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Abstract
The current investigation delves into the structural, morphological, optical, and magnetic properties of α-Fe2O3, MgO, and 
an α-Fe2O3/MgO nanocomposite, synthesized via an innovative hydrothermal methodology, offering novel insights into their 
potential application in the purification of dye-contaminated water. Through meticulous analysis, x-ray diffraction (XRD) 
patterns authenticate the successful formation of the nanocomposite, while high-resolution transmission electron microscopy 
(HRTEM) reveals nanocrystalline particles with dimensions ranging from 19 nm to 30 nm. A noteworthy observation is 
the demonstration of a tunable optical bandgap, spanning from 2.20 eV to 3.08 eV, via UV–visible (UV–Vis) spectroscopy, 
indicative of the integration of wide-bandgap semiconductors, a key feature essential for efficient photocatalytic activity. 
Evaluation of the magnetic properties using vibrating sample magnetometry (VSM) shows a discernible reduction in mag-
netization in the nanocomposite, attributed to the incorporation of nonmagnetic MgO into the magnetic α-Fe2O3 matrix, 
thereby revealing unprecedented magnetic modulation. Particularly striking is the exceptional photocatalytic performance 
of the α-Fe2O3/MgO nanocomposite, achieving 84% degradation of rose Bengal (RB) dye under UV light exposure within a 
remarkably brief 75-min period. This pronounced enhancement in photocatalytic activity is ascribed to the reduced recombi-
nation probability of photo-induced carriers, suggesting effective charge transfer within the nanocomposite, thus elucidating 
its suitability for efficient wastewater treatment, particularly in the domain of dye removal.
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Introduction

Water pollution poses a significant threat to the ecological 
community, fueled primarily by industrialization leading to 
the contamination of water resources with harmful pollut-
ants. The prolonged scarcity of water intensifies this con-
cern.1,2 Notably, a variety of organic and inorganic dyes, 
utilized in industries such as textiles, pharmaceuticals, food, 
plastics, and paper, contribute as significant contaminants in 
water sources.3 Among the array of dyes used in industries, 
rose Bengal (RB) dye poses a difficult challenge for elimina-
tion from waste water due to its widespread use and persis-
tence. RB, belonging to the carcinogenic xanthene group, 
is a highly toxic dye.4 The harmful impact of RB includes 
severe effects on the corneal epithelium, leading to various 
health issues such as itchiness, irritation, and blistering of 
eyes upon skin contact.5
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Various techniques are used for the removal of dyes 
from wastewater such as adsorption, advanced oxida-
tion, and ozonation. However, the complete removal of 
synthetic dyes, especially RB dye, from water remains 
a significant challenge.6  According to several reports, 
inadequately managed wastewater can lead to significant 
repercussions for the ecosystem, posing a significant threat 
to the survival of numerous aquatic species and to human 
health.7  Eliminating these contaminants from wastewater 
is the top priority for the scientific community.

The indiscriminate discharge of synthetic dyes into 
aquatic ecosystems poses a significant threat to environ-
mental and human health. RB dye, a commonly used tex-
tile dye, is notorious for its persistence and adverse effects 
on aquatic organisms. Traditional treatment methods such 
as adsorption and biological degradation exhibit limited 
efficacy and often entail high operational costs. Thus, 
there is a pressing need for advanced and cost-effective 
approaches to mitigate dye pollution.

In the realm of water treatment technologies, there 
exists a discernible market gap characterized by the lack 
of economically viable and environmentally sustainable 
solutions for dye removal. Conventional methods suffer 
from drawbacks such as low efficiency, generation of toxic 
byproducts, and high energy consumption. Consequently, 
industries are in search of innovative alternatives capable 
of achieving rapid and complete degradation of dyes while 
minimizing resource utilization and environmental foot-
prints.8 The utilization of α-Fe2O3/MgO nanocomposites 
represents a promising avenue to address this market gap 
by offering a cost-effective and efficient solution for dye 
remediation.

