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Abstract:  

Here the research work is synthesis of ZnS and ZnS-ZnO nanocomposites by solvothermal 

synthesis method. For investigating the crystalline materials X-ray diffraction was carried out 

and from Fourier Transform Infrared Spectroscopy (FTIR) we can get the information about the 

presence of symmetric stretching vibration, weak vibration and symmetric stretching vibration of 

molecular bond. The UV-Visible spectroscopy indicates blue shift of ZnS-ZnO in UV region as 

compared to ZnS and Photoluminescence (PL) spectra informs that emission at red shift. 
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1. Introduction: Nano scale 

semiconductors have been achieving 

more concentration sine last decades 

due to their extended physical and 

optical properties which are not same 

as their bulk materials. Now in 

present time these are being 

extensively used in different field of 

optoelectro device [1], nano laser [2], 

solar cell [3], sensor and biomedical 

imaging [4], ZnS & ZnO are the such 

ionic semiconductors that having 

wide band gap values of 3.7 and 3.3 

eV respectively make them attractive 

to researchers. There several 

methods have been noticed in lots 

open literatures, here author used the 

solvothernal method [5-7]. The 

purpose of our present work is to 

study the characteristics of structural 

analysis, optical properties and 

molecular study of ZnS and ZnS-

ZnO. 
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2. Materials & Methods: Here two 

samples were synthesized one is pure 

zinc sulphide (ZnS) and other is zinc 

sulphide-zinc oxide (ZnS-ZnO) nano 

composite with the help of 

sovothermal synthesis method by 

using zinc acetate [Zn(CH3COO)2], 

thiorea [ Sc(NH2)2 ] and sodium 

sulphide as precursor [8]. 

2.1 Synthesis of ZnS nanoparticles: For 

synthesis of pure ZnS nano particles initially 

we added 2.45 gm zinc acetate in 45 ml 

distilled water and stir it by magnetic stirrer 

for 1 hour to prepare 45 ml 0.5 M solution of 

zinc acetate, similar method was followed to 

prepare 0.5 M Na2 S solution. Then Na2 S 

solution was mixed with the previous 

solution by burette keeping normal stirring 

for 1 hour and put it 100 ml Teflon line 

stainless steel autoclave which was enliven 

into furnace for 12 hours at 1800 C and let it 

be cooled until become at room temperature. 

In next step it was washed several times 

with distilled and water and ethanol 

consecutively to washed out the 

contaminating elements and dried it for 24 

hours at 1000 C. 

2.2 Synthesis of ZnS-ZnO 

nanocomposites: For preparing the ZnS-

ZnO nano composites we used 2.45 gm zinc 

acetate in 27 ml distilled water to obtain 0.5 

M solution, stirring by magnetic stirrer for 1 

hour. Similar method was followed to 

prepare 0.5 m theoria and 0.5 M NaOH by 

adding separately 27 ml distilled water with 

1.027 gm theoria and 0.27 gm NaOH 

respectively. After that thioria solution was 

mixed with zinc acetate solution drop wise 

on normal stirring  then it was mixed with 

the NaOH solution on stirring well for 1 

hour. In the next step final solution was put 

into Teflon lined stainless steel autoclave 

which kept at furnace for 12 hours keeping 

temperature at 1800 C and cooled it to room 

temperature. The final stage is to wash 

several times with distilled water and 

ethanol consecutively and dried at 1000  C 

for 24 hours. 

3. Results and Discussion: 

3.1 Crystalline Structure: In fig. 1 here it 

is XRD pattern from where it is explained  

the crystalline structure of pure ZnS and 

ZnS-ZnO nanocomposites. We got the nano 

particles in powder forms and grain size was 

measured by Scherar formula, as follows [9] 

D= 
kλ

ẞcosθ
     

           

(1) 
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where, D = mean diameter of grain, size 

factor k = 0.9, ẞ = full width half maximum 

(in radians) and wave length λ= 1.54 Ȧ. Here 

the size measured of nano crystal is very 

small (<10 nm). The XRD of pure ZnS nano 

particles matched with JCPDS card number 

(039-1363) where three broad peaks are 

noticed at 2θ values (28.580), (47.750) and 

(56.550) which correspond to crystal plane 

(008), (110) and (118) respectively. 

Similarly for ZnO matched with the JCPDS 

card number (036-1451) having broad peaks 

at ( 31.770 ), ( 34.420 ), ( 36.250 ) and 

( 62.830 ) corresponding to (110), (002), 

(101) and (103) respectively. 

 

                                             Fig.1:  XRD pattern of ZnS and ZnS-ZnO 

3.2 Ultraviolet-visible (UV–vis) 

spectroscopy: In fig.2 shows UV-visible 

absorption spectra of pure ZnS and ZnS-

ZnO nanocomposites where we find peaks 

aried for pure ZnS at 238 nm and for ZnS-

ZnO at 230 nm. The blue shift in the 

absorption for ZnS-ZnO because of more 

vicinity of optical component of ZnS-ZnO 

as compared to pure ZnS [10].
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                                          Fig. 2: UV visible spectra of ZnS and ZnS-ZnO 

 

3.3 Band Gap Study: The optical band gap 

of ZnS and ZnS-ZnO were measured from 

Tauc formula from absorption spectrum, as 

follows [11]. 

