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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

� Molybdenum oxide layers were formed 
by anodization of the Mo metallic foil. 
� The photoactive material was synthe-

sized directly on the electricity conduc-
tive substrate. 
� The photoactivity of MoO3 was tested 

during a photocatalytic process of MB 
decomposition.  
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A B S T R A C T   

Molybdenum oxide layers were formed by anodization of the Mo metallic foil in a water/ethylene glycol-based 
electrolyte containing fluoride ions. The as-prepared, amorphous samples were annealed in air at different 
temperatures in a range from 100 �C to 700 �C. The crystal phase and morphology of anodized and annealed 
MoO3 layers were investigated using X-ray diffraction, Raman spectroscopy, and scanning electron microscopy. 
The photoactivity of obtained materials was tested during a photocatalytic process of methylene blue (MB) 
decomposition. The increase of annealing temperature led to the production of films characterized by improved 
photocatalytic properties, with maximum photocatalytic efficiency observed for MoO3 annealed at 600 �C. The 
studies on the use of MoO3 as a photoelectrocatalyst for degradation of dye were performed. Furthermore, the 
photocatalytic activity of the MoO3 annealed at 600 �C was investigated during a photodegradation of diclofenac 
acting as a model pharmaceutical compound.   

1. Introduction 

Ever since photocatalytic water splitting has been discovered by 
Fujishima and Honda in 1972 [1], researchers have been investigating 
numerous materials as potential photoelectrocatalysts for efficient water 

splitting devices. Further investigation revealed that a similar process 
can be applied to decompose organic compounds, for the purpose of 
dealing with the problem of pollution [2]. Metal oxides are among the 
most extensively tested types of semiconductors for this exact purpose, 
mainly because of their general photochemical stability, and relatively 
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easy methods of preparation. So far many of the studies have been 
focused on titanium dioxide because of its nontoxicity, chemical pho-
tostability, as well as very cheap and easy synthesis methods. Unfortu-
nately, because of the 3.2 eV bandgap, TiO2 is active only under UV 
illumination, which contributes barely about 4% of the total solar en-
ergy reaching the Earth’s surface [3]. Thus, finding a material with 
stability similar to TiO2, exhibiting a narrower band gap and high 
photoactivity under visible light illumination, in order to use natural 
solar light for excitation is considered as a milestone in the renewable 
energy sector. 

Molybdenum trioxide (MoO3) is one of the several metal oxide 
semiconductors which is already considered as the promising candidate 
for replacing TiO2. The molybdenum trioxide, as an n-type semi-
conductor, is one of the most intriguing transition metal oxides [4,5]. 
Over the past decades, MoO3 has been widely investigated due to its 
properties like electrochromism [6,7], gasochromism [8], photochro-
mism [7,9,10], photocatalytic performance [11] and capacitive 
behavior [12]. There are several well-developed processes and synthesis 
methods of MoO3 that lead to various morphologies of this metal oxide. 
For most applications, MoO3 is obtained by either the wet chemistry 
method approach [8], or by using molten salts synthesis [13]. 

