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In this experimental work, PbS/ZnS/ZnO nanocomposite was synthesized 
via a simple co-precipitation method. The effect of Zn2+/Pb2+ mole ratio 
was investigated on the product size and morphology. The products were 
characterized via scanning electron microscopy to obtain product size and 
morphology. The optical properties of the nanocomposites were studied 
by ultra violet-visible spectroscopy. Photocatalytic activity of the product 
was examine by decomposition of acid black 1 as dye. To investigation of 
the effect of as synthesized nanocomposite on the water treatment, the 
influences of the nanocomposite to remove heavy ions was studied by 
atomic absorption spectroscopy. The results showed that the synthesized 
nanocomposite has well optical properties, photocatalytic and water 
treatment activities.  

INTRODUCTION
One of the important binary IV–VI semiconductor 

material is Lead sulfide (PbS) which have novel 
semiconducting and optical properties [1]. 
Even for relatively large structures, PbS shows 
strong quantum confinement due to its large 
exciton bohr radious [2, 3]. Until now different 
morphologies of lead sulfide are synthesized 
such as flower-like crystals [4], star shapes [5], 
dendrites [6], nanocubes [7], nanocrystals [8] and 
nanorods [9]. Another interesting semiconductor 
is ZnO that has great potentiality for being used 
in preparing solar cell [10, 11], varistors [12], gas 
sensors [13], electronic materials [14], chemical 
absorbent [15], electrostatic dissipative coating 
[16], catalysts for liquid phase hydrogenation [17], 
and catalysts for photo-catalytic degradation [18] 
instead of titania nanoparticles [19]. Until now, 
Different production methods such as chemical 
vapor deposition (CVD) [20] vapor phase oxidation 

[21], thermal vapor transport and condensation 
(TVTC) [22, 23], precipitation [24-26], sol–gel [27, 
28], sonochemical methods [29], hydrothermal 
[30] and solvothermal [31][28] were served. 
ZnS is a member of wide band gap II–VI group 
semiconductors that has attracted attention due 
to various size-dependent properties of optics, 
electricity, magnetism, etc. With the progress of 
nanoscience, this material gained much attention 
for its interesting potential applications in 
optoelectronic, luminescence and biodiagnostics 
[32-35]. Various methods have been served, such 
as the single-source molecular precursor[36], the 
solvothermal and hydrothermal routes [37, 38], the 
chemical vapor deposition (CVD) method [36] the 
liquid–crystal template [39] and the g-irradiation 
route [40] to synthesize ZnS nanocrystals.  There 
are a few research articles that deal with the 
synthesis of a nanocomposite contained from 
various semiconductors to use in degradation of 
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dye molecules and organic pollution. Also, there are 
few works related to use nanocomposite contained 
from different nanomaterials to use in water 
treatment activity. But in this work, we served a 
new nanocomposite to degradation dye molecules 
and also a good candidate to use in water treatment 
for removing heavy metal ions from the water.  The 
results showed the synthesized nanocomposite 
has unique behavior in photodegradation and 
also water treatment activity. The main reason 
for this significant behavior is related to unique 
semiconducting properties of the nanomaterials 
and also high surface to volume ratio of them.  

EXPERIMENTAL
All the chemicals reagents used in the 

experiments such as Pb(NO3)2, Zn(NO3)3.9H2O, 
thiourea and NaOH were of analytical grade and 
used as received without further purification. 
XRD patterns were recorded by a Rigaku D-max 
C III, X-ray diffractometer using Ni-filtered Cu Kα 
radiation. Scanning electron microscopy (SEM) 
images were obtained on Philips XL-30ESEM 
equipped with an energy dispersive X-ray 
spectroscopy. UV-Vis spectra were recorded using 
a UV–Vis spectrophotometer (PerkinElmer).

