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ABSTRACT 

 
NOx is becoming a hot issue due to its contribution to ozone, PM2.5 formation, and its negative 

impacts on the ecosystem. In this study, the synthesis of an MgO/Bi2S3-BiOCl composite was carried 
out via the co-precipitation method for the photodegradation of nitrogen oxide (NO) under solar 
light. The BiOCl heterojunction is a result of interactions between the Bi2S3 solution and the 
MgCl2.6H2O precursor. This BiOCl heterojunction provides more available active species that 
enhance the degradation of NO. The successful synthesis of this composite using a co-precipitation 
method was confirmed by different characterization analyses (XRD, FTIR, SEM, TEM, DRS, and 
ESR). The photocatalytic degradation of NO under solar light using 7% MgO/Bi2S3-BiOCl reached 
an efficiency of 74.6%, which was better than that obtained using pure Bi2S3 (42.8%) and MgO 
(11.2%). The reusability test showed that the 7% MgO/Bi2S3-BiOCl material was maintained 
stability in the photodegradation of NO even after five cycles. The trapping test showed that the 
holes (h+) and hydroxyl (•OH–) were the main active factors in the photodegradation process. The 
findings of this study confirmed that MgCl2.6H2O is a suitable precursor leading to improvements 
in the performance of Bi2S3 for the purpose of promoting a new composite that can be used in 
the photodegradation of NO and could be a candidate for practical applications. 
 
Keywords: MgO/Bi2S3-BiOCl, Photocatalysis, Nitrogen oxide, Solar light 
 

1 INTRODUCTION 
 

NO is a harmful pollutant that is principally generated by car engines and industrial power 
plants. It contributes to acid rain, air pollution, and ozone depletion (Biswas and Mahajan, 2021; 
Biswas et al., 2021; Chen et al., 2017; Liu et al., 2019; Wang et al., 2020; Yu et al., 2020). It is also 
responsible for the genesis of small particulate matter (PM), especially PM2.5, which is very 
dangerous to human beings (Huang et al., 2017; Li et al., 2015; Wang et al., 2016; Zhao et al., 
2016). Many methods have been applied to reduce and control the effects of NO in the 
environment, including denitrification of NOx emissions, (de-NOx) technologies (Yan et al., 2018), 
electron beam irradiation, adsorption, wet absorption, selective catalytic reduction (SCR), and 
selective non-catalytic reduction (Yan et al., 2018). In addition to all the remediation methods, 
the use of a photocatalyst is a process of generating energy by using chemical reactions with light 
energy at an optimum point for the purpose of degrading environmental pollutants (Fenelon et 
al., 2019; Feng et al., 2019; John et al., 2021; Neves et al., 2017) and is regarded as a "clean" and 
productive process (Nguyen et al., 2019). 

When applying a high-quality catalytic, it is necessary to obtain better performance at low 
temperatures and to reduce application costs (Zhang et al., 2020). Both conventional and developing 
catalysts, such as TiO2, ZnO, SnO2, Cu2O, Bi2S3, g-C3N4, Bi2WO6, and BiPO4, among others, are typically 
applied for the reduction of environmental pollutants, including NO (Li et al., 2019; Nguyen et al.,  
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2019). Unfortunately, their performance is usually limited either by a large band-gap or rapid 
photogeneration of recombination electrons (e–) and holes (h+). Some studies in the previous 
literature on this topic also suggest limitations in these catalysts due to low degradation of NO 
under visible light, solar light, and UV light. A new photocatalyst is therefore needed to improve 
the photodegradation of NO. Among various available catalysts, Bi2S3 is an excellent semiconductor 
that has drawn broad attention related to thermoelectric devices (Guo et al., 2013), super 
capacitor electrodes (Nie et al., 2015), sensors (Sun et al., 2016), solar cells (Li et al., 2016), and 
Schottky diodes (Bao et al., 2008). Additionally, photocatalysts based on Bi2S3 are very appealing 
for the following reasons: (1) The narrow band-gap implies broad photo-absorption ability, which 
is favored for photocatalytic activity, and (2) raw resources including bismuth and sulfide are 
plentiful at the global level and thus easily accessible at a low cost. However, pure Bi2S3 is limited in 
terms of achieving high performance in the conversion of solar energy because of its small optical 
band-gap (1.3 eV) and thus has been restricted to the easy recombination of photogenerated e–