In this work, we used a relatively simple electrochemical method of 
molybdenum metal anodization in an electrolyte containing fluoride 
complexing ions. The anodic oxide layers electrosynthesized in an 
electrolyte based on the water/ethylene glycol mixture are amorphous, 
non-photoactive in its pristine as received form. These layers can be 
transformed into crystalline phases by annealing in an air atmosphere as 
reported in our previous work devoted to studying photoelectrocatalytic 
and catalytic behavior of MoO3 films in aqueous media [14]. It has been 
proven that crystal orientation has a significant influence on the cata-
lytic activity of the MoO3 surface. The hydroxyl radicals were identified 
as the most reactive oxidative species produced under solar light irra-
diation. However, optimization of the production conditions for the 
most active films is still highly desirable. In order to investigate the ef-
fect of annealing temperature on the morphology, crystalline structure, 
and especially photocatalytic properties of molybdenum oxide layers, 
the as-prepared anodic samples were annealed in air at different tem-
peratures in the range from 100 �C to 700 �C. The proposed preparation 
procedure led to a deposition of photoactive layer on the conductive 
substrate, thus Mo/MoO3 photoelectrodes could be used in electro-
chemically assisted photocatalytic degradation of organic dye, namely 
methylene blue (MB). Photocatalytic decolorization of MB tests were 
implemented as a tool for the determination of the best photocatalysts 
among produced films. Next, the material that exhibited the best pho-
tocatalytic properties was used for the photodecomposition of diclofe-
nac. Diclofenac is a nonsteroidal anti-inflammatory drug of the 
phenylacetic acid class [15]. In general, pharmaceutical compounds 
belong to the most hazardous emerging pollutants in water areas [16]. 
These compounds can be retained into the water cycle virtually 
endlessly, thus, innovative solutions of pollution degradation are 
required, such as the advanced oxidation processes. Among them, 
photocatalytic and photoelectrocatalytic processes appear to be 
eco-friendly, giving satisfactory removal efficiencies if they are used in a 
proper manner. In these studies, we elaborated optimized method of 
MoO3 synthesis leading to the formation of most photoactive layers. The 
morphology and crystal structure of those layers was controlled by 
applying different annealing temperatures. Obtained films of MoO3 on 
Mo substrates exhibited photocatalytical activity towards degradation of 
methylene blue and diclofenac. It was proven, that electrochemically 
assisted process of pollutant degradation may significantly enhance the 
rate of photodecomposition. 

2. Experimental 

2.1. Synthesis 

Molybdenum trioxide layers were prepared by electrochemical 
anodization of a Mo plate (Sigma Aldrich, 99.997%) in the solution with 
the source of fluorine ions acting as complexing agents. Prior to anod-
ization, molybdenum sheets were ultrasonically cleaned in acetone, 
ethanol, and water (for 10 min in each solvent) and dried under a stream 
of cold air. The procedure that leads to the formation of MoO3 was 
described in our previous reports [14]. The anodization process was 
performed in a two-electrode configuration, where a Mo plate served as 
an anode and a platinum rectangular mesh as a cathode (~50 cm2). The 
distance between the electrodes was kept constant at 2.5 cm. The geo-
metric area of the Mo plate was 2.5 cm2. Anodization process took place 
in the electrolyte containing 0.5 M H3PO4 in 5%/95% vol/vol 
water-ethylene glycol solution with 0.1 M NH4F. The voltage of 40 V was 
applied for 0.5 h and then 20 V for 1.5 h. The whole anodization process 
took place in a cell with the cooling jacket that kept the constant tem-
perature at 23 �C (�1 �C) using a thermostat (Julabo F-12). 

Finally, the prepared samples were cleaned using an ultrasonic bath 
in deionized water and thermally annealed at different temperatures 
between 100 and 700 �C in the air atmosphere for 2 h, with a heating 
rate of 2 �C min� 1. 

The surface morphology was examined using scanning electron mi-
croscopy (SU3500, Hitachi). The UV–vis reflectance spectra of MoO3 
were measured with a dual beam UV–vis spectrophotometer (Lambda 
35, PerkinElmer) equipped with a diffuse reflectance accessory. The 
spectra were registered in a range of 200–800 nm, with a scanning speed 
of 120 nm min� 1. Bandgap energy values were determined as the 
intercept of the tangent of the plot of transformation of the Kubel-
ka–Munk function (KM0.5Ef

0.5) vs. photon energy, where KM ¼ (1R)2/ 
2R, R – reflectance. The index 0.5 is characteristic for materials char-
acterized by indirect electron transition, including MoO3 [13,17]. This 
method is commonly used for energy band gap determination of mate-
rials in a form of thick layers or grown on opaque substrates. The XPS 
measurements were performed using an Argus Omicron NanoTech-
nology X-ray photoelectron spectrometer. The photoelectrons were 
excited by an Mg–Kα X-ray source. The X-ray anode was operated at 15 
keV and 300 W. XPS measurements were performed at room tempera-
ture under ultra-high vacuum conditions, with pressure below 1.1 �
10� 8 mbar. Data analysis was performed with the CASA XPS software 
package using Shirley background subtraction and a least-squares 
Gaussian–Lorentzian curve fitting algorithm. Obtained spectra were 
calibrated to give binding energy of 84 eV for Au4f. Raman spectra were 
recorded by a confocal micro-Raman spectrometer (InVia, Renishaw) 
with sample excitation, by means of an argon ion laser emitting at 514 
nm and operating at 5% of its total power (50 mW). Crystal structure of 
the obtained films were also determined by x-ray diffraction (XRD), 
using X-ray diffractometer (Xpert PRO-MPD, Philips) with copper Kα 
radiation (λ ¼ 1.5404 Å). The photocatalytic tests were performed using 
150 W solar simulator (LOT Quantum Design, LS0500/1) with AM1.5 
filter and light intensity reaching the sample equals to 100 mW cm� 2. 
The photocatalytic activity of samples with a geometric area of 1 cm2 

