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 Abstract: Like-caviar molybdenum ferrite nanoparticles (MoFe2O4 NPs) have been 
successfully synthesized via a hydrothermal route in the presence of the negative surfactant 
(sodium dodecyl sulfate (SDS)). SDS acts as a template, stabilizer, and stops the 
aggregating process through storage. The mean crystal size of MoFe2O4 NPs rises with 
decorating it with Al2O3. Based on SEM analysis, the shapes of MoFe2O4, Al2O3, and their 
composite demonstrated like-caviar, like-brain cells, and like-grains, respectively. Al2O3 
has been chosen to incorporate with spinel MoFe2O4 to make it color more light, this 
crucial step is necessary to enhance their optical characteristics. FTIR spectra observed the 
MoFe2O4 NPs are inverse spinel. The photo-decolorization test employs indigo carmine 
(IC) as a model pollutant. The quantum yields (Φ) of IC dye decolorization with studied 
photocatalysts are low, which may be created by quencher materials, dimerization of dye 
molecules, and photophysical deactivation processes (ISC process). Moreover, the 
photocatalytic activity of using MoFe2O4 raised after being decorated with alumina, 
which revealed an increase in the surface acidity, hydroxyl group adsorption, size, band 
gap, pHpzc of MoFe2O4 from 2.9–3.6 to 4.2–5.9 after decorated alumina. This pH is 
suitable for decolorizing IC dye, which has a pH of solution equal to 5.3. 

Keywords: Molybdenum ferrite nanoparticle; hydrothermal synthesis; zero point charge 
(pHpzc); indigo carmine dye; quantum yields 

 
■ INTRODUCTION 

The usage of photocatalysts in alcoholic or aqueous 
solutions has expanded due to growing applications in 
many spheres of human existence [1]. The production of 
reactive oxygen species (ROS), including superoxide 
anion, hydrogen peroxide, and the hydroxyl radical, 
under artificial or solar light illumination is essential for 
the photocatalyst to function [2]. One of the potential 
effluent treatment methods is the photocatalytic process, 
which can decompose or eliminate organic hazardous 
contaminants in an environmentally acceptable manner 
[3-4]. As a result, researchers are working to create new 
and highly effective photocatalysts to combat the problems 
associated with water pollution [5-7]. Due to the fact that 
visible light radiation accounts for half of all solar energy 
absorbed by the planet, semiconductor photocatalysts, 
particularly those driven by visible light, have drawn 
significant attention [8]. Due to the toxicity and danger of 

dyes, it is highly desirable to design and implement high-
efficiency, low-cost, and stable photocatalysts driven by 
visible light for practical application. There are many 
ways to remove dyes from wastewater, including 
adsorption, photocatalysis, photodegradation, membrane 
filtration, oxidation, and irradiation [9]. In order to 
enable the recovery of valuable compounds, it is crucial 
to create effective adsorbents that demonstrate superior 
performance in their ability to remove pollutants and 
possess suitable properties, such as ease of separation 
from the solution, regeneration, and efficiency, even 
after multiple cycles of use. 

Metal oxides have been investigated recently as 
possible materials with various properties [10]. One of 
the most promising classes of mixed metal oxides, which 
have recently been the subject of intense research, is the 
family of metal molybdates [11]. Because they have 
significant industrial applications, metal molybdate 
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compounds with the formula MMoO4 or M2(MoO4)3 are 
significant inorganic materials that have generated a lot of 
research interest. These include optical fibers, 
photoluminescent compounds, humidity sensors, 
scintillator materials, and photocatalytic materials [12]. 
Molybdenum ferrite (MoFe2O4) is probably the most 
researched of all the mixed oxides that contain 
molybdenum. It has attracted a steadily growing amount 
of interest, has been synthesized at the nanoscale using 
various techniques, and has been used in numerous 
commercial and environmental applications [13]. 
MoFe2O4, a significant n-type binary metal oxide 
semiconductor, exhibits outstanding redox properties, 
catalytic activity, and chemical stability because of the 
modulation between octahedral (FeO6) and tetrahedral 
(MoO4) [14]. The balance between in the octahedral and 
tetrahedral sites may serve as a proxy for the valence 
distribution [15]. MoFe2O4 has significant industrial uses 
as a catalyst [11]. 

