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Abstract  
 

Zinc selenide (ZnSe) as an II-IV group has attracted attention as a binary semiconductor material due to its superior chemical 
stability to other semiconducting materials such as zinc sulphide (ZnS). In this work, ZnSe thin film was synthesized using a 
simple, clean, and relatively inexpensive monochromatic photochemical synthesis method at room temperature. The 
structure of the ZnSe films deposited under different colored illumination was confirmed by X-ray diffraction and the effect 
of the monochromatic light on the growth rate was observed. The scanning electron microscopy (SEM) result demonstrated 
different morphology of the different films' surfaces, such as granular spherical, cauliflower, fiber, or wire, with a variety of 
porosity that was achieved by a simpler photochemical route. A change in the optical bandgap between 2.72 eV and 2.82 eV 
is observed for the red, green, blue, white light, and darkness conditions. And it is further reduced for samples annealed in 
the air for 2 hours at 100 °C, and 200 °C indicates improved crystallinity. The obtained result suggests that synthesized material 
can be used for photoelectrochemical solar cells.  
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1. Introduction 

The compounds from II-VI groups are widely used in modern 

technologies due to their superior optoelectronic properties.[1–

3] Among them, zinc selenide (ZnSe) has potential applications 

in many fields such as thin-film solar cells, thin-film 

transistors, photoelectrochemical cells, laser displays, red, 

blue-green light-emitting diodes,[4] etc., due to the high 

radiative recombination efficiency, absorption coefficient, 

quantum size effects, and direct bandgap (2.7 eV). ZnSe 

nanocrystalline energy band structure can be varied using the 

excellent size-dependent properties that influence the 

material's physical and chemical properties.[5,6] ZnSe is an 

important optoelectronic material as its bandgap can be tuned 

across the visible spectral region by changing the size of the 

particles.[7] Different techniques have been used to synthesize 

ZnSe thin films, such as electrodeposition, vacuum 

evaporation, spray pyrolysis, metalorganic chemical vapour 

deposition (CVD), and chemical bath deposition (CBD).[8–12] 

Among these, CBD is the low-temperature, suitable, 

inexpensive, reliable, and convenient process for synthesizing 

ZnSe thin films due to its large capacity scale. A good 

understanding of the control over complexing agents, pH, 

deposition time, and temperature can improve the quality, size, 

and shape of crystallites.[13] In the photochemical deposition of 

semiconductors, the photogenerated holes and electrons are 

generated by the absorption of the photon with energy more 

significant than the electronic bandgap of the material.[14] The 

nanostructure of a semiconductor can improve absorption by 

increasing the internal scattering of incident light within the 

material and through waveguide effects. Nanoscale features 

are also efficient ways to collect photogenerated carriers from 

inducing ionic current or chemical final products. Since light 

intensity and wavelength can easily control the photochemical 

deposition process, the technique has a better control capacity 

than other methods.[15] It has many advantages, such as cost-

effective deposition in a selective area, suitable for mass 

manufacturing, and control of the deposition rate. Ke et al 

demonstrated by selenization of as-sputtered Zn films with 

selenium vapour at different temperatures and also studied the 

structural and optical properties and reaction mechanisms of 

ZnSe thin film.[2,16,17] 
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In the present study, ZnSe films are deposited on glass 

substrates at different temperatures of 70 °C, 100 °C and 

200 °C using photochemical deposition to study the effect of 

colour illumination on the deposited ZnSe film, optical 

properties, structure, and morphology. 

 

2. Experimental 

2.1 Materials 

Zinc Acetate (Zn (CH3COO)2·2H2O) (HPLC Ltd. Mumbai), 

Selenium powder (99.9% purity, HPLC), Sodium Sulphite 

(Na2SO3) (HPLC), 25% Ammonium Hydroxide (Thomas 

Baker), 80% hydrazine hydrate (H6N2O), Hydrochloric Acid 

(Thomas Baker), 10 watts red, green, blue, and white LED 

Flood light source, etc. 

 

2.2 Synthesis of ZnSe thin film with stirring 

The zinc selenide films were deposited on glass substrates at 

70 °C by the visible photochemical method using a selected 

wavelength. All chemicals used were higher purity analytical 

grade purchased from HPLC Ltd. Mumbai, India. A 0.5 M 

aqueous solution of zinc acetate (Zn (CH3COO)2·2H2O) was 

used as a source of cations (Zn2+) and (Se2-) as an anionic 

source. By using the reflux method, sodium selenesulfate 

(Na2SeSO3) was prepared, for which 200 ml of double-

distilled water was used as a solvent mixed with 3.94 g of 

selenium powder and 12.64 g of anhydrous sodium sulfite 

(Na2SO3). The solution was stirred continuously with heating 

for 5 hours at 70 °C. The obtained colourless solution was 

sealed and kept in a cool dark place to cool to room 

temperature and filtered to get a clear Na2SeSO3 solution. 

