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The present scientific contribution aims to elaborate antimony oxychloride Sb4O5Cl2 via 

a wet chemistry method and to study its photocatalytic activity to degrade methylene blue 

and crystal violet cationic dyes. The prepared samples were characterized using powder 

X-ray diffraction PXRD, Fourier transform infrared spectroscopy FTIR, Scanning

electron microscopy analysis SEM and UV-Visible measurements. PXRD results

revealed that the Sb4O5Cl2 was successfully formed in a monoclinic phase structure with

P21/a space group. FTIR results show the presence of all characteristic bands that

distinguished the prepared compound mainly include Sb−O, Sb−O−Sb, and Sb=O

vibrating modes bands located at 503, 607, and 832 cm-1, respectively. SEM micrograph

showed that the microstructure of the prepared antimony oxychloride is composed of

particles with sand rose morphology. UV-Visible outcomes demonstrated that our

synthesized Sb4O5Cl2 is an efficient photocatalyst for the degradation of both methylene

blue MB and crystal violet CV targeted dyes. MB degradation reached 93.67% after 30

min while CV degradation up to 92.56% after 360 min.
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1. INTRODUCTION

Organic dyes are largely and massively used for their high 

ability to absorb light in many daily life sectors such as textile, 

food processing, paper, painting, cosmetics, pharmaceuticals, 

and so on [1]. Organic dyes effluents became a serious 

problem because of their significant negative impact on both 

human health and its surrounded environment including water, 

soil and climate [2].  

Methylene blue MB (Figure 1.a) dye is a heterocyclic 

aromatic chemical compound with the chemical formula of 

C16H18N3SCl. This cationic dye is used in medicine as a 

treatment for methemoglobinemia, burn care and urinary tract 

infections, biology as a staining agent, radiology, textile [3, 4]. 

However, methylene blue may cause hemolytic anemia, 

respiratory distress, pulmonary edema, photo-toxicity and 

bluish discoloration of tracheal secretions and urine [5].  

Crystal violet CV (Figure 1.b) with chemical formula 

C25N3H30Cl is an organic dye used in Gram's Method of 

classifying different bacteria, textile, pharmaceutical, paints 

and printing ink [6]. However, human body contamination by 

crystal violet dye can lead to respiratory problems, renal 

insufficiency, corneal and conjunctiva irritation, skin diseases 

and in even cases cancers. CV effluents discharging can alter 

the aquatic system and marine life due to its mutagenic, 

teratogenic and mitotic poisoning nature [7].  

For dye removal, a variety of technological techniques have 

been employed, including ion-floatation, coagulation, 

degradation, sedimentation, and adsorption [8, 9]. These 

approaches are efficient and applicable at industrial scale.  

a. Methylene blue

(b) Crystal violet

Figure 1. Molecular structures 

However, they exhibit various disadvantages like time 

consuming, high-cost complexity, etc. Semiconductor based 

photocatalysis leads to a heterogeneous photochemical 

catalytic reaction on the surface of a solid semiconductor 
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driving to degrade the targeted dye [10]. This technique is 

much recommended for water treatment thanks to its 

simplicity, low cost and the lack of secondary pollution 

metabolites [11]. 

Antimony oxychloride Sb4O5Cl2 is a semiconductor 

material with a direct band-gap of 3.12-3.38 eV. This material 

crystallizes in a monoclinic phase structure with the P21/a 

space group under ordinary conditions [12-14]. According to 

the literature, the structure of antimony oxychloride is made 

up of layers containing antimony oxide units of which the 

chlorine ions occupy the free volume between the adjacent 

layers (Sb4O5
2+)n as exhibited in Figure 2. In fact, the 

asymmetric part of the unit cell of Sb4O5Cl2 contains two Sb 

atoms with different coordination. The first can be regarded as 

either three- or four-coordinated by O. The second, however, 

has only three O atoms in the coordination polyhedron and the 

next nearest neighbor is a Cl- ion [14]. Sb4O5Cl2 is used as 

flame retardant, optics, lithium and chloride storage materials 

[15, 16].  