was evaluated throughout the degradation of methylene blue (MB) 
aqueous solution (50 mL) with an initial concentration of 10 μM. The 
photoelectrocatalytic performance of Mo/MoO3 was tested in a 
three-electrode cell equipped with a quartz window. The Ag/AgCl (3 M 
KCl) and Pt mesh act as reference and counter electrode, respectively. 
The potential was applied and controlled using Autolab system (PGSTAT 
204). The electrochemically assisted process was performed on 75 mL of 
MB solution (10 μM) in 0.2 M K2SO4 (pH ¼ 2). The concentration of 
remaining MB was controlled by absorbance measurement at λ ¼ 662 
nm wavelength (maximum of MB absorbance) using the UV–Vis spec-
trophotometer model UV5100 (Metash). In addition, the photocatalytic 
activity of the MoO3 annealed at 600 �C was investigated during a 
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photodecomposition of diclofenac (in a form of sodium salt and initial 
concentration of 10 mg/L) in an aqueous solution. The photocatalyst 
was kept in the dark in 50 mL of diclofenac solution for 30 min to reach 
the adsorption/desorption equilibrium. The efficiency of diclofenac 
degradation was determined on the basis on total organic carbon (TOC) 
(using a Shimazu TOC analyzer model 5050 A). 

3. Results and discussion 

3.1. Morphology and optical properties 

SEM images of the electrochemically obtained MoO3 films before 
calcination, as well as calcinated are presented in Fig. 1. The film covers 
uniformly the entire area of the substrate, however different morphol-
ogies are observed for samples obtained at different calcination tem-
peratures. The bare Mo foil surface before anodization is shown for 
comparison. The anodized film surface is characterized by the presence 
of an amorphous molybdenum oxide layer, with no regular, structures 
present on the surface. Annealing in the 100 �C–300 �C range does not 
create any distinctive ordered structures on the surface. One may found 
rather negligible differences in samples morphology at mentioned above 
temperature range. The first crystallites of characteristic morphology 
were seen for material thermally treated at 400 �C. Further temperature 
increase above 400 �C led to the formation of regular structures of 
around 1 μm length. The clear evidence of crystalline structure forma-
tion was observed after annealing at 500 �C, with the presence of small 
orthorhombic crystals, typical of MoO3. Further increase in annealing 
temperature caused significant crystal growth, with crystal sizes of 
approx. 3 � 1 μm, and 30 � 10 μm for the 600 �C and 700 �C, 
respectively. 

The morphology of the material obtained at 700 �C is less ordered 
compared to the material obtained at 500 �C and 600 �C. 

The UV–Vis spectra of investigated samples were measured in order 
to study their optical properties (Fig. 2). Spectra of the samples annealed 
at low temperatures (100–200 �C) exhibit maximum absorption at the 
UV range, but there is no clear absorption edge. The shape of the ab-
sorption spectra is closely related to the crystallinity of the samples. 
Higher temperatures of annealing and the formation of the crystal phase 
cause that the spectra show the sharp absorption edge associated with 
the presence of a energy gap, which can be estimated at ~2.8 eV (~440 
nm) for sample annealed at 400, 500 �C. The value is in an good 
agreement with previously reported data [13,17]. Examples of 
Kubelki-Munk functions are shown in Fig. S1 in supplementary infor-
mation. Interestingly, the UV–Vis spectrum of the sample annealed at 
600 �C is characterized by high absorption even at higher wavelengths. 
The extended absorption is consistent with the changes of sample color 
from gray to black (photograph is shown in the inset of Fig. 2c) for this 
material. It is beneficial for the materials that we want to use in the 
photocatalytical applications. The observed effect may be related to the 
specific morphology of obtained MoO3. 