Subsequently, for the photochemical deposition of ZnSe 

thin film, 150 ml of 0.5 M solutions (Zn (CH3COO)2. 2H2O) 

were taken in a 500 ml glass beaker, 6 ml of 80% hydrazine 

hydrate (H6N2O) were added as a potent reducing agent, then 

25% liquor ammonia (NH4OH) was added slowly with 

constant stirring. Initially, due to the formation of Zn(OH)2, 

the solution appears cloudy and milky. Furthermore, with 

excess ammonia, the turbidity becomes a clear and transparent 

solution.[11] The solution's pH was maintained at 

approximately 10 ± 0.2 by adding a 1M sodium hydroxide 

(NaOH) solution dropwise. At a solution temperature of 70 °C, 

150 ml of Na2SeSO3 was added. After stirring this solution for 

an additional 30 seconds, it was likewise transferred to five 

100 ml beakers containing clean glass substrates held 

vertically with a suitable clamp holder. The volume of these 

five glass beakers was made to 100 ml by adding double 

distilled water and kept in the dark and under the illumination 

of each 10-watt red, green, blue, and white light-emitting 

diode (LED) source, as shown in Fig. S1a. For uniform light 

intensity and to avoid interference from ambient light, the 

sidewall and the top of the beakers were covered with opaque 

aluminium foil. 10-watt red, green, and blue LEDs produce a 

uniform light intensity of 2,140 lux at a wavelength of 638 nm, 

24,400 lux at a wavelength of 527 nm, and 566 lux at a 

wavelength of 443 nm, respectively. The light's intensity and 

wavelength were measured with a Lutron LX-1102 

photometer and a Stellar Net Inc. Spectrophotometer with an 

integrating sphere as shown in Fig. S1b. It is observed that 

there is no ultraviolet radiation present at the deposition point, 

which was confirmed by the Lutron UV-340A ultraviolet (UV) 

light meter. The films deposited under the illumination of the 

light of different colours with stirring at 70 ºC temperature 

were removed after 4 hours, rinsed with double distilled water, 

and dried in an oven at 70 ºC in air. The experimental setup for 

the preparation of Na2SeSO3 and the thin film synthesis of 

ZnSe by photo-assisted CBD is shown in Fig. S1. The as-

deposited films were well adhered to and uniform to the 

substrates. The thin films of ZnSe deposited on glass 

substrates under different coloured illumination appeared 

milky white to pale yellow, as shown in Fig. 1. The films were 

annealed in the air for 2 hours at 100 °C and then characterized 

using X-ray diffraction (XRD), scanning electron microscopy 

(SEM), and energy dispersive X-ray analysis (EDAX), and 

UV-visible spectroscopy. 

 

3. Result and discussion 

3.1 X-ray diffraction analysis 

The observed diffraction patterns were identified using the 

JCPDS data file No: 37-1463 and compared well with the 

reported data.[11] The diffraction patterns of the three prepared 

samples are shown in Fig. 2. The indices (h k l), mean grain 

size, bandgap, dislocation density, and ZnSe thin films' 

microdeformation are shown in Table 1.  

The XRD pattern for all samples reflects the change in 

intensity and sharpness of the peaks observed in the lighting 

conditions from red to blue light, probably due to the rate of 

reaction that exists in the chemical bath that results in the 

change in thickness and the average size of nanocrystallites.[15] 

The expression calculated the average crystallite size of the 

film: 

𝐷 =  
0.9𝜆

𝛽𝑐𝑜𝑠𝜃
                                        (1) 

where all the symbols have the usual meaning. The deposited 

films' grain size and the dislocation density using the (111) full 

width at half maximum (FWHM) peak obtained by the 

Scherrer method. For the information on the micro-strain (ε) 

and the dislocation density (δ) of the film defects, the formula 

was given 

𝛿 =  
1

𝐷2                                          (2) 

larger D, narrow β, and smaller δ values show better 

crystallization of the film. For thin films of ZnSe, grain size 

observed under different illumination observed between 1.52 

and 5.98 nm was observed almost equal to the excitonic Bohr 

radius of ZnSe (4.5 nm). The dislocation density and micro-

strain of the deposited thin film under red illumination are less 

than green, and white light confirms the improvement in 

crystallization and minimal strain. The low-intensity peak 

shows that the deposited thin films are formed by fine, coarse, 

or nanocrystalline crystallites.[18]  
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Fig. 1 The thin films of ZnSe were deposited on glass substrates under different coloured illumination. 