Despite the considerable progress in photocatalytic 
materials for water treatment, several research gaps persist, 
hindering the widespread adoption of photocatalysis as a 
viable technology. One such gap lies in the development 
of photocatalysts with enhanced stability and recyclability, 
crucial factors for practical application. Furthermore, there 
is a need for comprehensive studies elucidating the underly-
ing mechanisms governing the photocatalytic degradation 
process, including the role of nanocomposite morphology, 
surface properties, and reaction kinetics. By addressing 
these research gaps, α-Fe2O3/MgO nanocomposites hold the 
potential to revolutionize the field of photocatalysis and pave 
the way for sustainable water treatment solutions.

The α-Fe2O3/MgO nanocomposite, synthesized via 
hydrothermal method, exhibits exceptional photocatalytic 
activity towards the degradation of RB dye. The synergis-
tic effect between α-Fe2O3 and MgO components enhances 
light absorption and promotes charge separation, leading 
to efficient generation of reactive oxygen species (ROS) 
responsible for dye degradation. Moreover, the nanocom-
posite's high surface area and tailored surface chemistry 

facilitate adsorption of RB molecules, thereby accelerating 
the photocatalytic process.9

Among the available techniques, photocatalysis stands 
out as particularly advantageous compared to other meth-
ods due to cost-effectiveness and low energy consumption. 
Photocatalysis is described as a mechanism that acceler-
ates the transition of charged particles from the valence 
band to the conduction band in the presence a catalyst 
exposed to light.10 This innovative green technology is 
based on advanced oxidation processes (AOP) and gener-
ates reactive species, playing an important role in the deg-
radation of organic waste.11,12 In this study, we employed a 
photocatalytic method to degrade dye molecules in waste-
water. In recent years, the utilization of nanoparticles for 
dye removal from wastewater has gained prominence due 
to their large surface area, high adsorption properties, and 
faster equilibrium rates.

Numerous metal oxide semiconductors have been iden-
tified for the photocatalytic degradation of pollutants. 
These include various metal oxides such as ZnO, MgO, 
 TiO2,  SnO2,  CeO2, and  ZrO2 due to their unique electronic 
properties with adequate charge transfer capabilities that 
can initiate the degradation of pollutants in various envi-
ronmental remediation processes.13,14 α-Fe2O3 is a narrow-
bandgap semiconductor with a range of 1.9–2.2 eV, serv-
ing as a donor. This is attributed to its tendency to transfer 
electrons to wide-bandgap semiconductors and excellent 
chemical stability, making it a promising option for water 
treatment. However, its limited application in photoca-
talysis is hindered by the relatively small bandgap, which 
results in the rapid recombination of electron–hole pairs.

To enhance its performance, combining α-Fe2O3 with a 
wide-bandgap semiconductor like MgO offers significant 
advantages.15 Firstly, the potential for recombination of 
photo-excited electron–hole pairs is reduced. Secondly, the 
introduction of a wide-bandgap semiconductor contributes 
to mitigating the limitations posed by the rapid re-incor-
poration of electron–hole couples, thereby expanding the 
potential application of this composite material.

Based on existing research, there is a prominent absence 
of studies exploring the application of α-Fe2O3/MgO nano-
composites for the photocatalytic degradation of organic 
pollutants, specifically rose Bengal (RB) dye, in a neutral 
medium. This article is primarily dedicated to the use of 
a user-friendly hydrothermal method for the synthesis of 
an α-Fe2O3/MgO nanocomposite, with a comprehensive 
analysis of its structural, morphological, magnetic, and 
optical properties. The photocatalytic potential of RB dye 
is also investigated, revealing its effectiveness as a promis-
ing photocatalyst, particularly when exposed to ultraviolet 
light.
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Experimental

Materials Used

The materials used for the synthesis of the α-Fe2O3/MgO 
nanocomposite were Fe(NO3)3·9H2O (Sigma Aldrich, 
99%), Mg(NO3)3·9H2O (Alfa Aesar, 99.9%), urea 
(CO(NH2)2; Sigma Aldrich, 99%), and distilled water. The 
initial step entailed synthesizing pure α-Fe2O3 and MgO 
nanoparticles, after which the nanocomposite was created 
by combining these two components.

