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Abstract :- The present paper reports the synthesis and characterization of pure luminescent zinc oxide and zinc sulphide 
nanoparticles. Nanoparticles of zinc sulphide were prepared by chemical precipitation method using the solution of zinc chloride, 
sodium sulphide, mercaptoethanol (ME) was used as the capping agent, whereas, nanoparticles of zinc oxide were prepared by 
using the solution of zinc acetate, ammonia and thiourea was used as the capping agent. The particle sizes of nanoparticles were 
calculated experimentally using XRD and SEM. The particle sizes measured by XRD pattern was found to be in the range 2nm-7nm 
for ZnS nanoparticles and 50nm to 60nm for ZnO nanoparticles. SEM images showed agglomeration of nanoparticles. The blue-
shift in absorption spectra was observed with reducing size of the nanoparticles. The FTIR spectra inferred that the stabilizing 
agent passivated the surface of the particles. The PL spectra of these particles were also studied. The results of the as-prepared 
ZnO and ZnS nanoparticles are compared with each other and also with those reported in the literature. 
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Introduction 

          Materials in the nanometer scale may exhibit physical properties, distinctively different from that of bulk [1]. Quantum 
confinement effect plays an important role for the particles synthesized in the nanoscale. At this scale, increase in the energy 
gap as well as splitting of the conduction and valence band into discrete energy levels becomes evident. The II-VI 
semiconductor ZnO and ZnS are used in many applications primarily due to their luminescent properties. ZnO and ZnS are 
commercially important II–VI semiconductors having a wide optical band gap, rendering it to be a very attractive material for 
optical application especially in nanocrystalline form. ZnS is a direct band gap material having band gap energy 3.67eV and a 
small exciton Bohr radius of ~ 4 nm, whereas, ZnO has the band gap ~ 3.37 eV, bohr exciton radius is approximately 2.34 nm 
and exciton-binding energy of 60 meV. Thus, ZnO is a promising candidate for the high efficient ultraviolet (UV) laser device. 
Owing to its wide band gap, ZnS is used in cathode ray tube, the field emission display, and the scintillator as one of the most 
frequently used phosphors [2 – 4]. The luminescence of ZnS has been studied by many workers [5-12]. ZnO has found 
numerous applications, such as biosensors, biological labels, solar cells, electrochemical cells, ultraviolet photodiodes, 
electrical and optical devices [13 - 19]. 

       Synthesis of nanomaterials with the desired quality and properties is one of the key issues in nanoscience. Synthesis 
techniques change the optical, electrical and magnetic properties of nanomaterials. ZnO nanoparticles are prepared by several 
methods such as hydrothermal method, sol-gel method and simple precipitation method [20 - 22]. Optical and luminescent 
properties of nano ZnS prepared in the forms of thin film, powder and colloid using different synthesis techniques such as 
sputtering, co-evaporation, wet chemical, sol-gel, solid state, micro-wave irradiation, ultrasonic irradiation were studied in 
detail [23 - 33].  Different synthesis routes have also been developed and reported for preparation of nano ZnO such as 
thermal evaporation, pyrolysis, wet-chemical, pulsed laser deposition, chemical combustion process, electrochemical 
synthesis and sol-gel method [33-42]. 

                 The chemical route synthesis is used to prepare ZnS and ZnO nanoparticles. Their structural characterization by XRD, 
SEM, and optical characterization by UV-VIS spectrometry, FTIR and photoluminescence studies are reported in the present 
work. Effect of concentration of the capping agent on the particle size, structural and the luminescent properties of the ZnS and 
ZnO nanoparticles were investigated. The study was aimed to compare the size dependent optical and the structural 
properties of synthesized ZnS and ZnO nanoparticles. 
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Experimental 

            For the synthesis of nano ZnS chemical deposition technique was used [43]. In this method aqueous solution of ZnCl2, 
mercaptoethanol (C2H5OSH) and Na2S, of each solution was used for the reaction. Firstly, mercaptoethanol in a reaction vessel 
was added to the ZnCl2 solution drop wise,while stirring it continuously. Then Na2S was added drop wise to the same reaction 
vessel. The rate of mixing of solution was 1 ml per minute.  The end product was then washed thoroughly in double distilled 
water to remove any excess of Na2S. Finally, the solution was centrifuged at 3500 rpm and the precipitate obtained was air 
dried and the white colour final product was used for characterization.          
  
