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A B S T R A C T

A simple solvothermal decomposition of bismuth dithiocarbamate complex in oleylamine, oleic acid, and hex-
adecylamine at 180 �C, yielded bismuth sulphide nanomaterials of different morphologies represented as
Bi2S3(OAm), Bi2S3(OAc) and Bi2S3(HDA) respectively. The bismuth complex, used as the single source precursor,
was synthesized and characterised by elemental analysis, FTIR, and NMR spectroscopic techniques. The spec-
troscopic and micro analysis confirmed the proposed compound, while the as-prepared nanoparticles were
characterized using UV-visible spectroscopy, X-ray diffraction (XRD), scanning electron microscopy (SEM),
transmission electron microscopy (TEM), and energy dispersive spectrometer (EDS). The effects of the different
solvent media on the structural properties of the obtained Bi2S3 were investigated. An orthorhombic phase bis-
muthinite of varying intensities were obtained, with an indication that a bias of orientations existed in the (2 1 1)
crystallographic planes in the Bi2S3(OAm) compared to the characteristic (1 3 0) diffraction peak of Bi2S3. The
microscopic analysis showed a correlation between the nanoparticles' morphology and the type of solvent used,
which also implied that the properties of Bi2S3 were affected by the solvent medium.
1. Introduction

Metal sulphides are particularly attractive within the broad family of
functional materials due to their wide applications in electronic, energy
storage and conversion, optics and biomedical fields [1, 2, 3, 4]. They
have unique optical and structural properties, and have also found
application in electrochemical detection and photocatalysis [5, 6, 7].

The synthesis of nanocystalline materials and the manipulation of
their synthesis conditions in order to obtain materials with different
properties is one of the interesting research aspects that is being explored
recently [8, 9, 10]. This is because morphology, dimensionality, crys-
tallinity, and chemical composition of nanostructured materials pro-
foundly influence their physicochemical properties and applications.
Thus, the optical and structural properties of nanomaterials ultimately
depend on the methods and conditions of preparation [11,12]. Achieving
a narrow size distribution in addition to a well-defined morphology are
the two parameters that allow the modification of fundamental proper-
ties of nanoparticles; thereby enhancing the efficiency of their perfor-
mance for applications in various areas [13,14].
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Different methods of wet chemical processes have been used to afford
series of isotropic and anisotropic chalcopyrite nanocrystalline materials
such as spherical, star-like, flower-like, nanorods/wires/tube, and
nanofibers [12, 15, 16, 17, 18, 19]. Solvothermal method has emerged as
one of the wet chemical routes that offer better control on the prepara-
tion of different nanostructures in different media [16]. Solvents play
important role during reaction process and in nanoparticles preparation;
the role may include temperature control, surface passivation, regulating
the particle growth and coarsening, controlling NPs shape, size, aspect
ratio and size distribution [20]. The solvent, thus, provides means of
achieving control over the nanoparticles, which influences the different
properties of nanomaterials for specific applications [21].

Among the different solvents used in the synthesis of nanoparticles,
oleylamine, oleic acid and hexadecylamine are well-known for their
extensive use as capping agents in synthesis. This is due to their high
boiling point, good coordinating property, and high chemical and ther-
mal stability even up to their boiling points (330–360 �C). Due to the
good coordinating potential of their ligating atoms (O and N), they have
high tendency to form complexes with the metal at intermediate
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temperatures, which allows a controlled decomposition of the metal-
OAm/OAc/HDA complex to produce nanoparticles.

Bismuth sulphide is a p-type semiconductor with multiple intrinsic
properties, such as low direct energy band gap of 1.3 eV, high ionic
conductivity, high absorption coefficient (104–105 cm�1) and a good
incident photon to electron conversion efficiency (~5%) [22,23]. It is a
unique material whose structure is made up of a lamellar arrangement of
Bi3þ and S2� in alternating infinite chains [23]; and it prefers the
orthorhombic system when it crystallizes out [23, 24, 25]. These prop-
erties, in addition to its non-toxicity makes it an attractive material in
different fields of applications such as energy storage [26], photovoltaics
[27] and in the removal of pigments from water [28]. Research on Bi2S3
has increased recently due to its structural flexibility, since the
morphology of a semiconductor remains an important factor when
considering their application.

