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PbMoO, and PbWO, were successfully synthesized by microwave radiation using different lead salts (acetate, chloride,
nitrate and sulfate) and Na,MO4 (M = Mo, W) in propylene glycol. The products were characterized by X-ray diffraction
(XRD), scanning and transmission electron microscopy (SEM, TEM), Fourier transform infrared (FT-IR), Raman spectroscopy
and photoluminescence (PL) spectroscopy. In this research, morphologies, crystallization and photoluminescence of the prod-
ucts were influenced by the kinetics of anions, including the detection of M—O (M = Mo, W) stretching modes in the (MOy)?~
tetrahedrons. Photoluminescence of PbMoQy synthesized from Pb(NO3), and of PbWO, synthesized from PbCl, showed the

strongest blue emission due to the electronic diffusion in tetrahedrons at room temperature.
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1. Introduction

Molybdate and tungstate are inorganic com-
pounds which have very interesting properties for
applications such as luminescent materials, electro-
optic materials, scintillators and catalysts [1, 2].
PbMoO, and PbWOy are classified in these groups
and have application in high-energy physics. They
are characterized by high density, short decay time
and high-irradiation damage [3—-5]. Photonic emis-
sion of PbMoQ, has only blue color but PbWO,
has two types of colors: blue (2.8 eV to 2.9 eV)
and green (2.3 eV to 2.5 eV) [6].

*E-mail: phuruangrat@hotmail.com

There are different methods used to synthesize
nanoscale metal molybdate and metal tungstate,
such as chemical solution [2], microemulsion-
based solvothermal method [3] and hydrothermal
reaction [4]. Microwave-assisted route is a novel
method used to synthesize nanomaterials such as
metal oxide and metal sulfide [7-10]. This method
has more advantages than the conventional one, in-
cluding short reaction time and possibility to syn-
thesize products with high purity and narrow par-
ticle size distribution. Ryu et al. [11, 12] suc-
ceeded in synthesizing metal molybdate and metal
tungstate via a citrate complex route assisted by
microwave radiation. Crystalline products were ob-
tained by calcination at high temperature. In this re-
search, nanocrystalline PbMoQO4 and PbWO, were
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synthesized by microwave radiation without calci-
nation at high temperature.

2. Experimental

All chemicals (Pb(CH3CO,),-3H,O ACS
reagent >99 %, PbCl, 98 %, Pb(NOs3), ACS
reagent >99 %, PbSO4 98 %, NayMoO4-2H,0
ACS reagent >99 %, NaWO4-2H,O ACS
reagent 299 %) were purchased from Sigma-
Aldrich Chemical Co., and used without further
purification.

In this research, each of 0.005 mol of lead salts
(acetate, chloride, nitrate and sulfate) and Na,MOy
(M = Mo, W) was separately dissolved in 50 mL
propylene glycol to form a solution. The Pb?>* and
(MO4)*>~ (M = Mo, W) solutions were mixed and
stirred for 30 min. Then the systems were pro-
cessed under 600 W microwave radiation at 50 %
microwave heating (duration of the heating cycle
was 1 min with 1 min interval) for 10 min. Fi-
nally, white precipitates were synthesized, washed
with distilled water and absolute ethanol for several
times, and dried at 80 °C for 24 h.

The products were characterized by X-ray
diffraction (XRD, Siemens D500) in the range
of 20 scanning angle of 15° to 60°, using
CuKx radiation with graphite monochrome and a
Ni filter, Fourier transform infrared spectroscopy
(FT-IR, Bruker Tensor 27, better than 1 cm™!) op-
erating in the range of 4000 cm~' to 400 cm™!
with KBr as a diluting agent, Raman spectroscopy
(T64000 HORIBA Jobin Yvon with high spec-
tral resolution) using a 50 mW and 514.5 nm
wavelength Ar green laser, scanning electron mi-
croscopy (SEM, JEOL JSM-6335F) equipped with
energy dispersive X-ray spectroscopy (EDX) oper-
ating at 20 kV, transmission electron microscopy
(TEM, JEOL JEM-2010) operating at 200 kV,
and photoluminescence (PL) spectroscopy (Perkin
Elmer LS 50B) operating at room temperature.