Several synthesis methods were proposed for the 
production of MoFe2O4, including precipitation [16], 
solvothermal [17], microwave [18], and hydrothermal 
methods [19]. Among the above methods, a hydrothermal 
method has many advantages, such as shorter reaction 
time, more informed product dimensions and 
composition, and ease of tuning compositions of the 
products [20]. Furthermore, this method is very easy to 
use and reasonably priced for creating functional 
materials in the nanometer range [21]. One of the best 
matrices for introducing metallic nanoparticles and well-
liked oxide supports for metal catalysts is alumina. 
Alumina films and coatings offer great transparency, a 
wide surface area, a narrow band gap, and excellent 
thermal, chemical, corrosion, and radiation resistance. As 
a result, alumina films are frequently utilized in 
membrane technology, optoelectronics, aerospace, 
microelectronic devices as gate insulators, sensors as an 
antireflective coating, and catalysis [22]. Recently, 
aluminum oxide can be used as a support material to 
increase the surface area and therefore its activity of the 
metal catalyst. The choice of the appropriate support is 
therefore a very significant issue because the support 
material is effective in the surface of the active phase 
contribution in catalytic reaction [23]. 

The goal of this work is focused on the synthesis of 
MoFe2O4 nanoparticles at a low temperature via a 
relatively cost-effective and very simple procedure in the 
presence of negative surfactant as a template. The 
proposes of MoFe2O4 synthesis using a hydrothermal 
synthesis supported by a negative surfactant as a 
template to become more stable and then incorporation 
with commercial Al2O3 as a nanocomposite using 
ultrasonic technique. The structure, morphology, and 
optical properties of the MoFe2O4 NPs, Al2O3, and 
MoFe2O4/Al2O3 nanocomposite were investigated. The 
photocatalysis activity of these samples has been applied 
by determining the photo-decolorization efficiency 
(PDE%) and quantum yields (Φ). 

■ EXPERIMENTAL SECTION 

Materials 

The powdered ferric nitrate nonahydrate 
(Fe(NO3)3·9H2O), commercial Al2O3 (Switzerland 
company) and sodium molybdate dihydrate 
(Na2MoO4·2H2O) were purchased by Sigma Chem Co. 
USA. Hydrochloric Acid (35%) was supplied from a 
general drug house. Absolute ethanol (C2H5OH) was 
purchased by BDH. The sodium dodecyl sulfate (SDS) 
was provided by Qualikems, DIDACTIC. The dye 
indigo carmine (C16H8N2Na2O8S2) was purchased by 
Sigma-Aldrich Chemie. This dye is acidic type, molar 
mass of 466.36 g/mol, λmax of 600 nm and the structure 
as Fig. 1. They were used as received without further 
purification. 

Instrumentation 

The produced samples were characterized using 
the Shimadzu Lab X-XRD 6000 X-ray diffraction 
spectroscopy, Kyky's EM-320 scanning electron 
microscopy  with  energy dispersive  X-ray spectroscopy,  

 
Fig 1. The structure of a dye Indigo Carmine (IC) 
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Shimadzu's 8400S FTIR spectrometers, and Shimadzu's 
1800 UV-visible spectrophotometer. Simple instruments 
were used for the preparation and application phases, 
including a sensitive balance (Sartorius, BL 210 S), a pH 
meter (OAICTON-2100), an ultrasonic (DAIHAN 
Scientific), a magnetic stirrer (Heido-MrHei-Standard), a 
centrifuge (Hettich-Universal II), and a furnace (Muffle 
furnace Size-Tow Gallenkamp). The hydrothermal 
process was utilized (steel with white Teflon tube 
autoclave type TOPT-HP100 TOPTION), and the 
ultraviolet lamp (HPML, 400 W, Radium) was used as a 
key component in a homemade photo-reactor were some 
of the additional instruments that were used for this 
project. 

Procedure 

Preparation of MoFe2O4 in the presence of SDS-
surfactant 

MoFe2O4 like caviar was prepared using the 
hydrothermal method. In a typical synthesis, 35 mL of 
distilled water was used to dissolve 2.828 g of 
Fe(NO3)3·9H2O, while 25 mL of distilled water and 10 mL 
of HCl were used to dissolve 0.846 g of Na2MoO4·2H2O 
[21] at room temperature according to Eq. (1) and (2): 

2 4 2 4Na MoO 2HCl H MoO 2NaCl    (1) 

  surfac tan t
2 4 3 2 2 4 33

2

H MoO 2Fe NO 9H O MoFe O 6HNO

                                                         14H O 4 OH surfactant

  

