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ABSTRACT

Lead molybdate (PbMoO4) crystals were synthesized by the facile sonochemical

method at 20 kHz frequency with a variable ultrasonic amplitude and synthesis

time. These crystals were structurally characterized by X-ray diffraction (XRD).

Field emission scanning electron microscopy images were employed to observe

the evolution of the crystal growth process. XRD patterns indicate that these

crystals have a scheelite-type tetragonal structure. The growth mechanism of

PbMoO4 crystal was proposed to explain the development stages starting with

precipitates formed by particles with disordered growth to form dendritic

structures. The effect of the amplitude processing applied was rather significant

for the size range of the particles produced. The optical properties were ana-

lyzed by ultraviolet–Visible (UV–Vis) absorption spectroscopy and photolumi-

nescence (PL) measurements. The spectrum shows that the sample has a typical

green emission. The origin of the PL emission spectrum of the metal molybdates

might be ascribed to the charge-transfer transitions within [MoO4] clusters.

Introduction

Molybdate metal materials are widely studied

because they have important optical, electronic, and

magnetic properties. Thus, they have attracted great

attention because of their applications in photolumi-

nescence, in catalysis, in scintillator materials, and

humidity sensors [1–3]. Among the metal

molybdates, the PbMoO4 shows a structure of the a

scheelite-type tetragonal structure with a 4/m point

group symmetry and an I41/a space group, with two

formula units per primitive cell [4, 5]; in these sys-

tems, the Mo atom is coordinated by four O atoms,

forming a tetrahedral configuration [MoO4]
2-, and Pb

atom is coordinated by eight adjacent O atoms

forming the configuration [PbO8]
2-. PbMoO4 has
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been synthesized by several chemical methods such

as solvothermal, Czochralski crystal growth, and

hydrothermal microwave [6–8]. Despite the success

in getting the PbMoO4, some of the factors limiting

the application of the Czochralski method are the

level of complexity in the experimental procedure

and the conditions of synthesis are very restricted.

The PbMoO4 microcrystals produced from traditional

chemical routes exhibit a variable morphology and

large crystal size. These characteristics are related to

the rapid growth of the crystals.

During the growth of PbMoO4 crystals, crystal

facets that have high surface energy have a strong fall

of this energy. As for PbMoO4, a crystal growth along

[001] crystal direction is preferred to the [100] direc-

tion because the average surface energy of (001)

facets is higher than the (100) facets [9]. The growth of

crystals through the direction [001] can produce

PbMoO4 microcrystals with octahedron-like mor-

phology with small facets (001) exposed at the top

and bottom of the octahedron-like microcrystals.

Dong and Wu [10] demonstrated the growth mech-

anism of the PbMoO4 crystal from the liquid mem-

brane system supported vertically. It was observed

that crystal growth had already been reported in the

literature known as oriented attachment [11]. Such

growth is characterized by self-assembled adjacent

particles; these particles display the same crystallo-

graphic orientation. The crystals can also present a

growth based on Ostwald ripening mechanism [12].

In this case, the larger crystals grow at the expense of

smaller crystals. This crystal growth occurs by addi-

tion atom by atom, where there is dissolution of a

unstable phase and reprecipitation of a more

stable phase. This is a spontaneous process, as the

larger crystals are thermodynamically more stable as

compared with smaller crystals.

The nucleation and growth are the two stages

proposed for the study for the formation and growth

of crystals [13]. Cavalcante [14] shows that the mor-

phology and size of crystals are a function of the

average solution concentration, classified as unsatu-

rated, saturated, and supersaturated. The nucleation

step occurs when precipitation occurs from a satu-

rated solution. The nuclei acquire stability and are

able to overcome the energy barrier from the

increased concentration of the solution (supersatu-

rated). Secondly, these nuclei are grouped starting

from the stage of growth of the crystals [15].

Increased attention has been paid to the controlling of

the morphology and size of particles obtained by

chemical methods because these characteristics can

affect its properties and performance compromise

their technological applications.

The ceramic class of molybdates has attracted

interest in several scientific and technological areas

due to its numerous applications in the industrial

area, including scintillation detectors, optical fibers,

humidity sensors, solid state lasers, catalysts, and

photoluminescent devices [16–18]. Studies have been

intensified in order to obtain new functionalities and

behaviors with respect to their wide extension of

properties and applications [19]. In particular, recent

theoretical and experimental studies on the optical

properties of lead molybdate (PbMoO4) have been

reported in the literature [20, 21].