Table 1. Physicochemical Properties of ZnSe thin films deposited in 4 hours. 

Light 

Illumination 

Band gap 

(eV) 

Crystalite 

Size (nm) 
2θ1 Plane 

Dislocation Density x 

10+17 lines2/m2 

Micro strain 

(ε) 

Element 

Zn Se 

Red 2.82 5.98 

28.04 

45.72 

54.66 

(111) 

(220) 

(311) 

0.3 6.1 22 78 

Green 2.80 4.25 

27.57 

45.98 

54.53 

(111) 

(220) 

(311) 

0.6 8.5 42 58 

Blue 2.78 5.24 

27.8 

45.59 

54.53 

(111) 

(220) 

(311) 

0.4 6.9 50 50 

White 2.78 1.52 

27.5 

45.98 

54.47 

(111) 

(220) 

(311) 

0.4 23.9 79 21 
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The XRD peak has a maximum intensity for the sample 

deposited under the red colour compared to the green, blue, 

and white light, confirming the increase in the crystallites' size. 

The films deposited under red and green colour are films rich 

in Se, while under white light, films rich in Zn are obtained. 

 
Fig. 2 XRD spectra of ZnSe films deposited at 70 °C under (a) 

White, (b) Blue, (c) Green, and, (d) Red colour light. 

3.2 Raman spectra analysis of ZnSe 

Fig. 3 shows the Raman spectra of ZnSe thin films as-

deposited, annealed at 100 °C, and 200 °C in the air for 2 hours. 

The Raman spectra confirm the result obtained from the XRD 

measurements. The Raman spectra of a single-layer thin film 

of ZnSe were measured using the 532 nm laser line. The 

intensity of the 1LO band for dark and white light is 

significantly higher than that of the other samples related to 

crystal grains that occur due to carrier confinement. The size 

of these grains must be ≤ 10 nm. The Raman result implies 

that thin ZnSe layers could show good chemical sensitivity 

due to the small grain size.[19] The peaks located at 

approximately 206, 252, and 493 cm-1 are attributed to the 

transverse optical (TO), longitudinal optical (LO), and 2LO 

phonon modes of ZnSe The Raman peaks are found to be 

related to the selenium. The interface phonon in addition to 

two common centred ZnSe peaks at approximately 206 and 

252 cm-1 and the intensities of the common peaks depend on 

the size, structure, and aggregation of the ZnSe particles. It is 

important to find that resonance scattering occurs when the 

ZnSe particles are about 10 nm.[20–22] The LO phonon peak is 

slightly below the phonon frequencies of 1LO (252 cm-1) and 

2LO (493 cm-1) observed for deposition in dark and green light. 

Films annealed in air at 100 °C for two hours show a 

 
Fig. 3 Raman's spectra deposited at a) 70 °C b) 100 °C c) 200 °C for four hours, thin films of ZnSe deposited under different colour 

illuminations. 
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Fig. 4 SEM micrograph and EDS of ZnSe thin-film deposited at 70 °C.
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the maximum increase in the intensity of 206 cm-1 in films 

deposited under dark and blue light, while its intensity 

decreases after annealing at 200 °C indicates an improvement 

in the crystallinity of the films. The Raman shift in LO phonon 

frequency is due to the nanocrystalline nature and strain 

developed in ZnSe layers during deposition.[20,23] 

 

3.3 Morphological study 

Figures 4(a-e) shows SEM and EDAX micrographs of ZnSe 

thin films deposited at 70 °C under different single-colour 

lighting conditions at 10,000X magnification. The film shows 

different grain sizes and shapes with voids and agglomerations. 

A large agglomeration of compact nature grains appeared in 

the prepared sample under blue colour, while flakes with 

spherical grains as morphology appeared under white light. A 

uniform distribution of spherical and nodular grains of almost 

similar sizes has been observed under red and green light. 

Quantitative thin film analysis of ZnSe has been performed 

using EDAX. The films deposited under red, green, blue 

colour, and dark are Se rich while under white light, and dark 

are Zn rich stoichiometry of the ZnSe samples is presented in 

Table 2.  

The atomic concentration ratio of zinc to selenium is a 

maximum of approximately 3.76 for white light and a 

minimum of 0.28 for red illumination. Due to the 

decomposition of Na2SeSO3 with the interaction of the 

coloured light photon within the solution, it can probably alter 

the concentration of Se2- and Zn2+ ions, which changes the 

reaction rate and the stoichiometry of the film. The film 

thickness is found to increase linearly with the atomic 

concentration ratio of Zn to Se in the film deposited under 

different colour illuminations.[18] Film thickness was measured 

by a transverse cross-sectional SEM view of the deposited film. 

