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A B S T R A C T 

Pure and metal (Cu, Mn) doped In2S3 nanoparticles were prepared by the standard co-precipitation 

technique. This work aims to study the influence of metal (Cu, Mn) on the synthesized nanoparticles' structural, 

morphological, optical, photoluminescence, and electrical properties (NPs). The XRD pattern reveals that the metal 

(Cu, Mn) doped In2S3 NPs were polycrystalline with a cubic phase whose particle size varies between 36.2 and 49 

nm. A significant decrease in the crystallite size was observed after metal doping. It is noted from the EDS spectra 

the elements like In, Cu, Mn and S are present in the NPs. The optical studies reveal that the high transmittance 

(80%) was observed for pure In2S3 NPs makes them an efficient window layer for solar cell applications. Also, the 

calculated bandgap energy was found to increase ( 2.8 – 3.28 e V) for metal doping. Photoluminescence 

measurements reveal that the photoemission is mainly due to the donor-acceptor pair transitions. The electrical 

studies indicate that the electrical conductivity decreases significantly with doping, and maximum electrical 

conductivity of 1.28 x 10-6 (Ω m)-1 was obtained for pure In2S3 NPs. A photocatalytic study reveals that high 

photocatalytic activity is observed for Mn-doped NPs under Methylene blue (84 %). 

mailto:kennedycsice@gmail.com


Keywords: In2S3 nanoparticles, Co-precipitation, Structural properties, Optical properties, Photocatalytic 

properties. 

1. Introduction 

As our civilization is more technologically advanced, the demand for every aspect of our life is grown 

drastically. The fabrication of nanomaterials and their applications in every area of our human life is thriving. 

Nanomaterials exhibit naval, chemical, electrical, mechanical and magnetic properties different from their bulk 

counterparts [1-2]. Nanoscale (10-9 m) materials have a large surface to volume ratio compared to their bulk, 

accelerating nanomaterials' work as absorbents and catalysts [3]. Further, sensors and sensing technology play an 

essential role in information gathering [4]. Recently, mixing nanopowders with fuels have enhanced engine 

performance [5]. In technological application, In2S3 is an important semiconducting material because of its photo-

conductive behaviour, wide bandgap, and stability [6-7]. Since In2S3 is nontoxic and has bandgap energy (2.0 e V) 

more significant than Cds, improving the light transmission in the Visible-IR regions can be used as an adequate 

and suitable substitute for Cds in the making of solar cell devices [8-10].  

Copper indium disulfide (CuInS2) is an essential ternary semiconducting material. It has a direct bandgap value 

of 1.5 - 3.16 e V, which closely matches the solar spectrum. Further, CuInS2 shows excellent photo-irradiation 

stability and has a high absorption coefficient [10]. Therefore, CuInS2 was investigated as the material of choice for 

thin-film photovoltaics [11].  

Manganese indium sulphide (MnIn2S4) is the most promising magnetic material of the I-III-VI semiconductor 

family with bandgap energy 1.95-3.28 e V depending on its composition and deposition technique [12-13]. 

MnIn2S4 exhibits excellent optical transmittance (75%) and high optical absorption coefficient (> 105 cm-1). These 

excellent physical properties of MnIn2S4 finds wide application in functional devices such as switches, optical 

filters, photodetectors, light modulators and other devices like optoelectronic and Schottky diodes [14-15]. 

In general, doping is a practical approach to improve the physical properties of nanopowders [16]. In the 

present work, pure and metal-doped (Cu, Mn) In2S3 NPs are prepared by the standard co-precipitation method. 

Several methods like sol-gel processing [17], hydrothermal [18], co-precipitation [19], chemical vapour deposition 

[20] and microemulsion [21] are used to synthesize pure and metal-doped In2S3 NPs effectively. The co-



precipitation method is an effective method widely used to prepare pure and metal-doped NPs at room temperature 

on a large scale with affordable cost [22-23]. 

Herein, We prepared Cu and Mn-doped In2S3 nanoparticles by the simple co-precipitation method for 

Optoelectronic and photocatalytic applications. The effect of dopants on prepared catalysts have been investigated 

by structural, morphological, optical, electrical and photocatalytic properties. As outcomes, The high transmittance 

and low resistivity of Mn2+ doped the nano samples convenient for optoelectronic applications.   