In order to improve the preparation of PbMoO4

monocrystals, Sabharwal [22] with previous knowl-

edge of the synthesis parameters, such as direction of

growth of the monocrystal, temperature gradient that

may affect its growth, also observed that deviations

in stoichiometry of Pb2? ions of the material influence

the optical properties and cause stretches in the

crystalline structure causing cracks in the

monocrystal. In addition, these researchers found

that due to these small variations in the stoichiometry

of the material observed, the photoluminescence

property in the bands of the green and blue spectrum

of the monocrystal could be observed at room

temperature.

The use of ultrasonic radiation to produce materi-

als has been widely applied [23, 24]. Unlike other

methods, the sonochemical method requires only the

presence of a liquid medium to produce their effects.

The ultrasound irradiation in the liquid promotes the

important phenomenon known as cavitation. This

phenomenon provides sufficient conditions for the

chemical reaction to occur. The steps belonging to

cavitation are formation, growth, and implosion of

bubbles in a liquid [25].

This study was to evaluate the effect of ultrasonic

radiation on the morphology of PbMoO4 crystals and

their photoluminescent properties. Growth mecha-

nism of the crystals, as well as the influence of the

synthesis time and amplitude applied to the process,

has been proposed.
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Experiment procedure

Co-precipitation and sonochemical
synthesis of PbMoO4 crystals

The PbMoO4 particles were synthesized by sono-

chemical method [26] at 20 kHz frequency, using

the molybdic acid (Alfa Aesar, 85%) and lead

nitrate (Aldrich, 99%) as precursors without any

surfactant.

The typical synthesis procedure is described as

follows: In a beaker, 5.0 9 10-3 mol of molybdic acid

(H2MoO4) was dissolved in 50 ml deionized water.

Then the lead nitrate (5.0 9 10-3 mol) was added to

the solution. The pH of the solution was adjusted to 9

by adding ammonium hydroxide (NH4OH) (Synth,

30% NH3) to it, observing the formation of the a

white precipitate (co-precipitation method). The

resulting solution was exposed to high-intensity

ultrasonic irradiation (Branson Digital Sonifier) in a

continuous mode with three different amplitudes 65,

75, and 85% and two times 30 and 45 min duration of

the synthesis (sonochemical method).

Then the result powders were separated from the

solution by centrifugation at 10,000 rpm and washed

four times with deionized water to remove any

ammonium hydroxide residual molecules. The

powders were dried in a furnace at 80 �C during

12 h.

Characterization of PbMoO4 Crystals

The phases present in the ceramic powder were

investigated by X-ray diffraction (XRD) using the

diffractometer Shimadzu XRD-7000 model with

CuKa radiation (k = 1.5406 Å) in the range 2h of 10�–
75� (5�/min). The distribution of particle size and

morphology were investigated by Supra 35 VP-FEG-

SEM (Carl Zeiss, Germany) operated at 6 kV. The

UV–Vis reflectance spectra of the PbMoO4 particles

were measured using Cary equipment, model 5G, in

the 200–800 nm range. Photoluminescence spectra

were obtained using a Thermal Jarrell-Ash Monospec

27 monochromator and Hamamatsu R446 photo-

multiplier. The excitation source used on the samples

was a laser at a wavelength of 350 nm with krypton

ions (Coherent Innova) with an output of approxi-

mately 13.3 mW; all measurements were performed

at room temperature.

Results and discussion

XRD pattern analyses

XRD patterns of PbMO4 synthesized by sonochemical

method are shown in Fig. 1. XRD patterns revealed

that all diffraction peaks of PbMoO4 can be indexed

to the scheelite-type tetragonal structure without the

presence of secondary phases, in agreement with the

respective Joint Committee on Powder Diffraction

Standards (JCPDS) card no 44-1486. Moreover, the

relative intensities and sharp diffraction of all peaks

indicated that the materials are well crystallized,

suggesting an ordered structure at long range. To

deeply investigate the small differences in the struc-

ture of materials, the lattice parameters, the unit cell

volume, and crystallite size of materials were calcu-

lated using the equation of plane spacing for the

tetragonal structure and Bragg’s law for diffraction.

The results obtained are shown in Table 1.

