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chemical and diseases-producing microorganism water for 
human health, has caused many scientists to conduct exten-
sive research to pure water using nano technology. Making 
use of low dimensional nano particles in water purifica-
tion, due to their extensive application in different aspects, 
inspired researchers to give much attention to nano struc-
tures [6–10].

One of the most significant aspects of metal nanopati-
cles, is how pollutants can be removed from environment 
and water. In other words, making use of photocatalytic 
and solar energy of nanoparticles, this method has been 
of advantage to value and efficiency. Changing of living 
components to carbon dioxide and water without making 
of remarkable amount of toxics is beneficially of utmost 
importance [11, 12]. Due to photocatalytic degradation of 
natural structures, Wolframite-type tungstates of transi-
tion metals (MWO4, M = Iron, Cadmium, Zinc, Nickel, 
Cobalt, rare earth element) have currently received much 
attention. The materials are widely utilized as, magnetic 
materials multiferroics, photovoltaic, scinitillator, optical 
fibers, photoluminescence, super capacitors, scinitillators, 
molecular precursors to metal tungstate, photocatalyst, 
and etc [13–15]. The previous studies have demonstrated 
that tungsten oxide (WO3) can be considered as an active 
photocatalyst material for oxygen evolution, whereas, its 
activity for hydrogen evolution has not still been proved. 
That is why different efforts have been made to achieve 
a series of materials in which MWO3 and MWO4 would 
be considered as strong photocatalyst compounds. There-
fore, the obtained materials displayed attractive techno-
logical characteristics for example, ferro elasticity, ionic 
photoluminescence and ferro elasticity [16–19]. But 
to synthesize MWO4, one may perform various meth-
ods, such as solid state reaction, solution combustion, 
sol–gel, solvothermal synthesis, co-precipitation, and 

Abstract  In current study, we synthesized PbWO4 using 
co-precipitation method. Also the effect of three capping 
agents, polyethylene glycol, cetyltrimethylammonium and 
sodium dodecyl sulfate on the size of particles, morphol-
ogy, and photocatalystic properties of nano-structures was 
investigated. The techniques we employed to characterize 
the morphological, optical, magnetic and structural prop-
erties of as-obtained products were, scanning electron 
microscopy, vibrating sample magnetometer, energy dis-
persive X-ray, UV–Vis spectroscopy and X-ray diffraction. 
The methyl orange method was utilized to assess photocat-
alytic activity of as-obtained nano-particles under ultravio-
let (UV) radiation. Our findings validated that PbWO4 can 
be decolorized up to maximum value of 97% under 90 min 
UV irradiation.

1  Introduction

Supplying fresh water, nowadays, has turned into one of 
the biggest challenges which all countries, needless to say, 
they are developed or developing, are facing with. Water 
scarcity problem can stem from many reasons including, 
earth’s rising population, overused of water, climate change 
and increased pollution [1–5]. The importance of free-toxic 
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hydrothermal synthesis [20–23]. Of procedures already 
mentioned, one can expect that co-precipitation method 
is more advantageous, due to its more simplicity, cost 
effectiveness, softness chemical synthetic methodology, 
and fastness in comparison with the rest methods. Also, 
co-precipitation method does not need specific working 
conditions, and high temperature to be calcined [24–28]. 
Therefore, these advantages motivated us to synthesize 
PbWO4 nanoparticles based on co-precipitation. The 
synthesizing has been done in distilled water as solvent. 
In addition, polyethylene glycol, cetyltrimethylammo-
nium and sodium dodecyl sulfate as capping agents, were 
employed to obtain their influence on the size of particles 
and morphology of founded nanoparticles.

2 � Experimental

2.1 � Synthesis of PbWO4 nanostructures

A new simplistic co-precipitation method was employed 
to prepare nanocrystalline lead tungstate. We followed a 
step-by-step procedure to make lead tungstate. Firstly, we 
dissolved 1 mmol of Na2WO4.2H2O in hot water (typically 
70  °C). Secondly, it was added drop-by-drop to a 20  ml 
hot solution (50  °C) containing 1  mmol of Pb(NO3)2 and 
3  mmol surfactants with magnetic stirring. We regulated 
the pH of gained solution in 5–6. Afterwards, under con-
stant magnetic stirring, the resultant solution was heated at 
90  °C for 1  h, and then we permitted the system to cool 

Table 1   Preparation conditions 
for the synthesis of PbWO4 
nanoparticles

Sample no Surfactant Solvent Decolori-
zation (%)

Surfactant figure SEM

1 PEG Water 97

2 CTAB Water 95

3 SDS Water 84
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Fig. 1   SEM images of PbWO4 nanoparticles with PEG (sample 1)
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Fig. 2   SEM images of PbWO4 nanoparticles with CTAB (sample 2)
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to normal temperature. Subsequently, we collected the 
obtained precipitation by filtration, and washed several 
times with absolute ethanol and distilled water. Finally, we 
dried the product in vacuum at 90 °C. Reaction conditions 
are available in Table 1.