2. Materials and methods 

2.1. Material deposition 

Analytical grade chemicals such as Indium chloride (InCl3) and thiourea CS(NH2)2 are used to prepare 

In2S3 NPs. The appropriate quantity of InCl3 and CS(NH2)2  are mixed thoroughly in a beaker with de-ionized 

water in the molar ratio of l:l. The stock solution of sodium hydroxide (NaOH) is added drop by drop using a 

burette to this solution. The final solution is kept under constant magnetic stirring until precipitation is formed. 

After the formation of evident precipitation, the beaker is sealed and undisturbed for 6 hours. Then the 

precipitation is dried in an oven at 40°C for 4 hours. The final product is crushed by using an agate motor to obtain 

pure In2S3 nanoparticles. 

A similar method is implemented for the preparation of Cu doped In2S3 nanoparticles. For the preparation 

of Cu: In2S3 NPs, the Copper chloride (CuCl2) is added to the mixture of InCl3 and CS(NH2)2  in the molar ratio of 

0.2:0.1:0.7. Further, the Mn-doped In2S3 NPs are prepared by adding the MnCl2 to the combined Indium chloride 

and thiourea product under constant magnetic stirring. 

2.2. Characterization techniques 

The phase identification and crystallite sizes were determined by the X-ray diffraction (XRD) in the range of 

10-80° with CuKα radiation source (λ = 1.5406Å). The surface morphology of pure and metal-doped (Cu, Mn) and 

the grain size distribution of Cu and Mn-doped In2S3 NPs were investigated using FE-SEM operated at 30KV with 

a scanning rate of 50 μs. The elemental composition analysis of the synthesized samples was carried out using 

energy-dispersive X-ray spectroscopy (EDS - model: JOEL – JEM 2100). The samples' optical absorption and 

transmittance were recorded using a UV-Vis spectrophotometer (V-670-JASCO) at room temperature in the 



wavelength range of 300-1200 nm. The electrical properties of the prepared nano samples were studied by the 

Four-probe method. 

2.3. Measurement of photocatalytic activity 

Experiments were carried out in a photocatalytic quartz reactor having a capacity of 150 ml. The reactor has 

facilities for water circulation to ensure a constant temperature.  The UV irradiation was carried out using a 125 W 

(311nm) medium pressure Hg arc lamp (SAIC, INDIA). 150 ml of desired initial concentration (20 ppm) of 

Methylene blue dye solution was mixed with a fixed amount of Methylene blue NPs (50 mg/L) at natural pH (6.2). 

The solution was placed under UV illumination and was magnetically stirred. The sample from the photoreactor is 

withdrawn at different time intervals and centrifuged. The supernatants are analyzed for their absorption maximum 

(554nm) using UV-Vis Spectrophotometer. A similar procedure was adopted for metal (Cu & Mn) dopants 

Methylene blue NPs using Methylene blue dye solution.  The percentage of Methylene blue degraded by the 

catalyst surface was calculated from the following equation. 

Percentage of degradation =  (CO - Ct ) /CO  x  100% 

CO represents the initial time of absorption, and Ct represents the absorption after various intervals of time.  

3. Results and discussions. 

3.1. Structural analysis 

The X-ray diffraction patterns of the pure and metal-doped (Cu and Mn) In2S3 NPs are presented in Fig 1. XRD 

pattern indicates that all the samples exhibit polycrystalline nature, and all the diffraction peaks can be attributed to 

the cubic phase of In2S3 [24]. It is in good agreement with JCPDS data (JCPDS 01-084-1385) and earlier reported 

literature [25]. The highly intense diffraction peak corresponds to the (ll2) plane assigned to the diffraction angle, 

2θ = 28.3°. It is also noted that no new phases are observed after Cu and Mn doping, which means no change in the 

structure of In2S3 due to the incorporation of Cu or Mn. It is under the previously reported work [26-27]. 

Further, the crystalline system is not altered due to the metal doping since the metal ions occupy only the 

substitutional positions or voids because of their smaller ionic radii compared with In3+. From the XRD patterns, 

the peak intensity is maximum for In2S3 NPs. It may be due to the improvement in the crystallinity of the pure 

In2S3 samples [28]. 



