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INTRODUCTION

Extensive research has been conducted on semiconductor
nanoparticles (NPs), particularly those belonging to group II-VI,
owing to their distinctive features that hold significant appeal
in several sectors such as electronics, sensing, photocatalysis,
optics, etc. [1]. Amongst group II-VI semiconductor materials,
ZnS has gained much attention due to its multiplicity of attrac-
tive luminescent properties [2]. Gallium nitride (GaN) is a signi-
ficant component within the wide-gap semiconductor category
[3]. Due of its multifaceted applications, this particular topic
has garnered significant attention from researchers particularly
in the field of optical sensors and coating, infrared window,
reflector, dielectric filter, solar cells, etc. [4-6].

Zinc sulfide (ZnS) exists into two allotropic forms, a cubic
sphalerite structure and a hexagonal wurtzite structure [7,8].
Several methods have been used to synthesize ZnS nanoparticles
to produce nanostructured materials such as nanorods, nano-
sheets, nanotubes, nanobelts, nanocluster, nanorods, nanoflower,
hollow sphere, nanowires, etc. [9]. These methods include sol-
gel [10], hydrothermal [11], solvothermal [12], chemical preci-
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pitation [4], co-precipitation [13], chemical vapour deposition
[14], homogeneous precipitation [15], etc.

Hoa et al. [16] employed a hydrothermal technique at
220 ºC to synthesize ZnS nanoparticles using various molar
ratios of zinc and sulfur. The resulting nanoparticles exhibited
characteristics consistent with the cubic zinc blende phase of
ZnS. Whereas Zhao et al. [3] reported a novel and facile low
temperature synthesis of monodispersed hexagonal ZnS nano-
particles annealed at different temperatures that had an average
size of less than 5 nm. Abdullah et al. [17] reported the synthesis
of zinc sulphide nanoparticles through the thermal breakdown
of a complex involving zinc N-ethyl cyclohexyl dithiocarba-
mate at different calcined temperatures and reaction times results
in the high purity of hexagonal wurtzite ZnS.

This work is mainly focused on the synthesis and charact-
erization of ZnS nanoparticles capped with hexadecylamine
by thermal decomposition method using (Z)-2-(pyrrolidin-2-
ylidene)thiourea zinc(II) complex as a precursor. The effect
of temperature, time and concentration of the precursor were
studied during the synthetic process. The optical and structural
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properties of the synthesized hexadecylamine capped zinc
sulfide nanoparticles were also investigated.

EXPERIMENTAL

The chemicals viz. pyrrolidone, thiourea, zinc(II) chloride
dihydrate, oleylamine, hexadecylamine, ethanol, methanol,
toluene and acetone were procured from Sigma-Aldrich and
used without further purification.

Characterization: UV-1800 Shimadzu spectrophotometer
and Gilden Fluorescence were used to measure the optical
properties of the synthesized zinc sulfide nanoparticles. The
XRD patterns of the nanoparticles were obtained on a Phillips
X’Pert diffractometer using secondary monochromated Cu Kα
radiation (λ = 1.54060 Å) at 40 Kv/30 mA. The Tecnai F30
FEG TEM instrument was used to take the transmission
electron microscopy (TEM) images at 300 kV.

Synthesis of (Z)-2-(pyrrolidin-2-ylidene)thiourea zinc(II)
complex: (Z)-2-(Pyrrolidin-2-ylidene)thiourea ligand was synthe-
sized according to the reported method [15]. In brief, thiourea
ligand (2 mmol) in an ethanolic solution (20 mL) was mixed
with an ethanolic solution of zinc(II) chloride (1 mmol) and then
the reaction mixture was refluxed for 3 h at 50 ºC (Scheme-I).
The solution was then allowed to cool at room temperature and
the precipitate was filtered, washed with ethanol and then dried
in an open air. The complex was obtained as white powder.
Yield: 78.3%; m.p. 273 ºC; Elemental analysis calcd. (found)
% for C10H18N6S2Cl2Zn: C, 28.42 (27.62); H, 4.29 (4.05); N,
19.88 (18.97); S, 15.17 (14.39).

Synthesis of hexadecylamine capped zinc sulfide nano-
particles: Exactly 1 g of Zn(II) complex was dissolved with
oleylamine (5 mL) in a small beaker. Hexadecylamine (HDA)
(5 g) was transferred into a 100 mL three-necked flask and heated
in nitrogen gas atmosphere to a reaction temperature of 120
ºC. The dissolved Zn(II) complex was then injected into hot
hexadecylamine and the reaction was allowed to proceed for
1 h at the same temperature. The resulting solution was then cooled
to 70 ºC and about 20 mL of methanol was added into the flask.
The resultant precipitate was separated using centrifugation
technique by further addition of methanol. The product was
washed several times with methanol, dried in an open air and
characterized. The same procedure was repeated 160 and 200
ºC instead of 120 °C to investigate the effect of temperature

and 0.5 g of Zn(II) complex was used instead of 1.0 g to study
the effect of concentration. To study the effect of time, above
procedure was repeated for 2 h instead of 1 h using 1.0 g of
Zn(II) complex at 160 ºC.