  

  (2) 

The Fe(NO3)3 solution was vigorously stirred 
before the Na2MoO4 solution was added, this is in 
agreement with described in the literature [19]. After 
that, 0.5 g of SDS surfactant was added to the solution as 
a template and stabilizer. The resulting yellow slurry was 
stirred for 15 min before being placed in a 100 mL 
teflon-lined autoclave. After that, the autoclave was 
sealed and kept in the oven at 180 °C for 5 h. The 
autoclave was then cooled for 2 h to room temperature. 
Following filtration, the obtained solid sample was 
repeatedly washed with distilled water and then ethanol 
to ensure that all precursor salt-positive ions and 
humidity were eliminated. This precipitate was placed 
inside a desiccator overnight to gently dry using silica 
gel. The dried precipitate was ground to a homogeneous 
powder to produce the final MoFe2O4 sample. This 
method was modified from the reported procedure [24]. 

However, Fig. 2 shows the proposed method for 
utilizing a surfactant during the production of 
molybdenum ferrite. The step of adding the surfactant 
during the hydrothermal technique is essential because 
it acts as a stabilizer agent and a template at the same 
time, preventing the hydrolysis of metal by water and 
ensuring that MoFe2O4 NPs morphology develops 
uniformly. Additionally, the surfactant is crucial to 
ensuring that the produced nanocomposite is stabilized 
during the storage procedure. 

 
Fig 2. Schematic of surfactant-aided MoFe2O4 NPs and nanocomposite [24-25] 
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Preparation of MoFe2O4/Al2O3 nanocomposite 
The MoFe2O4:Al2O3 nanocomposite was created in a 

1:2 ratio utilizing an ultrasonic wave. Both the MoFe2O4 
and Al2O3 solutions were dispersed for 2 h at 75 °C using 
ultrasonic waves at a frequency of 65 kHz. To accomplish 
the binding process between MoFe2O4 and Al2O3, the 
MoFe2O4 in the presence of SDS-surfactant solution was 
gradually added to the Al2O3 solution over the course of 
2 h at 75 °C; this procedure is similar and in agreement 
with the reported in the literature [26]. The light brown 
precipitate was filtered and washed with water and ethanol, 
then stored overnight in a desiccator. The recommended 
chemical equation for the interaction of MoFe2O4 with 
Al2O3 nanoparticles was determined using Eq. (3). 

Ultrasonic wave
2 4 2 3 2 4 2 3MoFe O Al O MoFe O / Al O   (3) 

Determination of zero-point charge (pHzpc) 
Titration was carried out using 0.3 g of prepared 

photocatalyst samples powder with 100 mL from three 
different ionic strength solutions (0.001, 0.010, and 
0.100 M KCl). The solution by N2 was purged into the 
system to expel CO2 contamination for 30 min. The initial 
pH was determined using a pH meter before addition. 
The KOH titrant solution was used to carry out the 
titration by adding 1 mL every 3 min, using the three ionic 
strength solutions (0.100, 0.010, and 0.001 M) in the 
presence of the photocatalysts prepared separately. The 
values of the change in the pH after using these solutions 
were measured. The process of adding the KOH is 
repeated until the change in the pH value is stable. After 
the completion of the titration process, the point of zero 
charge (PZC) was determined by locating the common 
point of intersection of the titration ionic strength curves 
at different pH [27]. 

Photo-decolorization of IC dye using MoFe2O4, Al2O3 
and MoFe2O4/Al2O3 nanocomposite 

The MoFe2O4 in the presence of SDS as a negative 
surfactant, Al2O3 and MoFe2O4/Al2O3 nanocomposite act 
as photocatalysts and are utilized in the decolorization of 
IC dye. The photoreaction was applied using a homemade 
photoreactor in Fig. 3. This photoreactor includes 
400 watts Philips UV-A lamp with a light intensity equal 
to 2.95 ×10−7 Einstein s−1; the body of the reactor is 
manufactured from a wooden box covered with aluminum 

 
Fig 3. Diagrammatic representation of a homemade 
photocatalytic reactor unit 

foil to prevent hazards light and focused at the light in 
the same time. This wooden box contains an inside 
magnetic stirrer, Pyrex glass beaker (500 mL), a teflon 
bar, and two various fans to depress and fix the 
temperature [28]. 