The average crystallite size (d) can be estimated from the most substantial diffraction peak (112) using the 

Debye-Scherrer formula [29]. 

   

 

 Here, λ is the wavelength of the CuKα radiation line, β is the full width at half-maximum (FWHM) of the 

preferred orientation (112), and θ is the corresponding diffraction angle (Bragg's angle). The average grain size was 

calculated, and it was found to be in the range between 36.2 and 49 nm corresponding to the prominent (112) peak. 

From Table1, it is noted that the crystallite size decreases with metal doping. It may be due to the smaller ionic 

radius of Cu2+ (0.73 Å) and Mn2+ (0.70 Å) compared to that of In3+ (0.81 Å), which results in the creation of 

compressive stress in the doped NPs [30]. Further, the decrease in crystallite size in doping is due to creating new 

nucleation centres, changing the homogeneous nucleation to heterogeneous [31].  

From XRD results, the microstrain (ε) of the NPs calculated using the following formula [32]. 

 

 Where β is full-width at half maximum in radians and θ is Bragg's angle. The value of micro-strain (ε) is 

found to be  0.651х10-3,  1.11х10-3 and  6.95х10-3 for In2S3,  Cu: In2S3 and  Mn: In2S3 NPs, respectively. The 

micro-strain is lower for  In2S3 NPs reveals the decrease in the concentration of lattice imperfections [33]. It is also 

noted that the strain value is higher for metal doping NPs due to the compressive stress created in the In3+ ions 

substitution by Cu2+ or Mn2+ in the lattice [25]. 

The dislocation density (δ) defined as the length of dislocation lines per unit volume. The dislocation 

density is one of the crystallographic defects that determine the properties of the material. The dislocation density ( 

δ ) is calculated using the following formula [34] 

δ = I/D2                                                                                               (3) 

 Where D is the crystallite size. The value of dislocation density ( δ ) is found to be 0.416х1015, 0.566х1015 

and  0.763х1015 lines m-2 for  In2S3,  Cu: In2S3 and  Mn: In2S3 NPs respectively. The value of dislocation density is 

lower for In2S3 NPs reflects high crystallinity and lower structural defects [35]. This result is a good agreement 

with the XRD results. The variation of micro-strain (ε) and dislocation density (δ) are presented in Table 1. From 



Table 1, it is noted that due to metal doping, the micro-strain and dislocation density is increased with a decrease in 

crystallite size and increase in the concentration of crystal imperfections. 

3.2. Field emission scanning electron microscope (FE-SEM) analysis: 

FE-SEM micrographs of the pure and metal-doped (Cu and Mn) In2S3 NPs are presented in Fig 2(a-d). The 

FE-SEM micrographs reveal that many nanostructures are distributed on the surface of the prepared nano samples. 

These nanostructures can be used as gas sensors, dye-synthesized solar cells, and energy storage devices [36].  Fig 

2.a indicates that spherical grains were uniformly distributed on the surface, and no needle-shaped grains were 

observed for the pure In2S3 nano sample. The FE-SEM image of the Cu: In2S3 sample demonstrates the growth of 

smooth and homogeneous nanoflowers are formed on the surface (Fig 2.b). Also, it was noted that the surface 

morphology was changed after metal doping (Cu or Mn) with the base material of In2S3. Fig 2.c and 2.d show the 

surface morphology of the Mn: In2S3 sample. From the micrographs (2.c and 2.d), we noted that the grains 

deposited on the surface were a needle-like shape. Besides the needle grains, small spherical grains were found 

distributed throughout the surface. Further, the grains become smaller after incorporating Mn, which agrees with 

the XRD results.  

3.3. Energy dispersive spectral analysis (EDS) 

Energy dispersive spectral analysis (EDS) is employed to exhibit the elemental analysis of the prepared  

NPs. The EDS spectrum of pure and metal-doped (Cu and Mn) In2S3 NPs is shown in Fig 3(a-c). From the EDS 

spectrum, the intense peaks indicating the presence of indium (In), Copper (Cu), Manganese (Mn) and Sulphur (S) 

in the nano samples. Also, it is clearly observed that Oxygen (O) content is present in all the samples. The oxygen 

is chemisorbed [37], and the oxygen-containing phase is formed during the growth process. These oxygen atoms 

are bonded at the surface and grain boundaries and do not enter into the crystallites [38-39]. Therefore, the 

properties of prepared nano samples are not altered by oxygen content. Further, the EDS analysis reflects that the 

composition is stoichiometric, and no other foreign elements are present in the nano samples.  

