe2 nanoparticles are uniformly distributed throughout the MnO2 nanostructure. 

The MoSe2/MnO2 nanocomposite exhibits a sheet-like structure. The photocatalytic processes 

of these materials stand to benefit from their large surface area, high light-collecting capacity, 

and efficient charge mobility [37], [38]. Furthermore, it's crucial to highlight that the shape of 

MoSe2 on the nanosheet-like structures can be effectively controlled by increasing the 

concentrations of reactants for MoSe2 and MoSe2/MnO2 composite. Additionally, the 
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quantity of MoSe2 on the sheet-like structure was also enhanced during the same periods, as 

confirmed by the energy dispersive X-ray (EDX) spectra in Fig. 6. (a-b) and the atomic ratios 

provided in the table. Additionally, both MoSe2 (Table 1) and MoSe2/MnO2 (Table 2) 

composite nanosheets were synthesized using the same hydrothermal process. 

The HR-TEM images of both MoSe2 and MoSe2/MnO2 nanocomposite were depicted in 

Fig.7.  (a-h). Notably, thin and small nanoparticle structures with MoSe2 layers were visible 

in the prepared MoSe2, as observed in the HR-TEM image captured from the sample edge. A 

substantial aggregation of MoSe2, as depicted in the shaded area of the figure, suggests the 

successful synthesis of numerous thin MoSe2 layers using a straightforward hydrothermal 

method. This observation aligns with the morphology reported in the existing literature [37]. 

Fig. 7. (e-h) display TEM images of MoSe2/MnO2 nanocomposites. As per the HR-TEM 

image, the prepared nanocomposite exhibited a distinct crystal structure. As anticipated, the 

measured d-spacing of 0.67 nm corresponds to the same value as the MoSe2 (002) interplanar 

spacing [39]. Additionally, the observed d-spacing of 0.32 nm aligns with the (110) lattice of 

the MnO2 nanostructure [39]. The successful formation of the MoSe2/MnO2 composite was 

confirmed by the close binding of their lattice fringes, indicating a strong interaction between 

the two materials. This interaction significantly enhances the electric structure at the 

interface, making it easier for charge carriers to separate [40]. Furthermore, the composite 

(002) lattice spacing of 0.70 nm for MoSe2 was notably larger than the 0.67 nm 

corresponding to the (002) plane in standard MoSe2. This discrepancy could be attributed to 

the replacement of Se at the Se site by O and the incorporation of O into the MoSe2 structure. 

To provide additional insight into the HR-TEM, the Energy Dispersive X-ray 

Spectroscopy (EDS) mapping of the composites was conducted and is depicted in Fig. 8. (a–

f). The EDX spectrum reveals the presence of four elements in the composite: Mo, Se, Mn, 

and O. This indicates that MoSe2 and MnO2 in the composite were thoroughly mixed, and all 

four elements were uniformly distributed. The strong interaction between MoSe2 and MnO2 

facilitated efficient movement of photocarriers, enhancing the effectiveness of the direct 

photocatalytic process.
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3.5. X-ray photoelectron spectroscopy (XPS)

The elemental composition and binding energy of the MoSe2/MnO2 were analyzed 

using XPS, as illustrated in Fig. 9. In the XPS spectra of the MoSe2/MnO2 nanocomposite, 

peaks corresponding to the C, O, Mn, Mo, and Se elements were observed. The O 1S peak 

observed at 529.87 eV may be attributed to adventitious oxygen. Typically, the O 1S peak 

corresponds to the binding energy of oxygen atoms in a material and is often utilized as a 

standard for calibration purposes. The pattern of Mo 3d embedded in pure MoSe2. It is 

possible to assign the peaks at 229.0 eV and 232.2 eV to the Mo 3d5/2 and Mo 3d3/2 of Mo4+, 

then 233.0 eV and 230.3 eV to the Mo 3d5/2 and Mo 3d3/2 of Mo5+, and 235.9 eV and 233.8 

eV, to the Mo 3d5/2 and Mo 3d3/2 of Mo6+ respectively. The high-resolution Se 3d spectrum of 