At different temperatures (10, 15, 20, and 25 °C) 
and with an initial pH of 5.3, exactly 0.1 g of all 
photocatalyst samples were mixed with 25 ppm of IC 
dye. The generated suspension solution was 
magnetically agitated for 15 min without irradiation to 
enable the attainment of equilibrium adsorption [29-
30]. After the adsorption step, UV light was applied to 
this suspension, and then about 3 mL aliquots were 
collected at irradiation intervals of up to 100 min (every 
10 min 3 mL was withdrawn). The collected suspensions 
were separated twice at 5,000 rpm for 20 min, and the 
adsorption of the produced filters was recorded at 
600 nm using UV-visible spectroscopy. The photo-
decolorization efficiency percentage (PDE%) [31] was 
determined in Eq. (4) depending on the initial 
concentration of dye (C0) at the adsorption process 
(mg/L), and residue dye concentration (Ct) under 
irradiation (mg/L). 

 0 t

0

C C
PDE (%) 100

C


   (4) 

■ RESULTS AND DISCUSSION 

FTIR Analysis 

In order to analyze the surface structure and gain 
an understanding of chemical bonds, the FTIR analysis 
was performed. The measured spectral span ranged 
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from 250 to 4000 cm−1. The FTIR spectra of MoFe2O4 in 
the presence of SDS-surfactant, Al2O3, and 
MoFe2O4/Al2O3 nanocomposite are shown in Fig. 4. The 
MoFe2O4 in the presence of SDS-surfactant NPs has a 
good ability to expand the O–H band, the characteristic 
band at 3429.5 cm−1 can be attributed to them. The 
tetrahedral species of Mo are stretching and exhibit broad 
bands at 837.1 and 1114.8 cm−1, which coupling bond 
between oxygen and molybdenum. The broad vibration 
bands from 582.2 to 837.1 cm−1 are attributed to the Mo–
O–Mo bridge and the Mo=O terminal stretch.  The weak 
bands obtained at 456.4–486.8 cm−1 can be attributed to 
Fe–O–Mo stretching vibration as in references [32]. The 
characteristic bands of the Al–O vibration were occurred 
at 435.9, 582.5, and 1624.1 cm−1 [33]. The Mo–O 
asymmetrical stretching band was observed around 
509.2 cm−1, while the weak band obtained at 478.3 cm−1 
can be attributed to Fe–O and Al–O stretching vibration 
modes [34]. The band of Fe–Al–O at 648.6 cm−1 was also 
observed [35]. 

Structural Properties 

The photocatalyst samples prepared with SDS as a 
surfactant were described as MoFe2O4 in the presence of 
SDS-surfactant, Al2O3, and MoFe2O4/Al2O3 
nanocomposite, respectively. The XRD spectra of the 
photocatalyst samples are shown in Fig. 5. The three 
samples show the different diffraction characteristics 
clearly explain the appearance of several patterns related 
to its basic components, where the presence of peaks 
located at 14.127°, 15.403°, 16.554°, 19.589°, 20.541°, 
21.851°, 22.966°, 25.806°, 27.579°, 30.288°, and 34.118° 
which are attributed to the indexed plants (210), (003), 
(020), (312), (311), (022), (202), (022), (212), (122), and 
(042), respectively, proving the formation of MoFe2O4 
and can be well-indexed to monoclinic structure of 
MoFe2O4, these results are in line with (JCPDS card No. 
83-1701) [19]. The high intensities of the XRD patterns 
suggested that the sample is highly crystalline. No other 
diffraction peaks were observed, which shows the high 
purity of the as-prepared MoFe2O4 in the SDS surfactant. 
The Al2O3 phase is supported by the observed diffraction 
peaks at 25.606°, 35.176°, 37.799°, 43.377°, 52.567°, 
57.516°, and  68.221°,  which are  connected  to the  (311),  
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Fig 4. FTIR spectra of MoFe2O4 in the presence of the 
SDS-surfactant, Al2O3, and MoFe2O/Al2O3 
nanocomposite 
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Fig 5. XRD pattern of (a) Al2O3, (b) MoFe2O4 in the 
presence of SDS-surfactant, and (c) MoFe2O4/Al2O3 
prepared in the presence of the SDS 