To synthesis of the nanocomposite, a certain 
amount of Pb(NO3)2 Was dissolved in the distilled 
water to obtain a colorless solution. After the zinc 
solution was obtained from dissolving different 
amounts of Zn(NO3)3.9H2O respect to Pb(NO3)2 in 
the water. The final solution was obtained from 
a mixture of two solutions and adding 0.02 g of 
thiourea to the Zn/Pb solution. Then 0.01 g CTAB 
was added to the final solution as a surfactant. 
pH of the prepared solution was increased with 

NaOH solution to   and after that, a precipitate 
was obtained. The precipitate was washed with 
distilled water and absolute ethanol several times 
and dried at 80 oC for 5 hours. Table 1 shows 
sample preparation conditions. 

RESULT AND DISCUSSION
XRD pattern of the product was shown in Fig. 1. 

It can be seen that the pattern is mainly composed 
of three kinds peaks related to three compounds 
presented in the nanocomposite namely PbS, ZnS 
and ZnO. It can also be seen that there are no any 
other materials in the composites and hence the 
product is high pure. The peaks placed at 26.5o, 
30.5o, 43.5o, 51o, 54o, 63o, 69o and 71o is belong to 
(111), (200), (220), (311), (222), (400), (331), (420), 
(422) miller indices related to PbS compound with 
cubic phase (JCPDS= 002-1431). The peaks of ZnS 
compound with hexagonal phase placed at 27.5o, 
30.5o, 51.5o and 63.3o that is related to (100), (101), 
(103) and (202) miller indices (JCPDS= 01-075-
1547). Other peaks are related to ZnO compound 
with hexagonal phase (JCPDS=01-075-1533). 
There are also ZnO peaks overlapped with some 
ZnS compound.   

The effect of Zn2+:Pb2+ mole ratio on the 
nanocomposite size and morphology was 
investigated by SEM image. When the mole ratio 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. XRD pattern of the nanocomposite 

Sample No Zn2+:Pb2+ mole ratio

1 1:1

2 1:2

3 1:3
4 1:4

5 1:5

Table 1. The samples preparation conditions.
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was selected to 1:1, the product was mainly 
composed of irregular and large shapes (Fig. 2a, 
b). Also, the product is composed of tiny particles 
aggregated together. It can be said that in this 
mole ratio, a number of cations for reacting with 
S2- is low and hence the cations (Pb2+ and Zn2+) 
have enough time to react with S2- and therefore, 
large shapes are created. 

When the mole ratio was increased to 1:2, 
the particle size was decreased that is mainly 
due to an increase of cations amount (Fig. 2c, d). 
In fact, when the amount of Pb2+ is increased in 
the reaction medium, the nucleation centers is 
enhanced and hence more nucleus with smaller 
size are obtained. There is also some large particles 
that is due to aggregation of tiny particles. In 
other words, due to the high surface energy of 
the nanoparticles, they aggregated together and 
hence larger particles were achieved. 

Fig. 2e, f shows SEM image of PbS/ZnS/ZnO 
nanocomposite prepared with Zn2+/Pb2+ 1:3 
mole ratio. As shown in this figure, flower-like 
nanostructures were achieved. In fact, when the 
mole ratio was increased to 1:3, the amount of 
Pb2+ for reaction with S2- was increased. Therefore, 
the number of nucleuses was increased to the 

synthesis of all of PbS, ZnS and ZnO particles and 
hence tiny particles were achieved. After that due 
to the diffusion process, flower-like structures 
were obtained. 

The increase of the mole ratio to 1:4 lead to 
the creation of the nanocomposite with very 
tiny particles that is mainly due to an increase of 
nucleation centers (Fig. 3a, b). There are also very 
large irregular shapes that are due to aggregation 
of nanoparticles. By increasing the mole ratio to 
1:5, the particle size was decreased that is due to 
higher nucleation centers in the reaction medium 
(Fig. 3c, d). 