2.2 � Photocatalytic test

To perform photocatalytic activity of PbWO4 nanopar-
ticles, we monitored the degradation process in a quartz 
photocatalytic reactor when they were exposed to ultravio-
let radiation. Firstly, we mixed 0.1 g of nanoparticles with 
50  ppm solution of dyes to carry out Photocatalytic deg-
radation. Afterwards, the mixture was positioned in pho-
toreactor under UV light and stirred for half hour at dark, 
ensuring proper adsorption–desorption equilibrium of the 
dye molecules on the surface of nanostructures requiring to 
operate as a photocatalyst efficiently. Then, air was blown 
into the vessel via a pump maintaining the solution oxygen-
saturated for the duration of the reaction. Eventually, the 
separation of PbWO4 was done from the 5 ml samples and 
removed from the degraded solution at different time inter-
vals, making use of 10  min centrifuging at 10,000  rpm. 
A UV–Vis spectrophotometer was used to obtain dye 
concentration.

2.3 � Characterization

The cetyltrimethylammonium bromide (CTAB), polyethyl-
ene glycol (PEG), and sodium dodecyl sulfate (SDS) and 
lead nitrate (Pb(NO3)2), sodium tungstate (Na2WO4.2H2O), 
were prepared from a well known company, Merck. X-ray 
diffraction spectra (XRD) were recorded on a Philips-
X’PertPro instrument with a Ni-filtered Cu Kα radiation 
at a scan range of 10 < 2θ < 80. The scanning electron 
microscopy (SEM) studies were performed on a LEO-
1455VP with an energy dispersive X-ray spectroscope. 
An S-10 4100 Scinco UV–Vis scanning spectrometer was 
utilized to gain the electronic spectra. Energy dispersive 
spectra (EDS) were also acquired making use of an XL30 
Philips microscope and the magnetic measurements were 
performed using a vibrating sample magnetometer (VSM) 
(Meghnatis Daghigh Kavir Co.; Kashan Kavir; Iran) under 
ambient temperatures.

3 � Results and discussion

In the few past years through the control of reaction param-
eters, particle size and control of shape of nanostructures 
has absorbed much attentiveness. Owing to high depend-
ency of nanoparticles on their shape and particle size 
[29–34], several experiments were carried out to explore 

the effect of different surfactants on the particle size and 
morphology of PbWO4 nanoparticles. Using SEM images, 
we explained the morphologies. Figures 1, 2, and 3 make 
clear the SEM images of PbWO4 nanoparticles, which were 
prepared by CTAB, PEG, and SDBS as various capping 
agents in agreement with sample 1, 2 and 3, respectively.

The effect of presence of PEG, as a polymeric surfactant, 
on the morphology of synthesized PbWO4 nanoparticles at 
low temperature, is given in Fig. 1. The SEM images clari-
fied that they are in triangle-like shape and are consist of 
nanostructures with the average size of 40  nm. The coa-
lesced image of PbWO4 with the average size of 80 nm in 
the presence of CTAB as a cationic surfactant and rod-like 
PbWO4 nanoparticles with the average length of 60  nm 

Fig. 3   SEM images of PbWO4 nanoparticles with SDS (sample 3)
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and width of 2 µm due to using SDS as anionic surfactant 
have been shown in Figs. 2 and 3 respectively. In addition, 
because of spatial configuration of SDS surfactant, the 

morphology of PbWO4 nanoparticles are also in the rod-
like shape.

