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Nano powders of CaMoO4 were synthesized by using the precipitation method, and the obtained
powders were dried inside a vacuum oven at 120 ◦C. The phases of powders were analyzed by using
X-ray diffraction (XRD), which revealed that CaMoO4 was free from any extra phases. The surface
morphologies of the powders were studied by using transmission electron microscopy (TEM), and
the average particle sizes were quite small, being in the range of 7 nm. The optical properties were
characterized by using ultraviolet-visible (UV-vis) absorption spectroscopy and the optical energy
band gap was found to be 5.51 eV. The fluorescence decay time and the luminescence spectrum of
the sample were measured under the excitation by Laser (266 nm), X-ray and proton sources. The
obtained results were compared with the CaMoO4 bulk crystal and sintered powder obtained from
the solid state reaction.
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I. INTRODUCTION

The molybdates with the general formula AMoO4

(A = Ca, Ba, Pb, Li, Zn, Sr) and double molyb-
dates of Na2Mo2O7, Cs2Mo2O7, and Li2Zn2(MoO4)3
have great applications as luminescent materials, scin-
tillators, solid state optical lasers, optical fibers, cata-
lysts, light-emitting diodes, magnetic materials, Raman
lasers, negative Li-ion batteries and cryogenic scintillat-
ing detectors for detecting double beta decay of 100Mo
[1–9]. Among the molybdates contained scintillator cal-
cium molybdate is more popular owing to its higher scin-
tillator efficiency at room and cryogenic temperatures
[10,11]. The CaMoO4 compound belongs to the scheel-
ite family and have a tetragonal structure with space
group I41/a [12,13]. In this type of structure, a regu-
lar tetrahedron MoO4 cluster is formed by surrounding
each molybdate molecule with four oxygen atoms, and
dodecahedron cluster of CaO8 are formed by connecting
each calcium atom with eight oxygen atom. These two
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clusters are connected via common vertices [14].
In recent years, scientists have been attracted towards

nanomaterials because of their noteworthy properties,
which are entirely different from the bulk properties.
Various methods, such as the solid-state reaction [15],
microwave-hydrothermal [16], ionic liquid -assisted pro-
cess [17], citrate complex [16], proton beam irradiation
[18], sol-gel [19], laser ablation [20], ultrasound [21], hy-
drothermal [22], chemical deposition [23], precipitation
[24], Czochralski [25] and co-precipitation [26] methods,
have been reported for the preparation of nanopraticles
of CaMoO4. The materials synthesized by these dif-
ferent techniques possess different morphologies such as
nanowires, spheres, cylinders, dumbbells and flower-like
structures. Controlling the shape and the size of the
nanomaterials helps to optimize the catalytic applica-
bility and reduces the cost of the material [27]. Thus,
changing the morphology of the synthesize nanocrystals
and further controlling their properties are great chal-
lenges.
Controlling the surface structure and the morphology

is a complex and difficult task that depends greatly on
the crystal synthesis method, the crystals internal struc-
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tures, and the external growth conditions, such as the
concentration of the constituents, surfactants, additives,
solvents and so on [28]. The CaMoO4 nano-powders
prepared by using different techniques, all have their
own pros and corns. Some synthesized methods need
long time for preparation while the particle size and the
morphology are relatively large and irregular with some
preparation technique. Moreover some techniques need
high electric power while some are not ecofriendly. In this
work, the nano-crystalline CaMoO4 powder prepared by
using the precipitation technique at room temperature
is presented. The powder was prepared without suc-
cessive calcinations at high temperatures and compara-
tively, this process is not very complicated and requires
little energy. The phase of the samples was confirmed by
using XRD analysis. The luminescence spectroscopy was
carried out at room temperature under the excitation of
X-ray, proton, and ultraviolet-visible light sources.

