
ABSTRACT
A quick, reliable, simple and one-pot sonochemical method has been discussed for the synthesis of BiOCl 
nanomaterial by using Bismuth Nitrate as a precursor along with HCl, Ammonia and L – lysine in water medium 
at 298.15 K under the designed and developed open glass double-walled beaker reactor. The nanomaterial was 
further characterized by using PSA, DLS, FTIR, BET, FT-RAMAN, Photoluminescence spectroscopy, HRXRD and 
HRFESEM. As a result, highly pure and well crystalline BiOCl nano pallets were obtained. HR-XRD results revealed 
their sizes between 40-50 nm followed by PSA, DLS and HRFESEM analysis. The prepared nanomaterial was 
tested for its photocatalytic activities under the designed and developed reactor on a carbamate pesticide Oxamyl 
and a synthetic dye Azure B under the white light lamp and solar light. Prepared BiOCl nanomaterial showed the 
impressive photocatalytic activity against pesticide under solar light only and able to degrade selected dye under 
both lights. Present results concludes a potential future utilization of BiOCl nanomaterial as great environmental 
remediation technology for various hazardous as well as persistent compounds removal.

KEY WORDS: BiOCI NANOMATERIAL, SyNTHESIS, CHARACTERIzATION, OXAMyL PESTICIDE, AzuRE B DyE AND 
PHOTOCATALySIS.
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INTRODUCTION

The Bismuth oxychloride has been extensively studied as 
an impressive material and a promising technology in the 
field of oxide-based semiconductors and heterogeneous 

catalytic degradation of various organic contaminants 
as well as environmental remediation purposes  
(Chen et al., 2010; Guerrero et al., 2014; Gao et al., 
2018; yang et al., 2018). BiOCl class of nanomaterials 
are very efficient photocatalytic semiconductor catalysts 
(zhao et al., 2014) because of specific layered structures  
(zhang et al., 2006), various 1 & 2-dimensional arrangements 
(yang et al., 2019) and nanonetwork assemblies  
(Guo et al., 2018) viz. nanoflakes (Li et al., 2011), nanoflowers  
(Cheng et al., 2012), nanofibers (zhang et al., 2016), nanowires  
(Wu et al., 2016), nanobelts (Wang et al., 2017), 
nanosheets (Shi et al., 2018)  and several other self-similar 
micro (Mendez-Alvarado et al., 2020) - mesosphere 
structures (Guo et al., 2012; Xie et al., 2015; Ji et al., 
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2020) by a variety of reported synthesis methods 
including sonochemical (Geng et al., 2005), template-
assisted routes (Wu et al., 2010), hydrolysis (Li et al., 
2011), microwaves (He et al., 2015), hydrothermal 
synthesis (Hu et al., 2016) and biological/plant assisted  
(Garg et al., 2018; yadav et al., 2019).

Over recent decades, due to simple synthesis, low cost, 
low toxicity, stability and ability to absorb uV as well 
as sunlight made BiOCl nanomaterials a preferential 
choice over other oxide based semiconductor materials 
like polyoxometalates (Mylonas et al., 1996), non-
metallic doped TiO2 (Asahi et al., 2001), complex oxides  
(Luan et al., 2009), WO3 (Ashok kumar and Maruthamuthu, 
1989; Li et al., 2012), as well as several other solar light-
absorbing materials common nanomaterials like TiO2 
(Shaham-Waldmann and Paz, 2016; Lee et al., 2020). 
Thus the present study was an attempt to understand the 
synthesis, characterization and photocatalytic activity of 
BiOCl nanomaterial. The prepared BiOCl nanomaterial 
was further evaluated for its photocatalytic activity 
against a Carbamate pesticide Oxamyl (Fig.1B) and a 
synthetic dye Azure B (Fig. 1C) under visible and solar 
light.

for 30 minutes at 298.15 K. After that centrifugation 
performed at 7000 rpm for 15 minutes. The supernatant 
was used as a sample for particle size distribution 
analysis (Malvern zetasizer Nano S90) and Dynamic 
light scattering analysis (Microtraczetatrac, u2771). 
X-ray diffraction patterns (XRD) of the nanomaterial was 
recorded by D8 advance diffractometer (BRuKER). The 
structural information of nanomaterial was measured by 
a Fourier transform spectrophotometer (FT-IR, Bruker). 
The surface morphology of the sample was observed by 
using High-resolution field emission scanning electron 
microscope (zeiss, model name SIGMA VP). Material 
scattering analysis carried out by FT RAMAN (BRuKER 
RFS 27 Model). Photoluminescence spectroscopy (Horiba 
Scientific) was used for the further electron structure 
elucidation of nanomaterial and specific surface area 
was calculated by BET analyser. The degradation studies 
were carried out in the designed and developed reactor 
by using uV-Vis spectrophotometer. 