Fig. 4 shows UV-Vis spectra of the as-
synthesized nanocomposites. It can be seen 
that each compound showed unique absorption 
behavior. As shown in this figure, by increasing 
the PbS-ZnS mole ratio, the absorption edge 
moves to a higher wavelength. In fact, by increase 
the amount of lead source, the produce of lead 
sulfide is increased and hence due to the lower 
band gap of PbS respect to the ZnS and ZnO, the 
nanocomposite can absorb more light radiation. 
In other words by increasing the amount of Pb2+ 
source, the amount of PbS is increased and due 
to a linear combination of the orbital molecular 

 

 

 

 

 

 

 

 

 

Fig. 2. SEM image of (a,b) sample No. 1, (c,d) sample No. 2 and (e, f) sample No. 3, respectively.
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of each compound, they can adsorb more light 
radiation. 

To investigate the photocatalytic effect of the 
synthesized nanocomposite, destruction of acid 
black was studied under ultra-violet radiation (Fig. 
5). It can be seen that the product can destruct 

the dye in large quantities. This is mainly due to 
the synergetic effect of each compound respect 
to the other one to decompose of the acid black 
structure. In fact, when the light exposed to the 
dye solution contained the nanocomposite, 
the number of electron-hole pairs was rather 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. UV-Vis of Acid Black 1 (a), dye solution contain nanocomposite at 0 min (b), 20 min (c), 40 min (d) and 60 min (e) radiation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. SEM image of (a, b) sample No. 4 and (c,d) sample No. 5, respectively.
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 (a-d). UV-Vis spectra of the sample No. 1-4, respectively.
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than each compound singly and therefore dye 
molecules were destructive in large amount. 
It can be also seen that the dye molecules was 
decomposed in the first moment before they 
exposed to the UV light radiation. It can be 
concluded that the nanocomposite has excellent 
photocatalytic activity only in the visible range of 
the exposed light.  

To investigate of water treatment behavior of 
the as-synthesized nanocomposite, the activity 
of the nanocomposite to remove heavy metal 
ions from the water was studied (Fig. 6). For this 
purpose, three solutions contain Cd2+, Pb2+ and Zn2+ 
ions with 0.01 molar concentration were prepared 
and then a certain amount of nanocomposite 
was poured into each solution separately under 
vigorous stirring. After one hour, the solutions 
were centrifuged and studied by atomic absorption 
spectroscopy to find remain ions in the water. 
The results showed that the nanocomposite has 
significant adsorption value, and it could remove 
about    percent of heavy ions from the water. The 
table shows the ions concentration before and 
after pouring the nanocomposite. In fact due to 
high surface to volume ratio of the nanoparticles, 
their surface can adsorb heavy ions in the aqueous 
medium. 

CONCLUSION
In this experimental work, we synthesized 

PbS/ZnS/ZnO nanocomposite via a simple co-
precipitation method. The effect of Zn2+:Pb2+ mole 
ratio was investigated on the product size and 
morphology and it was found that by increasing 
the amount of zinc source respect to the lead 
one, the particles size is decreased. The optical 
properties of the as-synthesized nanocomposite 
were studied by UV-Vis spectra. It was found by 

increasing the Zn2+:Pb2+ mole ratio, the absorption 
shift to the higher wavelength that is mainly due 
to decrease the particles size. The photocatalytic 
activity of the nanocomposite was investigated by 
decomposition of acid black 1 as a dye. The results 
showed that the nanocomposite destructive dye 
structure in high quantities. The main reason is a 
linear combination of the compounds molecular 
orbitals with each other. The activity of the product 
to remove heavy ions from the water medium was 
investigated by atomic adsorption spectroscopy. 
The results showed that the nanocomposite can 
adsorb heavy metal ions from the water through 
surface adsorption. In fact, due to high surface 
atoms of nanomaterials respect to the bulk one, 
they are more active than the bulk materials and 
hence they can adsorb more heavy ions from the 
water medium.  
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