II. MATERIALS AND METHODS

1. Synthesis of CaMoO4 powders

The chemicals used for the synthesis of the CaMoO4

powders were MoO3 powder (Alfa-Aesar 99.95%),
NH4OH (Sigma Aldrich ∼25%), CaCO3 (Alfa-Aesar
99.95%), HNO3 (Alfa-Aesar 65%), and HCl (Alfa-Aesar
30%). A wet chemistry technique with the precipitation
process was used for the preparation of the CaMoO4

compounds. Liquid ammonium hydroxide (NH4OH)
were used for controlling the pH of the solution how-
ever, for an alkaline solution, hydrochloric/nitric acid
were used.

First, 0.83 moles of MoO3 powder were completely dis-
solved in diluted ammonia, and its pH was adjusted to
9. The impurity in the solution was filtered out by using
∼0.4-μm-size filter paper. The obtained filtered ammo-
nium molybdate (NH4)2MoO4 solution was neutralized
with hydrochloric acid (HCl). During the neutraliza-
tion process a precipitate of poly ammonium molybdate
(PAM) was formed at pH 2 and filtered out under vac-
uum. The resultant PAM was again dissolved in NH4OH
to obtain a (NH4)2MoO4 solution, and its pH was ad-
justed to 7. In the next stage, 0.83 moles of CaCO3

powder were dissolved in HNO3 solution, and its pH
was adjusted to 1.5. The obtained solution was passed
through the sorbent MDM (manganese di-oxide) packed
into a column at a flow rate of 120 ± 5 ml/hr by using
a peristaltic pump. The pH of the purified Ca(NO3)2
solution was adjusted to 7.

The purified MoO3 compound in the form of the
(NH4)2MoO4 solution and the CaCO3 in the form of the
Ca(NO3)2 solution were mixed together with constant
stirring by using a magnetic impeller. While mixing, a
precipitate of the CaMoO4 compound was formed, which

was filtered under vacuum and washed with Millipore Di-
water. The final product was dried in a vacuum oven at
120 ◦C for 5 hours.

2. Instrumental analysis

The powder X-ray diffraction (XRD) analysis of the
prepared sample was carried out using a Philips XPERT-
MED X-ray diffractometer in the 2θ range from 10◦–80◦.
Copper (Cu Kα1) with a radiation wavelength of 0.154
nm was used as the anode material, and the scanning
step size were 0.02◦ and the scanning rate were 3.5 sec
per step. The current and the voltage of the generator
were 30 mA and 40 kV, respectively. The obtained data
were analyzed with the window-based PANanalytical-
HighScore Plus software. The TEM and the selected
area electron diffraction (SAED) patterns were recorded
in a TEM, JEOL, JEM-2100F system (Japan) at an ac-
celerating voltage of 200 kV. For preparation of the TEM
sample a colloidal suspension of CaMoO4 in ethanol was
dropped to a gold-coated TEM grid and was dried for
several hours. The emission spectra of the samples were
obtained by exciting the sample with proton and X-
ray sources. The proton-induced emission spectrum was
measured at the Korea Multipurpose Accelerator Com-
plex (KOMAC) [http://www.komac.re.kr/]. An X-ray
tube with (DRGEM Co.) a tungsten anode was used
as an X-ray source in order to stimulate the sample
source to obtain emission spectrum. The spectrum from
the sample was recorded on a personal computer by us-
ing a spectrometer (QE65000, Ocean Optics) for wave-
lengths ranging from 200 to 1000 nm. Absorption spectra
were measured by using a UV visible spectrophotometer
(V-650, Jasco). A photomultiplier tube (Hamamastu,
R6233-100) and a 600-MS/s oscilloscope from LeCroy
WaveRunner 64Xi-A was used for measuring the fluores-
cence decay time using a 266 nm Laser as the excitation
source. All measurements were carried out at room tem-
perature.

