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1. INTRODUCTION

In emerging countries, the textile industry is considered one of the 
key factors in the industrial revolution. However, during the past 
few decades, various organic and inorganic pollutants generated 
from such textile industries have caused tremendous deterioration of 
water resources [1,2]. The colored wastewater generated from textile 
industries contains high pH, chemical oxygen demand, biological 
oxygen demand, unpleasant odor, suspended solids such as heavy 
metals, inorganic salts, and hazardous chemicals [3,4]. However, the 
major portion of industrial effects carries a huge concentration of 
harmful and carcinogenic organic dyes. Consequently, it is essential to 
eliminate harmful dyes from water bodies.

Methylene blue (MB) is a principal class of synthetic azo dyes. Azo 
dyes are more than 50% of the dyes manufactured worldwide. Azo dye 
biodegradation in aerobic conditions is difficult and gives carcinogenic 
aromatic amines under anaerobic conditions [5]. Different conventional 
methods have been designed by researchers in the past several years [6].

This includes electrochemical, flocculation, coagulation, reverse 
osmosis; biodegradation, ultrafiltration, chemical oxidation, ion 
exchange, and adsorption are some conventional water treatment 
methods [7,8]. However, these techniques propose their limitations 
and threats to the environment due to excessive use of toxic chemical 
reagents, high cost, and disposal of sludge formed [9]. After applying 
these methods, pollutants are generated as secondary products. 
According to various studies, catalysis is one of the most efficient, 
economically feasible, and sustainable methods for the degradation 
of organic dyes [10,11]. Hence photocatalytic degradation serves as a 
substitute for wastewater treatment [12].

In recent years, the nanoparticles (NPs)-based semiconducting 
photocatalyst has been used frequently for the removal of organic 

dyestuff. In classical times the NP-based photocatalyst can be 
synthesized using surfactant, a chemical reducing agent with the 
least agglomeration [13]. During the past decades, researchers have 
focused on eco-friendly synthesis routes to minimize the generation 
of toxic and harmful byproducts [14]. Plants parts (roots, stems, 
leaves, flowers, fruits, etc.), microbes (bacteria, fungi, algae, yeast, 
etc.), protein, enzymes, amino acids, and biomolecules [15,16]. These 
dye compounds show very minimum absorption in the visible region 
and hence do not degrade easily by direct sun exposure. Extreme 
degradation can be achieved by combining semiconductors with oxide 
photocatalysts such as CdS, ZnO, and TiO2. However, the majority 
of these oxide photocatalysts are effective only under UV light, they 
are restricted to use under direct sunlight as only 4% of UV light 
reaches to earth’s surface [17,18]. A  handful of photocatalysts that 
work under visible light have a fast recombination rate makes them 
less efficient [19]. Among these, SrCrO4 performed as an active 
photocatalyst due to a band gap of 2.8 eV.

In our study, we focused on the fabrication and characterization 
of strontium chromate nanosized photocatalyst, for reduction and 
degradation of MB dye.
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ABSTRACT
Environmental pollutants and energy crises are a major global concern. Growing urbanization and rising living standards burden 
human as well as environmental health. Photocatalytic degradation of organic contaminants is an economically viable and 
efficient way to address these issues. Here, we are exploring the catalytic activity of SrCrO4 nanoparticles as an eco-friendly and 
efficient catalyst in the degradation of methylene blue (MB) under visible light irradiation about wavelength range 655–660 nm. 
Strontium chromate is prepared by three different methods under various conditions from an application point of view. The 
degradation was monitored by measuring the change in concentration of substrate as a function of the irradiation period using 
spectroscopic techniques. The degradation of MB was studied using various factors including the type of photocatalyst, catalyst, 
and substrate concentration. The degradation rate was found to be strongly influenced by all the above parameters. In the current 
study, we will discuss the design and application of SrCrO4 for the degradation of MB under visible light irradiation. SrCrO4 
prepared by the ultrasonic method was found to be more efficient as compared to the reflux method and solid-state methods.
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1.2. HISTORICAL BACKGROUND

In the beginning of 21st century, the mankind has to face the problems 
of water as an important threat. According to WHO, 25% of the world 
population suffers health and hygienic problems related to water [20]. 
Therefore research field of water purification can be extensively studied 
in the last decades for the removal of organic pollutants from water. 