αhν=c(hν − Eg)n                            (2)  

where α = molar excitation coefficient hν = 

incident photon energy, c= constant, Eg = 

band gap energy and n decides type of 

transition i.e. having value ½ gives direct 

allowed band gap.The curve drawn in 

between hν and with best linear fitting 

(𝛼ℎ𝜈)2  is shown in fig 3. The estimated 

Eg from the intercept gives the value for 

pure ZnS and ZnS-ZnO composite are 3.23 

eV and 3.51 eV respectively which are very 

close to expected value as reported by many 

researcher [12-15], shown in fig.3. The 

tunability of band gap makes suitable for 

optoelectronic application. The alternation 

of  band gap may be due to many 

complicated parameters, these are crystalline 

and particle average size, phase 

concentration, morphology and so on [16]. 
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                       Fig. 3:  Tauc plot of  ZnS and ZnS-ZnO to estimate the bang gap. 

3.4 Photoluminescence (PL) spectra 

Study: PL spectra is very powerful tool to 

investigate the optical property and to get 

information about the crystal defects. In 

fig.4 here is shown PL spectra for pure ZnS 

and ZnS-ZnO nanocomposites with 

excitation wave length is 325 nm, strong 

peaks are distinguished at 438.15 nm and 

463.84 nm respectively. The wavelength’s 

peak at red shift might be due to particle or 

cause of phase change [17]. 
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                                                  Fig. 4: PL spectra of ZnS and ZnS-ZnO 

 

3.5 Molecular Study: In molecular study 

through Fourier Transform Infrared (FTIR) 

spectra we will search the identification of 

Zn-S and Zn-O bond. In fig.5 at ZnS curve 

some band observed at 626  cm−1 , 

773 cm−1, 1123 cm−1 are the characteristic 

of  ZnS peak [18]. Band at 1123  cm−1 and 

2370  cm−1 are due to surface absorbs water 

molecules and air molecule [19] 

respectively. The others at 2925  cm−1  is 

related to CH2, CH3 asymetry stretching [20] 

band at 3411  cm−1  is due tob water 

evaporation [21-22]. 

In fig 5 at ZnS-ZnO curve we will identify 

the capping of ZnS Nps with ZnO. The 

observed peak at 507  cm−1 is due to Zn-O. 

It can be seen the bands in the range of 

(500  cm−1  to 900  cm−1  ) are attributed to 

Zn-O and Zn-S bond while 959  cm−1 , 

1020  cm−1  and 1123  cm−1  are related to 

Zn-S bond [18]. The band noticed at 

1177  cm−1  is for C-N or C-N stretching 

which is due to calcinations [23] and at 

1424 cm−1 due to N-O bonds from residual 

nitrate source. Again peaks at 1624  cm−1 

and 2062 cm−1 belong to H-O-H bond and 
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air molecules respectively [19]. Lastly the 

bands at 3300 cm−1 is related to O-H bonds 

of water evaporation [21-22].

 

 

                                         Fig. 5: FTIR spectra of ZnS and ZnS-ZnO 

4. Conclusion: In this research work 

pure ZnS and ZnS-ZnO 

nanocomposites have been 

synthesizes successfully using 

simple solvothermal method. We 

studied structural, optical and 

molecular properties which 

confirmed that ZnS and ZnS-ZnO 

nanocomposite had been formed 

properly. XRD studies says us ZnS is 

cubic and ZnO is wurtizes in core 

shell nanocomposites, UV visible 
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spectra confirmed that the band gap 

can be tuned and PL studies showed 

the emission wave length towards the 

blue region and also bond formation 

of ZnS and ZnS-ZnO 

nanocomposites was identified by 

molecular study (FTIR). 

5. Conflicts of Interest: No conflicts 

of interest is declared by the authors. 

Acknowledgement: Authors are highly 

conceding DST-FIST (SR/FST/PSI-

175/2012) and DST-PURSE program for the 

instrumental facilities. 

 

References: 

[1] H. Chang, H. Wu, Graphene-based 

nanomaterials: synthesis, properties, and 

optical and optoelectronic applications, Adv. 

Funct. Mater. 23 (2013) 1984–1997. 

[2] J. Xing, et al., Vapor phase synthesis of 

organometal halide perovskite nanowires for 

tunable room-temperature nanolasers, Nano 

Lett. 15 (2015) 4571–4577. 

[3] S.S. Kanmani, K. Ramachandran, 

Synthesis and characterization of TiO 2/ZnO 

core/shell nanomaterials for solar cell 

applications, Renew. Energy 43 (2012) 149–

156. 

