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CdMoO4 Micro-ellipsoids: Controllable Synthesis, Growth Mechanism, and Photocatalytic 
Activity
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CdMoO4 micro-ellipsoids were synthesized by a simple hydrothermal route with the assistance of 
nonionic surfactant Triton X-100 and characterized by X-ray diffraction, scanning electron microscopy 
and UV-Vis diffuse reflectance spectroscopy. The effects of hydrothermal pH, temperature, and time on 
the morphology and photocatalytic activity of CdMoO4 were investigated. With an initial hydrothermal 
pH of 5.00, CdMoO4 micro-ellipsoids were obtained at 180 °C for 24 h and found to possess the 
highest photocatalytic activity—89% Rhodamine B can be degraded for 30 minutes presented in the 
0.4 g/L CdMoO4 suspension. The formation mechanism of the CdMoO4 micro-ellipsoids was initiated 
by the formation of small nanoparticles and bulk structures afterwards, which was followed by the 
growth of micro-ellipsoids. Experiment results showed that the evolution of the micro-ellipsoids was 
an Ostwald ripening process.
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1. Introduction

The controllable synthesis of microscale and nanoscale 
materials with special morphology, architecture and properties 
have rapidly developed into a promising field in material 
chemistry1-7. Controlling synthesis conditions can generate 
different material structures, and changes in these structure 
directly affect their properties. Therefore, preparing materials 
with special morphologies and illustrating the growth 
mechanisms are particularly interesting, and vice versa, we 
can control synthesis of the required materials once growth 
mechanisms are clear.

Metal molybdates (MMoO4, M=Zn2+, Ni2+, Pb2+, Cd2+, Sr2+, 
et al.), as a kind of novel materials, are attracting increasing 
attention because of their excellent optical and electrical 
properties, high surface energy, numerous active sites, and 
high selectivity8-11, As an important metal molybdate, CdMoO4 
is receiving considerable attention because of its electronic 
excitation with vacuum ultraviolet synchrotron radiation12, 
pressure-induced phase transformations13, and photocatalytic 
activities14,15. Therefore, synthetic methods and conditions 
of cadmium molybdate with high photocatalytic activity 
are significant to explore. Over the last few years, a few 
efforts have been exerted to the exploration some approaches 
to the fabrication of CdMoO4 micro/nanostructures with 
special characters16,17. For example, Khademolhoseini et al.18 
synthesized CdMoO4 with an ultrasonic method and found 
that the size and morphology of the products were greatly 
influenced by the dosage of ultrasonic power. Wang et al.19 

prepared 3D CdMoO4 hierarchical structures from nanoplates 
with enhanced photocatalytic efficiency in the degradation of 
Rhodamine B under ultraviolet (UV) light irradiation. Li et al.20 
introduced Cl- to the hydrothermal process and successfully 
obtained self-assembled CdMoO4 microspheres that were used 
to degrade methylene blue. Li and Gong21 prepared octahedral 
CdMoO4 through different microemulsion systems. Wang et 
al.22 designed a kind of CdMoO4 microspheres with a core-
shell structure and investigated the photocatalytic activity 
and fluorescence properties of the microspheres. Liu et al.23 
synthesized CdMoO4 nanorods with the diameter of 30-50 
nm at a relatively low temperature. 

Based on the above mentioned studies, considerable 
attention has been paid to the controllable synthesis of 
molybdate cadmium with special morphology. However, 
studies on the relationship among the synthesis conditions 
(pH, temperature, and reaction time), morphologies, and 
photocatalytic activity of molybdate cadmium are few. In this 
work, we demonstrated a simple and efficient hydrothermal 
procedure for fabricating micro-ellipsoids CdMoO4 by 
simply reacting ammonium molybdate with cadmium 
nitrate aqueous solution in the presence of Triton X-100. 
Micro-ellipsoids CdMoO4 were selectively prepared by 
adjusting the hydrothermal temperature, reaction time, and 
pH. The photocatalytic activities of CdMoO4 with various 
morphologies synthesized under different conditions were 
comparatively investigated by Rhodamine B (RhB) degradation. 
The growth process of micro-ellipsoids CdMoO4 was also 
investigated in detail.
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2. Experimental

2.1. Materials

Cadmium acetate (Cd(NO3)2•4H2O, AR.), ammonium 
molybdate ((NH4)6Mo7O24•4H2O, AR.) and Triton X-100 
(OP, CP.) were all purchased from Sinopharm Chemical 
Reagent Co. Ltd. without further purification. The water 
used in this experiment was deionized water.