MoSe2, which has two peaks at 54.6 eV and 55.4 eV, respectively, correspond to both Se 

3d5/2 and Se 3d3/2 of Se in MoSe2, as previously reported [5]. To our obtained peaks of Mo 3d, 

Se 3d and Mn 2p core-level XPS spectra was shown in Fig. 9. (a-f) respectively. Fig. 9. (b-c) 

shows the Mo 3d5/2 and Mo 3d3/2 peaks of MoSe2 which were shifted at 232.1 eV and 235.1 

eV, respectively. These match up nicely with the Mo (4+) chemical states in MoSe2. The Se 

3d5/2 and Se 3d3/2 shifted peaks of MoSe2 at 49.8 eV and 48.2 eV showed that the Se atoms 

were in an oxidation chemical state-2 [41]. For MnO2 nanostructure the Mn 2p3/2, Mn 2p1/2 

and chemical state of atoms Mn4+ peaks also located at 640 eV, 652.5 eV and 642.2 eV, 

respectively. It also corresponds well with previously reported findings [42]. Fig. 9. (d) 

shows the high-resolution XPS Mn 2p spectrum of MnO2. The shifted two peaks of Mn 2p3/2 

(640.6 eV) and Mn 2p1/2 (652.5 eV), were shifted corresponding with the electronic state of 

Mn4+ [34]. It was confirmed by the MnO2 presented in MoSe2.

Notably, the peaks that correspond to Mo 3d and Se 3d, as well as the Mn 2p peaks in 

the composite, shifted towards lower binding energies. This shows that the MoSe2/MnO2 

nanocomposites notably have a strong interaction [43]. Alternatively, three peaks may be 

seen in the O1 S spectrum. The peaks at 529.8 eV, 531.0 eV, and 532.4 eV in Fig. 9 (e) were 

identified as the lattice oxygen (Mn-O-Mn) surface absorption hydroxyl groups (Mn-OH) and 

the water that was absorbed on the surface of the material [44]. The Deconvoluting the C1 S 

signals into three Gaussian peaks allows for the detection of different chemical states of 

carbon atoms, as shown in Fig. 9 (f). The strong peak 2 at 284.4 eV is the binding energy of 

C atoms in the carbon structure with C-C. The small peaks at 285.9 eV and 288.5 eV are the 

binding energies of carbon from the C-O bond and the C=O-C bond, respectively [45]. In the 

combination, the hydroxyl group's peak moved slightly towards higher binding energy. In 
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this case, it suggests that the electron density of the surface hydroxyl groups decreased in the 

MoSe2/MnO2 nanocomposite. This phenomenon could be attributed to the strong interfacial 

interactions present in the MoSe2/MnO2 nanocomposite. It is also interesting that the greatly 

higher hydroxyl content on the composite's surface might not only enhance contaminant 

adsorption via hydrogen production, but also function as electron donors for photogeneration 

holes (h+). These holes might then be further oxidised to OH-, which allows improved 

separating of photogenerated carriers and enhancing photocatalytic process.  

3.6. Light absorption and photocatalytic properties

To evaluate the photocatalytic performance of the photocatalyst, we employed an 

organic dye (Direct Yellow) as a model pollutant and the photodegradation occurred under 

UV-Vis light irradiation. Fig. 10. (a-f) shows the UV-Vis absorbance spectrum of DY dye 

degrading over (a) MoSe2, (b) MnO2, and (c) MoSe2/MnO2 at 120 minutes. The absorption of 

dye solution doesn't change the optimal conditions for absorption and release in large 

quantities Fig. 10 (d) displays the photo standard behaviour of the DY dye as analysed in a 

black test experiment with the photocatalyst adsorption. The MoSe2, MnO2 and MoSe2/MnO2 

nanocomposite are added to the DY dye solution, and the solution is investigated for 120 

min. In comparison to MoSe2, the MoSe2/MnO2 nanocomposite demonstrates enhanced 

catalytic performance for the degradation of DY dye when exposed to under UV-Vis light.