[4] J.A. Barreto, W. O’Malley, M. Kubeil, 

B. Graham, H. Stephan, L. Spiccia, 

Nanomaterials: Applications in Cancer 

Imaging and Therapy, Adv. Mater. 23 

(2011) H18–H40. 

 [5] Z. Li, B. Liu, X. Li, S. Yu, L. Wang, Y. 

Hou, Y. Zou, M. Yao, Q. Li, B. Zou, T. Cui, 

G. Zou, G. Wang, Y. Liu, Synthesis of ZnS 

nanocrystal with controllable structure and 

morphology and their photoluminescence 

property, Nanotechnology 18 (2007) 

255602.  

[6] G.H. Yae, P.X. Yan, D. Yan, X.Y. Fan, 

M.X. Wang, D.M. Qu, J.Z. Liu, 

Hydrothermal synthesis of single crystal 

ZnS nanowires, Appl. Phys. A 84 (2006) 

409–412. 

 [7] W. Yu, P. Fang, S. Wang, ZnS nanorod 

arrays synthesized by an aqua-solution 

hydrothermal process upon pulse platting Zn 

nanocrystallines, Appl. Surf. Sci. 255 (2009) 

5709–5713. 

[8] Salman Ali , Sumaiya Saleem , 

Muhammad Salman , Majid Khan, 

Synthesis, structural and optical properties 

of ZnS–ZnO nanocomposites, Materials 

Chemistry and Physics 248 (2020) 122900. 



 American Journal of Applied Bio-Technology Research (AJABTR) 
=====================================================================================  

[9] A.L. Patterson, The Scherrer formula for 

x-ray particle size determination, Phys. Rev. 

56 (1939) 978. 

[10] Gaurav Hitkari, Sandhya Singh, 

Gajanan Pandey, Structural, optical and 

photocatalytic study of ZnO and ZnO–ZnS 

synthesized by chemical method, Nano-

Structures & Nano-Objects 12 (2017) 1–9. 

[11] J. Tauc Optical properties of solids 

Abeles, North Holland Amsterdam 1972. 

[12] Lin K-F, Cheng H-M, Hsu H-C, Lin L-

J, Hsieh W-F (2005) Band gap variation of 

size-controlled ZnO quantum dots 

synthesized by sol–gel method. Chem Phys 

Lett 409:208–211.  

[13] Debanath M, Karmakar S (2013) Study 

of blueshift of optical band gap in zinc oxide 

(ZnO) nanoparticles prepared by low-

temperature wet chemical method. Mater 

Lett 111:116–119. 

[14] Köseoğlu Y (2014) A simple 

microwave-assisted combustion synthesis 

and structural, optical and magnetic 

characterization of ZnO nanoplatelets. 

Ceram Int 40:4673–4679.  

[15] Sakthivel P, Muthukumaran S, 

Ashokkumar M (2015) J Mater Sci Mater 

Electron 26:1533–1542. 

[16] K. Davis, R. Yarbrough, M. Froeschle, 

J. White, H. Rathnayake, Band gap 

engineered zinc oxide nanostructures via a 

sol–gel synthesis of solvent driven shape-

controlled crystal growth, RSC Adv. 9 ( 

2019) 14638–14648. 

[17] Majid Zahiri, Mahdi Shafiee Afarani, 

Amir Masoud Arabi, Combustion Synthesis 

of ZnO/ZnS Nanocomposite Phosphors 

Journal of Fluorescence, 

https://doi.org/10.1007/s10895-019-02434-

9. 

[18] R. O. Kagel and R. A. Nyquist, Infrared 

spectra of inorganic compound (3800-

45𝑐𝑚−1), 1971. 

[19] J. G. Omran, M. Sharifitabar and M. S. 

Afarani, Ceramics international, 2018. 

[20] Khosravi H, Eslami-Farsani R (2016) 

Enhanced mechanical properties of 

unidirectional basalt fiber/epoxy composites 

using silane modified Na+-montmorillonite 

nanoclay. Polym Test 55:135–142. 

[21] Hosseini SA, Davodian M, Abbasian 

AR (2017) Remediation of phenol and 

phenolic derivatives by catalytic wet 

peroxide oxidation over Co-Ni layered 

double nano hydroxides. J Taiwan Inst 

Chem Eng 75:97–104. 



 American Journal of Applied Bio-Technology Research (AJABTR) 
=====================================================================================  

[22] Hosseini SA, Majidi V, Abbasian AR 

(2018) Photocatalytic desulfurization of 

dibenzothiophene by NiCo2O4nanospinel 

obtained by an oxidative precipitation 

process modeling and optimization. Journal 

of Sulfur Chemistry 39:119–129. 

[23] Khosravi H, Eslami-Farsani R (2016) 

On the mechanical characterizations of 

unidirectional basalt fiber/epoxy laminated 

composites with 3-

glycidoxypropyltrimethoxysilane 

functionalized multiwalled carbon 

nanotubes–enhanced matrix. J Reinf Plast 

Compos 35:421–434. 


