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A B S T R A C T

For the first time, Bi2MoO6 nanofilms were successfully synthesized by simultaneous pulse sonication-pulse
electrodeposition (PS-PED) on the stainless steel mesh surface. Bismuth molybdate films were formed under
various combinations of electrodeposition and sonication (sono-electrodeposition) in continuous and pulse
modes. Porous Bi2MoO6 films synthesized by PS-PED method and showed the highest efficiency in photocatalytic
degradation in comparison with other films. Bi2MoO6 film obtained from PS-PED had a thickness of 13.78 nm
while, the thickness for the electrodeposition method was 39.52 nm. The high photocatalytic efficiency is at-
tributed to the high surface roughness and low thickness of film synthesized by PS-PED method. Indeed, ul-
trasound played a key role in the synthesis of films with high surface roughness. On the other hand, shock waves
and micro-jets could be dissolved diffusion problems and reduced the dendrite like structures in deposition
process. Simultaneous application of pulse modes for both combined methods led to more growth of crystal-
lographic planes. This is due to reaction of ions on the surface in interval relaxation times and produce more
nuclei for growth. In order to obtain a high efficiency, response surface methodology was used for optimization
of effective variable parameters (ton, toff and sonication amplitude) in film preparation.

1. Introduction

In recent years, the presence of pharmaceutical residues in the water
sources has converted to major challenges in point of the environmental
remediation [1–3]. Indeed, pharmaceutical pollutants such as anti-
biotics [4], antidiabetics [5], and X-ray contrast media [6,7] are in-
completely metabolized by the human or animal and transferred to
water resources. Diclofenac, Ibuprofen, Ketoprofen, and Naproxen are
commonly indicated drugs spread to environment via human and an-
imal feces due to their large consumption [8–10]. Since these phar-
maceuticals have long half-lives in the environment, they frequently
accumulate and reach to biologically active levels. Diclofenac [2-(2,6-
dichloranilino) phenylacetic acid], an anti-inflammatory drug which
greatly used in all over the world is one of the most commonly detected
dangerous pollutants in wastewater [11]. Research indicates that it has
the potential to bio-accumulate in the tissues of organisms [12,13].
Other studies reported the presence of 1 ppb of diclofenac could da-
mage liver and kidney cell functions in aquatic animals [14,15].

Heterogeneous photocatalysts offer high potential for converting visible
light energy into active chemical species for decomposing of organic
pollutants [16–18]. As an example, TiO2–based photocatalysts used for
purification of air and water. However, the band gap of TiO2 is 3.2 eV,
which means it can only illustrate activity under UV irradiation [19].
The low quantum efficiency of TiO2 remains another limiting factor to
use of photocatalytic materials based on TiO2. Conventional methods,
such as doping with another elements [20] or photosensitization [21],
only partially solve this issue. There is an observable need for the im-
provement of visible light activated low band gap semiconductors, thus
providing an environmentally friendly solution for air and water de-
toxification processes.