Observe the values shown in Table 1 that small

variations in the lattice parameters and unit cell

volume indicate small lattice distortions in the

PbMoO4 due to the process of dissolution and

recrystallization of particles occurred in the sono-

chemical process.

FEG-SEM analyses of PbMoO4 crystals

From FEG-SEM micrographs, it is possible to follow

the evolution and growth mechanism of the PbMoO4

crystal according to its synthesis time and operated

amplitude. Figure 2 shows the FEG-SEM image of

PbMoO4 crystals obtained by co-precipitation

method at room temperature without the assistance

of ultrasound. It is observed in Fig. 2 that the crystals

have variable morphology, some with certain

roundness, others with an elongated aspect rod type.

It is reasonable to state that the presence of surface

defects in the PbMoO4 crystal structure is associated

with rapid hydrolysis during the addition of NH4OH

in [27] solution. Cameirão [28] assure that the solu-

tion concentration (supersaturation) is a major factor

in determining the structure of molybdates. These

crystals have a primary level of agglomeration. The

structure is composed of small crystals, a few

nanometers in size. The growth rate of each crystal

face is related to the supersaturation of the solution

but nonlinearly according to Ref. [29]. The crystal

growth takes place in a fast and disorderly manner,

4610 J Mater Sci (2017) 52:4608–4620



and within these conditions a regular morphology of

the crystals cannot be obtained due to a nonlinear

growth. A careful observation of the inset in Fig. 2

shows a high-magnification FEG-SEM micrograph of

an individual polyhedral crystal, which indicates that

the crystal is in the shape of regular 18-facet poly-

hedron with well-defined faces along the different

crystallographic planes. According to the literature

[9], the 18-facet polyhedron exhibits two {0 0 1} faces,

eight {1 0 1} faces, and eight {1 1 1} faces. Figure 2b

shows the average particle size distribution of

PbMoO4 particles processed in the co-precipitation

method. It is observed that the particles have a sig-

nificant variation in their sizes. The average particle

value (Xc) is estimated at 0.4496 lm.

Figure 3 shows FEG-SEM micrographs of particles

obtained in PbMoO4 at different times and ampli-

tudes by sonochemistry method. It was observed that

aggregations of crystals oriented along a crystallo-

graphic direction. The micro-octahedral and the

PbMoO4 are interconnected through a crystallo-

graphic orientation. This morphology is achieved

through an initial growth process in which adjacent

crystals are self-organized in a similar crystallo-

graphic orientation (oriented attachment growth)

[30], and the subsequent step is equivalent to the

coalescence process. Studies of the morphology of the

materials with the scheelite-type structure reported in

the literature [31] observed the same mechanism

growth process of oriented crystals. It is reasonable to

believe that this behavior is associated with the

covalent character of the Pb–O bond, and this type of

chemical bond is characterized as directional. As a

consequence of these bonding processes, the mor-

phologies of materials with scheelite-type structure

composed of Pb2? ions tend to be facetted and

aligned by ‘‘docking’’ processes involving crystallo-

graphic fusion between some faces with high surface

energy, creating an extended morphology [32].

Average size distribution of PbMoO4

crystals

Figure 4 shows the average particle size distribution

of PbMoO4 particles processed in the sonochemistry

method at different synthesis times and amplitudes.

Fig. 1 XRD patterns of PbMoO4 particles processed in sonochemical method at different times (a 30, b 45 min) and amplitude (65, 75,

85%).

Table 1 Lattice parameters, unit cell volume, and crystallite size of PbMoO4 obtained in this work

Samples (synthesis conditions) Lattice parameters (Å) (a = b, c) Unit cell volume (Å)3 Crystallite size (nm)

30 min—65% 5.498 12.165 367.812 57.3773

30 min—75% 5.501 12.169 368.280 51.6556

30 min—85% 5.492 12.153 366.623 53.6438

45 min—65% 5.483 12.143 365.186 56.3632

45 min—75% 5.495 12.155 367.168 52.1870

45 min—85% 5.502 12.174 368.667 53.0529

JCPDS 44-1486 5.433 12.110 357.456 –
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The distribution of particle sizes observed for