However, molybdenum substrate can act as a reducer and the ther-
mal reduction of MoO3 near metallic substrate should be also taken into 
account. Thus, XPS measurements have been performed in order to 
investigate surface composition of the investigated samples. As it is 
shown in Fig. S2, sample annealed at 600 �C except of Mo(VI) charac-
teristic for MoO3 contains reduced Mo centers responsible for the ab-
sorption at visible range of radiation. The similar effect has been already 
reported for thermally treated TiO2 (black TiO2) and was assigned to the 
presence of Ti3þ and oxygen vacancies with trapped electrons [18]. The 
effect of Mo(VI) reduction is not detected using surface sensitive XPS 

Fig. 1. The SEM images of Mo foil, MoO3 surface after anodization, and annealed in the 100 �C–700 �C range.  
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spectrum of the sample annealed at 700 �C. However, the enhanced 
absorption at lower energies and shift of the energy bang gap towards 
higher wavelengths is clearly observed, proving that thermal reduction 
occurs at high temperatures. 

3.2. Structure 

As it is shown in the Raman spectra (Fig. 3), the thermal treatment at 
500 �C or higher is crucial to obtain the molybdenum oxide of the or-
dered crystal structure (α-MoO3). The Raman spectra showed that 
temperatures up to 300 �C were insufficient for MoO3 to reach the phase 
transition from amorphous to the crystal structure. However, at 300 �C, 
a low intensity band at around 815 cm� 1 can be observed. Also, the 
sample annealed at 400 �C exhibited only short-range ordering seen as 
the set of bands on the Raman spectrum. The crystalline MoO3 was 
obtained at temperatures higher than 400 �C and can be distinguished 
by the main band seen at 818 cm� 1 caused by doubly coordinated 

bridging oxygen (Mo2 – O) stretching mode [13]. Another maximum, 
detected at 996 cm� 1, is attributed to terminal oxygen stretching vi-
brations (Mo ¼ O) [9]. The third peak at 665 cm� 1 is assigned to triply 
coordinated bridging oxygen (Mo3 - O) stretching mode of α-MoO3 [9]. 
The bands that are seen below 400 cm� 1 might be attributed to various 
bending vibrations and lattice modes of α-MoO3. 

To examine the long-range order, XRD analysis was conducted for 
the obtained samples (Fig. 4). For samples calcinated at temperatures 
below 300 �C, XRD patterns did not show any reflections confirming the 
presence of crystalline structures of MoO3. The only signal recorded at 
58� was attributed to the metallic molybdenum substrate. In the pattern 
of the sample annealed at 300 �C a small reflection at 27.5� is present 
(Fig. 4b). This reflection corresponds to the (021) plane of the ortho-
rhombic MoO3. This indicates that the first crystallites of molybdenum 
oxide form at this temperature. These results agree with conclusions 
obtained from the interpretation of Raman spectra for the temperature 
range from 100 to 400 �C. 

Clearly seen reflections showing the formation of crystalline struc-
tures were identified for the sample calcinated at 400 �C. The main re-
flections at 23.3�, 45.7�, and 46.3� are characteristic of the (110), (200), 
and (210) planes of the orthorhombic MoO3, respectively. In the pattern 
of polycrystalline MoO3, shown in the reference pattern of MoO3 
(Crystallography open database - COD 9014987), the (021) reflections 
should have the highest intensity, whereas these of the (110), (200), and 
(210) planes should be much lower. The high intensity of the (110), 
(200), and (210) reflections suggests anisotropic growth of crystals on 
the pre-anodized Mo foil. It is consistent with previously reported data 
[14,15]. The anisotropy increases with increasing annealing tempera-
ture and is the highest in the α-MoO3 thin film obtained at 600 �C. Such 
an effect was already reported in [14,19], and is crucial in terms of 
photocatalytic activity. In the XRD pattern of the sample annealed at 
700 �C, apart from the reflections characteristic of the orthorhombic 
MoO3, other reflections are present. They correspond to the monoclinic 
β-MoO3 [20]. Forming of the metastable monoclinic polymorph may be 
caused by strain induced by solid-state crystallization. Raman spectra of 
the sample annealed at 700 �C do not differ from these obtained at 500 

Fig. 2. a) and b) Absorbance spectra of obtained materials. c) Photograph of MoO3 samples annealed in 400–700 �C temperature range.  