Bismuth complex oxides are often referred to as examples of effi-
cient visible light activated photocatalytic materials with narrow band
gap [22,23]. Bismuth molybdate and bismuth tungstate being the most
investigated members of the bismuth complex oxides family [24,25].
Bismuth molybdate is an Aurivillius family with formula Bi2MoO6, it is
well defined in the literature due to its remarkable physical and
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chemical properties [26]. It finds applications as a gas sensor [27],
dielectric [28], and has recently been reported as an efficient visible
light-activated photocatalyst [29,30]. The interest in bismuth-based
photocatalysts arises from the low band gap values, as the result of
hybridization between the Bi2s and O2p states. Photocatalytic bismuth
molybdates are typically synthesized using chemical methods, such as
the hydrothermal method [30], molten salt method [31], sol-gel reac-
tion [32] or the Pechini method [33]. Very few data are available on the
photocatalytic behavior of thin films of bismuth compounds such as
Bi2WO6 [34], BiFeO3 [35] and Bi2MoO6 [29]. To date, various methods
have been reported for the synthesis of thin films of bismuth molybdate
such as sputtering [36], physical deposition methods [37] and elec-
trodeposition [38]. Pulsed electrodeposition (PED) is a technique that
has recently gained much attention for deposition of nanometals onto
conductive surfaces or nanocarbon defect sites. With PED, a high
overvoltage (high current density) is used in the same fashion as classic
electrodeposition (ED), but the driving potential is applied for short
time period. During the relaxation period (i.e., non-plating period
time), dissolved metal ions migrate to the surface where ion con-
sumption is highest (i.e., high local current density), resulting in a more
uniform distribution of metal nanoparticles compared to standard po-
tentiostatic or galvanostatic ED. One of the most common problems
with ED is uncontrolled “overgrowth” of dendritic structures beyond
the working diameter of the electrode. Another technique used to
synthesize metal nanoparticles is sonochemical electrodeposition
(SED). SED combines galvanostatic or potentiostatic ED with sonica-
tion. SED reduces diffusion limitations by facilitating acoustic cavita-
tion and microjet effects at the surface of the nucleating metal struc-
ture. In addition, destabilizing bubbles formed during the deposition
process provide some convective mixing of dissolved metal ions within
the mass boundary layer. However, SED still hampered by diffusion
limitations to the surface and there is no demonstration over nano-
particle size control. To date, no previous methodologies have com-
bined PED and SED using a bimodal pulsing strategy for deposition of
nanometal onto electrodes. Here, this study developed the combination
of these two techniques, called pulsed sono-pulsed electrodeposition
(PS-PED), and demonstrate deposition of ultra-thin film Bi2MoO6

(BMO) on the stainless steel mesh as substrate for the first time.
Stainless steel mesh chosen as substrate for several reasons such as low
cost, webbed structure, mechanical and chemical stability. Webbed
structure of substrate affected the harvesting and multi-scattering of
visible light compared to common stainless steel. The as-synthesized
large-area BMO films show predominant photocatalytic performances
in comparison with ED method for degradation of Diclofenac (DCF).
Effective variables in synthesis of films optimized by response surface
method.

2. Experimental

2.1. Materials and experiment

All reagents were of analytical grade and used directly without any
purification. Bismuth molybdate thin film prepared by various combi-
nation of two methods of electrodeposition and sonodeposition in a
convectional three electrodes cell with ultrasonic probe. A graphite
plate with surface area about 4 cm2 was used as the auxiliary electrode,
a saturated Ag/AgCl electrode was used as a reference electrode and
stainless steel mesh about 2 cm2 was used as a working electrode. Prior
to deposition, stainless steel mesh was cleaned ultrasonically in
acetone, ethanol and finally in deionized water. The electrolyte solution
contained an aqueous solution of 0.01 molL-1 Bi(NO3)3·9H2O, 0.1 molL-
1 Na2MoO4·2H2O with 0.1 molL-1 Na2EDTA as a complexion agent.
Deposition carried out by different methods shown in Table 1. Selected
potential and transferred charge in cathodic electrodeposition are−2 V
and 696 C, respectively. Electrodeposition under potentiostat was
named ED, pulsed electrodeposition was denoted PED. SED, SPED,

PSED and PSPED referred to sonoelectrodeposition, sono-pulse elec-
trodeposition, pulse sono-electrodeposition, and pulse sono-pulse elec-
trodeposition, respectively. Ultrasonic horn (BRANSON, digital Sonifier
450, and 20 kHz) with intensity of 18 W/Cm2 measured by thermal
method [39] and used as a sonication source. To show the effect of
ultrasound, BMO films synthesized by cyclic voltammetry (CV) in the
presence and absence of ultrasound. The scan rate and cycle number
were 0.2 (V/s) and 80 cycles, respectively. Ultrasound used in con-
tinuous and pulse modes with 40% amplitude and the films named by
CV (US, C) and CV (US, P) expressions, respectively. Furthermore, the
sample prepared in the absence of ultrasound depicted by CV. Sche-
matics in Fig. 1 show the required set ups for deposition of films.