           Zinc acetate (Zn (CH3COO)2. 2H2O), thiourea ((NH2)2CS) and ammonia (25% NH3) was used as the starting materials, for 
the preparation of the ZnO nano-powders. The nano ZnO powder was be prepared by dissolving zinc acetate, thiourea and 
ammonia in deionised water, separately. The chemical bath technique was used: 60 mL of a Zinc acetate, thiourea and 
ammonia solutions were mixed at ratio of 1:1:1 and rapidly heated to 80ºC while continuously stirring. The prepared ZnO 
nanoparticles was washed with acetone, ethanol and deionized water. All the reagents of AR-grade were used without further 
purification. 
 
             The morphologies and sizes of as prepared  ZnS and ZnO nanoparticles were determined by X-ray diffraction using Cu 
Kα radiation (λ = 1.5418 Å). Rigaku Rotating Anode (H-3R) diffractometer was used for X-ray diffraction patterns. XRD data 
were collected over the range 20°– 70° at room temperature. For scanning electron microscope (SEM), JSM – 5,600 LV was 
used. The particle size was calculated using the Debye-Scherrer formula. Absorption spectra of the samples prepared was 
recorded with the help of Perkin Elmer Model Lamda 950 UV-VIS spectrophotometer. The FTIR spectra were recorded by the 
help of FTIR spectrometer (SHIMADZU) in the range of 500 cm–1 to 4,000 cm–1. For PL measurements Perkin Elmer 
spectroflurophotometer Model LS 45 was used.  

Results and Discussions  

 

Fig.1 XRD spectra of synthesized nano ZnS and ZnS bulk 

        Figure 1 (Y) shows the XRD pattern of bulk crystals of ZnS and figure (X) shows the XRD patterns of the synthesized nano 
ZnS. Broadening in the XRD peaks could be very clearly seen from the above figures. The broadening of the peak is due to the 
smaller particle size large number of crystal planes. This broadening in turn causes a loss of intensity in the signal of their 
diffraction patterns. The sharp, narrow and high-intense peaks of the bulk particles show that it is highly crystalline and the 
particles are in the bigger size. The three diffraction peaks positions corresponds to the lattice planes of (1 1 1), (2 2 0) and (3 
1 1) matching the zinc blende (sphalerite) ZnS crystal structure (JCPDS 5-566). The lattice parameter has been computed as 
5.33 Å, which is very close to the standard value (5.42 Å). The size of the synthesized nano ZnS sample was 5nm. 
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Fig.2 XRD spectra of synthesized ZnO nanoparticles 

           Figure 2 shows the XRD pattern of the synthesized ZnO nanoparticles. From the above figure it could be inferred that the 
synthesized ZnO nanoparticles are in pure phase, i.e. no impurities are seen in the XRD pattern. The peaks obtained at 2θo 
values of 31.62, 34.33, 36.12, 47.33, 56.31, 62.64, 66.03, 67.64, and 68.73 can be attributed to the planes (100), (002), (101), 
(102), (110), (103), (200) and (112), (201) respectively, with hexagonal crystal structure having cell parameter a = 3.264 Å 
and c = 5.219 Å (JCPDS file No. 79-0208).  Broadening in the XRD peaks could be seen very clearly, which confirms the 
nanocrystalline nature of zinc oxide. More broadening in the diffraction peaks was observed for the samples with higher 
concentration of the thiourea (not shown here). For all the samples the size of the particles were calculated from the first peak 
only. For all the samples the average crystallite size was determined from the XRD pattern parameters using Debye Scherrer 
equation D = k cos , where D is the average crystallite size, k is Scherrer's constant equal to 0.90,  is the full-width at 
half-maximum (FWHM), and  is the Bragg's angle. The size of the synthesized ZnO sample was 55nm. 

 

Fig. 3 SEM photograph of ZnS and ZnO nanoparticles 

          The SEM photograph of ZnS and ZnO nanocrystals is shown in Figure 3(a) and 3(b) respectively. From figure 3(a) it can 
be seen that some of the particles are agglomerated, this is due to the formation of ZnS nanoparticles during first few minute of 
the experiment and later these particles agglomerates and their size becomes larger. Non spherical particles are clearly visible 
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in the SEM photograph. The average particle sizes obtained from SEM images were in the range of 5nm to 10nm. Some of the 
particles are even less than 5 nm (encircled) [43]. In the figure 3(b), highly agglomeration of particles is clearly seen. Many of 
the particles are in the range less than 30nm. The average size of these synthesized non spherical powder ZnO nanoparticles is 
 50 nm. 