In Fig. 4 XRD, the pattern of PbWO4 nanoparticles has 
been displayed. In addition, the XRD demonstrated the 
presence of both tetragonal phase of PbWO4 nanoparticles 
(JCPDS No. 08-0108, space group: I41/a).The formation of 
impurity-free PbWO4 nanoparticles, also proved by XRD 
pattern. The size of crystalline is computed from Scherrer 
formula as the following:

Fig. 4   XRD pattern of PbWO4 nanoparticles (sample 1)

Fig. 5   EDS pattern of PbWO4 nanoparticles (sample 1)
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where β, K and λ are the width of the observed diffraction 
peak at its half maximum intensity (FWHM), the shape fac-
tor which takes a value of about 0.9 and the X-ray wave-
length (Cu Kα radiation, equals to 0.154  nm) were about 
11  nm for PbWO4 nanoparticles respectively. The analy-
sis of EDS showed the presence of O, Pb and W elements 
without any impurity (Fig.  5).The measurements of mag-
netization as a function of the magnetic field were investi-
gated at 300 K, and the hysteric curve with nearly saturated 
nature at high fields is represented in Fig. 6. Our findings 
in relation to magnetic properties of PbWO4 nanoparti-
cles, showed that, there magnetic contribution of PbWO4 

(1)Dc = K�∕�Cos�,

nanoparticles is small at room temperature. Additionally, 
the analysis of VSM uncovered that PbWO4 nanoparticles 
has ferromagnetic properties. The coercivity and saturation 
magnetization are found to be 80 Orsted and 0.006 emu g−1 
and respectively.

Commonly, the band-gap of the nanostructures materials 
has a major role to play to use photocatalytic applications. 
The diffuse reflectance spectroscopy (DRS) for PbWO4 
nanoparticles has been illustrated in Fig. 7. The band-gap 
of the samples was measured by the following equation:

where, B, α, Eg, hʋ, and n are material constant, the amount 
of the absorbance, the optical band gap of the material, the 
photon energy, and a constant that depends on the type of 
the electronic transition respectively. Using extrapolating 
the linear portion of the plots of (αhʋ)2 curve in return hʋ 
to the energy axis, the energy gap of the samples (Eg) was 
found. The value of band-gap (Eg) for PbWO4 nanoparticles 
was 3.2. To investigate the photocatalytic activity, PbWO4 
nanoparticles were used. The photocatalytic efficiency was 
evaluated by the following Eq. (3):

where (mg L−1) is the concentration of MO at any irradi-
ation time t (min) and C0 (mg  L−1) is the initial concen-
tration of MO in solution. In Fig.  8 we have shown that, 
for MO, after 90  min, the degradation rate of PbWO4 
nanoparticles was 97, 95, and 84% for PEG, CTAB, and 
SDS respectively. Therefore, we could find to smallness 
of recombination of electron–hole possibility in PbWO4 
nanoparticles, causing holes in valance band react with 
OH groups on the surface of nanoparticles. This can turn 
them into highly reactive OH· radicals. The reaction of pro-
duced radicals with MO and its degradation has come in 
Scheme 1. According to the Langmuir–Hinshelwood kinet-
ics model, the kinetics of the photocatalytic decolouriza-
tion rate of MO was acquired. This is given in the following 
Eq. (4):

Utilizing the slope of ln (Co/Ct) in terms of irradiation 
time t, we quantified. The pseudo-first-order rate constant, 
kapp (min−1) [35–38].

4 � Conclusions

The removal of MeO dyes from water was done by prepara-
tion of PbWO4 nanoparticles. The co-precipitation method 
was employed to synthesize PbWO4 nanoparticles effectu-
ally. The influence of preparation three various surfactants 
such as PEG, CTAB and SDS on morphology and particle 

(2)(�h�)n = (h� − Eg)

(3)Color removal (%) =
(

C0 − Ct∕ C0

)

× 100

(4)Ln
(

C0∕Ct

)

= kappt

Fig. 7   DRS pattern of PbWO4 nanoparticles (sample 1)

Fig. 8   Photocatalytic methyl orange degradation of PbWO4 nanopar-
ticles under ultraviolet light
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size of products were examined. The homogenous syn-
thesizing of PbWO4 nanoparticles was done, without fur-
ther impurity. Furthermore, the photocatalytic properties 
of PbWO4 nanoparticles arise from the value of its band 
gap. The investigation of the photocatalytic properties of 
this product was performed by photo-oxidation of methyl 
orange (MO). The photocatalytic test affirms that the deg-
radation rate of methyl orange, after 90 min irradiation of 
UV light, picked at approximately 97% for PEG surfactant.
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