PbMoO4 as shown in Fig. 4 is greatly influenced by

the time of exposure to ultrasound and the amplitude

employed in the process. There is a reduction in the

average particle size of the particles due to the

increase in the amplitude range of 65–75% as shown

in Fig. 4a–d. This reduction is related to the acoustic

cavitation phenomenon, which occurs during the

ultrasonic irradiation process. The shock waves cre-

ated accelerate the solid particles at high speeds, and

these particles collide with each other, which can

induce the fragmentation of particles. PbMoO4 par-

ticles treated by a sonochemical amplitude of 65% in

30 and 45 min showed a broad-range size distribu-

tion. Almost 34% of the particles synthesized at the

30 min time are between 0.7 and 0.9 lm. For particles

produced in 45 min, 28% of them correspond to the

size of 0.7 lm. With the increase of the amplitude,

75% of the particles had an average reduction in their

sizes according to the following values: it is estimated

that 37% of the particles are in the range between 0.5

and 0.7 lm for synthesis in 30 min and 58% of par-

ticles are in the range between 0.3 and 0.5 lm for

synthesis in 45 min.

In a second step using an amplitude of 85%, it is

observed that the particles had an increase in their

average sizes. This behavior has been discussed by

Suslick and Price [33], who suggest that the propa-

gation of shock waves may induce the sintering of

solid particles of the solute in a liquid–solid system,

from collisions between particles at straight angles.

An estimated 48% of the particles produced under

the conditions of 85% amplitude and 30 min are in

the range of 1–1.4 lm. About 50% of the particles

produced in 45 min are in the range of 1.25–1.75 lm.

There was a significant increase in the size due to

coalescence of particles during the sintering process.

Cavitations and shock waves created by ultrasound

can accelerate solid particles to high velocities, lead-

ing to interparticle collisions and inducing an effec-

tive fusion at the point of collision.

Growth mechanism of PbMoO4 crystals

Figure 5 shows the schematic representation of the

main growth mechanisms involved in the synthesis

of PbMoO4 crystals by the sonochemical method. The

crystal growth is controlled by extrinsic and intrinsic

Fig. 2 FEG-SEM

micrographs of PbMoO4

particles processed by the co-

precipitation method.

4612 J Mater Sci (2017) 52:4608–4620



factors, including the degree of supersaturation, dif-

fusion of the reaction, surface energy, crystal struc-

ture, and solution parameters. Several well-known

crystal growth mechanisms in the solution system are

the oriented attachment and Ostwald ripening pro-

cess. The formation of small octahedral PbMoO4

occurred from the dissolution of the precursors

[H2MoO4 and Pb(NO3)2] in deionized water. This

solution is a fast ionization and dissociation acid salt,

and the ions of Pb2 ? and (MoO4)
2- are instantly

solvated by H2O molecules. The difference in the

electron density between Pb2? and (MoO4)
2- ions

promotes the electrostatic attraction between them

resulting in the precipitation/crystallization process

(Fig. 5a). The increase in the precipitation rate is

observed with the addition of NH4OH solution to

generating a disordered growth of the crystals due to

a rapid process of self-assembly during the precipi-

tation material. When the PbMoO4 crystals are

exposed to the irradiation of ultrasound, the energy

Fig. 3 FEG-SEM micrographs of PbMoO4 particles processed by the sonochemical method—a 65%, b 75%, and c 85% amplitude in

30 min; d 65%, e 75%, and f 85% amplitude in 45 min.

J Mater Sci (2017) 52:4608–4620 4613



supplied to the solution allows the dissolved crystals

to start a recrystallization process (Fig. 5b), which is

attributed to the cavitational effects resulting out of

the high frequency irradiation. The crystals obtained

at this stage obtained significant growth and an

average size of 1.35 lm. Subsequently, PbMoO4 par-

ticles have an anisotropic growth and formation of

irregular micro-octahedrons. This growth mechanism

is known as Ostwald Ripening, where small particles

are less thermodynamically stable than larger ones.

This coalescence occurs which promotes growth

(Fig. 5c). The average particle size of this step is

around 1.73 lm. The PbMoO4 crystals show a growth

model oriented in the crystallographic direction [001].

This type of crystal growth mechanism is called the

Oriented Attachment. Figure 5d shows the particles

with dendritic structure. There is a main trunk and

four cross arms extending from the center of the main

trunk. Crossed branches build the structure of a

perfect perpendicular. It is observed that the den-

dritic morphology is formed by nanopolyhedrons

arranged which are connected to each other in an

interesting way. This type of morphology is descri-

bed in previous work [34, 35].