Synthesis Method for α‑Fe2O3 and MgO 
Nanoparticles

The production of α-Fe2O3 nanoparticles employed a 
straightforward hydrothermal method. Initially, 6 mmol of 
Fe(NO3)3·9H2O and 8 mmol of CO(NH2)2 were dissolved 
in 50 mL of double-distilled water with vigorous agitation. 
Following a 45-min incubation at ambient temperature, the 
solution was transferred to a 150-mL Teflon-lined stain-
less steel autoclave for a hydrothermal reaction at 140°C 
for 4 h. Upon completion of the reaction, the autoclave 
was gradually cooled to room temperature. The resulting 

precipitates were then separated from the solution via cen-
trifugation and underwent multiple washes with distilled 
water and ethanol.

For the synthesis of MgO, a homogeneous solution was 
created by dissolving Mg(NO3)3·9H2O and CO(NH2)2 in 
distilled water. After 20 min of stirring, the solution was 
transferred to a Teflon-lined stainless steel autoclave for an 
8-h hydrothermal reaction at 180°C. Subsequently, the auto-
clave was turned off, and the Teflon beaker was allowed to 
cool to room temperature. The obtained precipitates were 
collected, washed with distilled water and ethanol to remove 
impurities, and then calcined for 3 h at 500°C in a furnace 
to produce MgO nanoparticles.

Synthesis Method for the α‑Fe2O3/MgO 
Nanocomposite

A novel hydrothermal technique was utilized to synthesize 
the α-Fe2O3/MgO nanocomposite as depicted in Fig. 1. 
In the initial step, a solution was formed by dissolving 
Mg(NO3)3·6H2O and CO(NH2)2 in double-distilled water 
under continuous stirring at room temperature. α-Fe2O3 
nanoparticles were then added to the solution. The result-
ing mixture underwent hydrothermal treatment in a 150-
mL Teflon-lined stainless steel autoclave at 150°C for 8 h. 
The precipitates obtained were washed multiple times with 

Fig. 1  Schematic representation of hydrothermal synthesis of α-Fe2O3/MgO nanocomposite.
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double-distilled water and ethanol, followed by drying at 
80 °C for 2 h. Finally, the synthesized samples were annealed 
at 500°C for 2 h to obtain the desired nanocomposite.

Characterization Techniques

A Rigaku Ultima IV diffractometer (DCRUST) equipped 
with a Cu-Kα source was employed to conduct x-ray diffrac-
tion (XRD) analysis on the synthesized samples. Morpho-
logical features were examined via high-resolution transmis-
sion electron microscopy (HRTEM) using a Tecnai G2 20 
instrument located at the All India Institute Of Medical Sci-
ences (AIIMS), New Delhi. The magnetic properties of the 
synthesized materials were assessed using vibrating sample 
magnetometry (VSM; MicroSense, ADE-EV9 magnetom-
eter, University of Delhi). Optical specifications, including 
reflectance and transmittance data, were studied using a Shi-
madzu UV–visible (UV–Vis) spectrophotometer equipped 
with a double-beam monochromator (UV-3600 Plus) cover-
ing a wavelength range of 200–1100 nm.

Photocatalytic Experiment

The photocatalytic efficiency of the synthesized samples was 
assessed by degradation of RB dye. To initiate the experi-
ments, a specific quantity of the photocatalyst was dispersed 
into a 50-mL solution of RB dye with continuous stirring 
for 30 min, without exposure to irradiation from a UV lamp 
(300 W). After reaching equilibrium, the light source was 
activated to commence the photocatalytic reactions. At spe-
cific intervals of irradiation, a 2-mL aliquot was extracted, 
and the UV–Vis spectrophotometer was employed to moni-
tor RB dye concentration.

Results and Discussion

X‑ray Diffraction Analysis

The particle crystallinity of α-Fe2O3 and MgO was assessed 
through XRD analysis as shown in Fig. 2. In the XRD spec-
tra of α-Fe2O3, prominent peaks were observed at 24.2°, 
33.1°, 35.4°, 40.8°, 49.4°, 54.1°, 57.7°, 62.4°, and 64.1°, 
which corresponded to pure hematite nanoparticles, as iden-
tified by JCPDS card no. 33-0664.16 The presence of nar-
row, sharp, and intense peaks confirmed the crystallinity of 
α-Fe2O3. In the XRD analysis of the MgO nanoparticles, 
four peaks were noted at 2θ values of 36.8°, 42.7°,  62.2°, 
and 74.5°, indicating the characteristic pattern of MgO 
according to JCPDS card 87-0653.