Bismuth sulphide nanostructures of different morphologies have been
fabricated by various approaches using different solvents as capping
agents and also to direct the growth of the nanomaterials towards
different anisiotropic patterns. Sarkar et al. [29] reported diverse mor-
phologies of Bi2S3 including nanospheres, nanorods and hexagonal
nanostructures, prepared by solvothermal decomposition of Bi(III)
dithiocarboxylate complex in various solvents. Thioglycolic acid (TGA)
has been used as a capping agent to prepare hierarchical nanostructures
of Bi2S3, with thioacetamide as the sulphur source [30]. Using TGA as
both the sulphur source and stabilising agent in a hydrothermal process,
Salavati-Niasari et al. [31] synthesized Bi2S3 nanostructures with
different morphologies including nanoflower, nanorod and nanobelt.
Polyol was used as passivating agent to prepare some flake-like and
rod-like Bi2S3 nanostructures in a simple refluxing process [32]. Due to
the ability of gelatine to complex to metal ions via their polar groups and
influence the assembly and morphology of inorganic nanostructures, it
has been used to prepare Bi2S3 nanorods under microwave irradiation
[27]. The single source precursor route offers the benefits of a single step
reaction with relatively easy to manipulate synthesis conditions.
Compared to the multiple source precursors approach, it has the
advantage of containing both elements that are required in the desired
product. Therefore, a better control of stoichiometry is guaranteed and
there is no need for pre reactions or the use of toxic gases such as H2S
[33]. The use dithiocarbamate as single-source precursors for the syn-
thesis of nanoscale metal sulphides is well established [34]. This has been
ascribed to their easy synthesis process and clean thermal decomposition
[35, 36, 37, 38, 39, 40]. In this research, bismuth(III) tris (N-methyl--
N-phenyl dithiocarbamate) has been used as a single source precursor to
prepare different nanostructures of Bi2S3 by solvothermal method in
oleylamine, oleic acid and hexadecylamine as capping molecules.

2. Experimental section

2.1. Chemicals

Bismuth(III) nitrate pentahydrate (Bi(NO3)3∙5H2O), N-methylani-
line, hexadecylamine (HDA), oleic acid (OAc) and 1-oleylamine (OAm)
were obtained from Merck chemicals. Analytical grade toluene, meth-
anol, and ethanol were purchased from Alfa Chemical Co.
2.2. Synthesis of bismuth(III) tris(N-methyl-N-phenyldithiocarbamate)

Bi(NO3)3⋅5H2O (1.30 g, 0.003 mol) was suspended in 50 mL water.
To this, was added few drops of concentrated HCl until a clear solution
was obtained and then followed by 12 mL aqueous solution of ammo-
nium N-methyl-N-phenyldithiocarbamate (0.001 mol). The mixture was
stirred for 1 h and the yellow solid obtained was filtered and rinsed
thoroughly with ethanol/water. Pure product was obtained by dissolving
in chloroform, filtering and then recrystallizing the product.
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Yield: 64%, M.p. 203–206 �C. 1H NMR (CDCl3) δ ¼ 7.41–7.28 (m,
10H, –C6H5), 3.67 (s, 6H, N–CH3). 13C NMR (CDCl3) δ 145.82, 129.55,
128.23, 126.50(-C6H5), 45.69(-CH3), 205.05(-CS2). Selected IR, υ(cm�1):
1489 (C¼N), 1362 (C2–N), 1002 (C¼S), 3010 (¼CH), 2923(–CH). Anal.
Calc. for C24H24N3S6Bi(755.84): C, 38.14; H, 3.20; N, 5.56; S, 25.45.
Found: C, 38.60; H, 3.40; N, 5.10; S, 24.70.

2.3. Synthesis of Bi2S3 nanostructures

All experiments were carried out by heat-up method under N2 at-
mosphere [41]. In a typical synthesis, 0.25 g of bismuth(III) tris(N-me-
thyl-N-phenyldithiocarbamate) was added into a 10 mL oleylamine
(OAm) in a round bottom flask with a condenser. After stirring at room
temperature for 15 min, the mixture was then degassed for 10 min and
then backfilled with nitrogen. This process was repeated twice, and then
the mixture was heated steadily to 180 �C and maintained for 1 h. Af-
terwards, the dark solution was cooled down to room temperature, and
the product was separated by the addition of methanol and centrifuga-
tion. Purification of the product was carried out by centrifugation using a
mixture of toluene and ethanol (1:3 v/v) and repeating the process four
times to ensure complete removal of the excess capping agent. The same
process was repeated using oleic acid (OAc) and hexadecylamine (HDA)
as solvent, and in each case the final products were dispersed in 15–20
mL toluene to obtain stable solutions.