 

3.4 Optical absorption spectra of ZnSe thin film 

The films' absorption measurements for a bare glass substrate  

were carried out using a JASCO spectrophotometer (UV-vis-

NIR) within the wavelength range 350-850 nm. Fig. 5 shows 

the optical absorption under different colour illumination 

conditions. The absorption edges of samples deposited under 

monochromatic light conditions with the green, red, and blue 

light shift towards longer wavelengths. This may be due to a 

larger grain size, which leads to a reduction in the density of 

the trapping center of the grain boundaries and a colour change 

from milky white to orange. This change shows a decrease in 

the energy bandgap of the sample.[24] The relationship between 

α   and ℎ𝜈  for the direct and indirect allowed transitions of 

electrons between the valence and conduction band 

respectively, where C1 and C2 are two constants, 𝐸𝑔
𝑖  and 𝐸𝑔

𝑑 

are the bandgap energies for the indirect and direct 

semiconductor material, respectively, and can be written as 

follow.[25,26] 

𝛼ℎ𝜈 =  𝐶1(ℎ𝜈 − 𝐸𝑔
𝑑)

1

2          (3) 

𝛼ℎ𝜈 =  𝐶2(ℎ𝜈 − 𝐸𝑔
𝑖 )

2
                      (4) 

where the symbols have usual meanings.  

Figure 5 shows a plot of (𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛)2  versus incident  

photon energy (ℎ𝜈 ) for the ZnSe film. Extrapolation of the 

linear portion of the curve to (𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛)2  =  0  produces 

an optical bandgap.[26] The obtained straight-line behavior 

means a direct bandgap of the prepared ZnSe synthesized 

samples. The deposited sample's optical band gap energies are 

2.82 eV, 2.80 eV, 2.72 eV, 2.75 eV, and 2.74 eV for 

illumination with red, green, blue, white, and dark light, 

respectively, as shown in Table 3. And it is further reduced for 

samples annealed in the air for 2 hours at 100 °C, and 200 °C 

indicates improved crystallinity. It is well known that reaction 

conditions such as deposition time, temperature, types, and 

concentration of reagents affect the morphology and size of 

ZnSe particles in processes.[27] We conclude that this is due to 

the increase in free Zn2+ ions in the solution under the 

monochromatic light wavelength from red to blue colour, 

Table 2. The atomic percentage of Zn and Se of ZnSe thin films deposited and annealed under different colours. 

Colour 

As-Deposited ZnSe Annealed ZnSe at 100 °C Annealed ZnSe at 200 °C 

At. % Zn At. % Se Zn/Se 
At. % 

Zn 

At. % 

Se 
Zn/Se 

At. % 

Zn 

At. % 

Se 
Zn/Se 

Red 22 78 0.28 48 52 0.92 53 47 1.12 

Green 42 58 0.72 49 51 0.96 43 57 0.75 

Blue 50 50 1.00 46 54 0.85 40 60 0.67 

Dark 42 58 0.72 52 48 1.08 60 40 1.50 

White 79 21 3.76 78 22 3.55 78 22 3.55 

Table 3. Optical band gap variation in ZnSe thin films. 

Color As-deposited BG (eV) Annealed at 100 °C BG (eV) Annealed at 200 °C BG (eV) 

Red 2.82 2.80 2.56 

Green 2.80 2.72 2.48 

Blue 2.72 2.75 2.35 

White 2.75 2.72 2.65 

Darkness 2.74 2.76 2.51 
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Fig. 5 Optical absorption spectra and bandgap energy of thin films of ZnSe annealed at 70 °C, 100 °C, and 200 °C for two hours 

deposited under different colour illuminations. 

 

evident from the EDAX results. 

 

4. Conclusions 

The study reveals that together with the preparative parameter 

of deposition viz. deposition temperature, pH of the solution, 

the composition of the bath solution, stirring speed, the 

concentration of the complexing agent, etc., the effect of the 

photon energy of a monochromatic light should be considered 

as one of the potential parameters to obtain the excellent 

quality and desired surface morphology of the synthesized 

material. Analysis of crystallographic data shows ZnSe 

deposited in the cubic phase with different grain sizes under 

the effect of a monochromatic visible photochemical reaction. 

A change in the optical bandgap between 2.72 eV and 2.82 eV 

is observed for the red, green, blue, white light, and darkness 

conditions. And it is further reduced for samples annealed in 
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the air for 2 hours at 100 °C, and 200 °C indicates improved 

crystallinity. 
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