Fig. 3. Raman spectra of MoO3 samples annealed in 100–700 �C tempera-
ture range. 
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�C and 600 �C, because Raman spectroscopy is a surface sensitive 
technique that depends on scattering which gives vibrational changes 
due to defects/vacancies present on the surface of the material. It should 
be also noted that the reflection seen at 58�, which corresponds to the 
Mo metallic support, is very high in the case of the samples annealed at 
temperature between 100 �C and 500 �C, whereas for the samples 
annealed at 600 �C and 700 �C it can hardly be seen. It is related to the 
formation of a thicker layer of MoO3 in the case of the samples annealed 
at higher temperatures. 

3.3. Photocatalytic performance 

3.3.1. Photocatalytic properties 
The photocatalytic performance of obtained samples was tested as a 

function of dye decolorization rate, with methylene blue (MB) func-
tioning as a model organic pollutant. For comparison, a blank experi-
ment carried out without photocatalyst is also given and 
photodecomposition in this case did not exceed 9%. Before illumination, 
every sample was kept in the dark for 30 min to achieve an adsorption/ 
desorption equilibrium of MB on the film surface and then illuminated 
for 2 h. The decolorization rate of MB under simulated solar light rep-
resented as the ratio of MB concentration in the solution compared to the 
base concentration at the specific time, for all samples is presented in 
Fig. 5a. 

Although for MoO3 films calcinated in the 100 �C–200 �C tempera-
ture range a change in the concentration ratio of MB is observed, it is 
attributed to MB photodecomposition with no photocatalytic processes 
taking place on MoO3 surface, as crystalline MoO3 was not formed (see 
Fig. 5a). Further increase of annealing temperature produced films with 
improved photocatalytic properties, with maximum photocatalytic ef-
ficiency observed for MoO3 annealed at 600 �C. After 2 h of illumination, 

MB degradation reached 83%. For the sample thermally treated at 700 
�C a lower MB decomposition rate was recorded, with only 50% effi-
ciency of MB degradation after full-time exposure. The higher efficiency 
of MB degradation for the sample annealed at 600 �C, in comparison 
with the sample prepared at 700 �C, might result from the different 
morphology and grain crystal sizes of the samples. Moreover, the ma-
terial obtained at the temperature of 700 �C is characterized by much 
higher crystallites, which affects decreased photocatalytic efficiency. As 
it was shown in the XRD patterns in Fig. 4, the (110) crystallographic 
facet of α-MoO3 (for 600 �C) is more exposed than in the case of mo-
lybdenum oxide of (020) face. The correlation between exposed crystal 
plane and charge stored during illumination was already reported for 
MoO3 [19], as well as for TiO2 and other semiconductor photocatalysts 
[21]. In addition, it has been already proven that highly oriented (110) 
MoO3 crystalline planes are characterized by faster charging coefficient, 
as well as improved efficiency in harvesting and storing solar energy. 
This leads in the enhancement of high photocatalytic efficiency of the 
material in illuminated conditions, as well as in the dark [21]. There-
fore, one may suggest that the formation of chemical species, respon-
sible for photodegradation occurs at a specific crystal facet [110] of the 
photocatalyst. Moreover, the presence of reduced Mo centers also im-
proves photocatalytic and optic properties of the sample. The very 
similar effect has been already reported for thermally treated TiO2 
(black TiO2) and was assigned to the presence of Ti3þ and oxygen va-
cancies with trapped electrons [18]. In the case of reduced Mo, there are 
the oxygen vacancies are responsible for the increased visible-and 
infrared-light absorption as they can introduce localized states into the 
bandgap. At the same time, the oxygen vacancies act as traps for 
reducing the recombination of electrons and holes and significantly 
improve the e–h separation efficiency, thus greatly enhancing the pho-
tocatalytic activity. 

Fig. 4. XRD patterns of MoO3 samples annealed at different temperatures.  