The kinetics of the photocatalytic degradation of DY dye were assessed using Equation (2),

𝐼𝑛
𝐶𝑡

𝐶0
=  ― 𝑘𝑡 ……………………………….. (2)

Where, Co is the initial concentration of the DY dye and Ct is the final concentration at the 

time; k is the pseudo first-order rate constant (min-1). The pseudo-first order kineties plot is 

shown in Fig. 10. (e) are shown in table 1: (1) The dye concentration in ppm, (2) degradation 

efficiency in percentage, (3) kinetic equation, (4) rate constant in k, (5) time in minutes, and 

(6) R2 values of MoSe2, MnO2, and MoSe2/MnO2 nanocomposite. From table. 3. The rate 

constant of MoSe2 was 0.0290 min-1
, the highest among others 0.0136 min-1 for MnO2 and 

0.1294 min-1 for MoSe2/MnO2. The enhanced photocatalytic activity observed for 

MoSe2/MnO2 was attributed to its morphology. As photocatalysis is a surface phenomenon, 

therefore the activation of a large surface area is in proportion larger than the quantity of 

reactive oxygen species produced. The MnO2 catalyst improves the interaction with DY 

molecules and dissolves in DI water. Consequently, MoSe2/MnO2 exhibited higher 
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photocatalytic efficiency compared to MoSe2 alone. Therefore, the photocatalytic efficiency 

of MoSe2/MnO2 was superior to that of MoSe2. Fig. 10 (f) shows the degradation efficiency 

of the produced photocatalysis under UV-Vis light irradiation. In the as-made materials, the 

photocatalytic degradation efficiency reached 96% for MoSe2/MnO2. Further investigation 

revealed that the MoSe2/MnO2 composite maintained excellent adsorption and photocatalytic 

activity. While the adsorption and photocatalytic synergistic reduction rate of Direct Yellow 

(DY) may have been somewhat lower, the MoSe2/MnO2 composite still exhibited enhanced 

adsorption and photocatalytic activity, along with improved durability.

Table 3

1) The Dye concertation in ppm, 2) Efficiency of degradation (%), (3) Kinetic equation, 

(4) Rate constant (k), (5) time (min) and (6) R² values are listed.

3.7.  Photocatalytic mechanism of MoSe2/MnO2 Nanocomposite

Fig.11. illustrates a potential photocatalytic mechanism under irradiation. The 

observed changes in photocatalytic activity are attributed to variations in phase growth and 

morphological alterations associated with reduction and oxidation processes. The 

photocatalytic mechanism typically involves three main steps: (i) Absorption of photons with 

energy greater than the bandgap of the photocatalyst; (ii) separation, migration, or 

recombination of electron-hole pairs; and (iii) redox reactions occurring at the surface of the 

photocatalyst. In general, surface imperfections can serve as sites for the absorption of 

oxygen and water. Semiconductor photocatalysts, when exposed to air or oxygen, can 

effectively degrade numerous organic pollutants. When activated by UV-Vis light (hv), 

MoSe2/MnO2 generates electron-hole pairs, which act as strong antioxidants and reducing 

agents. The photocatalyst exhibits efficient performance because holes and photovoltaic 

electrons do not readily recombine on the surface of the semiconductor. The following 

expressions outline the photocatalytic mechanisms for the degradation of DY dyes (3)-(9). To 

enhance photocatalytic activity, the electrons that are produced by light engage in an 

oxidation-reduction process before recombination. The production of the electron-hole pairs 

in MoSe2/MnO2 nanocomposite in the absence of UV-Vis light is an accelerated oxidation 

process in which electors are activated from VB via substantial light absorption Eq (3). 