3. Results and discussion

XRD patterns of lead molybdate and lead
tungstate (Fig. 1) synthesized from different lead

salts were indexed to tetragonal phase of PbMoOg4
(JCPDS# 08-0475) and PbWO, (JCPDS# 08-
0476) [13]. No PbMoO4 has been detected in the
XRD pattern when lead chloride was used as a
starting lead source whereas PbWQO,, could be syn-
thesized from the four lead salts and no impurities
have been detected in the XRD patterns. Compar-
ing the products obtained from different lead salts,
PbMoO, synthesized from Pb(NOs3), and PbWO,4
synthesized from PbCl, have the highest diffrac-
tion peaks and degree of crystallinity. These find-
ings show that the degree of crystallinity is influ-
enced by the kinetics of anions belonging to lead
salts. The smallest anions play the crucial role in
promoting atomic diffusion at the fastest rate and
atomic arrangement at the highest order.
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Fig. 1. XRD spectra of (a) PbMoO, and (b) PbWOy4
synthesized from different lead sources by mi-
crowave radiation.

Raman spectroscopy is an inelastic scattering
phenomenon by a monochromatic laser beam, in
the visible, near IR, or near UV range. It mea-
sures relative frequencies at which a sample scat-
ters the radiation. FT-IR is a form of vibrational
modes caused by absorbance, transmittance or re-
flectance of a monochromatic beam in the IR re-
gion. This spectroscopy measures absolute fre-
quencies at which a sample absorbs the IR radi-
ation. The vibration is Raman active if there is a
change in polarizability. The vibration is IR active
if there is change in dipole moment. FI-IR spec-
troscopy is sensitive to hetero-nuclear functional
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group vibrations and polar bonds, especially OH
stretching in water. Raman is sensitive to homonu-
clear molecular bonds. No matter whether Ra-
man spectroscopy or FT-IR spectroscopy is used:
both methods have their advantages and limita-
tions. These combined methods are powerful tool
used for materials characterization.

FT-IR spectra of PbMoO4 and PbWO, (Fig. 2)
show the Mo-O stretching band of (MoO4)*~
tetrahedrons at 750 cm™! to 920 cm™! and the
W-0 stretching band of (WO4)>~ tetrahedrons at
720 cm™! to 981 ¢cm~! [14-16]. PbMoO4 and
PbWO, are composed of (MoO4)?>~ and (WOy4)?~
of tetrahedrons symmetry with I' = 3A,+ SA,+
5Bg+ 3By + 5Eg+ SE,. The even vibrations (Ag,
B, and E;) are Raman active, the odd modes (4A,
and 4E,) are IR active with the remains as acous-
tic modes, and the 3B, vibration modes that are
silent [17]. Raman spectra (Fig. 3) of PbMoO4
and PbWO, were recorded over the range of
150 cm~! to 1200 cm~!. Raman peaks of PbMoO,
were detected at 871 cm™!, 768 cm~!, 744 cm ™!,
351 em™!, 319 cm™! and 167 cm™!, correspond-
ing to the vi(Ag), V3(Bg), V3(Ey), v4(By), Va(A,)
and free rotation modes, respectively. Those of
PbWO, were detected at 906 cm™!, 770 cm™!,
752cm~ !, 358 cm™!, 327 cm ! and 178 cm ™!, cor-
responding to the same Raman vibration modes of
PbMoOy [17]. The Raman wavenumbers were blue
shifted from PbMoQO4 to PbWOy as a result of the
change of covalent bond between Pb>* cations and
O?~ anions in the tetrahedral complexes and the ef-
ficient mass of vibrating groups.