(400), (511), (440), (444), (731), and (840) reflections, 
respectively. The samples' whole range of diffraction 
peaks agrees with the data from data (JCPDS card 10-
0425) [36]. When the MoFe2O4 and Al2O3 incorporate as 
a nanocomposite, some essential peaks in Al2O3 are 
shifted toward the high 2θ such as 25.606°, 35.176° and 
43.377° are shifted to 25.724°, 35.282° and 43.486°, 
respectively, that proved the formation of 
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nanocomposite and the alumina is a substrate of 
MoFe2O4. The mean crystal sizes of the MoFe2O4 in the 
presence of SDS-surfactant, Al2O3, and MoFe2O4/Al2O3 
nanocomposite were calculated using the Scherrer 
formula [37-38], according to Eq. (5); 

kL
cos



 

 (5) 

where, k = 0.9 (constant), λ = 1.54 Å, β = FWHM, θ = 2θ/2, 
L corresponds to the mean size of crystallite (nm). 

The mean size of MoFe2O4 in the presence of SDS-
surfactant was about 23.83 nm at (202), (022), and (212), 
while the sizes of Al2O3 at (400), (440), (731), and 
MoFe2O4/Al2O3 nanocomposite at (202), (440), and (731) 
were about 43.44 and 47.84 nm,  respectively. The large 
size of the nanocomposite crystals is attributed to the 
successful combination between Al2O3 and MoFe2O4 in 
the presence of SDS surfactant. 

SEM Analysis 

The morphologies and microstructures of the 
MoFe2O4, Al2O3 and MoFe2O4/Al2O3 nanocomposite 
samples can be observed from SEM images (HR-SEM) 

analysis. It can be clearly found that MoFe2O4 is 
composed of uniform spherical NPs like caviar with an 
average particle size of 50.9 nm, and the Al2O3 was a like-
brain cell with average particle size of 83.64 nm, while 
when coupled, MoFe2O4 with Al2O3, the shaped are 
appeared a highly agglomerated as a sub-micron sized 
particles with nanograin-like secondary particles on the 
surface, with the mean particle size 55.22 nm (Fig. 6(a–
c)). Moreover, the high percentage of Al2O3 in 
comparison to spinel MoFe2O4 leads to a large size of 
nanocomposite. 

EDX Analysis 

By using EDX analysis, the elemental and 
percentage element compositions of the as-synthesized 
MoFe2O4, commercial Al2O3, and nanocomposite were 
validated. The results demonstrate that Fe, Mo, Al, and 
O are present in the elemental analysis in Fig. 7(a–c). 
They reveal that the photocatalyst sample contains 
4.2 wt.% C, 34.3 wt.% O, 50.4 wt.% Fe, and 11.1 wt.% Mo 
for MoFe2O4, Al2O3 contains 3.7 wt.% C, 48.4 wt.% O, 
and 47.8 wt.% Al,  while MoFe2O4/Al2O3 nanocomposite  
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Fig 6. The SEM images of (a) MoFe2O4 in the presence of SDS-surfactant, (b) Al2O3,  and (c) MoFe2O4/Al2O3 
nanocomposite in scale size 2 and 1 μm 

 
Fig 7. EDX spectra with a distribution of atomic % and weight % of (a) MoFe2O4 NPs in the presence of SDS-surfactant, 
(b) Al2O3, and (c) MoFe2O4/Al2O3 nanocomposite 
 
contains 1.9 wt.% C, 42.1 wt.% O, 14.3 wt.% Fe, 3.4 wt.% 
Mo, and 38.3 wt.% Al. The values are mostly determined 
by the ratio of each reactive substance, and this 

composition also facilitates the synthesis of MoFe2O4 in 
the presence SDS-surfactant. That demonstrated that 
MoFe2O4 and the impurity-free MoFe2O4/Al2O3 
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nanocomposite (C is a substrate) were formed [17]. The 
Mo, Fe, Al, and O signals are well-defined, showing the 
active processing of metal oxides involving iron, 
molybdenum, and aluminum. With the stoichiometry 
preparation ratio 2:1 employed in the preparation 
technique, the Al peak strength for the samples prepared 
using higher Al precursor ratios has improved. 