2.4. Characterization

The complex, bismuth(III) tris(N-methyl-N-phenyldithiocarbamate),
was characterized using Alpha Bruker FTIR spectrophotometer for the
identification of functional groups. Elementar, Vario EL Cube for the
analysis of the percentage C, H, N, and S, and a Bruker Avance III NMR
spectrophotometer (600 MHz) for the (1H and 13C) NMRmeasurement in
chloroform. The as-synthesized nanostructures were characterized by X-
ray diffraction using a Bruker AXS D8 Discover XRD (Cu KÎ¼ 1.5406A) X-
ray diffractometer operated at 40 KV and 40 mA. The UV-vis-NIR ab-
sorption spectra of the nanostructures solutions were measured in
toluene using a Perkin Elmer Lambda 750S UV-vis-NIR spectrophotom-
eter. A JEOL JEM 2100 High Resolution Transmission Electron Micro-
scope (HRTEM) was used for TEM imaging. This was done at an
accelerating voltage of 200 kV. Spatula tips of samples were dispersed in
ethanol and sonicated for 30 min and allowed to dry for a few minutes
prior to analysis. Scanning electron microscope (SEM) analysis was car-
ried out using a FEI Quanta FEG 250 Environmental Scanning electron
microscope (ESEM), and the elemental composition was determined
using Oxford X-map 20 detector at 15 kV and using INCA software for
energy dispersive X-ray analysis (EDAX).

3. Results and discussion

3.1. Spectral studies of the bismuth complex

The FTIR spectrum of the complex show ν(C–N) (thioureide) peak at
1489 cm�1. The position of this band, typical of dithiocarbamates,
indicated a partial double bond character [42]. The bond energy falls
between the single (1350–1250 cm�1) and double (1690–1650 cm�1)
bond energies. Only one signal appeared around 1002 cm�1 due to the
ν(C–S), supporting a bidentate coordination fashion of the dithiocarba-
mate ligand [43].

1H and 13C NMR spectra of the complex are shown in Figure 1. The 1H
NMR spectrum exhibits a signal around 3.67 ppm for the CH3 protons
attached to the nitrogen atom of the dithiocarbamate. A multiplet in the
range 7.28–7.41 ppm is attributed to the phenyl protons. Apart from
these signals, the peak at 1.55 ppm is due to the residual water peak. The
13CS2 chemical shifts reveal a weak signal, which is usually associated
with the backbone carbon (N13CS2), at 205.0 ppm. The N13CS2 carbon



Figure 1. (a) 1H and (b) 13C NMR spectra of the bismuth(III) tris(N-methy-N-phenyl dithiocarbamate) complex.

D.C. Onwudiwe, V.M. Nkwe Heliyon 6 (2020) e04505
signals for phenyl ring were observed at 145.82, 129.55, 128.23, 126.50
ppm. The carbon signals due to the methyl proton associated with the N-
substituted groups of the dithiocarbamate resonated at relatively low
field around 45.69 ppm; and may be attributed to the electronegativity of
the nitrogen atom and the presence of the aromatic ring.
3

3.2. Synthesis of bismuth sulphide

The nanostructured Bi2S3 were synthesized using OAm, OAc and HDA
as capping ligand while bismuth(III) tris(N-methyl-N-phenyl-
dithiocarbamate) was the precursor complex. The nucleation of Bi2S3
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occurred upon the decomposition of the metal complex and subsequent
growth or assembly into nanostructures at the reaction temperature. At
the optimum reaction temperature of 180 �C, the precursor complex
completely decomposed and phase pure Bi2S3 nanostructures were
formed. Crystal formation has been reported to be controlled by kinetic
and thermodynamic growth factors, of which the type of precursor
compounds, nature of capping agents and the reaction temperature
predominantly govern the morphology and crystalline phase of the
product [44,45]. The effect of the solvent types on the crystal structure
and morphology of the synthesized Bi2S3 samples were investigated
using XRD, SEM, and TEM. In the formation mechanism of the different
morphologies, the reaction commenced with the development of weak
coordination by the capping ligand to the surface of the bismuth complex
at elevated temperature. As the reaction progressed, with increase in
temperature, the decomposition of the complex was followed with
5
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Figure 2. XRD patterns of Bi2S3 synthesized by the thermal decomposition of bismu
and (c) hexadecylamine.
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nucleation which resulted in Bi2S3 nuclei. The growth pattern/rate of the
nuclei and likely aggregation into different nanostructures was depen-
dent on the type of capping agent used and the coordinating potency.