                    The UV–visible absorption spectra of ZnS and ZnO nanoparticles as a function of wavelength are shown in Figure 
4(a) and 4(b) respectively. In both the cases, i.e., the absorption band of the ZnS nanoparticles and absorption spectra of ZnO 
nanoparticles shows a blue shift due to the quantum confinement effect of the excitations present in the samples as compared 
with the bulk. This optical phenomenon indicates that these nanoparticles have a quantum size effect [44]. Figure 4(a) shows 
that the optical absorption spectra of the nano ZnS measured between 400 nm-200 nm. It was found that the spectra are 
featureless and no absorption occurs in the visible region. The absorption peak for the synthesize nano Zns was recorded at 
294nm which is much less than peak of bulk ZnS at 345nm. The peak of the samples with higher concentration of the capping 
agent showed a shift towards the lesser value of wave length. The optical absorption edge also showed gradual blue shift for 
the samples with higher concentration of the capping agent (not shown here). The characteristic absorption edge reflects the 
band gap of the material. In case of nano ZnO the spectra is shown between 210nm – 300nm because no absorption occurred 
in other region. In figure 4(b) the excitonic absorption peak of ZnO nanoparticle was found at 219 nm, which lies much below 
the band gap wavelength of 388 nm of bulk ZnO [45]. The peak at ~219 nm is due to inter band transition of electrons from 
the more inner shell to the uppermost shell. It is possible that, due to aggregation and agglomeration, particle size increases 
and material settled down at the bottom of container causing decrease in the absorbance [46]. This type of behavior is typical 
for many semiconductors due to internal electric fields within the crystal and inelastic scattering of charge carriers by 
phonons [47- 49]. 

 

Fig. 4(a) absorption spectra of nano ZnS     Fig. 4(b) absorption spectra of nano ZnO 

       Absorption coefficient (α) associated with the strong absorption region for both the samples of nano ZnS and nano ZnO 
were calculated from absorbent (A) and the sample thickness (t) using relation α = 2.303A/t. The optical band gap of ZnS and 
ZnO nanoparticles is calculated using the Tauc relation: h 1/n h Eg), Where, α is the absorption coefficient, hν 
is the energy of incident photons and exponents n whose value depends upon the type the transition which may have values 
1/2, 2, 3/2 and 3 corresponding to the allowed direct, allowed indirect, forbidden direct and forbidden indirect transitions, 
respectively. For the samples of ZnS and ZnO the value of n is 1/2. 
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Fig. 5(a) Tau’s plot of ZnS nanoparticles           Fig. 5(b) Tau’s plot of ZnO nanoparticles 

              Figure 5(a) shows the tau’s plot of ZnS nanoparticles. The band gap calculated from the above data was 4.63eV. There is 
a shift of 0.93eV in the band gap as compared to the bulk ZnS (3.66eV). This is an indication that the capping agent played an 
important role in controlling the particle size. Figure 5(b) show the tau’s plot for ZnO nanoparticles. The band gap for ZnO 
nanoparticles is calculated to be 4.23 eV, which is higher than reported value 3.54 eV. The increase in the band gap of the ZnO 
nanoparticles with the decrease in particle size may be due to a quantum confinement effect. Similar results were reported by 
Harish Kumar et al [50].  

 

Fig. 6(a) FTIR spectra of ZnS nanoparticles   Fig. 6(b) FTIR spectra of ZnO nanoparticles 

    FTIR is an effective method to reveal the composition of products. It gives the information about organic composition of the 
samples and the presence of various bonds in the sample. Figure 6(a) and 6(b) shows the FTIR spectra of the ZnS and ZnO 
nanopaticles respectively. These figures show a smooth curve. In figure 6(a) the peak at 671 cm–1 is assigned to the ZnS band 
(i.e., corresponding to sulphides). Bands around 1200 cm–1 and 1100 cm–1 are due to the characteristic frequency of inorganic 
ions. A comparative strong peak was observed at 1086 cm–1, which is because of C- O stretching of the capping agent. The 
broad peak in the higher energy region at 3439 cm–1   is due to OH stretching and the peak at 1625 cm–1 is due to OH bending 
of adsorbed moisture in the sample and all the other peaks are attributed to the characteristic of the material. Figure 6(b) is a 
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typical FTIR spectrum of pure ZnO nanoparticls. The spectra show characteristic peaks at 511, 591, 671, 712, 826, 921, 1,058, 
1,146, 1,386, 1,460, 1,638, 1,787, 2,448, 2,801, 3,450 cm–1 and some other associated peaks. The bands around 501 and 640 
cm–1 are assigned to the Zn-O band. A strong intensity band at 1,058 cm–1 may be due to S-O-C stretching. The stretching 
vibrations assigned to the C-S linkage occur in the region of 800–600 cm–1 and the weak S-S stretching vibration falls between 
600 - 400 cm–1. The peak at 1600-1700cm–1may be due to nitrogen–oxygen interaction. The distinct peaks at 1386 cm–1 and 
1146 cm–1are due to phosphorus–oxygen interaction, establishing the presence of covalently bonded phosphates on ZnO 
nanoparticles. The broad absorption peak at 3450 cm-1 can be attributed to the characteristic absorption of hydroxyl group. 