Fig. 5. a) Photocatalytic performance of the obtained samples under UV–Vis illumination. b) The kinetics of MB degradation in the presence of obtained materials 
used as photocatalysts. 
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Obtained results were compared to the previous literature reports on 
titania based photocatalysts (the most commonly used photocatalyst) 
illuminated with visible or simulated solar light. After 1 h of irradiation, 
the efficiency of MB photodegradation reached: 36% (boron-fluorine 
doped TiO2 [22]), 34% (TiO2/CdSe heterostructure [23]), 35% (Fe-do-
ped TiO2 [24]), 39% (graphene-TiO2 [25]), 46% (C-doped TiO2 [26]). In 
our report, the degradation efficiency after 1 h reached 58%. Thus, re-
sults are comparable with previously reported values for modified and 
improved photocatalysts which are based on TiO2, but our material is 
unmodified. 

In general, the decomposition reaction can be treated as a pseudo- 
first order reaction, where the reactions rate constants k can be calcu-
lated from the slope for lnc ¼ f(t) function. Fig. 5b shows the rate of 
constant values of MB degradation in the presence of obtained materials 
that were used as photocatalyst. The calculated rate constant values for 
the different samples ranged from k ¼ 0.0014 min� 1 for the 100 �C 
annealed sample, up to 0.0141 min� 1 for the 600 �C one. Assuming a 
constant decomposition rate, an arbitrary 95% degradation threshold 
should be reached after approximately 385 min for the MoO3 sample 
annealed at 500 �C, with the reaction constant k ¼ 0.0077 min� 1, and 
approx. 212 min for the 600 �C one (k ¼ 0.0141 min� 1). 

For the material characterized by the highest photoactivity (MoO3 
600 �C), 4 subsequent cycles of methylene blue photodecomposition 
have been performed. The photocatalyst has been regenerated through 
the calcination process (600 �C, 10 min) before it was applied in the next 
cycle photocatalytic test. The efficiency of degradation was kept almost 
constant in each reaction cycle. The data presented in Fig. 6 showed only 
a slight decrease of the photocatalytic degradation (about 5%) in four 
subsequent cycles. Thus, the obtained results suggest that the degrada-
tion efficiency was kept almost constant in each reaction cycle during 
irradiation, and consequently, the photocatalysts could be reused. 

3.3.2. Photoelectrocatalytic properties 
The photoactive material was synthesized directly on the electricity 

conductive substrate. It allows to test the effect of applied potential on 
the photocatalytic performance of studied material. The 
electrochemically-assisted photocatalytic measurements were per-
formed for the Mo/MoO3 annealed at 600 �C. Photoelectrocatalytic 
measurements were performed at selected potentials within the range 
between 0.2 V and 0.6 V vs. Ag/AgCl/3 M KCl in the aqueous electrolyte 
contains 10 μM MB. Additionally, the photoelectrochemical tests in the 
electrolyte without the addition of MB have been performed, The 
chronoamperometry curves recorded under intermittent illumination 
are shown in Fig. S3. The anodic photocurrent of water oxidation was 
recorded proving that MoO3 films can act as potential photoanodes for 
water splitting. However, the generation of the photocurrent is limited 
due to the photointercalation effect as it was reported previously [27]. It 
is known that the Mo substrate is not stable at higher anodic potential 
due to the Mo oxidation reaction. Electrodes were initially kept in the 