TiO2 and SrTiO3 photocatalyst were used for water splitting during 
1970s and first half of the 1980s [21]. In the beginning of second half 
of 1980s, new photocatalyst such as K2La2Ti3O10, ZrO2, K4Nb6O17, 
BaTi4O9, Ta2O5, etc were discovered [22]. Many cation containing 
oxide photocatalyst of Ga3+, In3+, Ge4+, Sn4+, and Sb5+ with d10 
configuration were also been reported. As a result, there is now an 
abundance of information on photocatalyst for water splitting and 
degradation of harmful components from water. Nevertheless, these 
metal containing photocatalysts of d0 and d10 configuration responds to 
only UV light due to their wide band gaps (Band gap > 3.0 eV) [23]. 
There aren’t many materials available for photocatalysts driven by 
visible light. In 1990s, highly active photocatalyst which work under 
visible radiations even in the presence of sacrificial reagents, were only 
WO3 and Pt/CdS [24]. However, it has been discovered that a variety 
of oxides, oxynitrides, and oxysulphides are active for the evolution 
of H2 and O2 when exposed to visible light even in the presence of 
sacrificial reagents [25]. 

2. MATERIALS AND METHODS

2.1. Materials
Potassium chromate (K2CrO4), Strontium carbonates (SrCO3), and 
MB of analytical grade was purchased by S.d. fine-Chem Limited. The 
preparation of all aqueous solutions was done with double distilled water.

The strontium chromate (SrCrO4) was prepared by three different 
methods viz reflux method, ultrasonic, and solid-state methods. The 
preparation procedures for the synthesis of strontium chromate are 
illustrated below.

2.2.1. Ultrasonic method
The aqueous solution of 100 mL of 0.1 N K2CrO4 was prepared for the 
synthesis of SrCrO4 and kept in an ultrasonic bath for 20 min. Then, 
100 mL of 0.1 N SrCO3 was added dropwise into the above solution in 
an ultrasonic bath and both the solutions were allowed to react under 
ultrasonic conditions for about 1  h. The obtained solution was kept 
overnight. On the next day, lemon lemon-yellow colored precipitate 
of SrCrO4 was obtained. The precipitate was washed repeatedly with 
double distilled water and maintained at 60°C in the oven for about 
8  h to evaporate the solvent to obtain a dry precursor. Finally, dry 
precursors were crushed into lemon yellow colored powder of SrCrO4.

2.2.2. Reflux method
A mixture of 0.1 N SrCO3 and 0.1 N K2CrO4 reflux was at 100°C for 
1 h. Wash the reaction mixture with double distilled water. Powdered 
SrCrO4 is obtained and placed in an oven for 8  h at 60°C. Lemon 
Yellow powder of SrCrO4 is formed.

2.2.3. Solid state method
For the synthesis of strontium chromate NPs by solid-state method, a 
mixed powder of K2CrO4 (1.9419 g) and SrCO3 (1.6987 g) was ground 
for 30 min in a mortar at room temperature. The mixture produced by 
grinding was then mixed with KOH powder, and grinding continued 
for a further 30 min at room temperature. The product obtained was 
then dried in an oven at 100°C for about 8 h. After drying, the lemon-
yellow colored powder of SrCrO4 was obtained.

3. STRONTIUM CHROMATE AS A PHOTOCATALYST

3.1. XRD Analysis
The X-ray diffraction analysis was performed to collect information 
regarding the crystalline nature of newly synthesized NPs. The XRD 
pattern of SrCrO4 NPs synthesized by several techniques is shown in 
Figure 1 X-ray analysis and characteristics 2Ѳ values of different peak 
indexed barite strontium chromate structure. The XRD pattern shows 
that SrCrO4 crystallizes in the monoclinic phase with the P21/n space 
group. The recorded results matched well with JCPDS card #35-0743. 
The crystallite sizes (D) of SrCrO4 NPs were calculated using the 
Debye-Scherrer formula given as [20],

Figure 1: XRD patterns of SrC-SS (a) and SrC-US, SrC-RF (b).
ba

Figure 2: Absorption spectra of SrC-US (Red), SrC-RF (Black), 
and SrC-SS (Pink).
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Figure 4: Photoluminescence spectra SrC-US.
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Here, D is the crystallite size of NPs, k is the shape factor (0.9), λ is 
the wavelength of X-ray, Ѳ diffraction angle, β is full width at half 
maximum (FWHM).

The crystallite size was calculated by taking the FWHM value for Sr-
CR, SrCrO4 synthesized by ultrasonic method (SrC-US), and SrCrO4 
synthesized by solid-state method (SrC-SS) estimating a size of 82 nm. 
This indicates that a low-temperature process decreases the rate of 
agglomeration and hence reduces particle size in the nanometer range.

3.2. Absorption Spectra
The absorption spectrum of SrCrO4 synthesized by ultrasonic method 
(Src-US), sol-gel method (Src-RF) and solid state method (Src-SS) 
are indistinguishable. The wavelength of light absorbed by SrCrO4 is 
dependent on different energy levels and electronic distributuion within 
the material. Absorption occurs between highest occupied molecular 
orbits (HOMO) and lowest unoccupied orbits (LUMO) in the range 
of 400-750 nm (visible range) as shown in Figure 2. The absorption 
spectra constitute a single absorption band validates chromium is a 
hexavalent not a trivalent. 