The presence of certain diffraction peaks in XRD patterns 
enabled the identification of crystal phases and the evalua-
tion of their composition in the nanocomposite by modifying 

their properties. The effective fabrication of the metal oxide 
nanocomposite was validated by the co-occurrence of 
α-Fe2O3 and MgO peaks in the nanocomposite. The absence 
of additional peaks in the XRD spectra of α-Fe2O3 and MgO 
indicated the high phase purity of the synthesized samples. 
The Debye–Scherrer equation was employed to determine 
the average crystal size of synthesized α-Fe2O3, MgO, and 
α-Fe2O3/MgO. The calculated data revealed an approximate 
average crystallite size of 24.8 nm for α-Fe2O3, 23.8 nm for 
MgO, and 26.8 nm for the α-Fe2O3/MgO nanocomposite, 
confirming the nanoscale dimensions of the synthesized 
samples, as given in Table I. The α-Fe2O3/MgO nanocom-
posite contained all the peaks of α-Fe2O3 and MgO only, 
showing the successful formation of the nanocomposite.

For the rhombohedral structure of α-Fe2O3, Eq. 1 can be 
used to obtain the lattice parameters (a = b ≠ c):

The peak positions in the XRD pattern are determined 
by the interplanar spacing of the crystal lattice and can be 
expressed in terms of Bragg's law:

(1)
1

d2
hkl

=
h2 + k2

a2
+

l2

c2
.

Fig. 2  XRD pattern of synthesized α-Fe2O3, MgO, and α-Fe2O3/MgO 
nanocomposite.

Table I  Parameters calculated from XRD patterns of synthesized 
samples

Sample Crystallite 
size (nm)

Lattice parameter (Å)

MgO α-Fe2O3

a = b = c (Å) a = b (Å) c (Å)

MgO 23.8 4.21 –
α-Fe2O3 24.8 – 5.15 13.65
α-Fe2O3/MgO 26.8 4.19 5.01 13.70
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where d is the interplanar spacing, (h, k, l) represents Miller 
indices, and θ denotes diffraction angles.17

HRTEM Analysis

This detailed investigation utilizes HRTEM to examine the 
morphological properties and particle size of the synthesized 
samples. Specifically, the study concentrates on evaluating 
pure α-Fe2O3, MgO nanoparticles, and the α-Fe2O3/MgO 
nanocomposite. The HRTEM images depicted in Fig. 3 
display the morphology of the synthesized nanoparticles, 
which exhibit a spherical shape for both pure α-Fe2O3 and 
MgO nanoparticles and for the α-Fe2O3/MgO nanocompos-
ite. This uniformity in morphology persists across various 
samples, evident in the images presented in Fig. 3a–c. The 
particle size histograms situated under the HRTEM images 
in Fig. 3 reveal average particle size ranging from 19 nm to 
30 nm, indicating some variability across the samples.

FTIR Analysis

Figure 4 depicts the Fourier transform infrared (FTIR) spec-
tra of the synthesized samples, covering the wave number 
range of 400–4000   cm−1, enabling the identification of 

(2)n� = 2d sin (�), chemical bonds and functional groups. The significant broad-
band signals observed at 3416.79  cm−1 and 3461.11  cm−1 are 
attributed to the stretching vibration of the hydroxyl (O–H) 
group in α-Fe2O3 and MgO, respectively. In the case of pure 
α-Fe2O3, the absorption peak at 1545.87  cm−1 correlates 
with the bending motion of the O–H) group. Peaks occurring 

Fig. 3  HRTEM images of (a) α-Fe2O3, (b) MgO, and (c) α-Fe2O3/MgO nanocomposite with histograms of the particle size distribution in each 
image.

Fig. 4  FTIR patterns of synthesized α-Fe2O3, MgO, and α-Fe2O3/
MgO nanocomposite.