III. RESULTS AND DISCUSSION

1. Powder X-ray diffraction

Figure 1 shows the XRD pattern for the obtained
CaMoO4 nano-crystalline powders. The result is com-
pared with the reference data and with the data for sin-
tered CaMoO4 powder obtained by using the solid state
reaction between the CaCO3 and the MoO3 compounds.
The Bragg diffraction peaks of the nano and the sintered
CaMoO4 powders were matched the powellite structure
of CaMoO4 (ICSD 98-002-3699) well and had no any ex-
tra phases of Ca, CaO, CaCO3, Mo, and MoO3; and
all peaks were well indexed. The XRD analysis revealed
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Fig. 1. (Color online) X-ray diffraction patterns of the
CaMoO4 powders: (a) nano powder obtained by using the
precipitation method, (b) sintered powder obtained by using
the solid state reaction, and (c) reference XRD patterns.

that the samples had an tetragonal structure with space
group I41/a. The lattice parameters of the crystals were
a = b = 5.226 Å, c = 11.430 Å and α = β = γ = 90◦.
The broad peak in Fig. 1(a) indicates that the synthe-
sized powder had formations of very small nano-particles
[29].

2. TEM and SAED analysis

The particle size, morphology and crystallinity of the
synthesized powder were detected by using TEM and
SAED analysis and the results are shown in Figs. 2(a),
2(b), 2(c), and 2(d). Figure 2(a) shows that almost all
the particles were in clusters with a homogeneous dis-
tribution of nanocrystals with a dark appearance. The
particles were not very spherical in shape, so the av-
erage sizes of the particle were calculated as shown in
Fig. 2(b). The particle size distribution was analyzed
statically by randomly measuring 140 particles obtained
from the TEM image, and the sizes varies from 2.5 to 13
nm. An illustrative histogram of the particle sizes ob-
tained from the TEM image and a Gaussian fitting are
shown in Fig. 2(d). From the Gaussian fitting, the aver-
age particle size were ∼7 nm with a standard deviation of

Fig. 2. (Color online) TEM image of CaMoO4 nanopar-
ticles prepared using co-precipitation methods (a) image of
cluster of CaMoO4 nano powder, (b) single particle size im-
age with a scale of 5 nm, (c) SAED image of the nano-powder,
and (d) average particle size calculation with histogram dia-
gram (Avg = average and SD = standard deviation).

2.8 nm. The SAED results for the whole microsphere are
further illustrated in Fig. 2(c). The SAED pattern shows
regular diffraction spots, which reveals a well-defined sin-
gle crystal. The SAED pattern result is consistent with
the XRD result, which has sharp and strong diffraction
peaks, indicating good crystallinity.

3. UV-Vis-NIR spectral analysis

The absorption spectrum of the synthesized nano-
powder and the sintered power are shown in Fig. 3(a)
and 3(b), respectively, which were measured by dispers-
ing it in ethanol. Due to the formation of a stable col-
loidal suspension, a sharp absorption peak is observed
in the UV region for the CaMoO4 nano-powder. On the
other hand no clear sharp absorption peak is observed in
the sintered powder. An absorption edge near ∼265 nm
and ∼260 nm was observed in the CaMoO4 nano-powder
and the sintered powder, respectively, which is very near
to the absorption band reported in [20]. Moreover, the
value presented in Refs. 30 and 31 is ∼7 nm red-shifted
compared to our presented value.
The optical energy band gap (Egap) was estimated us-

ing the relation given by Wood and Tauc [32]. According
to them, the energy band gap is associated with the ab-
sorption coefficient and photon energy and is given by

αhν = A(hν − Egap)
n, (1)
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Table 1. Comparison result of the optical energy band gap of CaMoO4 obtained in this work and the reported results in the
different research for different synthesis techniques.