3.3. Bandgap Energy
The photochemical and photophysical properties of semiconductors are 
based on band gap energy hence its precise determination is required. 
Tauc, in 1966 proposed a technique for band gap energy determination 
using absorption spectra. With the prepared sample, the UV/VIS 
diffuse reflectance spectroscopy method was used to estimate the band 
gap energy. The minimum wavelength required for the excitation of 
the electron relies on the band gap energy (Ebg) of the photocatalyst 
which is given as

Ebg=1240/λ eV

λ=wavelength of light in nm

(ɑEbg)2 versus Ebg plot shows band gap transition as shown in Figure 
3. Where ɑ is the absorption coefficient and Ebg is the energy of the 
photon. The absorption energy, or 1.82 eV band gap energy, is obtained 
by extrapolating the energy of Ebg to ɑ=0.

3.4. Photoluminescence Spectra (PL Spectra)
To learn more about the effectiveness of charge carrier immigration, 
transfer, and trapping as well as the destiny of electron-hole pairs in 
semiconductor particles, photoluminescence emission spectra have 
been used extensively. PL emission spectrum with an excitation 
wavelength at room temperature is shown in Figure  4. The direct 
recombination of a hole in the hybrid valence band (VB) of O 2p and 
Sr 4d and a conduction electron in the Cr 3d orbital was identified as 
the primary source of the emission peak.

3.5. Photocatalytic Degradation
The photocatalytic degradation activity of SrCrO4 was evaluated by 
studying MB dye degradation under the influence of visible light; 
results are shown in Figure 5. The UV-visible absorption spectra of 
the solution sample after centrifugal treatment were measured and the 
characteristic peak at 655–660 nm was absorbed. At irradiation time 
t min, the MB dye degradation percentage was computed using the 
formula,

( ) 0

0

 . . 100%tA AD P t
A
−

= ×

Figure 3: Band gap energy of SrC-US (a), SrC-RF (b) and SrC-SS (c).
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The finding shows that MB dye degradation by SrC-RF and SrC-US 
is about 97% while SrC-SS is about 81% after 75 min of irradiation of 
visible light at 300 mg SrCrO4 photocatalyst when MB concentration 
is 6 ppm. In the same experimental condition, the self-photocatalytic 
degradation of MB was reported to be 0%. The temporal evaluation 
of spectral changes happens on MB dye photodegradation as 
shown in Figure  5. Under visible light, the degradation of various 
concentrations of MB dye in an aqueous solution was used to measure 
the photocatalytic activity of SrCrO4.

3.6. Mechanism of Photocatalytic Degradation
Initially, MB absorbs visible radiation of the appropriate wavelength 
and gets excited to a singlet excited state. Across intersystem crossing 
(ISC) it further transfers to a triplet excited state. SrCrO4 photocatalyst 
also absorbs radiation and electron excited from the conduction band 
(CB) to the VB which generates holes in VB. The electron from CB 
combines with dissolved oxygen and produces superoxide free radicals 
(O2

-). These radicals degrade  MB dye into leuco dye which further 
gives secondary harmless products such as Co2 and H2O. A proposed 
tentative mechanism for the degradation of MB dye in the presence of 
SrCrO4 is

11
0 1MB MBhè→

31
0 1MB MBISC→

( )4 4SrCrO  SrCrO h VB   ehè + −→ +

( ) ( )2 2O Dissolved Oxygen   e CB O− −+ →

3
1 2MB  O Leuco form of MB−+ →

2 2Leuco form of MB CO  H O→ +

4. CONCLUSION

In this study, we have successfully illustrated that the synthesis of 
barite SrCrO4 NPs catalyzed the photodegradation of MB dye in the 
presence of visible light and contributed to remarkable enhancement 
in the degradation rate. The newly prepared NPs characterized by 
XRD show a crystalline size of 82  nm. Absorption spectroscopy 
revealed the visible light active nature of photocatalysts with 

characteristic peaks at 655-660  nm. The band gap energy was 
determined using UV/Vis DRS which corresponds to 1.82 eV. 
A photochemical property of NPs is evaluated by photoluminiscence 
spectroscopy which clarifies direct recombination of Cr 3d orbital 
with O 2p and Sr 4d orbital. The synthesized NPs proved to be 
extremely competent photocatalysts for the degradation of MB dye. 
It shows the maximum extent of degradation of MB after 75 min of 
irradiation. The finding of the present work indicates that SrCrO4 
NPs degrade MB dye efficiently.
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