–h+ pairs (Long et al., 2015).  
To overcome the above-reverenced problems related to the photocatalytic efficiency of Bi2S3 

under solar light, an MgO material was applied as a new companion to improve the performance 
of Bi2S3. In this study, MgO was selected because of its low heat power and because it is chemically 
inert, has high optical clarity, and is thermally stable (Gao et al., 2012). In addition, the presence 
of the BiOCl compound leads to a heterojunction that typically forms in the preparation of a Bi2S3 
material with a precursor that contains Cl ions in water solvent (Fenelon et al., 2020; Guan et al., 
2013; Lei et al., 2009; Zhang et al., 2014). Therefore, the MgO/Bi2S3-BiOCl composite discussed 
in this work was developed in a solution of Bi2S3 with the MgCl2.6H2O precursors in water, and its 
efficacy was successfully confirmed using a characterization analysis. Additionally, the presence 
of BiOCl was found to be beneficial for photocatalytic activities due to the availability of more 
active species leading to the generation of electron-hole pairs and the fact that it enhances the 
performance of the composite. This study involves taking advantage of this composite, which is 
synthesized for the first time using a co-precipitation method for potential application in the 
photodegradation of NO assisted by solar light.  

 

2 MATERIALS AND METHOD 
 
2.1 Materials and Chemicals 

Xilong Chemical Co., Ltd., Beijing, China, provided the bismuth nitrate (Bi(NO3)3H2O) chemical 
at a weight fraction of 0.990. Magnesium Chloride Hexahydrate (BioXtra, ≥ 99.0%), isopropyl 
alcohol (IPA, Merck, 99.99%), ethanol (C2H6O), sodium hydroxide (NaOH, 99%), Thiourea (CH4N2S, 
China, 99.9%) were utilized in this study, as well as double-distilled water (DDW).  

 
2.2 Synthesis of Bi2S3, MgO Nanoparticles, and MgO/Bi2S3-BiOCl Composites 

The co-precipitation method was used to synthesize all of the catalysts. The Bi2S3 catalyst was 
prepared by mixing 5.174 g of Bi (NO3)3.5H2O and 133.34 ml of double-distilled water (DDW), 
after which 1.2 g of CH4N2S was applied in 13.34 ml of DDW separately mixed for 30 min. After 
the mixing time, a thiourea solution was introduced into the solution of Bi(NO3)3.5H2O and 
constantly mixed for 60 min. Afterward, a yellow solution was recovered and washed at least 
four times using DDW and C2H6O at a ratio of 5:1 to remove all of the impurities. Finally, the Bi2S3 

sample was dried at 60°C for 12 hours and then calcinated at 400°C for 2 hours.  
Synthesis of the MgO material was carried out using the same precipitation method. 5.1 g of 

MgCl2.6H2O was put into a mixed solution of 80 mL of DDW. After that, the NaOH solutions were 
added to adjust the solution to pH 10 for the purpose of facilitating the oxidation of magnesium, 
after which it was mixed for 2 hours. Finally, the substance was rinsed with ethanol and DDW, 
dried at 60°C for 12 hours, and then calcined at 400°C for 2 hours. 

Synthesis of the MgO/Bi2S3-BiOCl composites (Fig. 1) was carried out using different weight 
percentages of MgO and Bi2S3 (5%, 7%, 10%, and 15% MgO). A solution of synthesized MgO was 
added dropwise into the Bi2S3 solution and mixed for 3 hours. Finally, the material was washed 
four times with C2H6O and DDW, centrifuged, dried at 60°C for 12 hours, and then calcinated at 
400°C for 2 hours. 
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Fig. 1. Synthesis of the MgO/Bi2S3-BiOCl composites. 