2.2. Preparation of CdMoO4

In a typical synthetic procedure, 14 mL 0.14 mol/L 
Cd(NO3)2•4H2O aqueous solution was completely dropwise 
dispersed in the mixed solution of 14 mL 0.02 mol/L 
(NH4)6Mo7O24•4H2O and Triton X-100 under vigorous 
stirring. Subsequently, the mixed solution was adjusted to 
various pH value (1.73, 3.00, 5.00, 7.00, 9.00, and 11.00) 
with an ammonia solution or nitric acid solution. Then, the 
mixture was transferred into a Teflon-lined stainless steel 
autoclave and heated in the oven according to the setting 
time (1, 4, 8, 12, 16, 20, 24, 36, and 48 h) and temperature 
(25, 50, 70, 80, 100, 140, and 180 oC). Unless otherwise 
stated, the reaction conditions of pH, temperature, and time 
are set at pH=5.00, 180 oC for 24 h. Finally, the resultant 
solid was separated by centrifugation and washed with 
deionized water and ethanol three times and then dried at 
80 °C for 8 h in the air.

2.3. Characterizations

X-ray diffraction (XRD) patterns were collected on 
a Bruker D8 advance X-ray diffractometer with Cu Kα 
radiation (λ=0.15406 nm). The UV-vis diffuse reflectance 
spectroscopy of power solids were carried out by UV-Vis 
spectrophotometer (UV-3100, Japan), made by Japan. The 
morphologies were studied with a JSM-6390LV scanning 
electron microscope (SEM).

2.4. Photocatalytic experiments

Photocatalytic activities were evaluated by the degradation 
of RhB under UV light irradiation of an 18 W mercury 
lamp (average light intensity of 14.5 μW/cm2). In each 
experiment, 20 mg of photocatalysts was added into 50 
mL of RhB solution (1×10-5 mol/L). Before irradiation, the 
suspensions were magnetically stirred in the dark for 30 min 
to achieve the adsorption equilibrium. Then the suspensions 
were exposed to UV light irradiation. At given irradiation 
time intervals, 3 mL of the suspension was collected and 
centrifuged to remove the photocatalyst. The centrifuged 
solution was analyzed by a Nicolet 300 evolution UV-vis 
spectrophotometer, monitoring the characteristic absorption 
peak of RhB at 553 nm.

3. Results and discussion

3.1. XRD analyses of CdMoO4 microcrystals

Figure 1 shows the XRD patterns of CdMoO4 microcrystals. 
Figure 1b-1d show the XRD patterns of various CdMoO4 
products prepared at different hydrothermal temperatures, 
times, and pH values, respectively. All diffraction peaks of the 
XRD patterns (Figure 1b-1d) can be ascribed to tetragonal-
phase CdMoO4 (JCPDS no: 07-0209). The peaks at 29.2°, 
31.9°, 34.8°, 47.9° and 59.0° show an excellent match 
with the (112), (004), (200), (204), (312) crystal planes of 
tetragonal-phase CdMoO4, indicating that all samples were 
tetragonal-phase CdMoO4 (Figure 1a). Figure 1b shows that 
the diffraction peak intensity strengthens and sharpens with 
increased temperature, indicating the crystallinity increases with 
increased temperature and time24,25. Moreover, the diffraction 
peak intensity ratios (I004/I200) of the (004) and (200) crystal 
planes are calculated to be 0.7, 1.9, and 3.6 for the sample 
prepared at 70, 140, and 180 °C, respectively. Therefore, the 
microcrystals undergo special anisotropic growth along the 
c-axis with increased hydrothermal temperature from 70 °C 
to 180 °C26,27. Figure 1c shows that the crystallinity increases 
with increased time, indicating special anisotropic growth 
along the c-axis with prolonged hydrothermal time from 8 
h to 24 h. Figure 1d shows that the crystals’ orientation does 
not significantly change when the pH is changed, but pH has 
an important effect on morphology of CdMoO4 crystals16, as 
also can be investigated in Section 3.2. Thus, crystal-growth 
orientation, morphology and crystallinity can be controlled 
by hydrothermal temperature, reaction time, and pH.