3.4 Optical studies 

The optical transmittance spectra of pure and metal-doped In2S3 NPs in the wavelength range 300 to 1000 

nm are presented in Fig 4. All the nano samples show good transparency in the visible region from the 

transmittance spectra and exhibit a sharp drop near the band edge. Further, the transmission is decreased after the 



metal doping, and there is a shift of the total absorption towards a shorter wavelength. It is also observed that the 

transmittance is low in the Ultraviolet (UV) region, whereas in the Visible (VIS) and infrared (IR) regions, high 

transmittance was observed. The high transparency in the VIS and IR regions is a consequence of the wide 

bandgap of the nano samples [40]. In the lower wavelength (UV) region, all the incident lights are observed by the 

atoms, and therefore less (or) no transmission occurs in this region [41]. 

Further, the high optical transmittance property is observed for pure In2S3 NPs. It may be due to the 

improved sample's structural homogeneity and better crystallinity [42]. Materials with low absorbance and low 

reflectance in the VIS region make the samples suitable for suitable antireflection coating in solar cells working 

mainly in the VIS region [43]. 

The optical absorption spectrum of pure and metal-doped (Cu, Mn) In2S3 NPs in the wavelength range 300-

1000 nm are presented in Fig 5. The absorption spectrum is noted that the optical absorption is high in the UV 

region (band edge) and gradually decreases in the VIS and IR regions. At the UV region, the incident photon has 

enough energy to excite the electrons from the Valence band to the Conduction band, which results in high 

absorption in the UV region [44]. The absorption decreases in the higher wavelength regions corresponding to the 

reduction in the photon's energy. The enhanced absorption in the lower wavelength region makes the nano samples 

a good window layer for solar applications [41]. On the other hand, the low absorption in the VIS-IR regions 

makes the pure and metal (Cu, Mn) doped In2S3 NPs useful for optical components in high laser window and 

multispectral applications, providing good imaging characteristics [41] 

The absorption coefficient was calculated by using the Urbach relation [45]. 

α= A (hν - Eg)n / hν                                                                               (4) 

A is a constant, Eg is the bandgap energy, ν is the frequency of the incident radiation, and h is Planck's 

constant. The exponent 'n' is 1/2 for the direct allowed transition. The absorption coefficient of pure and metal-

doped (Cu and Mn ) is of the order of (105 cm-1), which supports the direct bandgap nature of the semiconductor. It 

also noted that the absorption coefficient of the NPs increases with doping with an increase in the absorbance of 

nano samples with doping enhance an increment in their absorption coefficient [46]. 

The optical band gap energy of pure and metal (Cu, Mn) doped In2S3 NPs was calculated from the Tauc 

plot [47]. 



αhν = A (hν –Eg )1/2                                                                                        (5) 

α is the absorption coefficient, hν is photon energy, A is constant, and Eg is the bandgap energy. The 

interception of (αhν)2 versus photon energy plots gives the optical band gap energy value of the prepared nano 

samples at room temperature. The obtained band gap energy value for In2S3, Cu: In2S3 and Mn: In2S3 NPs are 2.8, 

3.15 and 3.28 e V, respectively. It is observed that the bandgap energy is increases with metal (Cu and Mn) doping. 

The increase in the bandgap is attributed to the size minimization of the nanoparticles due to Cu (or) Mn doping 

[48].  The increase in bandgap energy due to doping is helpful for photovoltaic applications since it increases the 

absorption of photons in the UV region [49].  

The extinction coefficient (K) in the fundamental absorption section is calculated using the following 

equation [50]. 

 

 α is the absorption coefficient of the material specimen, and λ is the wavelength of the incident light. The 

variation of extinction coefficient with pure and metal-doped In2S3 NPs is presented in Table 2.  From Table 2, the 

extinction coefficient is low for as prepared In2S3 NPs, and it is slightly increased with metal doping [51]. It may 

be due to the strong absorption and less transmission of light in the UV region. 