 

 
 

Figure 2. Crystal structure of antimony oxychloride 

Sb4O5Cl2 (Projection onto [010] direction using VESTA 

version 3.5.0 program package) 

 

According to the previous reports, antimony oxychloride 

Sb4O5Cl2 can be elaborated using different techniques such as 

a hydrothermal route, template-free assembly method [17, 18]. 

Wet chemistry synthesis is an elaboration technique used to 

produce a desirable size and shape of metal oxides or sulfides 

particles. In this process, control over size and shape can be 

achieved by a better understanding of elementary events 

related to the reagents, the precursor conversion mechanism, 

surface stabilizing agent and growth and nucleation rate [19]. 

To the best of our knowledge, there is no published 

scientific report treating the utility of using antimony 

oxychloride Sb4O5Cl2 as a photocatalyst to degrade methylene 

blue MB and crystal violet CV model dyes. The present 

research focuses on synthesize antimony oxychloride 

Sb4O5Cl2 using wet chemistry process and investigate its 

photocatalytic activity to degrade methylene blue and crystal 

violet dyes. The obtained samples have been examined using 

PXRD and SEM analyses. UV-Visible measurements have 

been performed to assess the photocatalytic properties of the 

obtained material to get rid of the selected dyes from water.  

 

 

2. EXPERIMENTAL 

 

2.1 Samples elaboration 

 

Sb4O5Cl2 samples have been elaborated by a wet chemistry 

process without using any surfactant. Weight of antimony 

trichloride SbCl3 (BIOCHEM; purity +99%) powder was 

dissolved in 100 ml of distilled water. Sodium thiosulfate 

Na2S2O3 (PROLABO; purity 99%) was introduced in the 

resulted aqueous solution as a complexion agent during the 

hydrolysis of antimony trichloride SbCl3. The resulting 

precursor was magnetically stirred for 10 hours at 90℃ as 

described in the literature to obtain the required phase [20]. 

After this time, the obtained solid material was filtered, well 

washed with distilled water, and then dried in a laboratory 

oven at 100℃ for a few hours.  
 

2.2 Samples characterization 
 

2.2.1 PXRD analysis 

The phase identification of the prepared sample has been 

investigated by powder X-ray diffraction (PXRD) analysis. 

This test was performed employing a Bruker D8 Advanced 

diffractometer using a Cu Kα X-ray source (λ=1.5418 Å) 

operating at 40 kV and 20 mA. Bragg angle scans were 

recorded from 10 to 80°. 
 

2.2.2 FTIR spectroscopy analysis 

Fourier transform infrared (FTIR) analysis has been carried 

out using a shimadzu 8400s spectrophotometer. A small 

weight of the prepared sample was mixed with KBr powder 

and pressed to get a transparent sample. The spectrum of the 

sample under investigation was obtained within wavenumber 

ranging from 400 to 1300 cm-1. 
 

2.2.3 SEM analysis 

Scanning electron microscopy (SEM) analysis was used to 

examine the morphology of the sample under investigation. 

The experiment was carried out employing TESCAN VEGA3 

laboratory equipment operating at 20 kV under a high vacuum. 
 

2.2.4 Photocatalytic activity test 

UV-Vis spectra were periodically recorded to monitor 

changes in the concentration of each examined dye. The 

absorbance Ai obtained after stirring for 1 hour in the dark was 

considered to determine the solution's starting concentration 

Ci. After various periods of light exposure, the absorbance Af 

was measured to estimate the residual concentration Cf. The 

degradation efficiency (DE) for every organic dye was 

computed using the equation below [21-23]: 
 

𝐷𝐸 (%) =  
𝐴𝑖 − 𝐴𝑓

𝐴𝑖

 ×  100 (1) 

 

 

3. RESULTS AND DISCUSSION 

 
3.1 PXRD results 

 

Powder X-rays diffraction experiment was carried out for 

phase identification. The search-match function of the Crystal 

Impact Match program package was used to compare the 

PXRD peaks in the diffractogram corresponding to the 

obtained sample to those in the ICCD-PDF database, as shown 

in Figure 3. It can be seen that the PXRD signals 

corresponding to the sample under probe well matched those 

of the Sb4O5Cl2 phase (ICDD-PDF file No. 00-030-0091). The 

diffraction lines at 2θ =14.30°, 21.83°, 27.14°, 28.61°, 35.07°, 

and 44.18° are assigned to (001), (210), (211), (-401), (-212), 

and (610) planes of Sb4O5Cl2 monoclinic phase having space 

group P21/a [14, 24]. No secondary phase has been detected. 