dark for 30 min to achieve steady state conditions followed by periodical 
exposure to simulated sunlight. According to the results shown in 
Fig. 7a, the maximum value of the degradation is reached at potential E 
¼ þ0.6 V and equals 100% after the 80 min lighting time. Thus, elec-
trochemical assisted route significantly affects the efficiency of dye 
degradation. The relatively simple method is possible to utilized only for 
photoactive materials deposited on the conductive substrates. The 
possible reason of the observed enhancement may be related to the total 
effect for photocatalytic and electrocatalytic ways of methylene blue 
degradation [28]. However, one should take into account that MoO3 is 
n-type semiconductor, and applying potential higher than flat band 
potential leads to the formation of depletion layer on the photocatalyst 
near the electrode/electrolyte interface. The gradient of potential 
through the photocatalyst film, schematically marked as band bending, 
facilitates electron/hole pairs separation and hinders the adverse 
recombination processes. As it is presented in linear voltammetry curves 
(see Fig. S4 in supplementary information), the higher potential applied, 
the higher photocurrent of MB photelectrooxidation (the difference 
between dark current and that recorded during illumination) is recor-
ded. Since the Mo/MoO3 acts here as a photoanode, it is very likely that 
MB is photoelectrooxidized directly on the surface and/or simultaneous 
radiation and applied potential leads to enhanced generation of hy-
droxyl radicals. The corresponding reaction rate constants are 0.0031, 
0.0137, 0.185, 0.0252 and 0,0140 min� 1 for external applied potential 
at 0.6 (light off), 0.2, 0.4, 0.6 V and rest potential, respectively (Fig. 7b). 
The used of electrochemically-assisted photocatalytic process exhibit 
more excellent decolorization efficiency than classical photocatalysis. 

3.3.3. Photodegradation of diclofenac 
The photocatalytic activity of the MoO3 annealed at 600 �C was also 

investigated during photodegradation of diclofenac that served as a 
model pharmaceutical compound. The mineralization of the pharma-
ceutical was followed by total organic carbon (TOC) disappearance. The 
obtained results are shown in Fig. 8. A control experiment carried out 
without a photocatalyst sample was performed for comparison and gave 
a very limited decrease of TOC (from 10 to 9.88 mg/L). The photo-
catalytic process of diclofenac degradation in the presence of MoO3 
photocatalyst under simulated solar illumination led to the oxidation of 
pollution to CO2 with 25% efficiency. 

4. Conclusions 

In this work optimization procedure, leading to the construction of 
the re-useable photocatalyst in a form of thin layers, deposited on solid 
metal Mo support is presented. The Mo/MoO3 is used as a photocatalyst 
active under visible light illumination. Here we showed that depending 
on calcination temperature, obtained MoO3 films have different crys-
talline structures and morphologies, which strongly affects photo-
catalytic activity. Clearly seen reflections showing the formation of 
crystalline structures were identified for the sample calcinated at 400 �C. 
The main reflections at 23.3�, 45.7�, and 46.3� are characteristic of the 
(110), (200), and (210) planes of the orthorhombic MoO3, respectively. 
Pure α-MoO3 with oriented crystal structure was obtained after 
annealing at 500 �C and 600 �C, which was confirmed by XRD analysis 
and Raman spectroscopy independently. Thermal treatment of the 
sample at 700 �C showed more randomly arranged crystallites and a loss 
of specific orientation exposing (110) facet of α-MoO3. In the XRD 
pattern of the sample annealed at 700 �C, apart from the reflections 
characteristic of the orthorhombic MoO3, other reflections are present. 
They correspond to the monoclinic β-MoO3. The crystallites size 
increased 15 times. Moreover, such a change of crystallographic struc-
ture and morphology contributed to the s significant diminution of the 
photocatalytic performance of the sample annealed at 700 �C. 

MB decomposition constant rates were calculated to evaluate the 
photocatalytic properties of the material. With an annealing tempera-
ture increase, an increase of MB decomposition constant rate was 

Fig. 6. Subsequent tests of MB photodecolorization in the presence of MoO3 
(600 �C) as a photocatalyst. 
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observed, with the maximum decomposition rate equals to 0.0141 
min� 1 for the sample calcinated at 600 �C. Further temperature increase 
caused the decrease of decomposition constant rate to 0.0057 min� 1 due 
to the re-crystallization process and loss of anisotropy. The photo-
catalyst deposited onto the conductive substrate may be used as a 
catalyst in electrochemically-assisted photodecomposition of organic 
pollutants. The significant enhancement of rate constant was achieved, 
with 0.0252 min� 1 for 0.6 V and was higher around 1.8 times compared 
to the value without electrochemically-assisted. MoO3 can be also an 
effective photocatalyst for pharmaceutical removal from aqueous solu-
tions (on the example of diclofenac). 

Summarizing, Mo/MoO3 (600 �C) prepared by electrochemical 
anodization and properly annealed is promising material characterized 
by a high organic compound photodecomposition rate and could 
become an alternative option for practical applications. 
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