Fig. 4 Average particle size

distribution of PbMoO4

particles processed by the

sonochemical method at

a 65%—30 min, b 65%—

45 min, c 75%—30 min,

d 75%—45 min, e 85%—

30 min, and f 85%—45 min.

4614 J Mater Sci (2017) 52:4608–4620



In order to provide evidence that growth of

PbMoO4 particles is through an oriented mechanism,

as suggested in the model of Fig. 5, TEM measure-

ments were performed to evidence the oriented

attachment growth of the PbMoO4 particles in our

study. It is shown in Fig. SI 1 of the support infor-

mation section.

Photoluminescence characteristics
of PbMoO4 crystals

Figure 6 shows the PL spectra of the PbMoO4 sam-

ples synthesized by co-precipitation method and the

samples that received the sonochemical treatment at

different amplitudes and synthesis times, which were

Fig. 5 A schematic illustration of the growth mechanism of PbMoO4 crystals by the sonochemical method.

Fig. 6 Photoluminescence spectra of PbMoO4 crystals (I) 30 and (II) 45 min: a co-precipitation, b 65%, c 75%, and d 85% amplitude.

J Mater Sci (2017) 52:4608–4620 4615



investigated at an excitation wavelength of 350 nm

and measured from 350 to 800 nm. High emission

intensity for the PbMoO4 obtained by co-precipitation

method is observed. It is suggested that this behavior

is associated with the particle morphology as pre-

sented in Fig. 2. The micrographs indicated that the

crystals produced by the co-precipitation method

present a smaller average particle size, i.e., because of

the nucleation rate, the instant that Pb2? and MoO4
2-

ions are dissolved in the solution is higher than the

growth rate of the crystals. The difference in the

electron density among these ions promotes an

intense electrostatic force favoring the appearance of

small crystals. Samples treated with sonochemical

method had a low PL emission intensity. This result

is combined with the morphologic characteristics

described in Fig. 3. The effect of high energy released

by the cavitation phenomenon in ultrasonic process-

ing conditions promotes the PbMoO4 crystal growth,

resulting in particles with larger sizes, a higher

degree of agglomeration and an array of orientation

in the crystal growth. It is proposed that these aspects

could interfere with photoluminescent properties.

Yang [36] attributed the origin of the PL properties to

the morphology, degree of crystallinity, and particle

sizes.

These results indicate that the PL intensity depends

strongly on the morphology and crystallinity of the

crystals. The spectrum shows that the sample has a

typical green emission peak at about 525 nm. The

emission spectrum of the metal molybdates might be

ascribed to the charge-transfer transitions within the

[MoO4] clusters [37]. During the excitation process at

room temperature, the electrons situated at lower

intermediary energy levels (oxygen 2p states) absorb

the photon energy arising from 350 nm (3.54 eV)

wavelength. As a consequence of this phenomenon,

the energetic electrons are promoted to higher inter-

mediary energy levels (molybdenum 4d states) loca-

ted near the conduction band. When the electrons fall

back to lower energy states again via radiative return

processes, the energy arising from this electronic

transition is converted into photons. In this case, the

several photons originated by the participation of

different energy states during the electronic transi-

tions are responsible for the broad PL spectra.

In Fig. 7 is shown a proposed model which

explains the behavior of the micro-octahedron

PbMoO4 luminescence by a random distortion of

both [MoO4] and [PbO8] clusters.

(1) The presence of intermediate energy levels,

represented by short and deep defects within

the material gap, is observed.

(2) Electron transition of oxygen 2p orbitals in the

valence band (VB) for molybdenum 4d orbitals

by absorption of (hv) to conduction band (CB).

(3) Photon emission process (hv’) due to the radia-

tive return of the electrons located in the 4d

orbitals to the 2p orbitals of the oxygen.

Small magnitude distortions in the [MoO4] clusters

are responsible for promoting a slight deformation in

the bonds Pb–O. These distortions are capable of

inducinga symmetry in the crystalline lattice, leading to

the appearance of intermediate levels within the band

gap of the PbMoO4 crystals and a gradient of charge

between the clusters [29]. These intermediate levels

facilitate the electronic transitions in the band gap.

The color coordinateswere calculated for all PbMoO4

samples using CIE 1931 color matching functions. Fig-

ure 8 shows CIE 1931 chromaticity diagram of the

investigated PbMoO4 powders. It is observed thatmost

color coordinate values fell in the green color region.