70



 

 
 

Figure 3. Comparison of PXRD pattern of the prepared 

sample with the ICDD-PDF database 

 

Unit cell refinement from powder diffraction data has been 

performed using WinPLOTR version 2018 program package. 

The obtained cell lattice parameters and unit-cell volume are 

listed in Table 1. The calculated parameters related to the 

prepared Sb4O5Cl2 monoclinic phase are very close to those of 

the ICDD-PDF database (ICDD-PDF file No. 00-030-0091). 

 

Table 1. The obtained lattice parameters (a, b, c, α, β and γ) 

and unit-cell volume (V) of the studied crystalline system 

 
a (Å) 6.229 (2) 

b (Å) 5.107 (2) 

c (Å) 13.500 (5) 

α (°) 90.000 

β (°) 97.270 (2) 

γ (°) 90.000 

V (Å3) 426.003 

 

3.2 FTIR results 

 

The FTIR spectrum of the synthesized Sb4O5Cl2 is shown in 

Figure 4. As can be seen, there are strong bands at 503 and 832 

cm-1, these bands are assigned to a single bond Sb−O and a 

double bond Sb=O vibrating modes, respectively. The 

absorption band located at 607 cm-1 is attributed to the 

symmetric Sb−O−Sb vibrating mode and the band observed at 

712 cm-1 is dedicated to an asymmetric Sb−O−Sb vibrating 

mode. Our experimental findings are in full agreement with 

the results earlier reported in the literature [25]. Besides, no 

chloride bond peak has been appeared, indicating that Cl- 

anions don’t form any bonds in the structure and just occupy 

the free volume between the antimony oxide layers as 

described in the introduction part. 

 

3.3 SEM results 

 

The morphology of an elaborated material is an important 

parameter influencing the resulting properties including 

mechanical modulus, heat transfer constant, dielectric constant 

and catalytic properties. Scanning electron microscopy was 

used to investigate the morphology of the prepared samples. 

Figure 5 illustrates the SEM micrograph of the elaborated 

sample. It is clear to observe that the microstructure 

corresponding to antimony oxychloride Sb4O5Cl2 prepared by 

a wet chemistry route is composed of particles with sand rose 

morphology. 

 

 
 

Figure 4. FTIR spectrum of the prepared Sb4O5Cl2 by wet 

chemistry 

 

 
 

Figure 5. SEM micrograph of the prepared Sb4O5Cl2 by 

wet chemistry 

 

3.4 Photocatalytic activity of the prepared antimony 

oxychloride 

 

The photocatalytic properties of the obtained antimony 

oxychloride Sb4O5Cl2 were studied via the degradation of 

methylene blue MB and crystal violet CV as targeted dyes. 

Analytical samples of MB and CV solutions containing the 

prepared material were exposed to visible light irradiation. 

Figure 6 illustrates the change in MB dye absorption as a 

function of time exposed to visible light irradiation. It is 

evident that the absorbance at the main band of MB decreased 

from 1.863 to 0.118 after 30 min of light exposure indicating 

that this dye was photodegraded in the presence of Sb4O5Cl2 

as photocatalyst which is experimentally proved by the rapid 

transformation of MB typical color from blue to transparent 

when exposed to visible light irradiation for different time 

intervals. We report a similar tendency in the case of CV dye 

where the absorbance was also found to decrease from 1.263 

to 0.094 after 360 min as presented in Figure 7 revealing that 

CV dye was photodegraded in the presence of Sb4O5Cl2 but in 

a longer exposure time to light illumination compared to MB 

dye. 
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Figure 6. UV-Visible spectra of photodegraded methylene 

blue in the presence of Sb4O5Cl2 under visible light 

irradiation 

 

 
 

Figure 7. UV-Visible spectra of photodegraded crystal violet 

in the presence of Sb4O5Cl2 under visible light irradiation 

 

