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ZnS nanowires films on Si (100) substrate have been obtained, using PbS 
as dopant, via thermal evaporation technique. High resolution transmission 
electron microscopy (HRTEM) images have confirmed the formation 
of ZnS nanowires. Energy dispersive X-ray analysis (EDX) has been 
employed to investigate the element’s contents (mapping and area analysis) 
and it has confirmed that the ZnS films were stoichiometry. Thickness and 
morphology of the films were explored from cross section of the films 
and surface, respectively, using scanning electron microscopy (SEM) and 
atomic force microscopy (AFM) images. These images confirmed the 
creation of ZnS nanostructures morphology. The diameter of the obtained 
nanowires is about 50 nm and their length is several micrometer. Fourier-
transform infrared spectroscopy (FTIR), X-Ray Diffraction (XRD), and 
Photoluminance (PL) have confirmed the hexagonal phase with nanowires 
structure. UV-Vis characterization has been used to obtain the transparency 
and the band gap of ZnS films deposited on glass substrate. Also, these 
verified characterizations allowed to potential optical application in 
optoelectronic field.

INTRODUCTION
ZnS is outstanding semiconductor material, it 

widely used  as a nano-generators, bio-sensors, 
photo voltaic solar cells [1] and light emitting diode 
(LED) [2]. Additionally, ZnS is non-toxic material 
(friend to the environment) and transparent 
with band gap of 3.4eV, biocompatible, and has 
biodegradable properties [2]. ZnS have been to be 
an excellent candidate for potential applications in 
the optical field of nonlinear modulators [3].

Nanowires, nanotubes and nanoparticles 
have been emerged as promising candidates 
for different applications; for example Silver 
nanostructures is an effective antibacterial 
materials [4] and Strontium oxides have magnetic 
applications. Bagher et al [5] has been investigated 
the crystal structure and magnetic properties 
of SrFe12O19 hexa-ferrites nanoparticles. Also, 

Eskandari et al [6] has been prepared a new 
magnetic and photo-catalyst CoFe2O4–SrTiO3 
perovskite nanocomposite. Moreover, Nabiyouni 
et al [7] has been synthesized mono-disperse 
platinum nanoparticles and NiFe2O4@TiO2/Pt 
nanocomposites by a facile sol-gel procedure. 

Normally, doping with different metals would 
improve and/or modify semiconductor properties 
such as: ZnS, PbS, ZnO, and SnO2 [8]. The doping 
processes would induce some modified electronic 
properties such as transparency and band gap 
[9, 10]. Moreover, Pb dopant become more 
interesting compared to other dopants materials 
due to their lower anisotropic field and fast 
crystallization process. Pb was chosen as dopants 
for many different reasons for example: the ionic 
radius of Pb2+(0.119 nm) is higher than Zn2+(0.074 
nm), this makes Zn more active than Pb during 
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chemical reaction. Therefore, Pb can substitute 
Zn2+in the ZnS lattice [11].

Abdelkrim et al [10] have correlated the 
crystallography (grain size and orientation) with 
the electrical conductivity. Numerous methods 
can be employed to produce ZnS thin films such 
as chemical bath deposition (CBD) [12, 13], PLD 
technique [14], RF magnetron sputtering [15, 16] 
chemical precipitation method, ultrasonic spray 
pyrolysis technique [17] and thermal evaporation 
[18, 19]. The later method is widely used on 
film production, since it is low cost and simple 
method. The structural and optical properties of 
ZnS films are influenced by different parameters 
like variation of the thickness, grain size and 
concentration of the dopant element [13, 20]. 

Morphology can be affected by many 
parameters such as: substrate temperature [21], 
concentration [10], film thickness (deposition 
time) [22], and structure of the film and dopant 
concentration[23]. The surface morphology, 
size, form, nanostructure effect on the physical, 
chemical and electrical properties of thin films have 
been compared to the bulk behavior especially in 
semiconducting materials [24]. Recently, Hazra et 
al [25] have demonstrated the core–shell structure 
of ZnO films deposited on silicon nanowires (NW) 
heterostructures with SiNWs as core and ZnO thin 
film as shell prepared by Atomic Layer Deposition. 