3.2. CdMoO4 morphologies analyses

The SEM images of CdMoO4 products obtained at 
different hydrothermal temperatures for 24 h are shown in 
Figure 2. The hydrothermal temperature significantly affects 
the morphology of products. CdMoO4 microparticles derived 
at 50 °C with an irregular shape can be observed in Figure 
2a. The panoramic view in Figure 2b clearly illustrates that 
CdMoO4 hydrothermally derived at 70 °C mostly consists 
of relatively uniform microspheres with diameters of 2-8 
μm, coexisting with many irregular nanoparticles. One 
individual microsphere, as can be clearly observed from the 
inset in Figure 2b, has a well-defined spherical shape with a 
diameter of ca. 7 μm. Figure 2c shows that the microspheres 
derived at 80 °C possibly consist of aggregations containing 
nanoparticles and nanosheets. Similar rod-like morphologies 
of the products derived at 100 and 140 °C can be clearly 
observed in Figure 2d and 2e, and this finding can be attributed 
to the crushing of microspheres at the higher temperature. 
In the Figure 2f, products with irregular shapes are revealed 
because of agglomeration at 180 °C.
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Figure 1: XRD pattern of the as-prepared CdMoO4 products. (a) JCPDS 07-0209, (b) temperature series at pH=5 for 24 h, (c) time series 
at pH=5 and 180 oC, and (d) pH series at 70 oC for 24 h.

Figure 2: SEM images of CdMoO4 products obtained at pH=5 for 24 h under different hydrothermal temperatures. (a) 50 oC, (b) 70 oC, 
(c) 80 oC, (d) 100 oC, (e) 140 oC, and (f) 180 oC.
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Many researchers reported that CdMoO4 materials have 
been synthesized at a low temperature16,21,22. To obtain CdMoO4 
materials with high crystallinity degree at a relatively benign 
synthetic condition, we synthetized CdMoO4 particles at 180 
°C. Moreover, the growth process of CdMoO4 at 180 °C was 
investigated in this work, SEM images of CdMoO4 products 
obtained at different growth stages at 180 °C are shown in 
Figure 3. After 1 h of hydrothermal reaction, products with 
square pieces are observed (Figure 3a), and the map inset 
is a well-defined square piece with a side length of ~3.6 μm 
and a thickness of ~500 nm. Apparently, the most exposed 
surface of the square piece is the crystal facet. As the reaction 
proceeded, a round pie shape with an average thickness of 
~1.5 μm and diameters ranging within 2-3 μm is observed 
(Figure 3b). When the reaction time is prolonged to 8 h, the 
morphology type is still round pie shape but with an average 
thickness of ~1.2 μm and an average diameter of 3.3 μm 
(Figure 3c). When the reaction time is 1-8 h, morphological 
evolution of the crystal indicates that CdMoO4 grows layer-
by-layer from the sheet structure to round pie shape along the 
c-axis. Therefore, CdMoO4 crystals grow along the c-axis 
perpendicular to the crystal facet, as can be observed from 
the SEM images (Figure 3a-3c). Finally, when the reaction 
time is further extended to 16, 24, even 48 h, regular crystal 
structures began to collapse or even seriously agglomerate, 
as shown in Figure 3d-3f. 

CdMoO4 microcrystals obtained at different pH values 
after hydrothermal treatment at 180 °C for 24 h were carefully 
examined by SEM. At pH 1.73, irregular nanoscale shapes 
are observed (Figure 4a). At pH 3.00, many nanospheres 
exist on the surface of block structures (Figure 4b). At pH 
5.00, the as-prepared CdMoO4 crystallites are well-defined 
micro-ellipsoids 3-5 μm in size (Figure 4c). At pH 7.00, the 

morphology is ellipsoid but many nanoparticles exist on 
their surface (Figure 4d). At pH 9.00, irregular lumps can be 
observed (Figure 4e). “Floccule”-like CdMoO4 crystallites 
appear at pH 11.00 (Figure 4f).