Measurement of Photocatalytic activity: Pesticide and 
dye solutions were freshly prepared by dissolving in 
Milli-Q water. An open glass double-walled beaker 
reactor was designed and developed to carry out a 
controlled degradation experiment (Fig. 1D). A space for 
continue water pump was present between the double-
walled beaker to maintain the temperature during the 
whole experiment. A magnetic shaker was also added 
beneath the bottom of the double-walled beaker to 
insure uniform stirring on medium (Fig. 1D). Before 
light experiments, dark (adsorption) experiments were 
carried out to know the adsorption limit of pesticide or 
dye on the catalyst. For solar experiments, pesticide/dye 
solution of 100 mL was taken with the known amount of 
the catalyst. The solution was illuminated under bright 
visible/solar light. At specific time intervals, an aliquot 
(5 ml) of the mixture withdrawn and centrifuged for 
2 minutes to remove the BiOCl particles. A PC based 
double beam spectrophotometer (Systronics – 2202) 
was used for measuring absorbance at different time 
intervals. The intensity of light was measured by a Lux 
meter (Lutron, LX-101). The pH and conductivity of the 
solution was constantly been monitored using a pH meter 
and conductivity meter. The efficiency of photocatalytic 
process was calculated as:

Where Co was the initial absorbance and C was the 
absorbance at different time intervals of photocatalytic 
process, (Sarwan et al 2014). 

RESULTS AND DISCUSSION

A one-pot sonochemical synthesis was performed by 
using Bismuth nitrate as Bi source. The dropwise HCl 
used as Cl – source in the medium. The basicity was 
maintained by addition of the 5 wt. % ammonia solution 
to restrict the medium pH at 9. The L lysine was used as 
surfactant or capping agent and water was used as the 
solvent. After the 10 minutes reaction, the centrifuged 
sample was dried in the lyophilizer and the white powder 

Figure 1: A. – Prepared BiOCl nanomaterial power in a 
vial. B- The chemical structure of Oxymal pesticide. C – 
The chemical structure of Azure B dye.  D – The open glass 
double walled beaker reactor.

MATERIAL AND METHODS

Synthesis of BiOCl: All of the reagents were analytical 
grade and commercially available. They were used 
without further purification. Milli-Q water (Millipore 
SAS 67/20 Mosheim) of 10-7S cm-1 was used for solution 
preparation. Typically, 10 mmol of Bi (NO3)3•5H2O (4.85g) 
and 0.4 g of L-lysine was dissolved in concentrated HCl 
(dropwise). Then the mixture was quickly diluted to 100 
mL by water for the immediate formation of precipitates. 
The solution was adjusted to pH = 9 by adding 5 wt. % 
ammonia solution, the BiOCl product was collected and 
washed with water and alcohol, (Chen et al 2013).

Characterization methods: Milli-Q water was used for 
solution preparation as well as setting black in PSA 
and DLS instruments. A pinch of (0.005 g) power was 
taken and 30 ml of water was added and sonicated 
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used as a sample for further analysis and kept in the 
glass vial (Fig. 1A). The pinch of this powder sample was 
further used for PSA and DLS analysis to understand the 
size distribution. The PSA evaluation showed the average 
size of the nanomaterial between 44 nm – 46 nm in the 
intensity graph along with the Poly Disperse Index (PDI) 
was 0.326 detected (Fig.2).

The XRD patterns of the BiOCl sample showed a well and 
high crystalline preparation of nanomaterial along with 
the reference of standard tetragonal structure (JCPDS 
06-0249) and no other diffraction intense peaks were 
detected. The planes of material found to be in good 
arrangement regarding the unit cell of the tetragonal 
structure. The four important diffraction peaks viz. 
(110), (102), (101) and (200) were found to be prominent, 
intense and sharper while other peaks were relatively 
weak (Fig. 4).

Piplode et al.,

Figure 2: The Particle size analyser results of BiOCl 
nanomaterial. A. - Showing the size distribution pattern 
according to the intensity. B. – the particle size analysis 
curves. C – The calculated Size, PDI, intercept and result 
quality report. D – The sample details and E – system 
details.