However, when oxygen molecules are absorbed by the excited electrons (ecb-), a number of 
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reactive substances are formed, including superoxide (•O2-), hydroxyl (•OH) radicals, and 

hydrogen peroxide (H2O2) Eq. (4-6) [19]

The formation of highly oxidizable positively charged holes (hVB+) under visible 

light, on the other together, indicates that their source might instantly carry out the oxidative 

degradation of a yellow dye. In addition, another component of the holes known as hVB+ 

reacts with the absorbed H2O and OH- in the DY solution to generate hydroxyl (•OH) 

radicals (Eq. 7 and 8) [19] as a result. A powerful oxidant, hydroxyl radicals (•OH) may be 

converted into water and carbon dioxide, two substances that are good for the environment. 

Eq. (9). MoSe2/MnO2 induces of •OH radicals and contributes to the development of the dye 

degradation process. The shortage of super oxide emit can also be seen in the measurements. 

So, this means that hydroxyl radicals make it possible for the dye degradation. Overall, it was 

determined that the synthetic MoSe2/MnO2 composite that has been created showed strong 

photocatalytic activity when it is exposed to UV light. As a result of influence of the 

synthesised sample size, quantum confinement, and the catalyst, the energy band gap as the 

thickness increases gradually towards it crosses the nanoscale. Additionally, the generated 

photocatalysts' performance in degrading organic pollutants was similar to that of the prior 

study and is shown in Table 4. In Fig. 11. the proposed photocatalytic mechanism of 

MoSe2/MnO2 for the degradation of DY dye is depicted schematically.

            MoSe2/MnO2+hv→ MoSe2/MnO2 (h+
Vb+ e¯Cb) ………  (3)

eCb¯ + O2→O2•¯……………………………………….   (4)

•O2¯ + 2H++ eCb¯ → H2O2 …………………………….  (5)

H2O2+ eCb¯ → OH¯ + •OH…………………………….  (6)

h+
Vb+H2O→H+ + •OH…………………………………  (7)

h+
Vb+OH¯→•OH……………………………………...   (8)

•OH + dye → Co2 + H2O …………………………….   (9)

Table 4

Comparison of our present work and earlier work.
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4.Conclusion

We have successfully developed and synthesized a MoSe2/MnO2 nanocomposite with 

enhanced photocatalytic performance using a simple hydrothermal approach. The interface 

contact, surface morphology, and loading quantities of MoSe2 can be precisely controlled by 

adjusting the reaction conditions. Under UV-Vis light irradiation, MoSe2 exhibited a 

maximum absorption-photocatalytic removal rate of 55%, while MnO2 demonstrated 47%. 

However, the MoSe2/MnO2 composite surpassed both individual components with a 

remarkable removal rate of 96% for Direct Yellow (DY) within 120 minutes. Moreover, the 

MoSe2/MnO2 nanocomposite exhibited excellent separation efficiency, retained stable shape, 

and maintained structural stability, all of which are advantageous for cyclic photocatalytic 

removal of water pollutants. Our study provides a fundamental understanding of the charge 

generation, separation, and transfer processes occurring in the MoSe2/MnO2 nanocomposite 

under UV-Vis light. The enhanced photocatalytic activity can be attributed to efficient wide-

spectrum absorption, a large surface area, rapid electron transfer, and stable and uniform 

interface contacts. The concepts, techniques, and results obtained in this study could be 

valuable for the development of prospective photocatalysts with the capability for reducing 

H2O and CO2 under UV-Vis light. Our investigation thoroughly examined the photocatalytic 

performance of these nanostructures under both ultraviolet UV-Vis light. Our findings 

unequivocally demonstrate that the MoSe2/MnO2 nanocomposite exhibits exceptional 

responsiveness to UV-Vis light and delivers outstanding photocatalytic efficiency.
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Data availability Data

Data will be made available on request.
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