ZnS exhibits two different crystal structures 
zinc blend [26] and wurtzite structures [17] . 
Nanostructured ZnS has been formed as nanobelts, 
nanocombs, nanowires and nanohelices using 
many synthesizing methods [27],[28]. All of 
these properties would make one-dimensional 
nanostructured ZnS attractive candidates for use in 
technologies and devices. Two growth mechanisms 
“the vapor-solid [29] and vapor-liquid-solid (VLS)” 
have used to explain nucleation and growth. 
Amico and coworker investigated doping effects, 
as induced by Al and Cu, on promoting different 
ZnS phases using first principles simulations [30].

In this work, we have investigated the growth of 
doping PbS: ZnS nanowires behavior for different 
PbS concentrations using thermal evaporation 
method. XRD technique was used to study the 
crystallographic properties. EDX was used to 
determine the films composition. The evolution 
of morphology was obtained by HRTEM and 
SEM characterization of the surface morphology. 
Where, up to our knowledge, this is the first time 
that ZnS has been treated by thermal evaporation 

using PbS as dopant in the purpose of obtaining 
nanowires ZnS films. However, there was a few 
work has been published regarding the obtained 
ZnO nanowires/nanotubes with Pb as dopant [31] 
[26] .

MATERILAS AND METHODS
Lead sulfide doped zinc sulfide (PbS:ZnS) 

thin films were prepared on glass and Si(100) 
substrates using simple thermal evaporation 
technique. The ZnS powder (high purity) was 
used as source material. The PbS powder (6 wt 
%) was added to ZnS (94 wt %), under a vacuum 
of 10-5 Torr. The substrate holder heated before 
deposition to 200oC [22]. Thickness, as well as, 
thin films morphology were measured by means 
of SEM ,TSCAN Vega\\XMU model, equipped 
with EDX to determine the chemical composition 
of the synthesized films. X-ray Diffraction ( Stoe 
Transmission X-ray diffractometer Stadi P) has 
been used for structural properties [22]. The 
optical properties have been examined using the 
UV-Vis Shimadzu UV-310PC spectrophotometer 
of the elaborated films. laser He-Cd (A 325 nm 
wavelength) a 1m Spex monochromator was used 
get of the photoluminescence (PL) measurement 
at room temperature. The Fourier transform 
infrared (FTIR) spectra of the films were recorded 
by Jasco 300 E [32] spectrometer with a resolution 
of 4 cm−1. HRTEM with EDX mapping and typical 
modes were utilized to obtain the elements 
composition. 

RESULTS AND DISCUSSION
HRTEM and EDX mapping study large scale 

For further investigation of the microstructure 
of the product, the HRTEM measurements 
have been carried out over selected region for 
individual Pb-doped ZnS NW as shown in Fig. 
1-a. TEM observation has shown the structure of 
ZnS, it looks like as nanowires and not nanotubes 
structure. Diameters of the obtained nanowires 
are in the range of 25 nm. And, the length is about 
several micron (observed by SEM characterization 
and the length are more than the dimension of 
TEM images). The surface of NWs looks to be very 
smooth.

Fig. 1 presents HRTEM mapping images 
for EDX analysis (b) for Zn element, (c) for S 
element and (d) for O element. Such very thin 
ZnS and ZnO nanowires have not often reported 
in the literature [33-36]. However, most of the 
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synthesizing processes involve more than one step 
in order to obtain the desired thin NW`s in our 
case, The synthesis of these NWs was conducted 
by the simple thermal deposition technique. 

EDX mapping was carried out for TEM images 
(Fig. 1 b, c and d) of Zn, O and S elements, this 
analysis has confirmed that the nanowires are 
mainly composited of Zn and S elements. However, 
the wires are clear and determined, while the O 
element is low and it is a contamination (small 
quantity). This result was confirmed in EDX using 
SEM percentage in next paragraph (less than 6 % 
atomic percentage).