2.2. BMO thin film characterization

To characterize the BMO thin films, X-ray powder diffraction were
performed on a XRD, Explorer GNR Italia under a Dectris diffract meter
employing Cu Kα radiation, λ = 1.5418 Å. The morphology and size of
the as-prepared films characterized by using a scanning electron mi-
croscope (SEM, LEO, Germany) equipped with EDX (EDS, Inca-350,
Oxford instruments) which was applied for elemental analysis of thin
films. Thin film thickness and surface roughness evaluated by Atomic
Force Microscopy (AFM) analysis. UV–Visible Diffuse reflectance
spectroscopy (Avaspec 2048 Tech) used for band gap determination.

Table 1
Different methods used for deposition of BMO film.

Method Electro-characteristics Sono-characteristics

Potential(V) ton/toff (s/s) Amplitude ton/toff (s/s)

ED −2 … … …
PED −2 4/8 … …
SED −2 … 30% …
SPED −2 4/8 30% …
PSED −2 … 30% 4/8
PSPED (1) * −2 4/8 30% 4/8
PSPED (2)** −2 4/8 30% 4/8(off/on)

*: at ton ED, sono is on **: at ton ED, sono is off.

Fig. 1. Schematics depict synthesis process by (a) electrodeposition and (b)
sonoelectrodeposition.
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2.3. Photocatalytic activity of BMO thin films

The photocatalytic activity of BMO thin films was evaluated with
DCF (10 ppm) as a pharmaceutical pollutant model in our designed
photocatalytic setup [34] under natural sunlight. The process of pho-
tocatalytic degradation monitored by withdrawing definite volume of
aqueous solutions at certain interval times and measured the absor-
bance by UV–Vis spectrophotometer (Unique 2008). Before illumina-
tion, to reach an adsorption and desorption equilibrium between film
and pollutant, the system rotated in dark for 2 h. The concentration of
DCF samples during the illumination followed through the calibration
curve. Furthermore, the photocatalytic properties of films prepared by
CV, CV (US, C) and CV (US, P) evaluated for degradation of DCF. CV
and Linear sweep voltammetry (LSV) studies were investigated for all
samples in Na2SO4 (0.1 M) as electrolyte in the dark and light. The
photoelectrochemical studies carried out by SAMA 500 Electrochemical
Analyzer and Xe lamp (55 W). Electrochemical Impedance spectroscopy
(EIS) used for evaluation of recombination rate of photogenerated hole/
electrons. EIS analysis conducted in a perturbation voltage of 10 mV
amplitude over the frequency range of 102–105 Hz by Auto lab (302n,
Poland).

2.4. Central composite design (CCD)

After finding BMO thin film with high degradation efficiency, the
central composite design (CCD) applied to investigate the effects of the
three independent variables on the response function. The independent
variables are shown as On time (X1), Off time (X2) and Sonication
amplitude (X3). The levels of the three selected major factors sum-
marized in Table 2. The notations (−1), (0) and (+1) refer to the low,
medium, and high levels of independent variables in experimental de-
sign, respectively. In developing the regression equation developed by
Box-Hunter, the test factors coded according to the following equation:

=
−Xi X
Xi

X ( 0)
Δi (1)

where Xi is the dimensionless value of an independent variable, xi re-
presents the real value of the independent variable, x0 is the real value
of the independent variable at the center point, and Δxi is the step
change.

= + + + +
= =

b b X b X b X X εY Σ Σ Σ Σi
k

i i i
k

ii i i j ij i j0 1 1
2 (2)

where Y is the predicted response, b0 is the offset term, bi is the linear
effect, bii is the squared effect and bij is the interaction effect. To elu-
cidate the influence of pulse time, herein composite central design was
applied to design experiments with different parameters such as ton, toff
and sonication amplitude.