 

Fig. 7(a) PL of ZnS nanoparticle                    Fig. 7(b) PL of ZnO Nanoparticles 

       Study of the photoluminescence (PL), property of any material is interesting because it can provide valuable information 
on the purity and quality of the material. Luminescence studies provide information regarding defect states. In nanocrystals, 
the PL study reveals the information about the shift in the defect states or increase in density. Figure 7(a) and figure 7(b) 
shows the PL spectrum of the ZnS and ZnO nanoparticles. In figure 7 (a) the PL spectra of ZnS samples in the range 350 nm-
600 nm prepared with different concentration of capping agent (10mM & 60mM). The samples were excited at 289nm. It was 
found that a peak at 423nm was found for the ZnS nanoparticles. The violet emission at 423 nm is due to the interstitial zinc. 
The peak intensity at 423 nm associated with band gap emission of ZnS was observed very less in the case of Bulk ZnS.  The 
emission peak shows shift towards shorter wavelength with the increasing concentration of the capping agent. Stoke-shifted 
PL peak was obtained at 423 nm and 404 nm for 10mM and 60mM concentration of mercaptoethanol, respectively. Fig. 7(b) 
shows the room temperature PL spectra of the ZnO nanoparticles recorded in the range 400 nm-700 nm prepared with 
different concentration of thiourea. The PL measurements were recorded at excitation wavelength of 370nm. Only one peak at 
~450nm is found for the ZnO nanoparticles. With increasing concentration of thiourea, stoke-shifted PL peak was obtained at 
446 nm and 459 nm. It is visible that the PL emission becomes intensive and shifts towards smaller wavelength as the size of 
the particles is decreased. As compared to ZnS nanoparticles this emission peak shift is less towards smaller wavelength due 
to small change in the particle size.  This PL spectra is may be because of the electron–hole recombination at a deep level 
emission in the band gap caused by intrinsic point defects and surface defects, e.g., oxygen vacancies, zinc interstitials, and the 
incorporation of hydroxyl groups in the crystal lattice during solution growth [51]. The broad band luminescence for both ZnS 
and ZnO nanoparticles is related to transitions from donor states to deep acceptor states.  

Conclusions  

       The nanoparticals ZnS and ZnO have been successfully synthesized by a simple chemical reaction using aqueous medium, 
in which mercaptoethanol and thiourea was used as the capping agent respectively. The XRD pattern indicated the growth of 
the nanoparticles. SEM images show the agglomeration of nanocrystals and therefore larger size was observed whereas XRD 
give the extent to which regular arrangement of atoms exists and hence gives the average crystal size. XRD analysis shows that 
the ZnS nanoparticles are in cubical phase, whereas, the ZnO nanoparticles are in hexagonal phase. The particle size calculated 
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from XRD analysis for nano ZnS was found to be in the range 2nm -7nm and for nano ZnO was in the range 50-60nm. The 
optical absorption spectra showed blue-shift for both the samples. The blue-shift in optical absorption spectra can be 
explained by solid-state theory based on the delocalized electron and hole within the confined volume. The band gap 
calculated from the above data was 4.63eV for ZnS nanoparticle and the band gap for ZnO nanoparticles was found to be 4.23 
eV. The shift in band gap for nano ZnS (0.93eV) is more prominent than for nano ZnO (0.69eV) as compared to the bulk ZnS 
and bulk ZnO, due to smaller size. The increase in the band gap of the ZnS and ZnO nanoparticles with the decrease in particle 
size is due to a quantum confinement effect. Prominent IR peaks were analyzed and assigned. The FTIR spectra inferred that 
the stabilizing agent passivated the surface of the particles. Nano ZnS showed more blue-shift in the peak position of 
photoluminescence spectra as compared to nano Zno. So, it be concluded that as per our experiment, the nano ZnS is more 
luminescent than nano ZnO.  
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