 

2.3 Surface Analysis 
Scanning and transmission electron microscopy (SEM, TEM) were applied to study the morphology 

of the materials. The crystal structure and phase composition were analyzed using an X-ray 
diffraction (XRD) pattern on a Bruker D8-Advance 5005 with Cu K radiation of 0.154064 nm. The 
feature group and bonding of the catalyst were calculated using Fourier transform infrared 
spectroscopy (FTIR). Using a UV-Vis spectrometer, the optical properties of the composites were 
determined using UV-vis diffuse reflectance spectroscopy (DRS) in a wavelength range of 200–
800 nm (JASCO-V550). Using a Bruker EMX Plus X-Band spectrometer, the electron spin resonance 
(ESR) with DMPO (5,5-Dimethyl-1-Pyrroline N-oxide) was used to analyze the ESR signals of the 
reactive oxygen species (ROSs) produced in the photodegradation activity, and Malvern Panalytical's 
Zetasizer Nano ZS was used to determine the particle size of the preparation material. 

 
2.4 Pollutant Photocatalytic Degradation Measurements 

The photocatalytic activity of the material shown in Fig. 2 was assessed by analyzing the 
photodegradation potential of nitrogen oxide using 500 ppb with a continuous flow reactor set 
at 3 L min–1 at room temperature. A 300 W Xenon lamp 135 (Perfect Light MICRO SOLAR 300, 
Beijing, China) was used for solar light irradiation. 0.20 g of the photocatalysts were added to 
20 mL of DDW and transferred to a glass dish (d = 12 cm), followed by drying at 80°C and placing 
in the center of the reactor. After the catalyst reached adsorption/desorption balance at 480 ppb, 
the lamp was turned on while maintaining a humidity of 40%. A NOx analyzer was continuously 
used to track the concentration of NO. The NO degradation was calculated using C/C0, in which 
C represents the current NO concentration in the exit, and C0 is the original NO contamination. 
For the trapping test, different scavengers of 10–3 M were added to the catalyst. Potassium iodide 
(KI), isopropyl alcohol (IPA), and potassium dichromate (K2Cr2O7) were used as effective scavengers 
of the holes, hydroxyl radicals, and photogenerated electrons, respectively, in this procedure. 
The kinetics K = (ln(C/Co))/t of the photocatalysts were measured using the obvious first-order 
rate constant k (min–1) of NO (ppbV) at the initial C0, and C is the final concentration at different 
time (min) (Pham et al., 2020). 
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Fig. 2. Photodegradation of NO. 

 

3 RESULTS AND DISCUSSION 
 
3.1 XRD Pattern Analysis 

The XRD analysis of MgO, Bi2S3, and MgO/Bi2S3-BiOCl is shown in Fig. 3. The Bi2S3 pattern was 
matched to the orthorhombic phase JCPDS No. 170320; the peaks at 23.8°, 28.28°, 31.86°, 34.65°, 
41.17°, 45.52°, 47.73°, 54.47°, and 58.46° are related to planes (101), (211), (221), (311), (430), 
(440), (501), (360), and (640), respectively. The MgO NPS presented by the cubic MgO phase (PDF-
00-004-0829) with diffraction peaks at 36.95°, 42.91°, 62.31°, 74.69°, and 78.55° are correlated with 
planes (111), (200), (220), (311), and (222), respectively, indicate that the precursors of MgO are 
high levels of crystalline. The typical diffraction peaks of BiOCl detected in the composite were 
found in the JCPDS, no. 06-0249 phase. The existence of BiOCl was confirmed in a previous report, 
which clarified that the formation of a BiOCl heterojunction occurs when Bi2S3 is mixed with 
MgCl2.6H2O precursor in water. The XRD patterns analysis successfully confirmed the easy synthesis 
of the MgO/Bi2S3-BiOCl material for photocatalytic activities.  