5135Synthesis, Characterization, and Enhanced Photocatalytic Degradation of Rose Bengal (RB)…

in the range of 908.24–461.33  cm−1 and at 1351.47  cm−1 
in pure α-Fe2O3 correspond to Fe–O stretching and vibra-
tion of C–N bonds, respectively.18 Additionally, the peaks 
at 2346.81  cm−1 and 1704.51  cm−1 indicate the stretching 
of C–H bonds and C–O bonds, respectively. For MgO nano-
particles, the prominent peak detected at 3461.11  cm−1 can 
be attributed to the stretching mode of O–H groups, indi-
cating the presence of hydroxyl groups predominantly on 
the surface due to moisture. Similarly, the peak detected at 
1510.88  cm−1 is ascribed to the bending vibration of water 
molecules. The peak in the region between 932.34  cm 
and 516  cm−1 is assigned to Mg–O stretching vibrations. 
The FTIR spectrum of the α-Fe2O3/MgO nanocomposite 
depicted in Fig. 3c displays bands between 887.24  cm−1 
and 639.19  cm−1, indicative of metal oxide (M–O) bonds. 
In addition, peaks observed at 3374.80  cm−1 and 1472  cm−1 
correspond to the stretching and bending vibrations of  H2O 
molecules, respectively, likely absorbed from the surround-
ings.19 All the peaks corresponding to the individual compo-
nents of α-Fe2O3 and MgO are present in the α-Fe2O3/MgO 
nanocomposite spectrum, indicating the successful synthesis 
of the nanocomposite.

UV–Vis Spectroscopic Analysis

UV–Vis spectroscopy was utilized to assess the bandgap of 
α-Fe2O3, MgO, and the α-Fe2O3/MgO nanocomposite, as 
shown in Fig. 5. The optical bandgap values of both pure 
samples and the synthesized nanocomposite can be deter-
mined by Tauc plots, where the absorption edge is extrapo-
lated to the energy axis using the following equation:

The Tauc plot is analyzed to determine the optical band-
gap (Eg), wherein A, α, and hυ represent the constant, 
absorption coefficient, and photon energy, respectively.20

Plotting the quantity (αhυ)n against the photon energy 
(hυ) yields the bandgap energy. Bandgap energy values of 
2.2 eV and 3.08 eV are found for pure α-Fe2O3 and MgO 
nanoparticles, respectively, as shown in Fig. 5. Upon dec-
orating α-Fe2O3 onto MgO, the bandgap value shifts to 
2.45 eV for the α-Fe2O3/MgO nanocomposite. This change 
in bandgap value is ascribed to the effective surface modifi-
cation of pure samples with the nanocomposite, indicating 
an electrical transition between the two components and 
suggesting that the synthesized nanocomposite facilitates 
effective absorption of UV light.

Additionally, the valence band (VB) position was com-
puted utilizing the following equation:

Subsequently, the conduction band (CB) energy was 
determined using the formula ECB = EVB − Eg. Here, χ is the 
absolute electronegativity of the photocatalyst, and Ee is 
the free electron energy in the hydrogen scale (4.5 eV).21,22 
For α-Fe2O3 and MgO, χ values of 5.87 eV and 5.68 eV 
were found, respectively.23,24 The values determined for 
the valence band and conduction band sites are presented 
in Table II. This configuration has the potential to enhance 
photocatalytic efficacy by prolonging the recombination time 
of excitons.

VSM Analysis

Figure 6 displays the magnetic hysteresis loops for pure 
α-Fe2O3 and MgO nanoparticles and their nanocomposite. 
Magnetic parameters including saturation magnetization 
(Ms), coercivity (Hc), remanence (Mr), and squareness fac-
tor (S) were quantified.25 The saturation magnetization (Ms) 
values for α-Fe2O3, MgO, and the α-Fe2O3/MgO nanocom-
posite at a magnetic field strength of 10,000 Oe are 1.5, 
5.0 ×  10−3, and 0.3 Oe, respectively. The remanence mag-
netization (Mr) and coercivity (Hc) values for α-Fe2O3, 
MgO, and the α-Fe2O3/MgO nanocomposite are presented in 
Table III. According to Stoner and Wohlfarth, a squareness 

(3)(�h�)n = A
(

h� − Eg

)

.

(4)EVB = � − Ee + 0.5Eg

Fig. 5  Tauc plots for α-Fe2O3, MgO, and α-Fe2O3/MgO nanocompos-
ite.