3.3. Optical properties, photocatalytic activities 
and photostability

Optical absorption of the CdMoO4 microparticles 
was measured by using an UV-vis spectrometer. Figure 
5 presents a typical UV-vis diffuse reflectance absorption 
spectra (DRS) of CdMoO4 products. The optical absorption 
of the CdMoO4 microcrystals was nearly the same except the 
sample obtained at pH=11.00 (Figure 5c). All samples show 
a great increase in absorbance with wavelengths lower than 
ca. 380 nm, which indicated that the absorption was not due 
to the transition from the impurity level but was due to the 
band-gap transition28. The sample prepared at pH=11.00 have 
two steep shape, one was the bad-gap transition of CdMoO4, 
the other may be the band-gap transition of Cd(OH)2 

29.
The photocatalytic activities of the samples were 

evaluated by RhB degradation. The photodegradation 
efficiencies of RhB as a function of irradiation time for 
CdMoO4 microcrystals under UV light illumination are 
depicted in Figure 6. At pH=5.00, the product derived at 
180 °C for 24 h showed the best photocatalytic performance 
which can effectively degrade 89% RhB within 30 min. 
Moreover, the photocatalytic activities of CdMoO4 products 
changed obviously with changing reaction temperature and 
time. However, the changes in the photocatalytic activities 
of CdMoO4 products prepared under different pH are not 
significant. It is well-known that the photocatalytic activity 
of catalyst is related to its phase compositions, structures, and 

Figure 3: SEM images of CdMoO4 products obtained at pH=5 and 180 oC for different hydrothermal times at 180 oC. (a) 1 h, (b) 4 h, (c) 
8 h, (d) 16 h, (e) 24 h, and (f) 48 h.
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Figure 4: SEM images of CdMoO4 products obtained for different pH for 24 h at 180 oC. (a) pH=1.73, (b) pH=3.00, (c) pH=5.00, (d) 
pH=7.00, (e) pH=9.00, and (f) pH=11.00. 

Figure 5: UV-vis diffuse reflectance absorption spectra of CdMoO4 products. (a) temperature series at pH=5 for 24 h, (b) time series at 
pH=5 and 180 oC, and (c) pH series at 180 oC for 24 h.
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Figure 6: Photodegradation efficiencies of RhB as a function of irradiation time over CdMoO4 products synthesized under various reaction 
conditions. (a) temperature series at pH=5 for 24 h, (b) time series at pH=5 and 180 oC, (c) pH series at 180 oC for 24 h, and (d) repeated 
experiment of RhB photodegradation over CdMoO4 products.

morphologies, which are greatly influenced by the synthesis 
conditions30-33. It can be noticed that the photocatalytic activities 
of CdMoO4 products are highly related to its crystallinity 
(Figure 1b-1d) except for the CdMoO4 products prepared 
under different pH. Crystallinity has a certain effect on the 
photocatalytic activity. The higher the crystallinity, the fewer 
the bulk defects, and the higher the photocatalytic activity 
is. Therefore, the CdMoO4 products with high crystallinity 
demonstrated excellent photocatalytic activity. On the other 
hand, the morphologies and exposed facets of photocatalyst 
are also important to its photocatalytic activity34-36. Based 
on the results of this study, the photocatalytic activity of 
CdMoO4 is closely related to not only the crystallinity but 
also the facet.

The stability of a photocatalyst is also important 
for its applications. In this work, circulating runs in the 
photodegradation of RhB by CdMoO4 micro-ellipsoids 
are examined under UV irradiation without washing the 
photocatalyst. The photoactivity of CdMoO4 remains at 
78% after 10 recycles of RhB photodegradation, as shown 
in Figure 6d, indicating that the prepared CdMoO4 materials 
have moderate photostability.