HRTEM and EDX mapping study small scale
Similarly, another zone was selected (HRTEM 

image (2-a) to verify the structural and the 

composition of nanowires using mapping EDX (Fig. 
2). The diameters are less than 50 nm, the SEM 
study confirms our results. EDX data using TEM 
technique shows the elementary composition of 
nanowires. We have found Zn and S mainly with 
low percentage of O (b, c and d). This EDX mapping 
is confirmed that the thermal evaporation 
techniques is effective method to obtain ZnS 
nanostructure (nanowires in this selected 
condition)  

The elements percentages for two zones (Fig. 3) 
are studied using EDX measurements by TEM and 
are summarized in Table 1. The Si element is due 
to TEM preparation and to the substrate (Pb:ZnS 
was deposited on Si(100)), the O element is due to 
the humidity absorbed by nanowires (because the 
samples was analyzed after film deposited). 

 (a)  (b) 

 (c)  (d) 

 

 

 

 

 

 

 

 

 

 

Fig. 1. HRTEM image (a), EDX mapping images (b) Zn element, (c) S element and (d) O element.
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SEM, AFM and EDX study 
SEM was used to investigate the structural 

morphology of the synthesized products. Fig. 4. 
shows the morphology of the surface doped ZnS 
NWs in the sample with different magnifications 
(a) at 35k magnification). It is clear that the product 
consists of ultra-thin randomly oriented NWs with 
uniform diameter in the range of ∼20–30 nm and 
length of several microns as shown in Fig. 4-b at 
100 k magnification. For further investigations, 

cross-sectional SEM images were performed for 
the same doped sample above, where front view 
of the NW sidewall is captured and presented 
in Fig. 4. The morphology of the doped sample 
indicates the formation of the cantilever-like NWs 
on top of another thin layer (Fig. 4 b). We expect 
that, during the deposition process, Pb forms a 
thin monolayer on top the substrate and down 
of the nanowires, the PbS was a catalyst, and it 
played the role essential for nonstructural growth.  

(a) (b) 

(c) (d) 

 

 

 

 

 

 

 

 

Element big (at.%) small (at.%) 
Zn 40.95671 41.08195 
S 38.97932 38.82073 
O 16.58584 16.77945 
Si 3.478128 3.317879 

 
 
 
 
 
 
 
 
 
 
 

  

Fig. 2. HRTEM image (a), EDX mapping images (b) Zn element, (c) S element and (d) O element.

Table 1. Atomic percentage for PbS:ZnS  film using EDX –TEM for big zone and small zone
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The AFM image shows surface morphology 
(top view) for ZnS nanowires film at 3x3µm area. 
This image presents nanostructure of doped ZnS, 
as shown in Fig. 4-c. 

Fig. 5. shows SEM cross section morphology 
of ZnS nanowires film deposited on Si(100) 
substrate (a) 20k and (b) at 40 k magnifications 
secondary electron  detector (SE). Also, Fig. 5-c at 
40 k magnification using backscattering  electron  
detector (BSE), where this images confirm 
nanowires growth,  Fig. 5-d at  50 k magnification 
using secondary electron  detector (SE).

The SEM (Figs. 4 and 5) and AFM images 
confirm that the growth as nanowires (was 
mentioned above ) in TEM studies. 

The composition of the PbS;ZnS films was 

examined firstly by means of EDX (Fig. 6) and the 
elements percentage was reported in Table 2. 

The Weight percentage for Pb is about 5.96 % 
and the film content mainly Zn and S, so the film 
is almost stoichiometry and less percentage of O 
which consider as contamination (less 2 wt %). The 
next paragraph (XRD and FTIR) will confirm the 
ZnS structural for nanowires film.

FTIR, XRD and PL study
FTIR spectrum of deposited PbS:ZnS/Si film 

(with doping) in the spectral range 400–4000 
cm−1 is shown in Fig. 7-a. The peaks near 1120 
cm-1 are attributed to PbS:ZnS/Si nanowires, this 
peak was observed in previous work [17], where 
we are using ultrasonic spray pyrolysis and the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 35k magnification (b) 100k magnification 

 

(c) AFM image 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. HRTEM image with two corresponding EDX zones (big zone in green color).