3. Results and discussion

3.1. Characterization of Bi2MoO6 film

The best film (PS-PED (1)) with highest degradation efficiency for
DCF selected for characterization. Furthermore, another film synthe-
sized by ED method also characterized for comparison studies. The XRD
patterns of films depicted in Fig. 2 and the peaks in films indexed as

(ICCD database, NO. 00-033-0208). The film synthesized by PS-PED
method shows high growth crystallite plates in comparison with ED
method. It attributed to the presence of ultrasonic waves that produced
more nucleation and led to growth of plate in some directions. Crys-
tallite size measured for samples prepared by ED and PS-PED methods
through Scherrer equation and they were 45.9 and 22.3 nm, respec-
tively.

Shapes and morphology of films presented by SEM images in Fig. 3.
The film synthesized by PS-PED method in Fig. 3b shows high homo-
geneity compared to film by ED method in Fig. 3a. Furthermore, SEM
image in Fig. 3b indicated very tiny whiskered structures on the film
surface. Whereas, ED method produces film with cumulative growth
structure (Fig. 3a and 3c) and cracked structure (in Fig. 3e). On the
other hands, film by PS-PED indicates single shape with very tiny
whiskers and voids on its surface (Fig. 3d, f). Elemental dispersive X-ray
(EDS) analysis used for determining of the presence of elementals in

Table 2
Independent variables and their coded levels.

Symbol Parameters Coded levels

−1 0 +1

X1 ton (Sec) 4 8 12
X2 toff(Sec) 4 8 12
X3 Sonication amplitude (%) 20 40 60

Fig. 2. XRD pattern for both BMO films.

Fig. 3. SEM images for BMO films synthesized by ED (a,c,e) and PS-PED (b,d,f)
methods at various magnification.
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films synthesized by ED, PED, SED and PS-PED methods. Based on the
results obtained in Fig. 4, Bi, Mo and O elements were appeared in all
EDS spectra for four samples. The peak intensity of elements at

individual samples is different. For instant, film by PS-PED shows high
peak intensity for high weight elements Bi and Mo due to throwing
effect of ultrasound for ions from bulk to surface electrode. About PED

Fig. 4. EDS analysis related to films synthesized by ED, PED, SED and PS-PED methods.

Fig. 5. 3D-AFM images for film synthesized by (a) ED, (b) PS-PED and 3D images with same Z axes for (c) ED, (d) PS-PED.
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and SED methods, it is important that the relaxation time and sonica-
tion waves have main roles in peak intensity, respectively. Morphology
of films determined by AFM images in Fig. 5. Film synthesized by PS-
PED method (Fig. 5b) has higher surface roughness in comparison with
film synthesized by ED method (Fig. 5a). At the same Z-axis showed in
Fig. 5c,d, different surface morphologies and thickness were presented
for films. The thickness of film by PS-PED method was about 13.78 nm
that is smaller than the film by ED with 39.52 nm.

3.2. Photocatalytic activities of BMO films

All of the synthesized BMO films were applied for photocatalytic
degradation of DCF in an aqueous solution. Based on Fig. 6a, the film
obtained from PS-PED (1) was demonstrated the highest activity than
other films and DCF can be degraded completely in 60 min. But, the
degradation of DCF by the sample prepared by PS-PED (2) method was
longer than PS-PED (1) method. The high efficiency can be justified by
the structure of films obtained from both methods. In the case of PS-
PED (1), electrodeposition and sonication are in the pulse positions and
simultaneously are in an On time and Off time. These conditions lead to
throw of high weight elements by ultrasound from bulk to electrode
surface and diminish problems of diffusion in ED. In the case of PS-PED
(2), if PED is at ton, PS is at toff and vice versa. Therefore, during PED at

ton, deposition performed by ED alone. At relaxation time of (PED), toff,
PS is at ton, and under this condition, ultrasound decreased the dendrite
like structures besides dissolving of structure formed in relaxation time
of PED. Finally, the layer was smoother than layer obtained from PED
alone and the coverage of substrate was lower than PS-PED (1).