The x and y values are shown in Table 2.

Fig. 7 Model proposed to

explain the photoluminescence

of PbMoO4.
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UV–Visible absorption spectroscopy

The energy band (Egap) PbMoO4 of particles was

calculated using the Kubelka–Munk method [38],

which consists in converting diffuse reflectance

measurements in Egap values. The Kubelka–Munk

relationship is described in Eq. 1:

FðR1Þ ¼ k

s
¼ ð1� R1Þ2

2R1 ; ð1Þ

where F(R) is the Kubelka–Munk function. In this

study, the standard sample used for the analysis was

the BaSO4. R? = R(PbMoO4)/R(BaSO4), (R? is the

percentage of reflected light), k is the molar absorp-

tion coefficient, and s is the scattering coefficient.

The energy gap semiconductor oxides can be cal-

culated by Eq. 2:

ahv ¼ C1ðhv� EgapÞn; ð2Þ

where a is the linear absorption coefficient, hv is the

photon energy, C1 is a proportionality constant, Egap

is the optical gap, and n is a constant related to dif-

ferent types of electronic transitions (n = 1/2 for a

direct allowed, n = 2 for an indirect allowed).

According to the literature, the molybdate materials

exhibit an optical absorption spectrum governed by

direct electronic transitions [39]. Figure 9 represents

the band gap determination graph of the samples by

extrapolating the line.

The gap energy obtained for PbMoO4 samples

showed a small difference in values between the

range of 3.03 and 3.23 eV. This behavior is due to the

intermediate energy levels within the band gap. The

appearing of these levels is associated with the

degree of structural order–disorder in the material

lattice. The increase in structural organization pro-

motes the decrease in the number of intermediate

levels, and in view of this the energy gap shows

higher values [40]. Other factors may also justify that

the difference found in the Egap could be related to

synthesis conditions (processing temperature and

time), the shape of the materials (film or powder),

and the chemical method to obtain the material.

Other experimental aspects such as the preparation of

the material, as well as the morphology of the parti-

cles, can influence the gap energy.

Conclusions

PbMoO4 was successfully synthesized using the sono-

chemical method with different synthesis times and

amplitudes. XRD observation revealed the good crys-

tallinityof theprepared sampleswithout anyassociated

impurities. Increasing the ultrasonic amplitude from 65

to 75% resulted in a decrease in the average size of the

PbMoO4 particles due to crushing effect of high cavi-

tation energy. In a second stage, itwas observed that the

Fig. 8 CIE diagram of PbMoO4 particles.

Table 2 The chromaticity

coordinates for PbMoO4

particles

Conditions of synthesis (time/amplitude) Code Coordinate (x, y) Color

Co-precipitation A 0.32, 0.45 Yellowish green

30 min/65% B 0.35, 0.44 Yellowish green

30 min/75% C 0.43, 0.56 Yellow green

30 min/85% D 0.47, 0.48 Yellow

45 min/65% E 0.34, 0.45 Yellowish green

45 min/75% F 0.36, 0.45 Yellow green

45 min/85% G 0.35, 0.45 Yellowish green

J Mater Sci (2017) 52:4608–4620 4617



average particle size increases when an amplitude of

85% is employed to it. This increase can be related to the

particle coalescence process between PbMoO4particles

due to the high temperatures produced by sonochemi-

cal method, thereby favoring the sintering process of

PbMoO4 particles.

From the study of crystal growth, it was con-

sidered an evolution in the PbMoO4 particle mor-

phology as a function of exposure time to

ultrasound in the sample. Initially, precipitates are

obtained from a disordered crystal growth. After a

short synthesis time, there is a preferential orien-

tation along [001] in crystals by an Oriented

Attachment mechanism. For longer synthesis time,

note that the crystals exhibit new preferred growth

directions. In the latter case, the morphology of the

particles has a dendritic structure. The behavior of

the PL has been associated with charge-transfer-

type transitions within the [MoO4] clusters. Just as

the existence of structural defects is causing photon

emission, the synthesis conditions strongly influ-

ence the morphology and the average particle size

as a result of which the photoluminescent proper-

ties were also affected. The change in the values

found for the energy gap from the UV–Vis analysis

absorption spectra are justified by the presence of

intermediate energy levels [O (2p) and Mo (4d)]

within the gap. The values of Gap are in the range

of 3.03 and 3.23 eV.
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