 
3.2 Fourier Transform Infrared Spectroscopy (FTIR) Spectra 

The FTIR analysis in the solid phase was carried out using the KBr pellet procedure in a 
400−4000 cm–1 area to verify the existence of functional groups and the chemical bonding of the 
materials. Fig. 4 illustrates the FTIR analysis of MgO, Bi2S3, and the MgO/Bi2S3-BiOCl material. The 
prominent peaks at around 528 cm–1 and 1155 cm–1 are related to the Bi-O and Bi-Cl stretching 
modes, respectively, implying the presence of highly pure BiOCl (Seddigi et al., 2017). The 
vibration at 617 cm−1 is connected to C–S, and the formation of Bi3+ indicates C–N stretching 
(Jayachandhiran et al., 2017). The vibrational mode centered at 842 cm–1 was attributed to Bi−S 
stretching (Cao et al., 2018). The regions between 1350 cm–1 to 1450 cm–1 may have been 
responsible for the Bi-S vibration. The band at 1382 cm−1 was caused by the bending vibration of 
Mg-O (Essien et al., 2020; Viswanatha et al., 2012), and the vibration at around 3400 cm−1 
corresponded to the O-H vibration from the water used in the preparation of the material (Zhao 
et al., 2018). The wavelength at 3421 cm−1 was associated with the O-H vibration in alcohol 
(Dobrucka, 2018; Essien et al., 2020). The band at 3699 cm−1 was due to the formation of MgO 
NPs (Ansari et al., 2018). These functional group vibrations proved that the MgO NPs, Bi2S3 
nanorods, and MgO/Bi2S3-BiOCl composite were successfully synthesized. The FTIR results also 
confirmed the formation of BiOCl, which was also observed in the XRD analysis spectra. 
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Fig. 3. XRD pattern analysis of the MgO, Bi2S3, and MgO/Bi2S3-BiOCl materials. 

 

 
Fig. 4. FTIR analysis of Bi2S3, MgO, and MgO/Bi2S3-BiOCl. 

 

3.3 The Morphology of MgO/Bi2S3-BiOCl  
The surface morphology of the Bi2S3, MgO, and MgO/Bi2S3-BiOCl composites was examined 

using scanning electron microscopy (SEM). As shown in Figs. 5 (a) and 5(b), the particle sizes of 
the Bi2S3 and MgO samples are irregular. Figs. 5(c–f) show that the MgO/Bi2S3-BiOCl material at 
a 5%, 7%, 10%, and 15% weight of MgO, respectively, are smoother and could thus provide a 
better performance in the photocatalytic process. The increase in the MgO content on the 
surface of Bi2S3 indicated the growth of particles in the form of a branched structure, which may 
have been due to the growth of MgO nanoparticles over the surface of the Bi2S3 leading a more 
active species that served to catch the photo-induced electrons. Otherwise, the excess amount 
of MgO content converted the pores of the catalyst, so the defects became recombination centers  
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Fig. 5. Scanning electron microscopy image of (a) Bi2S3, (b) MgO, (c) 5% MgO/Bi2S3-BiOCl, (d) 7% 
MgO/Bi2S3-BiOCl, (e) 10% MgO/Bi2S3-BiOCl, and (f) 15% MgO/Bi2S3-BiOCl composites (g) average 
particle size. 

 
and reduced the photodegradation ability of the composite. The particle size of the material was 
also measured using Malvern Panalytical's Zetasizer Nano ZS to study the influence of particle 
size on the photocatalytic degradation of NO. The results shown in Fig. 5(g) indicate that the 
average particle sizes of Bi2S3, MgO, 5% MgO, 7% MgO, 10% MgO, and 15% MgO were 2927 nm, 
4871 nm, 3251 nm, 2963 nm, 7093 nm, and 4046 nm, respectively. The formation of BiOCl could 
have cause the increase in the particle size of the material (Bárdos et al., 2021). Fig. 6(a) presents 
the transition electron microscopy (TEM) morphology of Bi2S3 nanorods synthesized using a  
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Fig. 6. Transition electron microscopy (TEM) morphology of Bi2S3, MgO, and 7% MgO/Bi2S3-BiOCl. 