The rate of photocatalytic degradation of DCF was exhibited in
Fig. 6b for all mentioned processes. The results confirmed that the
photocatalytic efficiency for PS-PED (1) is higher than other methods.
Furthermore, to determine kinetic order of photocatalytic processes,
first-order and second-order studies were evaluated for prepared films
for degradation of DCF. The results were confirmed better with first-
order kinetic model than second-order. DRS UV–Vis spectrum for PS-
PED (1) sample presented in Fig. 1S and it confirmed that the sample
has an adsorption in visible region. The band gap of sample is 2.68 eV
and it demonstrates a visible-light photocatalytic activity. Cyclic vol-
tammograms of samples in dark and under visible light showed in
Fig. 2S and the results approved a high photocurrent efficiency for PS-
PED (1) sample compared to other samples. LSV curves also confirmed
a high photocurrent for PS-PED (1) sample in comparison with other
samples. These results suggested that ultrasound has major effects in
the formation of film (see Fig. 3S). In the dark, higher current can at-
tribute to higher amount of deposited film. There is no photocurrent in
CV and LSV tests for the bare substrate. EIS analysis for two selected
samples (ED, PS-PED (1)) evaluated in dark and under light irradiation.
Nyquist curves (Fig. 4S) exhibited different behaviors for samples in
dark and light in the presence and absence of DCF. The small radius of
semicircles under light confirmed the low rate of recombination of hole-
electrons in the photo-induced processes. In the presence of DCF under
light, semicircles for both films have smaller radius than in the absence
of DCF due to the capture of photogenerated holes on the surface films
by DCF molecules that lead to reduce of recombination rates. It was
clearly shown in Fig. 4S that PS-PED film indicated higher separation
photogenerated holes and electrons in the presence of DCF than ED
film. Large semicircles for samples in the dark, related to capacity and
resistance of film in the electrolyte. Furthermore, photocatalytic effi-
ciencies of samples prepared by CV, CV (US, C) and CV (US, P) also
depicted in Fig. 5S. High degradation efficiency exhibited for CV (US,
C) sample in comparison with other samples. The main reason for this
behavior attributed to high amount of deposited photocatalyst on the
substrate. Contineous sonication produced thicker film due to sonica-
tion effect in throwing of ions to double layer and creation higher

Fig. 6. (a) photocatalytic degradation of DCF by different films, (b) kinetic studies of obtained experimental data.

Fig. 7. photocatalytic degradation of DCF in the presence of scavengers.
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nucleation than CV and CV (US, P) methods. Cyclic voltammograms
and LSV curves confirmed the production of photocurrent due to ac-
cumulation of photogenerated electrons under visible light irradiations
(see Fig. 6S). Based on the mentioned results, to gain a high photo-
catalytic efficiency, optimization by CCD carried out on the effective
independent parameters in the synthesis of films by PS-PED (1) method.

3.3. Proposed mechanism for photocatalytic activity of BMO film (PS-PED)

Various scavengers applied for identifying photocatalytic degrada-
tion mechanism of DCF on the BMO film prepared by PS-PED method.
Isopropanol and formic acid applied as OH radical and hole quenchers
during the photocatalytic process. The effect of oxygen also in-
vestigated by Ar gas purging in photocatalytic reactor. Based on the
results depict in Fig. 7, OH radicals and the presence of oxygen have
high effects in photocatalytic degradation.