3.5. Dielectric studies. 

The relation between refractive index (n) and bandgap energy (Eg) is given by the Herve-Vandamm formula [52]  

 

The refractive index for In2S3, Cu: In2S3 and Mn In2S3 NPs are presented in Table 3. From Table 3, the refractive 

index of the grown nano samples decreases with doping [51]. The refractive index of the doped nano samples 

decreases with the increase of bandgap energy [53]. 

The natural and imaginary part of the dielectric constant was calculated by the following equations [54].  

 

 

ε1 is the fundamental part of the dielectric constant, ε2 is the imaginary part of the dielectric constant,  n is the 

refractive index, and k is the extinction coefficient. The calculated value of ε1 and ε2 are presented in Table 3. From 



Table 3, it is noted that the genuine part dielectric constant (ε1) increases with doping, whereas the imaginary part 

of dielectric constant (ε2) decreases with metal doping. Our result is in good agreement with Mahdi H. Suhail 

(2012) [54]. 

The standard incidence reflectance (R) was calculated by using the following relation [55] 

 

 Where n is the refractive index and k is the extinction coefficient. The calculated value of reflectance (R) is 

presented in Table 3. From Table 3, it was observed that the reflectivity slightly increases with doping. It is also 

noted that the overall reflectance of all the samples is low. The high transmission and low reflectance values 

obtained makes the nano samples suitable as anti-reflecting coating materials for photovoltaic applications [45]. 

3.6. Photoluminescence studies (PL) 

Photoluminescence studies monitor the electronic transition of photo-excited atoms (or) molecules. The 

excited atoms make a transition via either radiative (or) non-radiative processes [56]. In radiative transition, the 

energy is emitted in the form of photons. PL spectra of pure and metal-doped In2S3 NPs are obtained at room 

temperature with an excitation wavelength of 350 nm is shown in Fig 7. From Fig 7, four intense peaks are 

observed in the wavelength range between 540 and 650 nm. This feature corresponds to the donor-acceptor pair 

transition (DAP) between a sulphur vacancy (VS) and an indium vacancy (VIn) (or) copper (or) manganese on an 

indium site [57-58].  It is noted that the incorporation of metal doping (Cu and Mn) will shift the peak slightly 

towards the shorter wavelength region (higher energy). This result may be related to the increase in the bandgap 

energy, which is in good agreement with the optical analysis [59]. 

Further, the peak intensity increases with metal doping confirm the better crystallinity with few electronic 

defects and good dispersity of nanomaterials [60]. From PL spectra, the inhomogeneous broadening of peaks is 

noted for metal doping reveals the presence of defect centres [61]. The luminescence emission at 595 nm is known 

as green emission. The green emission is due to the transition between donors created by sulphur vacancies (VS) 

and acceptors due to the indium vacancies (VIn) [62]. The observed luminescence at 615 nm is associated with 

indium interstitials (or) due to the sulphur vacancies (VS) and sulphur interstitials [63]. The emission peak for Mn: 



In2S3 NPs consists of two components at wavelength 582, and 635 nm is probably due to the possibility of double 

structure in the sulphur vacancy (VS), which may act as a doubly ionized donor [64]. 

3.7. Electrical Studies 

The resistivity of the NPs depends on several factors like preparation parameters, doping agent, temperature 

and the dimension of the NPs. The following equations have calculated the electrical resistivity () and 

conductivity ( ) of the prepared NPs.  

 

 

 V is the voltage in Volts, and I is the current in Amperes. The variation of conductivity with metal doping is 

presented in Table 4. from table 4. It is noted that the conductivity is higher for as prepared In2S3 NPs, whereas in 

metal doping, the conductivity is decreased [65-66]. Since the charge transport is predominantly intra-grain in the 

case of more prominent grain NPs, there is a substantial improvement in the conductivity, whereas, in the case of 

smaller grain NPs, the higher number of grain walls may act as low conductivity blockades [67]. The higher 

conductivity might be due to the decrease of residual defects and increase of crystallite size of NPs [68]. Further, 

the increase in crystal size allows a decrease in electron scattering, leading to an increase in electrical conductivity 

[69]. The high value of conductivity (low resistivity) of In2S3 NPs exhibit the semiconducting property and find 

wide applications in the field of optoelectronics [70].  