The Dynamic Light Scattering evaluation revealed the 
whole hydrodynamic volume measurement of water 
sample between 70 – 135 nm in different graphs of the 
same sample viz. area, intensity, volume and number 
graphs (Fig.3). The surface charge calculated was found 
to be negative and the zeta potential was detected  
– 18.22 mV (Fig. 3) showed strong stability of synthesized 
nanomaterial along with PDI of 0.371.

Figure 3: The DLS analysis of BiOCl nanomaterial. The 
Area, Intensity, volume and number graphs of same 
material. The Diameters and physicochemical analytic 
data of sample were present in tables associated and the 
0.371 PDI was detected.

Figure 4: The HR-XRD pattern of prepared BiOCl 
material. Where th 110, 102, 101 and 200 peaks where 
prominent.

From the x-ray patterns, the broadening of the diffraction 
peaks of the nanomaterial was obvious. Which was 
characteristic of nanosized by applying Debye- Scherrer 
formula.

Where D was the mean particle size, λ was the 
wavelength of incident X-ray (1.5406 ˚A), θ was the 
degree of the diffraction peak, and β was the full width 
at half maximum (FWHM) of the XRD peak appearing at 
the diffraction angle θ. The broadening of the absorption 
spectrum could be due to the quantum confinement of 
the nanoparticles. The mean calculated crystallite size 
was observed between 40 - 50 nm (Tab. 1).

S.No. 2 θ plane d spacing  Size (nm)

1 26.103 101 0.173948 48
2 32.800 110 0.217488 45
3 33.560 102 0.222126 46
4 44.387 210 0.290926 49

Table1. Summary of XRD analysis for BiOCl 
nanomaterial.

The topological imaging of BiOCl nanomaterial was 
carried out with FE-SEM analysis. The surface electron 
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imaging showed many pallets like morphology of overall 
BiOCl material with a very smooth surface (Fig. 5A).  
The particle size obtained for PSA, DLS, XRD and FESEM 
analysis were found to be in good agreement with each 
other. These results have been found to be consistent 
with the literature (Baladi et al 2010). The elemental 
composition was also tested for BiOCl nanomaterial with 
the help of EDS analysis that revealed the clear detection 
of Bi, Cl and O in the sample (Fig. 5B & Tab.2).

FT-IR spectra functional group evaluation of BiOCl 
nanomaterial showed strong absorption bands at low-
frequency zone (between, 400–600 cm-1). These peaks 
were attributed to the Bi–O vibration of chemical bonds 
in the sample (Fig. 6A) and showed a good agreement 
with EDS results. (Chang et al 2014).

Figure 5: The surface morphological evaluation and 
elemental composition analysis of BiOCl. (A) HR-FESEM 
image of BiOCl and (B) EDS pattern of BiOCl.

El AN Series unn.  C norm.  C Atom.  Error   [wt.%]
   [wt.%] [wt.%] C [wt.%] (1 SIgma)
  
Bi 83 L-series 93.39 78.76 0.08 3.10
Cl 17 K-series 11.26 9.50 18.40 0.41
O 8 K-series 9.24 7.79 33.48 1.70
C 6 K-series 4.59 3.87 22.13 0.91
zn 30 K-series 0.10 0.08 0.09 0.04
Total:   118.58 100.00 100.00 

Table 2. The EDS data of BiOCl nanomaterial.

Figure 6 Spectroscopic analysis of BiOCl. A - FT-IR spectra 
of the BiOCl and B. – Raman specta of BiOCl.

FT – Raman spectrum analysis was also carried out to 
assess the vibrational/ structural properties of the crystal. 
As XRD result indicated that the tetragonal structure of 
BiOCl belongs to the P4/nmm (D7

4h) space group with 

two molecular formulae per unit cell. For this kind of 
structure, the correlation method indicated that the 
optical modes were as follows: Γ= 2A1g + 2A2u + B1g + 
3Eg + 2Eu, where the g modes were Raman-active only 
and u modes were infrared-active only. Raman spectra of 
the pallets like nano BiOCl material showed four bands at 
64.77 cm-1, 143.98 cm-1, 198.69 cm-1, 395.97 cm-1 related 
to various type of vibrations and an agreement between 
XRD and Raman data of the sample (Fig. 6B). Same 
raman shift has been also observed by other authors 
(Davies 1973, Geng et al 2005 and Cao et al 2009).