Table II  Results calculated from UV–Vis spectroscopy

Sample Bandgap (eV) Ee (eV) χ (eV) EVB (eV) ECB (eV)

α-Fe2O3 2.20 4.5 5.87 2.47 0.27
MgO 3.08 4.5 5.68 2.72 −0.36
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factor (S) of 0.5 indicates that the particles are oriented ran-
domly and do not interact, whereas S < 0.5 indicates that 
the particles are engaged in magnetostatic interactions. The 
observation that the squareness value is less than 0.5 in 
synthesized samples shows the presence of magnetostatic 
interaction among the particles.26

A comparison of the VSM curves reveals that the satu-
ration magnetization for the synthesized nanocomposite 
decreases due to surface modification, indicating the growth 
of MgO on the α-Fe2O3 surfaces related to strain and lat-
tice distortion. This effect can be attributed to the presence 
of weakly magnetic MgO in the total sample volume. The 
magnetism observed in MgO nanoparticles arises primarily 
from defect-induced effects in the sample. Li et al. investi-
gated MgO nanoparticles and noted ferromagnetism, which 
they attributed to the presence of Mg vacancies.27 Similarly, 
several other studies have reported that while bulk MgO 
exhibits nonmagnetic properties, MgO nanocrystals exhibit 
ferromagnetism at room temperature, likely due to the crea-
tion of Mg vacancies or the donation of charges by oxygen 
atoms, leading to the formation of 2p holes at the surface of 

the nanograins. Bishno et al.28 investigated defect-induced 
magnetism in MgO using first-principles calculations and 
proposed that the induced magnetic moment results from 
the spin polarization of 2p electrons of oxygen atoms near 
Mg vacancies. These calculations indicated that pure MgO 
in bulk form lacks magnetic properties.

Photocatalytic Activity

Assessment of Photodegradation Efficiency

The prepared samples were examined for their ability to 
catalyze the degradation of rose Bengal (RB) dye under UV 
light. To achieve equilibrium between adsorption and des-
orption, a precise quantity of photocatalyst was dispersed in 
50 mL of RB dye solution and stirred continuously for 30 
min. Once equilibrium was reached, the light source was 
activated to initiate the photocatalytic experiments. A 2-mL 
sample was extracted at specific intervals of radiation expo-
sure, followed by centrifugation for 5 min to eliminate the 
photocatalyst particles for evaluation.

Certain factors, such as surface area, generation of OH• 
radicals, and efficiency of electron–hole pair separation, play 
a crucial role in the performance of photocatalysts. Beer's 
law establishes a direct correlation between the concen-
tration of a substance and its absorption, and is utilized to 
ascertain the efficiency of degradation:

 herein, C0 represents the initial concentration of dye at time 
zero, while C denotes the concentration of dye at any given 
time t.29

The effectiveness of the synthesized materials’ photocata-
lytic capabilities was assessed by monitoring the variation 
in RB dye concentration over time under exposure to UV 
light. Figure 7 displays the absorbance spectra, illustrating 
the degradation of RB dye within the range of 400–700 nm 
for all synthesized samples. The percentage degradation 
efficiency of the RB dye was computed and is depicted for 
all samples in Fig. 8. The percentage degradation achieved 
after UV light exposure for 75 min was as follows: α-Fe2O3 
(74%), MgO (81%), and α-Fe2O3/MgO (84%), as illustrated 
in Fig. 8c. The α-Fe2O3/MgO nanocomposite exhibited the 
most significant degradation efficiency when compared to 
the pure nanoparticles.

The α-Fe2O3 material possesses bandgap energy of 
2.2 eV, resulting in rapid recombination of electrons and 
holes, thus leading to decreased photocatalytic degradation 
activity towards RB dye. Conversely, the limited efficiency 
of MgO nanoparticles stems from their high bandgap energy, 
which restricts the production of electron–hole pairs and 

(5)%degradation =
(

C0 − C
)

∕C0 ∗ 100

Fig. 6  Magnetization curves of synthesized α-Fe2O3, MgO, and 
α-Fe2O3/MgO nanocomposite.