Optical Properties of Studied Photocatalysts 

In the plotted Tauc equation in Fig. 8, the material's 
potential as a photocatalyst was determined by the optical 
energy bandgaps' (Eg) value in eV [39]. The Tauc 
equations (Eq. (6) and (7)) may be used to calculate the 
bandgap for all photocatalyst samples [40]; 

 1 m
g( h ) k h E      (6) 

(2.3026A) t   (7) 
where h, α, ν, k, t, A, and m, are the Plank constant of the 
light, absorption coefficient, frequency, optical constant, 
thickness, absorbance, and constant value equal to 2 or ½ 
for direct and indirect transitions, respectively. The band 
gaps of MoFe2O4 in the presence of SDS-surfactant, 
commercial Al2O3, and MoFe2O4/Al2O3 nanocomposite 
are found to be 2.92 (direct), 4.40 (indirect), and 3.45 
(indirect) eV, respectively. The increase of the band gap 
of MoFe2O4 in the presence of SDS-surfactant after being 

decorated with Al2O3 leads to depressing the 
recombination process with an increase in the internal 
layers in the conductive band and an increase in the 
response of photoreaction. 

Effect of ZPC on Decolorization Efficiency 

The solution pH is a vital factor in photocatalytic 
decolorization because it influences the surface charge of 
the catalyst. The type of pollutant and pHpzc are the two 
factors that have the biggest effects on the optimal pH. 
The pHpzc, which refers to a situation when the surface is 
neutrally charged, is used to describe the point where the 
pH curve and the titration curve cross. Finding the point 
of zero of the nanocomposites is essential for figuring 
out how much photocatalysis is occurring at a specific 
pH [41]. 

The appropriate pH settings for the photo-
decolorization process are estimated by the pHpzc data. 
Since H+ ions prefer to remain on surfaces at low pH 
rather than in solutions, MoFe2O4 is positively charged, 
a property that at low pH will readily adsorb anions. 
However, at high pH, H+ ions prefer to be in solution 
rather than in the material, therefore, the negatively 
charged MoFe2O4 surface will readily adsorb cations [42-
43]. Based on Fig. 9(a–c), the pHpzc values 2.9–3.6, 3.6–6.0, 

 
Fig 8. Tauc plot for (a) MoFe2O4 in the presence of SDS-surfactant as a direct band gap, (b) Commercial Al2O3 as an 
indirect bandgap and (c) for MoFe2O4/Al2O3 nanocomposite as an indirect bandgap 
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Fig 9. The point of zero charge (pHPZC) of (a) MoFe2O4, (b) Al2O3, and (c) MoFe2O4/Al2O3 at different pH values, where 
using different concentration of KCl, brown line for 0.001 M, blue line for 0.010 M and green line for 0.100 M, 
respectively 
 
and 4.2–5.8 are measured for MoFe2O4, MoFe2O4/Al2O3, 
and Al2O3, respectively. This result shows that MoFe2O4 
and MoFe2O4/Al2O3 have a low pHpzc, which allows them 
to quickly adsorb the IC dye (an anion dye) [44]. The 
pHpzc value is used to determine an effective pH for 
photocatalytic decolorization. The optimum pH is 
dependent on the kind of pollution and pHpzc. Specifically 
for IC as an anion dye, a pH value of 5.3 was found. This 
demonstrates that although anion dyes have a pH value of 
< 7, which is acidic (+), any cation dyes have a pH value 
> 7, which is alkaline (−) [26]. 

Photo-Decolorization of Indigo Carmine IC 

The important significant factor in photo-catalytic 
activity is the properties and the nature of the used 
catalyst. It is important to understand why the catalytic 
activity of MoFe2O4 NPs in the presence of SDS-surfactant 
is evaluated after supporting in Al2O3; hence, a series of 
experiments were carried out with IC in aqueous 
suspension with the light of wavelength 600 nm [32,45], 
as shown in Fig. 10. The photocatalyst decolorization 
efficiency of MoFe2O4/Al2O3 nanocomposite is higher 
than that happened in the presence a pure MoFe2O4 NPs. 
This effect occurs because the band gap of MoFe2O4 is 

smaller than that of Al2O3, and it is a visible light active 
catalyst. It exhibits lower photocatalytic activity due to 
its lower valence band potential compared to Al2O3 [46]. 
That will improve the photocatalytic activity, though the 
charge carriers can migrate to MoFe2O4 due to the higher 
VB potential of Al2O3. Moreover, this combined will 
elevate the acidity of the surface, which enhances the IC 
dye adsorption of the molecule over the catalyst surface 
and raises the generated hydroxyl radical, then direct 
attack of photogenerated holes [26,47]. 