Method Shape T (◦C) Time (hour) Egap (eV) Reference

CP Nano powders 400 2 5.09 [13]

CP Nano powders 500 2 4.87 [13]

CP Nano powders 600 2 5.18 [13]

CP Nano powders 700 2 5.16 [13]

PLA Nano particles 900 3 4.70 [20]

CZ Crystal 1400 24 5 [39]

PP Spherical 450 4 2.90 [40]

P Nano powder 150 2 5.51 [This work]

SSR polycrystalline 1100 24 5.43 [This work]

CP: complex polymerization, CZ: czochralski, PPA: pulsed laser ablation; PP: polymeric precursor; P: co-precipitation,
SSR: solid state reaction, T: temperature.

Fig. 3. (Color online) (a) UV-visible absorption spectrum
of the prepared CaMoO4 nano-powder the inset show a plot of
(αhν)2 versus photon energy (hν) (b) UV-visible absorption
spectrum of the sintered CaMoO4 powder, the inset show a
plot of (αhν)2 versus photon energy (hν).

where α is the absorbance coefficient, h is the Planck
constant, ν is the frequency, A is some constant, Egap is
the optical energy band gap and n is an index value. The

index n has different values associated with the different
types of electronic transitions where n = 1/2, 2, 3/2,
or 3 corresponding to direct allowed, indirect allowed,
direct forbidden, and indirect forbidden transitions, re-
spectively. The optical absorption process in molybdates
has direct electronic transitions, are reported in Ref. 33.
According to this phenomenon, the electronic charges in
the valence band maximum (VMB) go to the conduc-
tion band minimum (CMB) after an absorption process.
This process always occurs in the region of the Brillouin
zone [34]. Based on this explanation, we calculated the
optical energy band gap of the CaMoO4 compound by
taking, n = 1/2 in Eq. (1), for a direct electronic transi-
tion. The energy band gap of the CaMoO4 nano-powder
and sintered powders are shown in the insets of Figs. 3(a)
and 3(b), respectively. The optical energy band gaps ob-
tained in this work are compared with other results in
Table 1. The variation of Egap in a different work might
be due to the presence of different defect densities in the
CaMoO4 powders prepared by using different techniques
[13].

4. Luminescence properties

A. X-ray induced luminescence

The X-ray induced radioluminescence of the CaMoO4

bulk crystal; sintered powder and nano-powder are
shown in Fig. 4. All the samples were measured under
same conditions with an X-ray source energy of 2 mA
current and a 100 kV voltage. The broad band emis-
sion spectrum ranges from 385 to 900 nm and 410 to
840 nm for the CaMoO4 bulk crystal and nano-powder,
respectively. The maximum emission peak for both ma-
terials appeared at ∼525 nm, which is in agreement with
the result reported in Ref. 20. However, in case of sin-
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Fig. 4. (Color online) X-ray induced emission spectrum of
the CaMoO4 nano-powder, the sintered powder and the bulk
crystal.

Fig. 5. (Color online) Emission spectra of the CaMoO4

nano-powder and sintered powder under excitation using pro-
ton source.

tered powder, the emission peak located is ∼570 nm lit-
tle shifted to the red-wavelength region. The emission
from the CaMoO4 compound is attributed to the charge-
transfer transitions within the MoO2−

4 complex ions [35]
via a multiphonon and multilevel process. In this mecha-
nism a relaxation process occurs by several paths involv-
ing the participation of numerous states within the band
gap of the material [36]. In addition, the peak intensity of
the CaMoO4 nano-particle is noticeably weaker than the
sintered powder and the bulk crystal. The peak inten-
sity strongly depends on the size, shape and distribution
of the particles in the bulk material. Moreover, lessen-
ing the number of surface defects improves the lumines-
cence intensity [17]. However, the samples have similar
morphological structures the homogenized particle must

Fig. 6. (Color online) Decay time spectra of the CaMoO4

nano-powder, sintered powder and bulk crystal using a 266-
nm laser source.

be favorable for enhancing the luminescent characteris-
tics because of less contamination or few defects on the
phosphor surface [37]. The relatively low luminescence
intensity of the nano-powder might be due to the less
homogenous particle morphology of the compound.