Table III  Saturation magnetization, coercivity values, retentivity, and 
squareness ratio values of magnetic hysteresis loop for synthesized 
samples

Sample Magnetiza-
tion (Ms), 
emu/g

Coercivity 
value (Hc), 
Oe

Retentivity 
(Mr), emu/g

Squareness 
ratio (Mr 
/Ms)

α-Fe2O3 1.5 588.2 0.5 0.33
MgO 5.0 ×  10−3 889.2 2.5 ×  10−3 0.50
α-Fe2O3/ 

MgO
0.3 1064.7 0.1 0.33
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reactive species due to the minimal excitation by irradiated 
photons. However, this drawback can be addressed by incor-
porating α-Fe2O3 with MgO to form a nanocomposite. The 
formation of heterojunctions in these nanocomposites facili-
tates better separation of electron–hole pairs, enhancing the 
mobility of charge carriers.

Furthermore, the linear plot of ln(C/C0) against time 
indicates first-order kinetics, a conclusion later supported 
by the values of R2, where R2 represents the linear cor-
relation coefficient.30 The high R2 values in the dye deg-
radation process, nearing 1, strongly suggest pseudo-first-
order kinetics, as indicated in Table IV. Thus, a first-order 

Fig. 7  Absorption spectra of RB dye at various durations under exposure to UV light using (a) α-Fe2O3, (b) MgO, (c) α-Fe2O3/MgO nanocom-
posite.

Fig. 8  (a) Relative dye concentration versus exposure time, (b) linear fitting of exposure time and ln(C/C0), (c) percentage degradation of synthe-
sized samples, and (d) electricity cost (in INR) of α-Fe2O3, MgO, and α-Fe2O3/MgO nanocomposite.
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model was employed to analyze the entire photocatalytic 
mechanism:

The rate constant values derived from the kinetics plots 
for each sample are depicted in Fig. 8b. For the synthesized 
catalysts (α-Fe2O3, MgO, α-Fe2O3/MgO nanocomposite), k 
was calculated from the slope of the linear fit, yielding  rate 
constants of 0.0217, 0.0232, and 0.0241  min−1, respectively. 
Significantly, the rate constant values increase in the nano-
composite, reaching their highest value.

Cost of Electricity

The electricity cost provides an estimate of the amount of 
electrical energy needed for the degradation of a dye. The 
estimated amount of time needed for the degradation of RB 
dye to 90% of its initial concentration was evaluated (listed 
in Table IV) using the following  relation31:

(6)ln
(

C∕C0

)

= −kt In addition, using synthesized samples, the cost of elec-
tricity (EC) to degrade RB dye was estimated using the fol-
lowing  relations32:

 where P denotes the power of the UV light source, V 
denotes the volume, and t90 is the length of time it takes for 
the dye to degrade to 90% of its original concentration. With 
maximum consumption of 500 units, the cost of electricity 
in our locality is 4.68 Indian rupees (INR) per unit.33 The 
electricity cost decreases from α-Fe2O3 to α-Fe2O3/MgO, as 
shown by Fig. 8d and Table IV.

Based on the findings of the above photocatalytic studies, 
two primary factors are obtained that positively influenced 
the photocatalytic activity: firstly, the inhibition of recom-
bination of photogenerated charge carriers achieved through 
the formation of heterojunctions, and secondly, the particle 
morphology of the photocatalysts.

Mechanism

Figure 9 illustrates the photodegradation process of RB dye 
utilizing α-Fe2O3, MgO, and the α-Fe2O3/ MgO nanocom-
posite. Table II presents the bandgaps, conduction bands, 
and valence bands of α-Fe2O3 and MgO. The bandgap of 
MgO (3.08 eV) surpasses that of α-Fe2O3 and the α-Fe2O3 

(7)t90 =
ln(10)

K

(8)EC =
P × t90 × 4.68

1000 × 60

Table IV  Parameters determined from photocatalytic degradation of 
RB dye using α-Fe2O3, MgO, and α-Fe2O3/MgO nanocomposite

Sample Percentage 
degradation in 
75 min

K  (min−1) R2 t90 EC (INR)

α-Fe2O3 76 0.0217 0.999 105 2.97
MgO 81 0.0232 0.995 99 2.31
α-Fe2O3/MgO 84 0.0241 0.989 95 2.22

Fig. 9  Photocatalytic dye degradation mechanism of α-Fe2O3/MgO nanocomposite.
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/MgO nanocomposite, implying that MgO is able to absorb 
a wide spectrum of light, and this energy can be used for 
degrading dye molecules in water. The proposed mechanism 
for the photodegradation of RB by the nanocomposite under 
UV light irradiation is depicted in Fig. 9, illustrating the 
concurrent excitation of the synthesized nanocomposite, 
resulting in the generation of electrons in the conduction 
band and holes in the valence band.