Quantum yield of Photo-Decolorization of IC 
The quantum yield is a measure of the 

photocatalytic reaction's efficiency and is based on how 
many molecules of the probe dye disintegrate for each 
photon that is absorbed [48]. The following equation 
may be used to determine the quantum yield (Φ) in the 
presence of a UV-A lamp, kapp is the apparent rate 
constant of the pseudo-first-order of the photo-
decolorization of the dye in sec−1 [21,49], which is 
calculated using Eq. (8) and (9). 

o
app

t

C
ln k t

C
 

  
 

 (8) 
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Fig 10. The relation of PDE% for IC dye decolorization in all samples photocatalyst solution for 50 min at 20 °C and 
pH = 5.3 
 

 
Fig 11. The relation of the quantum yield of IC dye 
photodecolorization with samples studied at pH 5.3 and 
temperature 20 °C 

app

o

k
2.303I 1

 


 (9) 

Here: ε is the molar absorptivity of IC dye 
(84.469 mol−1 L cm−1), l is the path length term of the cell 
(cm), and Io is light intensity (3.195 × 10−7 Einstein s−1) 
that calculated using chemical actinometrical method 
[50]. 

The quantum yield of IC dye decolorization is 
elevated as the following sequence: Φ using commercial 
Al2O3 > Φ using MoFe2O4/Al2O3 > Φ using MoFe2O4 NPs 
in the presence of SDS-surfactant, and equal to 0.135, 
0.066, and 0.064, respectively, as in Fig. 11. These low Φ 
values are attitudes to may create quencher materials, a 
dimerization of dye molecules, and photophysical 

deactivation processes (ISC process) as a result of 
recombination processes that trigger reversible reactions 
[51-52]. Where the Φ of MoFe2O4 NPs is low compared 
to its combination with Al2O3, as the efficiency ratio of 
the nanocomposite improved due to the separation of 
charges and the increase in surface acidity, which leads 
to the formation of •OH for −OH adsorption. 

Suggested Decolorization Mechanism of IC 

The products of the active species, such as 
superoxide anion, peroxide radical, and hydroxyl radical, 
in solution or on the surface of the photocatalyst are 
essential what determining any postulated mechanism 
for a photocatalytic process [53-54]. The ability of these 
species to dissolve and decolorize any organically colored 
materials has been changed. The hydroxyl radical works 
as a potent oxidant to damage the dye molecules because 
it is a more active species in an aqueous solution with 
2.8 V [55-56]. Similar studies on the decolorization of IC 
propose that the isatin 5-sulfonic acid, the main aromatic 
component, was produced as a result of the C=C bond 
being broken by hydroxyl radicals attacking the 
compound's C1 and C10 positions. Oxidation of the two 
sulfonic groups in the starting molecule results in indigo, 
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Fig 12. The schematic diagram for the decolorization and 
degradation process of the IC dye mediated by hydroxyl 
radicals in the photocatalytic system 

which then undergoes the loss of two sulfonic groups to 
become isatin. Further decolorization of isatin 5-sulfonic 
acid, which also releases the sulfonic group and isatin, 
results in the production of oxalic and oxamic acid [57]. 
An almost complete mineralization is brought on by these 
carboxylic acids. Based on these observations, they 
applied the same degrading procedure as in Fig. 12 [58-
59]. 

■ CONCLUSION 

The hydrothermal technique was successfully used 
to prepare MoFe2O4 in the presence of SDS-surfactant. 
For the creation of structured MoFe2O4 is shaped like-
caviar, the SDS vesicles can act as a template and 
stabilizer. The composite MoFe2O4/Al2O3 was prepared 
using ultrasonic waves, that is fast, environmentally 
friendly, and non-toxic. This nanocomposite has 

appeared as a nano-grain. The FTIR spectra, which 
located the positions of the octahedral Mo–O and the 
tetrahedral Fe–O sites, demonstrated the formation of 
inverse spinel MoFe2O4 NPs. Using XRD analysis, the 
mean size of MoFe2O4 NPs was about 23.83 nm, while 
the size of Al2O3 and MoFe2O4/Al2O3 NCs was about 
43.44 and 47.84 nm, respectively. The increase in the size 
of the NCs crystals is attributed to the successful 
combination of Al2O3 with MoFe2O4. The SEM-EDX 
analysis and the samples prepared are confirmed. 
Additionally, the acidity of MoF2O4 NPs surface elevated 
via incorporation with Al2O3 and caused the increase in 
catalytic activity from 75.16 to 79.73% at 50 min, which 
depended on an increase in generated electron-hole 
pairs that lead to hydroxyl radical in aqueous solution, 
as increase quantum yield of IC dye decolorization. 
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