 
simple precipitation method. The MgO NPs are shown in Fig. 6(b), where the nanoparticles in the 
image are uniform in size. Fig. 6(c) shows that the morphology of the composite preparation with 
the doping of the MgCl2.6H2O precursor on the Bi2S3 solution is very different compared to the pure 
MgO and Bi2S3, which confirmed the formation of the new composite MgO/Bi2S3-BiOCl detected in 
the XRD pattern. Therefore, the characterization of the as-prepared material successfully confirmed 
the synthesis of the MgO/Bi2S3-BiOCl composites using the simple co-precipitation method 
proposed in this work. 

 
3.4 Diffuse Reflectance Spectroscopy (DRS) Analysis 

The diffuse reflection spectra (DRS) were used to examine the light absorption behavior of the 
material at wavelengths ranging between approximately 250 and 800 nm (Fig. 7). The MgO 
material exhibits a large wavelength of around 300 nm, which means it can only work under UV 
light. The Bi2S3 materials showed the full wavelength of 800 nm, which could be applied easily 

 

 
Fig. 7. Diffuse reflectance spectroscopy analysis of Bi2S3, MgO, and MgO/Bi2S3-BiOCl. 
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using visible light. In the case of the MgO/Bi2S3-BiOCl material, as a result of the Bi2S3 and MgO 
in the synthesis process, a wavelength of approximately 350 nm appeared between the visible 
light and UV-light area, so the DRS analysis confirmed that this composite can exhibit better 
performance under solar light than the pure Bi2S3 and MgO. 
 
3.5 NO degradation Using MgO, Bi2S3, and MgO/Bi2S3-BiOCl under Solar Light 
Irradiation 

Fig. 8(a) shows the photocatalytic performance of Bi2S3, MgO, and MgO/Bi2S3-BiOCl for a 30-
minute period under solar light irradiation. The NO degradation efficiency of Bi2S3, MgO, 5% 
MgO/Bi2S3-BiOCl, 7% MgO/Bi2S3-BiOCl, 10% MgO/Bi2S3-BiOCl, and 15% MgO/Bi2S3-BiOCl were 
42.8%, 11.2%, 66.4%, 74.6%, 58%, and 50.3% respectively. The results showed that increasing 
the amount of MgO doped on Bi2S3 from 5% to 7% increased the removal of NO, but the 
performance of the composite was decreased with increases in the amount of MgO of more than 
7% because an excessive amount of MgO can turn the composite to the UV area. However, solar 
light has less than a 5% UV irradiation, so the excess amount of pure MgO had poor performance 
under solar light. In addition, when the amount of MgO was optimal or less than optimal, the 
MgO acted as a photo-induced electron capture center. However, When the weight of the MgO 
was greater than its maximum value, the reabsorption of photo-induced e– and h+ in the material  

 

 
Fig. 8. Nitrogen oxide degradation by MgO, Bi2S3 and MgO/Bi2S3-BiOCl under (a) solar light irradiation, (b) L–H fit Lines, and 
reusability test of (c) 7% MgO/Bi2S3-BiOCl. 
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Table 1. Comparison of previous studies on the photocatalytic degradation of NO. 