3.8.  Photocatalytic studies 

The photocatalytic activity of pure and metal (Cu, Mn) doped In2S3 NPs with Methylene blue (MB) dye 

solution was studied under different intervals of time (0-120 min). Methylene blue is one kind of organic dye and 

often used as a pollutant to study the photocatalytic activity of nanomaterials. In this study, methylene blue is an 

object to investigate the photocatalytic degradation properties of the as-prepared and metal-doped In2S3 NPs with 

the help of UV-Vis absorption spectra. The optical absorption spectra of Methylene blue dye solution at a different 

time interval (0-120min) is presented in Fig.8 (a-c).  It is observed that with the lapse of time, the peak height was 

decreasing by the incorporation of more significant degradation of Methylene blue due to the photocatalytic 

activity of  Cu and Mn towards In2S3. Our study observes that the size of the nanoparticles can play a significant 



role in photocatalytic efficiency. The lowest efficiency is observed for the sample of In2S3, which has the largest 

crystalline size of 49 nm (Table1), and the sample with intermediate crystallite size have shown better 

photocatalytic efficiency. A small amount of dye was degraded using pure In2S3 after 120 minutes, whereas for 

Mn-doped sample showed higher degradation efficiency.  This is anticipated due to the presence of defects and 

oxygen vacancies created by Mn doping inside the In2S3 matrix [71].  

Mn-doped Methylene blue NPs shows a significant enhancement of the photodegradation of Methylene 

blue dye compared to the pure and Cu doped In2S3 NPs. The enhanced photocatalytic activity for Mn-doped 

Methylene blue NPs is due to its enlarged surface area with surface oxygen vacancies [72].  In this research,  Mn-

doped Methylene blue NPs show better photocatalytic properties after 120 min compared to pure In2S3 sample. 

This might be due to the change in their particle size and band gap effects [73]. The degradation rate constant is 

calculated by the following equation [74]. 

 

Co and C are the reactant concentration at time t = 0 and t = t, k is the First-order rate constant, and t is time.  The 

linear plot, the rate constant (k) for the degradation of Methylene blue dye for pure and metal (Cu, Mn) doped 

In2S3 NPs, is determined and presented in Table 5. From Table 5, it is observed that the degradation rate constant 

(k) increases with doping and the high degradation rate constant demonstrates high photocatalytic activity [75].  

The obtained degradation rate constant (k) for In2S3, Cu: In2S3 and Mn: In2S3 NPs are 0.00064, 0.00101 and  

0.00601 respectively. Among them, the Mn: In2S3 NPs exhibited the highest degradation rate constant (k) value. 

Thus the collective effects of the increased surface area and the small size nanoparticles induce better 

photocatalytic performance for the metal-doped nanoparticles compared with  In2S3 NPs [76]. The findings of this 

photocatalytic experiment reveal that the doping of Mn2+ ions can effectively enhance the photocatalytic activity of 

Methylene blue photo-catalyst. 

3.8.1. Mechanism of Photocatalysis. 

The photodegradation of Methylene blue dye in the presence of visible light is presented in Fig 10. The 

flash of light irradiates on prepared NPs, the electrons in the valence band (VB) is excited into the conduction band 

(CB), leaving holes in the VB. Meanwhile, adsorbed oxygen molecules are converted into superoxide free radical 



by accepting the electrons from CB. Simultaneously adsorbed water molecules on the particle surface also 

dissociated into H+ and OH-. Further, the hydroxyl ion interacts with a VB hole and gets converted into a hydroxyl 

radical by transferring the electron to VB. Later this hydroxyl radical reacts with Methylene blue and converts into 

degraded products. 

The mechanism for the photocatalytic degradation of methylene blue can be represented as follows. 