3.4. Formation mechanism of CdMoO4 micro-
ellipsoids

The typical SEM images and XRD patterns of CdMoO4 
micro-ellipsoids prepared at 180 °C and pH 5.00 for 24 h are 
shown in Figure 7. The low-magnification SEM images in 
Figure 7a show that the product contains numerous micro-
ellipsoids with a long axis of about 2-6 μm, indicating that 
micro-ellipsoids can be prepared on a large scale by the 
proposed easy method. One individual micro-ellipsoid 
(Figure 7b) is shown to have a well-defined ellipsoid 6 μm 
in size, and this ellipsoid is assembled by a nanotablet ~200 
nm in size. The high-magnification SEM images further 
reveal that these micro-ellipsoids are actually composed 
of many plate-like microcrystals (Figure 7c). The XRD 
pattern of the micro-ellipsoids is displayed in Figure 7d. All 
diffraction peaks can be ascribed to scheelite-type tetragonal 
CdMoO4 (JCPDS No. 07-0209), and no impurity peak can 
be observed, indicating the formation of pure scheelite-type 
tetragonal CdMoO4.

To reveal the growth process of CdMoO4 micro-
ellipsoids, time-dependent experiments were conducted. 
The products were collected at different stages during the 
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Figure 7: Typical SEM images with different magnifications (a-c) and XRD patterns (d) of CdMoO4 products obtained at pH=5.00, 180 
oC for 24 h.

reaction, and then their morphologies were investigated by 
SEM. The evolutionary stages are shown in Figure 8. After 
1 h of hydrothermal reaction, products with microspheres 
and several nanoparticles are observed (Figure 8a). With 
prolonged reaction time to 4 h, only nanoparticles exist 
(Figure 8b); at 8 h, smaller nanoparticles are observed (Figure 
8c). Further increased reaction time leads to the formation 
of bulk structures (Figure 8d), and then micro-ellipsoids are 
observed on the bulks (Figure 8e). Finally, when the reaction 
time is extended to 24 h, micro-ellipsoids were appearing 
(Figure 8f). However, when the reaction time is keeping 
for 48 h, microspheres and several nanoparticles are both 
observed (Figure 8g).

Based on the above observations, a schematic of the 
formation mechanism of CdMoO4 ellipsoids is shown in 
Figure 9. In the first step, a cadmium molybdate crystal 
nucleus forms from molybdate ion and cadmium ions, and 
then an unstable globular structure forms. In the second 
step, this globular structure breaks into nanoparticles. In 
the third step, an irregular polyhedron structure forms at the 
expense of the small particles. In the fourth step, elliptic 
spherical structures grow on the irregular polyhedron, 
so the number of irregular polyhedrons decrease and the 
number of elliptic spherical structures increase. Finally 
micro-ellipsoids form. After a long time, stable spheres 
finally appear. The entire process that the CdMoO4 

crystals undergo is the Ostwald ripening process37-39. This 
spontaneous process occurs because larger particles are 
more energetically favored than smaller particles. The 
formation of many small particles is kinetically favored 
(i.e., they are more easily to nucleate). However, large 
particles are thermodynamically favored because small 
particles have a larger ratio of surface area to volume 
than large particles and are thus easier to produce. The 
competition between thermodynamics and kinetics 
drives the crystal-transformation process. Molecules on 
the surface are energetically less stable than the ones 
already well ordered and packed in the interior. Large 
particles, with their greater ratio of volume to surface 
area, thus have a lower energy state. Hence, many small 
particles attain a lower energy state if transformed into 
large particles. Finally the spheres and particles reach 
the equilibrium state.

4. Conclusions

CdMoO4 micro-ellipsoids were synthesized at an 
initial hydrothermal pH of 5.00 and temperature of 180 
°C for 24 h in the presence of Triton X-100. Comparative 
analysis of different series of CdMoO4 materials reveals 
that hydrothermal temperature and time have a significant 
influence on the photocatalytic activity of CdMoO4 than pH. 
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Figure 8: SEM images of CdMoO4 products obtained at different hydrothermal times at pH=5.00, 180 oC. (a) 1 h, (b) 4 h, (c) 8 h, (d) 16 
h, (e) 20 h, (f) 24 h, and (g) 48 h.

Figure 9: Schematic illustration of the growth process of CdMoO4 micro-ellipsoids.

The crystal facet and crystallinity of CdMoO4 play a key 
part in its photocatalytic activity. Moreover, the formation 
mechanism of CdMoO4 micro-ellipsoids was investigated, 
which is related to an Ostwald ripening process. Notably, the 

CdMoO4 micro-ellipsoids exhibit excellent photocatalytic 
activity for RhB degradation. This work may demonstrate 
a general method for synthesizing other photocatalytic 
materials with special morphology.
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