Catalysts NO Concentration(ppb) Light sources Removal efficiency (%) References 
TiO2/graphene 1000 UV light 52.28 (Trapalis et al., 2016) 
SnO2 500 Solar light 63.37 (Huy et al.,2018) 
TiO2/graphene 1000 Visible light 24.05 (Trapalis et al., 2016) 
Ag/LDH 400 Solar light 43 (Zhu et al., 2017) 
Cr/ZnO 500 Visible light 24.44 (Nguyen et al., 2019) 
La/TiO2 500 Solar light 32 (Huang et al., 2017b) 
Pd/F-TiO2 1000 Solar light 52 (Fujiwara et al., 2016) 
Bi/BiOI/(BiO)2CO3 550 Visible light 50.7 (Sun et al., 2019) 
Ag@Bi2S3 500 Solar light 31.12 (Pham et al., 2021) 
w-Pd/c-TiO2 1000 Solar light 55 (Fujiwara et al., 2016) 
B,N-doped TiO2 400 Visible light 53 (Ding et al., 2011) 
f-Pd/TiO2 1000 Solar light 63.5 (Fujiwara et al., 2016) 
SnO2/PANI 450 Solar light 16 (Bui et al., 2018) 
MgO/Bi2S3-BiOCl 500 Solar light 74.61 This study 

 
increased and led to poor degradation of the pollutant (Guo et al., 2012). In addition, the average 
particle size of the composite material showed that the 7% MgO/Bi2S3-BiOCl had the lowest 
particle size, which led to an increase the surface area available for producing more active species 
and in turn, to better degradation of NO under solar light. A comparison with some previous 
publications is provided in Table 1, which shows that the photodegradation of nitrogen oxide is 
limited under visible light, solar light, and even UV light. Therefore, in the present study, the new, 
efficient MgO/Bi2S3-BiOCl composites applied for the first time for photocatalytic degradation of 
nitrogen oxide, showed significant results under solar light. The comparison also shows that the 
MgO/Bi2S3-BiOCl composites for degradation of NO are very competitive and may be candidates 
for practical application. The Fig. 8(b) indicated that the reaction rates (k) of the Bi2S3, MgO, 5% 
MgO/Bi2S3-BiOCl, 7% MgO/Bi2S3-BiOCl, 10% MgO/Bi2S3-BiOCl, and 15% MgO/Bi2S3-BiOCl were 
0.026, 0.0023, 0.030, 0.046, 0.027, and 0.025, respectively, which indicates that the 7% MgO/Bi2S3-
BiOCl exhibited the highest degradation rate. Furthermore, due to the method used to synthesize 
MgO/Bi2S3-BiOCl, the components at the BiOCl heterojunction could not be separates from the 
composite to measure their individual performance in the photodegradation activities of NO. The 
stability of the photocatalyst, as shown in Fig. 8(c), was studied to evaluate the reusability of using 
the 7% MgO/Bi2S3-BiOCl material. The result showed that the photocatalytic degradation of NO 
remained stable after five cycles, implying that the photocatalyst was highly stable throughout 
the photodegradation process. 

 
3.6 Trapping Test, DMPO-ESR Spectra, and Photodegradation Mechanism of 
NO Using MgO/Bi2S3-BiOCl under Solar Light 

The trapping experiment was conducted to determine the main active factor contributing to 
the photodegradation of nitrogen oxide using MgO/Bi2S3-BiOCl by confirming its photocatalytic 
mechanism under solar light. Fig. 9(a) shows that the removal efficiency of NO was slightly 
decreased by the addition of 10–3 M of potassium dichromate (K2Cr2O7) (a quencher of •O2

–), but 
significantly decreased by adding isopropanol (IPA) (a quencher of •OH) and potassium iodide (KI) 
(a quencher of h+). Therefore, the results show that the h+ and OH radicals of the MgO/Bi2S3-
BiOCl composite are the main factors contributing to the photodegradation of NO under solar light. 

To understand the potential of the production of reactive oxygen species, the trapping test 
was conducted using electron spin resonance of a 7% MgO/Bi2S3-BiOCl material for 12 minutes 
with 5,5-Dimethyl-1-Pyrroline N-oxide (DMPO-ESR) (ROS). The results in Fig. 9(b) reveal that under 
dark conditions, there is almost no signal for (DMPO-•OH), and (DMPO-O2

–). After the light was 
turned on, active vibration was detected. The results explain that the generated OH radicals came 
from the holes (h+) and facilitated the oxidation of nitrogen oxide. 