Schematic in Fig. 8 shows that film has a very tiny whiskered

structure that acted as sites for trapping and multi-scattering of visible
light. Furthermore, under irradiation of light, the photogenerated
electron-hole interacted with adsorbed oxygen and water molecules to
produce active radicals (OH0 and O2

0). It observes that the photo-
generated hole-electrons have appropriated energy levels for oxidation
of water and O2 reduction. Whiskered structures provided very tiny
routs for electron transferring hence has a key role in separation of
charged pairs. Finally, the photogenerated electrons could be captured
by conductive substrate and prevented from fast recombination of
electron-hole. Ultra-thin thickness of film suggested that substrate has a
high effect in separation and electron transferring due to short diffusion
routs of electrons.

3.4. Statistical analysis

To get a high performance, the effective parameters in film synthesis
process was optimized by CCD and 20 designed experiments were

Fig. 8. Proposed mechanism for photocatalytic activity of BMO film (PS-PED).

Fig. 9. (a) predicted values obtained from model versus experimental values and (b) normal probability plotted against internally studentized residuals.
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proposed for the response surface modeling (Table 1S). The best per-
formance of films obtained at 30 min. Therefore, the photocatalytic
efficiency for other films investigated in the period of 30 min. Ac-
cording to the experimental design, a polynomial equation calculated
for actual parameters that empirically indicated dependence of re-
sponse to variable factors (Eq. (3)).

= + + − + − − −

− − −

Degradation (%)

85.33636 10.05X 3.5X 0.5X 2.25X X 3.5X X 2.75X

X 1.34091X 4.09091X 52.09091X
1 2 3 1 2 1 3 2

3 1
2

2
2

3
2 (3)

To assess the model adequacy, analysis of variance (ANOVA) ex-
tracted and examined. According to the ANOVA of the polynomial
model (Table 2S), the F-value and P-value for the model is 235.01
and<0.0001 respectively, confirming that the applied model is sig-
nificant. The F-value of “lack-of-fit ″is 1.05 that indicates the lack of fit
is not significant. P-value of “lack of fit” stated that there is only

13.46% probability for the lack of fit due to the noise. Successful pre-
diction of proposed model confirms by the non-significant lack of fit.
The accuracy of the model depicts in Fig. 9, and compares the actual
values against the predicted responses of the model for the degradation
of DCF (Fig. 9a). The normal probability curve in Fig. 9b proved the
normal distribution and independent of errors with homogeneous var-
iances.

In this work, the independent factors including ton (X1), toff (X2), and
the second-order effect of toff (X2

2) and sonication amplitude (X3
2)

considered significant variables with p-value < 0.001. Furthermore,
the interaction effect of ton and sonication amplitude (X1X3) are sig-
nificant at p < 0.05. The negative and positive coefficients of the
terms in the polynomial expression suggest their negative and positive
effects on photocatalytic efficiencies, respectively. Moreover, the value
of p > 0.05 means that the model parameters are insignificant. In
accordance with p values in ANOVA p(X1) = <0.0001, p
(X2) = 0.0004 and p(X3) = 0.7359. Thus, the importance of factors in

Fig. 10. 3-D curves and counter maps presented (a,a′) the effect of ton and toff, (b,b′) the effect of ton and sonication amplitude and (c,c′) the effect of toff and
sonication amplitude on the photocatalytic degradation (%).
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film synthesis process is as follows: ton > toff > sonication amplitude.
These results related to the chosen ranges of experimental variables in
this study.