The morphology and phase of PbMoO4 were
characterized by TEM (Fig. 4). The PbMoO;, prod-
ucts synthesized using lead acetate and lead ni-
trate as the starting lead sources are composed
of 15 nm to 25 nm and <50 nm nanoparticles
oriented in different directions. The nanoparticle
sizes of PbMoQOy synthesized from Pb(SOy), are
the biggest. The SAED pattern appears as dis-
tributed light spots arranged as concentric rings,
due to electron diffraction through polycrystalline
PbMoO4 with different orientations. The space
between adjacent planes was calculated and in-
dexed to the crystallographic planes of PbMoO4
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Fig. 2. FT-IR spectra of (a) PbMoO4 and (b) PbWO,4
synthesized from different lead sources by mi-
crowave radiation.
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Fig. 3. Raman spectra of (a) PbMoO4 and (b) PbWO,4
synthesized from different lead sources by mi-
crowave radiation.

(JCPDS# 08-0475) [13]. SEM images of PbWOy4
(Fig. 5) show the PbWOQO, samples containing
a number of nanoparticles clustered together in
groups of 2 um to 4 pm.

EDX characterization of PbMoQO, revealed
Pb peaks at 2.35 keV (M line), 2.44 keV (Mg
line), 10.55 keV (L line) and 12.61 keV (Lg;
line). The Mo peaks were detected at 2.29 keV (L4
line), 2.40 keV (Lg; line) and 2.52 keV (Lg, line),
including the O peak at 0.53 keV (K2 line).
The Pb:Mo:O atomic ratio of PbMoQO, character-
ized by EDX is very close to its stoichiometric
value. For the EDX characterization of PbWOQy,
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Fig. 4. TEM images and SAED pattern of PbMoOy4
synthesized from (a) lead acetate, (b) lead ni-
trate and (c) lead sulfate as lead sources by mi-
crowave radiation.

Fig. 5. SEM images of PbWO, synthesized from (a)
lead acetate, (b) lead chloride, (c) lead nitrate
and (d) lead sulfate as lead sources by mi-
crowave radiation.

Pb and O are

as those

the energy peaks for
almost of the same value
of PbMoO4, including the W  peaks
detected at 1.78 keV (M line), 1.84 keV
(Mg line), 8.40 keV (L, line) and 9.67 keV
(Lp1 line) [18]. The composition of PbWOy is in
accordance with its stoichiometric value, as well.

Photoluminescence (PL) of PbMoQOy (Fig. 6a)
was determined by photoluminescence spec-
troscopy at room temperature. The spectra ex-
hibit blue emission at 412 nm attributed to the
charge diffusion within the (MoQ4)?>~ complexes
in accordance with the literature [1, 19, 20].

Zhang et al. [19] have reported that PL spectrum
of PbMoO4 nanocrystals presents a blue emis-
sion peak at ca 450 nm due to the charged diffu-
sion within the (MoO4)?~ units and weak green
emission band at 550 nm due to the existence
of Frenkel defects. Emission spectra of PbWO,
at room temperature (Fig. 6b) show blue emis-
sion peak at 394 nm due to the charge diffusion
of (WO4)>~ complexes in accordance with other
reports [6, 21, 22]. Saraf et al. [21] reported a
strong PL emission in blue phosphor and a weak PL.
emission in yellow and red components of PbWOQO4
caused by 'T, —'A; diffusion of electrons within
(WO4)*~ tetrahedrons and defects associated with
oxygen. Comparing PbMoO,4 and PbWO, synthe-
sized from different lead salts, PL emissions of
PbMoQ, synthesized from Pb(NOs3), and PbWO,
synthesized from PbCl, show the strongest inten-
sities. The electronic diffusion in the best crys-
tal is the highest. The results indicate that PL
emission depends on degree of crystallinity which
should be enhanced to improve photoluminescence
efficiency [11].
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Fig. 6. PL emission of (a) PbMoO4 and (b) PbWO,4
synthesized from different lead sources by mi-
crowave radiation.

4. Conclusions

Nanocrystalline PbMoO4 and PbWO, were
successfully synthesized in propylene glycol by
microwave radiation. Phase crystallization, mor-
phology and photoluminescence were controlled
by the kinetics of anions. Photoluminescence of
PbMo0O4 and PbWO, showed the highest emission
at 412 nm and 394 nm, respectively.
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