Figure 8 shows the time-dependent evolution of methylene 

blue MB degradation efficiency in the presence of Sb4O5Cl2 

photocatalyst under visible light exposure. It can be shown that 

the removal efficiency of MB rapidly increased with the time 

of visible light illumination. The removal efficiency of MB 

reached 93.67% after 30 min. However, the time dependence 

of the degradation efficacy of CV dye in the presence of 

Sb4O5Cl2 is shown in Figure 9. The degradation efficacy of CV 

dye increased with the increment of exposure time to visible 

light illumination, this photocatalytic parameter up to 92.56% 

after 360 min of exposure time. Our results are better than 

those reported by Guo et al. and Mahanta et al. who studied 

the MB dye photocatalytic degradation in the presence of 

BiVO4 [26] and TiO2-SiO2 nanoparticles [27], respectively, as 

photocatalysts. Neena and coworkers have reported less 

removal efficiency of MB dye using nanosized novel Fe-Cd 

co-modified ZnO as a photocatalyst [28] compared to our 

outcomes. In a recent study, Kossar et al. found that when 

exposed to visible light irradiation, bismuth ferrite 

nanoparticles degrade 84.5 percent toward CV dye [29]. This 

removal proportion is less than that reported in our study. 

The device simplicity and the fast time of degradation 

process in the presence of Sb4O5Cl2 particles as a photocatalyst 

as well as the higher reported removal efficiencies of the 

targeted dyes that generating harmless degradation products 

allowing say that the photocatalysis is a successful, rapid, 

efficient, eco-friendly, and very recommended method to 

remove organic dyes from waste water. 

 

 
 

Figure 8. The evolution of degradation efficiency of 

methylene blue MB as a function of time exposure to light 

illumination 

 

 
 

Figure 9. The progression of degradation efficiency of 

crystal violet CV as a function of time exposure to light 

illumination 

 

 
 

Figure 10. Reactive scheme describing MB and CV 

degradation in the presence of Sb4O5Cl2 under light visible 

irradiation 
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3.4.1 Photodegradation mechanism 

When Sb4O5Cl2 semiconductor particles were subjected to 

a visible light beam having an energy (hʋ) larger than their 

direct band-gap, electron-hole pairs would be formed. A 

certain number of these photo-induced pairs recombined while 

others transferred onto the surface of Sb4O5Cl2 and then 

reacted with adsorbed oxygen/H2O to give O2
-• and H2O2. 

However, hydroxyl radical OH• can be produced either by the 

reaction of photo-generated holes with water molecules or by 

the reaction of O2
-• with H2O2. The reactive chemical species 

including O2
-•, H2O2 and OH• could degrade the organic dye 

into H2O, CO2 and other products [30]. The possible 

mechanism describing the degradation of the selected dyes in 

the presence of Sb4O5Cl2 as photocatalyst is supposed as 

following (Figure 10). 

 

 

4. CONCLUSIONS 

 

We have successfully synthesized antimony oxychloride 

Sb4O5Cl2 and evaluated the feasibility of using this 

semiconductor material as a photocatalyst to eliminate 

methylene blue and crystal violet contaminants from water. 

Based on the above considerations, we can assume that: 

 

• PXRD results revealed that a pure Sb4O5Cl2 

monoclinic phase has been successfully elaborated.  

• FTIR results declared the presence of typical 

vibrating bands related to Sb4O5Cl2 monoclinic phase 

principally Sb−O, asymmetric Sb−O−Sb, and Sb=O 

vibrating modes bands located at 503, 712, and 830 

cm-1, respectively, with the absence of any chloride 

bond peak which confirms the layered structure of the 

prepared antimony oxychloride as mentioned in the 

introduction section. 

• SEM images demonstrated that the microstructure of 

the prepared material is formed by microparticles 

with sand rose morphology.  

• According to UV-visible analysis and absorbance 

measurements, the prepared antimony oxychloride 

can be employed as an efficient photocatalyst for the 

removal of both methylene blue and crystal violet 

dyes. 

• After 30 minutes of visible light irradiation, the 

degradation efficiency of MB enhanced to 93.67 

percent in the presence of Sb4O5Cl2 as a photocatalyst. 

After 360 minutes of visible light irradiation, the 

degradation efficiency of CV reaches 92.56 percent in the 

presence of Sb4O5Cl2 as a photocatalyst. 
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