The material further characterized for its photoluminescence 
spectra (Fig. 7A) and the results were elaborated along 
with original data and FFT data in visible light zone 
(Fig. 7B). The thick red curve was the fitted result of 
the originally scattered dots. The main emission peaks 
were observed in the visible light area at 597.5 nm 
and 627.5 nm indicated the orange emission and one 
more peak at 652.52 nm was also observed which was 
related to red emission (Fig. 7A-B). The main peak in 
Visible light region found to be ascribed to the band 
gap recombination of electron–hole pairs. That indicated 

the efficient photocatalytic activity in visible/solar light. 
(Duo et al 2015).

As photocatalytic properties also depend on the surface 

Figure 7: Photoluminescence spectroscopy spectra of 
BiOCl material (A) and the original data and FFT data in 
visible region (B).

area of the catalyst so a Brunauer−Emmett−Teller (BET) 
analysis was carried out to determine the total surface 
area of the prepared catalysts (Tab. 3). In that analysis 
21.591 m²/g surface area and 7.672 cc/g total pore 
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B dye using solar light was the favourable method to 
mineralise the dye solution and combination of uV 
and visible light was responsible to induce the process  
(Fig. 8B), ( Pare et al 2017).

Piplode et al.,

volume were observed. That showed a strong correlation 
along with good agreements with photocatalytic activity 
and degradation curve data of BiOCl nanomaterial with 
selected compounds.( zhang et al 2015).

                       Average Pore Size summary

Average pore Radius 7.10672 Å
BJH adsorption summary
Surface Area 3.096 m²/g
Pore Volume 0.004 cc/g
Pore Radius Dv(r) 16.709 Å
DFT method summary
Surface Area 11.011 m²/g
Pore Volume 0.012 cc/g
BET summary
Surface Area 21.591 m²/g
Total Pore Volume 7.672 cc/g

Table 3. The BET analysis results for BiOCl nanomaterial 
and summary of Average Pore Size, BJH adsorption, DFT 
method, BET 

Photocatalytic studies and mechanism of degradation 
assessment: The photocatalytic activities of nano BiOCl 
were evaluated with the degradation of Oxamyl pesticide 
(Fig. 1B) and Azure B dye (Fig.1C) in the presence of solar 
and visible light. For both pesticide and dye degradation 
experiments photolysis, adsorption and photocatalysis 
studies were carried out in the form of five experiments. 
The activities were calculated as C/C0 versus time where 
C was the absorbance at a particular time and C0 was the 
initial absorbance respectively. In Oxamyl degradation 
studies no significant results obtained in the photolysis 
and absorption phenomena. The degradation of Oxymyl 
pesticide was found to be very low under visible light as 
well as solar light in the absence of BiOCl nanomaterial. 
It was also observed that the degradation of pesticide 
was unable to initiate in the dark. The BiOCl mediated 
pesticide degradation initiated when light source applied. 
It was observed that visible light-mediated degradation 
was not showed the favourable response but solar 
light-mediated degradation showed impressive results. 
It may be possible because the solar light contained 
uV as well as visible light zone photons and uV light 
initiated the response and other electromagnetic energy 
photons favoured further reaction by inducing it in the 
combination (Fig. 8A).

Same experiment was performed for Azure B dye and 
approximately the same degradation patterns obtained 
in the photolysis and absorption phenomena. A major 
difference was that dye was also degraded to some extent 
in the presence of visible light. It was also observed that 
the dye was completely degraded in the presence of solar 
light because both uV and visible lights were present in 
solar light. Thus it can be assumed that uV light was 
responsible to initiate the photocatalysis reaction and 
solar light further propagated the degradation process. 
As a result, the photocatalytic degradation of Azure 

Figure 8: The photcatalytic degradation of Oxamyl pesticide 
results (A) and Azure B dye degradation results (B). The 
Experimental condition for pesticide degradation studies: 
[Oxamyl] = 10-4 mol dm-3, BiOCl NPs= 80mg/100ml, pH= 
6.2. Experimental condition for dye degradation studies 
[Azure B] = 4.0 × 10-5 mol L-1, BiOCl= 30 mg/100 mL  
pH = 8.0.

CONCLUSION

A very simple, quick, facile and environmentally benign 
process for BiOCl nano pallets preparation at room 
temperature was discussed and highlighted in this work. 
Précised synthesis and various characterization results 
indicated the formation of remarkable BiOCl nanomaterial 
that was having sheet-like/ pallets structures at an eye-
catching tiny size range. The generated nanomaterial 
found to be active as a potential photocatalyst capable 
to degrade carbamate pesticide Oxamyl as well as Azure 
B dye under the designed and developed open glass 
double-walled beaker reactor.
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