Fig. 4. Surface morphology, (a) and (b) SEM images at 35 k at 100 k magnifications, and (c) AFM image of ZnS nanowires film.
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(a) 20k magnification SE detector 

 

(b) 40k magnification SE detector 

 

(c) 40k magnification BSE detector 

 

(d) 50k magnification SE detector 

 

 

 

 

Fig. 5. SEM cross section morphology of ZnS nanowires film deposited on Si(100) substrate. (a) 20k and (b) at 40 k magnifications SE  
detector, (c) at 40 k magnification using BSE  detector, (d ) at  50 k magnification using SE detector.

structure was wurtzite hexagonal. While the peak 
2350 cm-1 is attributed to Si substrate, also the 
noise between 1300 and 1800 cm-1 is due to the 
presence of atmospheric water in the FTIR system. 
All peaks were reported in Table 3 

XRD pattern shows PbS:ZnS wurtzite hexagonal 
structure for (PbS doped ZnS film deposited on 
Si(100)) as shown in Fig. 7-b. The peaks (100), 

(002), (101) and (110) matching at 26. 92o, 28.55o, 
30.50o and 47.55o respectively. These  results are in 
good agreement to the hexagonal phase (wurtzite 
structure) of ZnS, with PDF Number: 36-1450 with 
lattice parameters (a=b=3.82 Å and c=6.26 Å).

These results were in accord with recent study, 
where we obtained ZnS hexagonal structural 
using spray pyrolysis [37]. But, in last work [38] 
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Fig. 6. EDX spectra for PbS:ZnS film deposited on Si(100) substrate.

 
 
 
 
 
 
 
 
 
 
 
 
 

Element Weight % Atomic % 

O  K 1.8 5.72 

Zn L 66.16 51.46 

S  K 26.08 41.36 

Pb M 5.96 1.46 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Table 2. Weight and Atomic percentage for PbS:ZnS  film

ZnS polycrystalline was cubic structural using 
electron gun deposition, this difference in phase 
(cubic or hexagonal) could be due to the nature 
of the deposition methods (bombardment energy, 
physics or chemistry of precursors).

Photoluminance (PL) emission spectrum 
characterization at room temperature of PbS:ZnS 
film is shown in Fig. 7-c. It show another peaks at 
482 nm and 498 nm correspond to the defects in 
the film (transition of electrons to sulfur vacancies) 
; it is known that in nanocrystals, as the size of the 
crystal is reduced, PL peaks shift toward to shorter 
wavelength [39]. The small peak centered at 380 
nm can corresponds to the ZnO; where the O is 
contamination for nanowires.
UV study

Fig. 8-a shows the UV transmissions 
spectrum for ZnS film (0 wt% PbS), It has an 
average transmittance of samples deposited on 
glass substrate in the visible range about 95%. 
However, it has reduces to 50 % with Pb doping 
concentration (8-a). The band gap was about 3.52 
eV for non doped film (Fig. 8-b) and it was about 
3.32 eV for PbS:ZnS nanowires (doped film). 

This variation in band gap value due to the 
structural different (nanowires for doped one 
and dense for non doped film) and to the dopant 
element (PbS as dopant for nanowires film). Also, 
the  behavior of decreasing the band gap with the 
PbS doping could be attributed to an enhancement 
of the crystalline quality and it cited in or recent 
work [39].
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CONCLUSION
In this paper, ZnS nanowires (NWs) have 

been prepared using simple thermal evaporation 
method and deposited on silicon and glass 
substrates. The optical and structural properties 
of the obtained samples have been studied using 
XRD, HRTEM, and PL techniques. HRTEM, AFM, 
and SEM studies have shown that the surface of 
NWs is very smooth, the diameter of the obtained 
nanowires is about 50 nm, and the length is several 
micron. EDX with SEM, and TEM techniques have 
confirmed that the films were stoichiometry. UV-
Vis spectra were used to obtain the band gap of 
the PbS;ZnS nanowires as well as ZnS nandoped 

(ZnS) deposited on glass substrate. XRD, FTIR, 
and PL study have confirmed the Nanostructural 
of the deposited film. The transmittance in the 
visible spectra range, energy band gaps, and the 
electrical properties of obtained ZnS samples will 
be investigated in our future work to confirm the 
viability of Pb:ZnS samples for gas sensing and/or 
solar cell applications.
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Fig. 7. (a) FTIR spectrum, (b) XRD pattern and (c) PL spectrum for ZnS nanowires film deposited on Si substrate.

 
 
 
 
 
 
 

Materials Peak (cm-1) 

ZnS 1120 

humidity 1535 

Si 2350 

 

Table 3. FTIR peaks for PbS:ZnS  film
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measurements.
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