The mechanism of the degradation of NO by MgO/Bi2S3-BiOCl under solar light can be described 
by the following reactions: Eq. (1) explains that the holes stay in the valence band (VB), and the 

https://doi.org/10.4209/aaqr.210128
https://aaqr.org/


ORIGINAL RESEARCH 
 https://doi.org/10.4209/aaqr.210128 

Aerosol and Air Quality Research | https://aaqr.org 10 of 14 Volume 21 | Issue 10 | 210128 

 
Fig. 9. (a) Active species trapping test, (b) DMPO-ESR spectra of 7% MgO/Bi2S3-BiOCl. 

 

 
Fig. 10. Mechanism of NO photocatalytic degradation using MgO/Bi2S3-BiOCl. 

 
excited electrons move from the valence band (VB) to the conduction band (CB). The electron-hole 
couples travel to the surface of the MgO/Bi2S3-BiOCl. Eq. (2) explains that the electrons then 
combine with oxygen to form •O2. In Eq. (5), •OH forms by the combination of holes (h+) with the 
OH− from Eqs. (3) and (4). In Eq. (6), •OH forms when the holes react with water. 

In terms of Eqs. (7) and (9), Fig. 10 shows that both •O2
− and •OH reacted and degraded NO 

into NO3, and the ESR spectra and the trapping analysis shown in Fig. 9 explain that •O2
− and •OH 

are used for the photocatalytic degradation of NO under solar light. 
 
MgO/Bi₂S₃-BiOCl + hv → MgO/Bi₂S₃-BiOCl (h+VB + e−CB) (1) 
 
O₂ + e−CB → •O−₂ (2) 
 
H₂O + •O₂− + → OH− + •HO₂ (3) 
 
•HO₂ + H₂O + e− → H₂O₂ + OH− (4) 
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h+ + OH− → •OH (5) 
 
H₂O + h+ → HO• + H+ (6) 
 
NO + •O₂− → NO−₃ (7) 
 
NO + 2HO• → NO₂ + H₂O (8) 
 
NO₂ + •OH → NO₃− + H⁺  (9) 
 

4 CONCLUSIONS 
 

This research was focused on introducing a new, efficient photocatalyst (MgO/Bi2S3-BiOCl) for 
the purpose of reducing the fast recombination of electron-hole pairs during the degradation of 
nitrogen oxide under solar light.  

The surfaces analysis confirmed that the MgO/Bi2S3-BiOCl composite was successfully synthesized 
using the easy method proposed in this work.  

The results showed that only 7% MgO was doped on Bi2S3, which indicates optimum removal 
efficiency and a higher degradation rate. Furthermore, the 7% MgO/Bi2S3-BiOCl composite also 
had the smallest particle size, which contributed to increasing the surface area of the composite 
and leading to better degradation of NO.  

The formation of BiOCl in the composite improved the active species and led to better 
photodegradation of NO under solar light irradiation. The photodegradation efficiency of NO with 
the application of 7% MgO/Bi2S3-BiOCl was around 1.75 times higher than was the case for the 
pure Bi2S3. 

The trapping test and DMPO-ESR spectra showed that the holes (h+) and the OH radicals were 
the main factors contributing to the photodegradation of NO when solar light was applied to the 
compound of 7% MgO/Bi2S3-BiOCl.  

The photocatalytic degradation results also showed that the pure Bi2S3 was unstable during 
the degradation process, and the presence of the MgO doped on the Bi2S3 led to good stability 
even after five recycles. 

Additionally, the MgO/Bi2S3-BiOCl composite is very competitive compared to the degradation 
of NO in the previous studies. Finally, the use of precursors that contain Cl ion are suggested to 
improve the performance of Bi2S3 by promoting more active species in the photodegradation of 
environmental pollutants for practical applications. 
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