B. Proton induced luminescence

The proton induced emission spectra of the CaMoO4

nano and sintered powders were obtained, and the result
are shown in Fig. 5. In order to stimulate the sample,
we injected a 100 MeV (voltage), 10 nA (current) beam
for 8 sec. The samples responded well to the the proton
source. The emission peaks of the CaMoO4 nano and
sintered powders are 535 nm and 555 nm, respectively.
There is a slight shift in the emission peak in compar-
ison to X-ray induced emission which might be due to
the different energy source. However, when the spec-
trometer difference and the systematics caused by that
are considered, they are consistent each other.

C. Luminescence decay time

Figure 6 shows the fluorescence lifetimes of the sam-
ples (CaMoO4 bulk crystal, nano-powder and sintered
powder) investigated by using a laser (266 nm) as the
excitation source. The decay time is fitted with one, two
and three exponential decay functions for the CaMoO4

bulk crystal, sintered powder and nano-powder, respec-
tively. The decay time of the CaMoO4 bulk crystal was
found to be 14 μs, which is in agreement with the value
report in Ref. 38. The bi- and tri exponential lumines-
cence decay for the sintered and the nano powder are
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Table 2. Decay time of the CaMoO4 nano-powder, sintered powder and bulk crystal. A laser source having wavelength of
266 nm was used as the excitation energy.

Material
Decay Time (τ in μs) Average Decay

Fast Medium Slow time (μs)

Bulk Crystal - - 14 (100%) 14

Sintered Powder 5.47 (70%) - 15.60 (30%) 11

Nano-powder 0.58 (25%) 3.73 (42%) 11.13 (33%) 9

fitted with the following equation:

I(t) = A1 exp

(
− t

τ1

)
+A2 exp

(
− t

τ2

)
,

(For bi-exponential fitting) (2)

I(t) = A1 exp

(
− t

τ1

)
+A2 exp

(
− t

τ2

)

+A3 exp

(
− t

τ3

)
,

(For tri-exponential fitting) (3)

where I is the luminescence intensity at any time t, and
τ1, τ2, and τ3 are the fast, intermediate and slow com-
ponent decay times, respectively, with respective fitting
parameters of A1, A2, and A3. Table 2 shows a lifetime
comparison for the CaMoO4 bulk crystal, nano-powder
and sintered powder. The average lifetime is calculated
by using the equation,

τ =
A1τ

2
1 +A2τ

2
2 +A3τ

3
3

A1τ1 +A2τ2 +A3τ3
. (4)

The average lifetime of the CaMoO4 sintered powder is
a little longer (∼11 μs) than that of the nano-powder
(∼9 μs). A correlation is seen between the luminescence
intensity (light yield) and the decay time of these com-
pounds. The highest light yield material (CaMoO4 bulk
crystal) has the longest decay time (14 μs), the dimmest
material (CaMoO4 nano-powder) has the shortest decay
time (∼9 μs), and the sintered powder has an interme-
diate light yield and decay time (∼11 μs).

IV. CONCLUSION

The nano-powder of the CaMoO4 compound was syn-
thesized by using a wet-chemistry technique. The ob-
tained powder had good crystallinity, which was con-
firmed by the XRD analysis and the SAED image. The
particle size of the compound was in the range of ∼7 nm.
The optical energy band gap of the nano-powder was
5.51 eV. The emission spectrum of the CaMoO4 nano-
powder was determined by exciting the sample with X-
ray and proton beam sources. The emission peaks for
the X-ray and the proton sources were ∼525 nm and

∼535 nm, respectively. The fluorescence decay time of
the nano-powder was obtained as 9 μs, which is shorter
than that of the sintered CaMoO4 powder (∼11 μs) and
that of the bulk single crystal (∼14 μs). In the future
this synthesizing technique might be applied to obtain
nano structure powders for other types of compounds.
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