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Preparation and Characterization of Bismuth Sulfide (Bi.S3)
Nanostructures by Ultrasonic Method

M. Ranjbar!, M. A. Taher?, Peyman Rajaei®

Abstract

In the present work, Bi2S3 nanostructures have been synthesized with the aid of thioglycollic acid (TGA) a
solvent, capping agent, and sulfide source in the presence of ultrasonic method. The as-synthesized products
were characterized by X-ray diffraction (XRD), Energy Dispersive X-ray spectroscopy (EDS), scanning
electron microscope (SEM), and photoluminescence (PL) spectroscopy. The band gap of nanoparticles
calculated 2.37 eV that shows a blue shift compare Bi,S3 bulk. The effects of reaction time and ultrasonic

power on the morphology and particle size of product were studied.
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1. Introduction

Semiconductor nanocrystals (NCs) have
attracted great attention on their synthesis and
characterization because of the unique size-
and shape-dependent properties and could be
widely used in photocatalyst, solar cell, lasers,
biomedical probes, light emitting diodes,
photoluminescence  and optoelectronic
devices, etc. [1-3]. Among these materials
bismuth sulfide (Bi.S3) is of great interest
because of its uniqueoptical and electronic
properties [4-6]. It has a direct band gap of
around 1.3eV [7], and can be used in various
fields such as thermoelectric devices [8],
photovoltaics [9], nonlinear absorption [10],
biomolecule detection [11], photovoltaic
material, photodiode array and infrared
spectroscopy [12, 13]. Up to now,various
morphologies of Bi2Ss such asnanorods [14],
nanowires and nanoflowers [15],nanoparticles
[16], have been synthesized by using a variety
of methods such as hydrothermal route [15],
precipitation [16], and microwave irradiation
[17]. In this paper we report a simple, novel,
and rapid procedure for preparation of Bi2S3
nanostructures via an ultrasonic method by
employing thioglycollic acid (TGA) as a
solvent, capping agent, and sulfide source. The
effects of reaction time and ultrasonic power

on the morphology and particle size of product
were studied.

2. Experimental
2.1 Synthesis of Bi2S3 nanostructures

All the chemicals used in this method were
of analytical grad and used as received without
further purification. 0.4 mmol of Bi(NO3)3 was
dissolved in 40 mL of TGA. The mixture was
loaded into a microwave Teflon container, and
the reaction was performed in an ultrasonic
digestion system under various conditions
(Table 1). The black obtained precipitates were
centrifuged, washed with ethanol and distilled

Table 1. Reaction conditions for preparation of Bi»Ss
nanostructures from Bi(NOs)sand TGA

Sample No. Time (min) Power (W)

1 _ -
2 30 30
3 30 50
4 30 70
5 20 50
6 40 50
7 60 50
8 80 50

1- Young Researchers and Elite Club, Kerman Branch, Islamic Azad University, Kerman, Iran.
2- Department of Chemistry, Shahid Bahonar University of Kerman, Kerman, Iran.

3- Faculty of Science, Kerman Branch, Islamic Azad University Kerman, Iran.

Corresponding author: M. Ranjbar, Young Researchers and Elites Club, Kerman Branch, Islamic Azad University, Kerman, Iran.

Email: Mehdi.Ranjbar@outlook.com




16

Preparation and Characterization of Bismuth Sulfide ...

water several times and dried at 70 °C at
vacuum oven for 8h.

2.2 Materials and physical measurements

All chemical reagents in this experiment
were of analytical grade and used without
further purification. The XRD patterns were
collected from a diffract meter of Philips
Company with X’pert promonochromatized
Cu Ko radiation (A = 1.54 A). Scanning
electron microscopy (SEM) images were
obtained on LEO-1455VP equipped with an
energy dispersive X-ray spectroscopy. EDS
spectrum was recorded on a XL30, Philips.
Room temperature photoluminescence (PL)
properties of product were studied on a Perkin-
Elmer (LS 55) fluorescence
spectrophotometer.