3.3. Structural analysis

The XRD patterns of the Bi2S3(OAm), Bi2S3(OAc), and Bi2S3(HDA) are
presented in Figure 2(a)–(c) respectively. All the patterns showed peaks
at 2θ values of 24.9ᵒ, 28.6ᵒ, 31.8ᵒ, 39.8ᵒ, and 46.5ᵒ, which were assigned
to the diffraction line produced by (130), (211), (221), (141), and (431)
planes; and were attributed to orthorhombic phase bismuthinite Bi2S3
(JCPS 00-017-0320), with space group Pbnm. One of the important as-
pects revealed from these patterns was the difference in the intensity of
the diffraction peaks based on the type of capping agents used. In
Bi2S3(OAm), they seem to be a significant intensification of the (2 1 1)
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peak, compared with the characteristic (1 3 0) diffraction peak of Bi2S3.
This was an indication that there existed a bias of orientations of these
crystallographic plane [31].

The ratio of the intensities of the (211) to the (130) diffraction peak,
I(211)/I(130), of Bi2S3(OAm), Bi2S3(OAc), and Bi2S3(HDA)were ob-
tained as 1.02, 0.57 and 0.09 respectively. The smaller ratio values ob-
tained for Bi2S3(OAc) and Bi2S3(HDA) compared to the value for
standard Bi2S3 is suggestive of a (130) preferred orientation, contrary to
the orientation of the Bi2S3(OAm) with a significantly higher value. This
might be attributed to the growth of Bi2S3 nanorods, which usually show
a preferential direction along the c-axis due to its intrinsic crystal struc-
ture [46]. Studies have shown that Bi2S3 possesses a lamellar structure in
which the Bi2S3 units are linked in such a way that they form infinite
chains that are parallel to the c-axis and are joined via weaker van der
Waals interactions [47,48]. The enhanced growth rate along the c-axis is
facilitated by a stronger covalent bond between the planes which are
perpendicular to the c-axis.
3.4. Morphological studies

Figures 3, 4, and 5 demonstrate the SEM and TEM micrographs of
the synthesized Bi2S3 nanoparticles in oleylamine, oleic acid and hex-
adecylamine respectively. The figure illustrates the effect of the
different solvents on the morphology of the synthesized Bi2S3. The SEM
micrographs of Bi2S3(OAm) (Figure 3a) showed short rods embedded
in interlocking sheets, while the TEM image showed distinct rods with
an average diameter of 46 nm and length of 128 nm, shown in the
particle size distribution histogram in the inset of Figure 3b. The SEM
and TEM micrographs of Bi2S3(OAc) in Figure 4a and b respectively,
show predominantly spherical shape of Bi2S3. The particle size was
calculated from the TEM image by considering a reasonable number of
the particles and plotting their size histogram as shown in the inset of
Figure 4b. An average size of 28 nm was obtained. A flower-like
morphology was obtained for the Bi2S3(HDA) sample as shown in the
SEM image of Figure 5a, which also appeared as agglomeration of
interlocked ultrathin fine structures in the TEM micrograph
(Figure 5b). The HRTEM images of the three samples, presented in
Figures 3c, 4c and 5c, indicated that the particles were crystalline with
Bi2S3(OAm) displaying the highest crystallinity.
Figure 3. (a) SEM, (b) TEM, (c) HRTEM, (d) elemental mapping of Bi2S
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The suitability and versatility of oleylamine as the reaction medium
has been demonstrated for a broad range of nanomaterials in chemical
synthesis [49]. OAm has been reported to work not only as a stabilizer for
the oriented growth of nanoparticles, but also acts as a catalyst, thereby
accelerates the thermal decomposition of precursors. Therefore, it con-
trols both nucleation and growth kinetics processes [49]. It combines its
roles as solvent and surfactant, with its suitability as reducing agent in
materials synthesis. Unlike hexadecylamine which is solid at room tem-
perature, OAm has advantage of existing in liquid state and is easily
removed by centrifugation.