The introduction of α-Fe2O3 nanoparticles onto the MgO 
nanostructures results in the formation of a heterojunc-
tion barrier at the interface between the metal oxide and 
the semiconductor. This barrier arises from the difference 
between the work functions of MgO and α-Fe2O3. Under 
UV radiation exposure, MgO absorbs light, leading to the 
movement of electrons  (e−) from the valence band to the 
conduction band and the generation of an equivalent number 
of holes  (h+) in the valence band. The electrons resulting 
from this photolytic process in the conduction band of MgO 
then migrate to the conduction band of α-Fe2O3. The limited 
diffusion length hinders the transfer of photogenerated holes 
from MgO to α-Fe2O3, and they remain confined to the sur-
face of MgO. The segregation of holes and photogenerated 
electrons results in a decrease in their recombination rate. 
Hydroxyl radicals (OH•) are generated through the oxi-
dation of water molecules by the persistent positive hole. 
Additionally, highly reactive superoxide radicals  (O2−) are 
formed as electrons and are captured by dissolved oxygen in 
water. These hydroxyl (OH•) radicals facilitate the break-
down of RB dye into  CO2 and other by-products.

Assessing the Reusability of the α‑Fe2O3/
MgO Nanocomposite as a Photocatalyst 
for Dye Degradation

A crucial aspect of adopting eco-friendly practices hinges 
on the ability of catalysts to be reused. Photocatalysts play a 
vital role in dye degradation, exhibiting peak performance 
when they exhibit both stability and recoverability. Accord-
ing to the study, the α-Fe2O3-MgO nanocomposite emerged 
as the most promising photocatalyst among all synthesized 
samples. To evaluate its reusability, the nanocomposite 
underwent testing over four cycles. The results, depicted in 
Fig. 10, indicate stability, with a decrease of approximately 
4% in dye degradation efficiency during the third cycle and 
around 7% during the fourth cycle. These declines are due to 
the decreased magnetic characteristics of the nanocompos-
ite and also suggest that the material maintains its reduced 
potential for further reuse.

Previous work done so far:
Here’s a tabular form comparing previous work done on 

α-Fe2O3/MgO nanocomposites in photocatalytic activity 
(Table V).

Conclusion

This study employed a cost-efficient hydrothermal route 
to synthesize an α-Fe2O3/MgO nanocomposite tailored 
for wastewater treatment applications. The utilization of 
hydrothermal synthesis ensures economical production 
while maintaining precise control over nanoparticle mor-
phology and composition. Comprehensive characterization 
techniques, including XRD and HRTEM, confirmed the suc-
cessful formation of the nanocomposite. HRTEM analysis 
revealed nanocrystalline particles within the size range of 
19 nm to 30 nm, indicative of the desired nanostructure. 
UV–Vis spectroscopy further elucidated the optical prop-
erties of the nanocomposite, revealing a tunable bandgap 
ranging from 2.20 eV to 3.08 eV. This modifiable bandgap 
signifies the incorporation of wide-bandgap semiconduc-
tor materials, essential for efficient photocatalytic activity. 
Assessment of the magnetic properties via VSM reveals a 
discernible reduction in magnetization in the nanocompos-
ite, attributed to the incorporation of nonmagnetic MgO into 
the magnetic α-Fe2O3 matrix.

Notably, the α-Fe2O3/MgO nanocomposite demonstrates 
remarkable photocatalytic activity, achieving an impressive 
84% degradation of rose Bengal (RB) dye under UV irra-
diation within a mere 75-min timeframe. This observation 
underscores the nanocomposite's potential as a highly effec-
tive agent for wastewater treatment, showcasing its applica-
bility in addressing environmental contaminants of concern.

Fig. 10  Reusability performance of α-Fe2O3/MgO nanocomposite for 
the degradation of RB dye.
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