3. Result and Discussion

XRD pattern of the as-synthesized powders
at 50 W for 30 min (sample 3) is shown in Fig.
1. The XRD pattern of the as-synthesized Bi»Ss
(sample 3) indicated the formation of
orthorhombic phase Bi;Ss (JCPDS No. 75-
1306). Extremely broad reflection peaks were
observed in Fig. 1, which indicated the fine
particle nature of the obtained Bi2Ss
nanostructures. No other crystalline phases
were detected in the product. From XRD data,
the crystallite diameter (Dc) of Bi2S3
nanoparticles obtained from sample 3 was
calculated to be 23 nm using the Scherer
equation (1):
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Fig. 1. XRD pattern of as synthesized Blegnanorods at
50 W for 30 min (sample 3).
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Fig. 2. EDS spectrum of the as synthesized

Bi,Ssnanorods at 50 W for 30 min (sample 3).
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where B is the breadth of the observed
diffraction line at its half intensity maximum,
K is the so-called shape factor, which usually
takes a value of about 0.9, and A is the
wavelength of X-ray source used in XRD. EDS
analysis was employed to investigate the
chemical composition and purity of the as-
synthesized Bi»Sz  nanostructures. EDS
spectrum of Bi2Sz (sample 3, Fig. 2) revealed
the presence of Bi and S elements in the as-
prepared Bi»Sz nanostructures. The EDS
results gave a rough atomic ratio of Bi:S as
nearly 2:3, revealed that pure Bi>Ss were
successfully synthesized via the present
synthetic route (Table 2). To understand the
influence of ultrasonic power and reaction time
on the size and morphology of Bi2S3
nanostructures, several experiments were
carried out, and the products obtained at
different stages were investigated using SEM
techniques. SEM image of Bi>Ss (sample 1)
prepared in the absence of ultrasonic
irradiation is shown in Fig. 3a. The product is
mainly composed of a large amount of micro
particle and nanorod, which with regular
shapes were easily aggregated together. SEM

Table 2. Table of chemical composition of EDS
analysis

Element Series Wt. % At. %

K series  49.80 52.40
K series 50.20 47.60

Bismuth
Sulfide
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Fig. 3. SEM images of

the products (a) sample 1 (b) sam
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images of samples 2-4 prepared at 30, 50, and
70 W are shown in Fig. 3b and 3c, and 3d,
respectively. According to the Fig. 3b (sample
2), product composed of large amount of
nanorods. Increase power to 50 W results in
decrease nanorods size (Fig. 3c). When power
increased to 70 W (sample 4) agglomeration
occurs due to the formation of unstable and
ultra-fine nuclei that have a strong tendency to
be stable by agglomeration occurred (Fig.3d).
Thus, the optimum power for synthesis of

Bi>S3 nanostructure is 50 W. To investigation
the effect of reaction time, synthesis Bi2S3
performed in different time 20, 40, 60, and 80
min, respectively (Figs. 3e-h). Decrease
reaction time from 30 to 20 mine cause the
agglomeration of nanorods, as shown in Fig.
3e (sample 5). Increasing reaction time from
20 to 40 min while ultrasonic power constant
at 50W (sample 6), product composed of rod-
like nanostructures with diameters of 10-20 nm
and lengths of 100-200 nm obtained (Fig. 3f).
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Further elevating of reaction time to 60 and 80
min led to increase size of product and create
flower-like nanostructures (Fig. 3g and h). So
with prolonged reaction condition under
ultrasonication, smaller particles cannot be
obtained. Increasing of particle’s size may be
due to two processes which were discussed by
Morsali et al. [18] for Agl nanoparticles. One
of these processes is diffusion process of the
reactants at the surface of the growing
crystallite and the other ones is reaction at
these surfaces to incorporate the reactant as a
part of the growth process. All of these
processes will lead to increase in particle’s
size. The optical properties of Bi2Sz (sample 2,
3, and 8) were characterized by PL spectrum.
The PL spectra of the Bi>Ss were recorded in
ethanol solution and in solid state as shown in
Figs. 4a, b, and ¢ in which the scan rate is 1500
nm/min, respectively. The PL spectra were
consisted of strong peaks at 590, 523, and 565
nm (excitation at 435.5 nm) for sample 2, 3,
and 8, respectively. The PL spectra show a
blue shift (2.1, 2.37, and 2.2 eV) compared to
that of the bulk Bi2S3 (1.3 eV). According to
the SEM images and PL data increase in
particles size result in decrease in band gap of
Bi>S3 nanostructure.
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Fig. 4. PL spectrum of the as synthesized Bi»Ss
nanorods (a) sample 2 (b) sample 3 (c) sample 8.

4. Conclusions

In summary, Bi2Sz nanostructures with
different morphologies have been successfully
synthesized via an ultrasonic method by
employing TGA as a solvent, capping agent,
and sulfide source. The reaction time, power,
and ultrasonic irradiation have an important
effect on the size and morphology of the
products. It was found out that the size,
morphology, and properties of the products
were greatly influenced by these parameters.
From XRD data the average diameter of the
Bi2Sz nanostructures was 23 nm. By
comparing this method and other works, it was
found that the present method is simple, novel,
low cost, and fast. Furthermore, The XRD,
EDS, SEM, and PL were used to characterize
the products.
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