3.5. Response surface analysis

3-D curves and counter maps demonstrated to determine the op-
timum values of two parameters at medium value of the third para-
meter. The interactions between the three independent factors and the
response depicted in Fig. 10. Based on Fig. 10a, the photocatalytic
degradation efficiency increases with increasing ton but different be-
havior observed for toff parameter. First, degradation efficiency in-
creased with increasing of toff and then decreased. These results were
confirmed by counter map in Fig. 10a′. This behavior attributed to the
deposition yield in coating of the substrate. Deposit yield increased with
increasing ton due to more nucleation while toff has critical value. De-
posit yield increased until 8 s and then decreased. This is due to high
relaxation time (> 8s) which led to more dissolving of produced films
in previous step. Fig. 10b, also depicts simultaneous effects of ton and
sonication amplitude on the response. Degradation efficiency enhanced
smoothly with an increase in sonication amplitude from 20 to 40% and
then decreased gradually when the sonication amplitude reach to 60%
whether ton has a low or high value. The positive effect of sonication
amplitude attributed to the influence of sonication power in throwing
of ions to double layer to produce more nucleation and inhabit from
creation of the dendrite like structures. While negative effect related to
the high ultrasonic amplitude that may led to detach of films from the
substrate. Fig. 10b′ shows the counter maps for the interaction between
two variables by using color intensities. High color intensity indicated
positive parameter effect on the surface response. The influence of in-
teraction between two variables (toff and sonication amplitude) on the
photocatalytic degradation shown by 3D curves in Fig. 10c. The ob-
tained results suggested different behaviors for two parameters. Both
toff and sonication amplitude have critical values due to their negative
effects on the deposit yield. Counter map in Fig. 10c′ also shows that the
low color intensity represented the low concurrent influence of two
parameters on the surface response. On the other hands, the low
number of circles in the counter maps indicated high interaction

between two parameters and this matches with values in ANOVA table.
As a result, the interaction effect between ton and sonication amplitude
on the surface response is more effective than other interaction effects.

3.6. Optimization of effective variables

Optimal values obtained from base of desirability function for
photocatalytic degradation of DCF. Maximum desirability gets by nu-
merical calculations that denoted by the specific point. The criteria for
all factors in correspondence with degradation efficiency depicted in
Table 3S. The weight and importance give added emphasis to upper or
lower bounds and target values, respectively. As the high degradation
yield is the main objective for such studies, an “importance” value of 5
was considered the maximum goal. On the basis of the above limita-
tions and numerical calculations, the optimum conditions for maximum
DCF degradation efficiency (98.57%) were found to be at ton value of
high level (+1), at toff value of below medium level (−0.36) and at
sonication amplitude value of medium level (−0.03) with high desir-
ability of 0.972 (Fig. 11).

3.7. Model’s validation

To confirm validation of model, the value of the determination
coefficient (R2 = 0.9953) depicted in Table 4S. This suggested that
99.53% of the variability in the response surface could explain by the
model. Also, the adjusted coefficient (R2 = 0.9911) is high and con-
firming that the obtained model is significant. If, the value of coefficient
of variance (CV) is smaller than 10%, it shows that the model is re-
producible. For this study, CV value of 4.91% demonstrated low de-
viation between experimental and predicted values. Parameter of ade-
quate precision (AP) calculated the signal to noise ratio, and should be
higher than 4 for the model. The calculated AP value of 43.183 shows
an adequate precision discrimination for proposed model. Furthermore,
the value of adjusted-R2 is close to predicted-R2 value (0.9360), in-
dicating a good relation between experimental and predicted values.

Fig. 11. Ramps for numerical optimization.
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4. Conclusion

In this work, for the first time, the nanofilm of Bi2MoO6 with
whiskered-like structures were successfully synthesized by PS-PED
method. The influence of pulse parameters (ton and toff) and sonication
amplitude were studied in the film synthesis process. The response
surface method used for optimization of these parameters. The film
prepared by PS-PED method was applied for photocatalytic degradation
of diclofenac sodium as a pharmaceutical pollutant. In comparison with
ED alone, film prepared by PS-PED method showed a high photo-
catalytic efficiency due to its high surface roughness and whiskered like
structures. Whiskered like structures were developed routs for trans-
ferring of electrons and acted as structures for harvesting and multi-
scattering of visible light. On the other hand, the nanofilm (13.78 nm)
with high surface roughness on the conducting substrate contributed in
separation of photogenerated hole-electron and increased the photo-
catalytic efficiency. To sum, pulse mode and sonication waves play key
roles in synthesis of Bi2MoO6 films due to overcoming the existing
problems in electrodeposition method.
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