The variation in morphology of nanoparticles during the sol-
vothermal process, could be attributed to their growth mechanisms. This
is dependent on the capping agent, which acts by suppressing the growth
of certain crystal facet via coordination to the metal cations [50]. The
properties of the capping agents have been reported to play important
role in controlling both the size and morphology of nanoparticles [51].
The growth of nanostructures is dependent on Ostwald ripening and
oriented attachment. Capping agents can largely influence the oriented
attachment processes since they directly modify the nanostructures sur-
face [52]. The different capping agents used have different molecular
weight, and this also influences the pattern of assembly of the capped
nanoparticles. In the presence of the capping ligands, the mechanism by
which the nanoparticles growth proceeds largely depend on the nature of
the capping ligands, the concentration of the monomer that is formed, in
addition to the amount of the capping agent that is present to prompt
nucleation. While the growth of the monomer attachment characteristi-
cally gives the best route for the formation of single crystalline materials,
the coalescence growth typically leads to nanoparticles which have
multiple twin structures including high-energy facets [53]. The func-
tional groups of the capping agents are different from one other. For
example, oleic acid has a carboxylic acid functional group, HDA and
oleylamine possess an ammine end and, in addition, both of them have
double bond between C-9 and C-10. The capping agents form coordina-
tion bond with Bi3þ ion and are able to modify the size and morphology
of Bi2S3 nanoparticles during crystal growth in the solvothermal system.
Due to the high electronegativity of the reacting sites of oleic acid, the
molecules could orient and attach to the surface of the nanoparticles with
its –OH group during the synthesis process. This is possible since the
molecules are capable of approaching the Bi2S3 surface at all facets
(along all axis and all planes); consequently, resulting in the formation of
3 (e) Bi, and (f) S elements of Bi2S3(OAm) obtained in oleylamine.



Figure 4. (a) SEM, (b) TEM, (c) HRTEM, (d) elemental mapping of Bi2S3 (e) Bi, and (f) S elements of Bi2S3(OAc) obtained in oleic acid.

Figure 5. (a) SEM, (b) TEM, (c) HRTEM, (d) elemental mapping of Bi2S3 (e) Bi, and (f) S elements of Bi2S3(HDA) obtained in hexadecylamine.
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spherical nanoparticles. The oleylamine and hexadecylamine have ni-
trogen as ligating atom, thus, the interaction of these ligands with bis-
muth cations in the solvothermal medium was relatively weaker
compared to the oleic acid. This would allow for the growth of particles
either via Ostwald ripening or oriented attachment. Thus, in Bi2S3(OAm)
and Bi2S3(HDA), the possible preferential adsorption of ligands on
certain facets of the nanoparticle surface might be one of the possible
contributions to the anisiotropic morphology of the nanostructures.

The thermal decomposition of single source precursor in HDA has
been reported to yield anisotropic morphologies of nanocrystals [54].
The mechanism of the nanostructure pattern has been attributed to the
crystalline phase formation during nucleation, in addition to the growth
rate difference between the surfaces of the crystal. These processes finally
6

determine the overall structure of the nanostructure. Hexadecylamine
could act both as a shape controlling ligand and also a stabilizing solvent.
In the present study, HDA seems to enhance the growth rate towards one
direction which resulted in ulthrathin Bi2S3 nanorods (Figure 5b).

The elemental mapping images in the (e) and (f) of Figures 3, 4, and 5
show that bismuth and sulphur were homogeneously distributed
throughout the scan area of Bi2S3(OAm), Bi2S3(OAc), and Bi2S3(HDA),
suggesting a good dispersion of the elemental composition of the nano-
structures. The representative EDX spectrum presented in Figure 6 shows
the distinct peaks corresponding to bismuth (Bi) and sulphur (S) and no
impurity or extra peaks were detected which confirmed the high purity of
the samples. The weight % of Bi and S present in Bi2S3(OAm),
Bi2S3(OAc), and Bi2S3(HDA) are given as: 83.39, 16.61; 83.06, 16.94;



Figure 6. EDX spectrum of the as-prepared Bi2S3 using bismuth(III) tris(N-methyl-N-phenyldithiocarbamate) as single source precursor compound.
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and 84.25, 15.75 respectively. The weight % of Bi and S in Bi2S3 is ideally
expected to be 81.29 and 18.71% respectively. The obtained values are
quite close to this, which revealed that the stoichiometric ratio of Bi to S
was approximately 3:2. Although, the percentage Bi appeared slightly
higher than the expected value and the slight percentage excess of Bi
might be due to the absorption of excessive bismuth ions on the surface of
nanomaterials [55]. Figure 7 demonstrates the fabrication of
Bi2S3(OAm), Bi2S3(OAc), and Bi2S3(HDA) and their morphological var-
iations. Significant differences in morphology are obvious for different
capping materials used.
Figure 7. (a) Fabrication of Bi2S3(OAm), Bi2S3(OAc), and Bi2S3(HDA) and their sh
capping ligands.
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3.5. Optical studies