 

       

 

 

 

4. Conclusion 

A comprehensive study of the influence of metal doping on structural, optical, electrical and photocatalytic 

properties of In2S3 NPs is presented. The XRD pattern indicates that all the nano samples exhibit cubic In2S3 phase 

with a preferential growth direction (112) plane.  Further, the crystalline system is not altered due to the metal 

doping since the metal ions occupy only the substitutional positions because of their smaller ionic radii compared 

with In3+ ions. Due to doping, the crystallite size decreased from 49 to 36.2 nm. FESEM studies reveal that the 

surface morphology was changed after metal doping (Cu or Mn) with the base material of In2S3. EDS spectra 

confirm the presence of In, S, Cu and Mn elements in the prepared NPs. Optical studies have shown that the visible 

region's transmittance value is about 80%, and the optical band gap increased from 2.8 to 3.28 e V due to metal 

doping. From PL studies, the inhomogeneous broadening of peaks is noted for metal doping reveals the presence of 

defect centres. The electrical studies indicate that the lower value of resistivity is obtained for metal doping. The 

findings of this photocatalytic experiment reveal that the doping of Mn2+ ions can effectively enhance the 

photocatalytic activity of Methylene blue photo-catalyst. The high transmittance and low resistivity make the nano 

samples convenient for optoelectronic applications. In summary, metal doping plays an essential role in varying the 

physical properties of the prepared NPs. 
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Figure caption 

Fig. 1. X-ray diffraction spectra of pure and metal (Cu, Mn) doped In2S3 NPs. 

Fig. 2(a-d)  FE-SEM images of pure and metal (Cu, Mn) doped In2S3 NPs. (a) In2S3, (b) Cu: In2S3, (c & d) Mn: 

In2S3. 

Fig.3 (a-c).  EDS spectra of pure and metal (Cu, Mn) doped In2S3 NPs. 

Fig. 4. Transmittance spectra of pure and metal (Cu, Mn) doped In2S3 NPs  

Fig. 5. Optical absorption spectra of pure and metal (Cu, Mn) doped In2S3 NPs 

Fig. 6. Optical bandgap energy (Eg) of pure and metal (Cu, Mn) doped In2S3 NPs 

Fig. 7. PL spectra of pure and metal (Cu, Mn) doped In2S3 NPs 

Fig.8 (a-c). The photocatalytic  activity of  pure and metal (Cu, Mn) doped In2S3 NPs with Methylene blue (MB) 

under different intervals of time (0-120 min). 

Fig 9. Kinetics of Methylene blue dye for pure and metal (Cu, Mn) doped In2S3 NPs under UV-Visible radiation. 



Fig 10. Photodegradation of Methylene blue in Visible light.  

 

Table caption 

Table 1: Microstructural parameters of pure and metal (Cu, Mn) doped In2S3 Nanoparticles.  

Table 2: Optical parameters of pure and metal (Cu, Mn) doped In2S3 NPs 

Table 3: The Dielectric parameters of pure and (Cu, Mn) doped In2S3 Nanoparticles 

Table 4: Electrical parameters of pure and metal (Cu, Mn) doped In2S3 NPs 

Table 5: Photocatalytic degradation of for pure and (Cu, Mn) doped In2S3 Nanoparticles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  

  



Figures

Figure 1

X-ray diffraction spectra of pure and metal (Cu, Mn) doped In2S3 NPs.



Figure 2

(a-d) FE-SEM images of pure and metal (Cu, Mn) doped In2S3 NPs. (a) In2S3, (b) Cu: In2S3, (c & d) Mn:
In2S3.



Figure 3

(a-c). EDS spectra of pure and metal (Cu, Mn) doped In2S3 NPs.



Figure 4

Transmittance spectra of pure and metal (Cu, Mn) doped In2S3 NPs



Figure 5

Optical absorption spectra of pure and metal (Cu, Mn) doped In2S3 NPs



Figure 6

Optical bandgap energy (Eg) of pure and metal (Cu, Mn) doped In2S3 NPs



Figure 7

PL spectra of pure and metal (Cu, Mn) doped In2S3 NPs



Figure 8

(a-c). The photocatalytic activity of pure and metal (Cu, Mn) doped In2S3 NPs with Methylene blue (MB)
under different intervals of time (0-120 min).



Figure 9

Kinetics of Methylene blue dye for pure and metal (Cu, Mn) doped In2S3 NPs under UV-Visible radiation.



Figure 10

Photodegradation of Methylene blue in Visible light.