The UV–vis-NIR absorption and the corresponding photo-
luminescence spectra of the as-prepared Bi2S3(OAm), Bi2S3(OAc), and
Bi2S3(HDA) samples are presented in Figure 8. As shown in Figure 8a,
Bi2S3(OAm) has a maximum absorption around 565 nm, while the
spectrum of Bi2S3(OAc) clearly show a broad band absorption, with
peak around 300 nm (Figure 8b). The Bi2S3(HDA) exhibited a broad
but low absorption which ranged from UV to visible region [32]. The
energy band gap calculated from the Tauc plot of the respective (αhν)2
ape variations with change in capping materials, (b) structures of the different
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vs. hν (where α is the absorbance, h is Planck constant and ν is the
frequency) gave the values 1.46, 1.50 and 1.72 eV for the Bi2S3(OAm),
Bi2S3(OAc) and Bi2S3(HDA) respectively. These showed an increase in
the energy band gap value of 1.3 eV reported of for bulk bismuth
sulphide [56].
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The photoluminescence (PL) spectra of the Bi2S3 at an excitation
wavelength of 350 nm are presented in Figure 9, and they showed slight
variation in intensity, broadness and positions of maximum peak. The
photoluminescence spectra of the Bi2S3(OAm) exhibited a narrow peak at
615 nm with a weak broad shoulder at 665 nm, whereas Bi2S3(OAc) and
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Figure 9. Photoluminescence spectra of Bi2S3 synthesized using bismuth(III) tris(N-methyl-N-phenyldithiocarbamate) in (a) oleylamine-Bi2S3(OAm), (b) oleic acid-
Bi2S3(OAc), and (c) hexadecylamine-Bi2S3(HDA).

D.C. Onwudiwe, V.M. Nkwe Heliyon 6 (2020) e04505
Bi2S3(HDA) nanostructures displayed only a peak at 646 and 648 nm
respectively corresponding to band edge emission. In the spectra of
Bi2S3(OAm) and Bi2S3(HDA) nanostructures, the narrow peak widths
were indicative of narrow size distribution of the Bi2S3. In contrast,
Bi2S3(OAc) showed a broad emission in the range 620–675 nm, with
maximum at 646 nm. The accompanying broad shoulder in the spectrum
of Bi2S3(OAm) may be indicative that a small portion of rods with
different size distributions could also be present in addition to the
nanorods that exhibited emission at 615 nm and the broadness of the
peak could be attributed to a large distribution of the nanostructure [57,
58].

The optical properties of nanoparticles could be affected by factors
which are inherent of the materials' properties such as the morphology,
size, and concentration of the nanoparticles in solvent. In addition to this,
9

external factors including the type of capping agents and dielectric
constant of the solvent also play significant roles. In a solution of the
nanoparticles, a charge transfer from the attached ligand molecules to
nanoparticles could affect the optical and also the magnetic properties of
the nanoparticles, and could cause a spectral shift [59]. Therefore,
nanoparticles whose capping ligands contain functional groups such as
amine, carbonyl and hydroxyl that act as electron donor or electron
acceptor groups could form internal charge transfer states. Hence, with
excitation there are possibilities of increase in charge separation within
the nanoparticles. Furthermore, when there is an increase in the dielec-
tric constant of the surrounding medium or solvent, the emission wave-
length could shift to red or blue or even remains unaffected. The
possibility of this shift or its extend is dependent on surface defects and
therefore on the nature of the capping agent [60,61]. Other factors that
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could affect the spectral shifts are the polarity and viscosity of the sol-
vent, as well as changes in decay rates of radiative and non-radiative
transitions [59]. The presence of some or all of these factors could
make emission behaviour a complex phenomenon.

4. Conclusion

A variation in the morphology and size of bismuth sulphide nano-
particles was successfully achieved by using different solvents including
oleylamine, oleic acid and hexadecylamine at 180 �C. XRD pattern
showed that the crystallinity of the Bi2S3 was influenced by the solvent
media, and a bias of orientations existed in the (2 1 1) crystallographic
plane of the samples obtained using oleylamine. The TEM measurements
showed that a significant difference occurred in the growth pattern and
overall shape of nanoparticles due to the variation of solvents at uniform
temperature and time of reaction. Since, the optical and electronic
properties, which dictates the areas of application of different nano-
materials, is influenced by their morphology and structural properties, it
implies that the synthesis of bismuth sulphide in oleylamine, oleic acid
and hexadecylamine could be used to direct their growth patterns and
areas of applications.
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