RESULTS AND DISCUSSION

FTIR and thermogravimetric analysis: Fig. 1a shows
the FTIR of (Z)-2-(pyrrolidin-2-ylidene)thiourea as ligand and
its Zn complex with the peaks between 3457-3044 cm–1, which
are assigned to O–H stretching as well as a peak at 2708 cm–1

corresponds to the C-H stretch. The appearance of peak at 1627
cm–1 may be attributed to the N–H bending and a peak at 466
cm–1 also appeared which is due to the metal sulfide (Zn-S).

The thermal properties of (Z)-2-(pyrrolidin-2-ylidene)-
thiourea zinc(II) complex was studied by thermogravimetric
analysis at the temperature range from 20 to 800 ºC under
nitrogen atmosphere. Fig. 1b shows the four decomposition
stages of the synthesized zinc complex. The first three decom-
position at the temperature range between 179-328 ºC with a
weight loss 53.4% might be attributed due to the OH group of
ethanol that was used for washing the complex. The final decom-
position occurred between 328-566 ºC with final residue 12.54%
maybe attributed to the loss of Zn–N.

Effect of temperature

Optical properties of HDA capped ZnS nanoparticles:
The optical absorption measurements of HDA capped ZnS
nanoparticles synthesized at 120, 160 and 200 ºC and their
corresponding energy band gaps are shown in Fig. 2a. The
synthesized samples show strong absorptions band edges at
326 nm (3.8 eV), 328 nm (3.78 eV) and 329 nm (3.77 eV),
respectively. All the absorption wavelengths were blue shifted
compared to the bulk ZnS (340 nm), which can be attributed
to the quantum confinement effect [18,19]. The emission spectra
of the HDA capped ZnS nanoparticles are shown in Fig. 2b.
The photoluminescence spectra with the excitation wavelength
of 350 nm, projected two emission maxima at 409 nm and
434 nm for all the synthesized nanoparticles.

Structural properties: The XRD patterns of the synthe-
sized HDA capped ZnS nanoparticles at different reaction
temperatures are shown in Fig. 3a. All the ZnS-HDA capped
nanoparticles synthesized at 120 ºC, 160 ºC and 200 ºC mainly
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Fig. 2. UV-Vis (a) and emission (b) spectra of the HDA capped ZnS nanoparticles synthesized from (Z)-2-(pyrrolidin-2-ylidene) thiourea
zinc(II) complex synthesized at 120 °C (i), 160 °C (ii) and 200 °C (iii)

100

80

60

40

20

0

In
te

ns
ity

 (
a.

u.
)

20 30 40 50 60 70 80 90

2  (°)θ

(1
00

) (0
02

)
(1

01
)

(1
02

)

(1
10

)

(1
12

)

(1
03

)

(a) (b)

(ii)

(iii)

(i)

(i)  ZnS-HDA 120 °C
(ii) ZnS-HDA 160 °C
(iii) ZnS-HDA 200 °C

wZ - Hexagonal ZnS (JCPDS No. 00-001-0792) (i) (ii) (iii)

8

6

4

2

0

8

6

4

2

0

8

6

4

2

0

F
re

qu
en

cy

Fr
eq

ue
n

cy

Fr
eq

ue
nc

y

0.5 1.0 1.5 2.0 2.5 3.0 3.5 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 1.8 2.1 2.4 2.7 3.0 3.3 3.6 3.9
Particle size (nm) Particle size (nm) Particle size (nm)

Average size = 2.154±0.537 nm Average size = 2.601±0.605 nm Average size = 2.806±0.344 nm

Fig. 3. XRD patterns (a) and TEM images (b) of the HDA capped ZnS nanoparticles synthesized from (Z)-2-(pyrrolidin-2-ylidene) thiourea
zinc(II) complex at 120 ºC (i), 160 ºC (ii) and 200 ºC (iii)

Vol. 35, No. 10 (2023) Synthesis of Hexagonal Hexadecylamine Capped ZnS Nanoparticles  2489



exhibited peaks that correspond to (100), (002), (101), (102),
(110), (112) and (103) planes that well-matched with the
hexagonal phase, which correspond to the lattice constant
according to literature (JCPDS card no. 00-001-0792) [20].

The broadening of the XRD patterns of the synthesized
ZnS nanoparticles indicates the formation of small size
particles. The average crystallite sizes were calculated using
the Debye Scherrer’s formula (eqn. 1) [21,22]:

0.9
d

cos

λ=
β θ

where λ is wavelength (1.5418 Å) and β is the full width half
maximum (FWHM) of corresponding peak. The calculated
crystallite size of the synthesized ZnS nanoparticles were
between 2.46-2.48 nm, which is also in good agreement with
the TEM results.

The TEM images and their corresponding size distribution
histograms of the HDA capped ZnS nanoparticles synthesized
at different temperatures are shown in Fig. 3b. TEM images
showed spherical shaped particles with the average particle
sizes of 2.15, 2.60 and 2.81 nm, respectively. It was also
observed that the particle sizes increased with the increase in
temperature.

Effect of concentration of the precursor

Optical properties: Fig. 4a shows the absorption spectra
of ZnS nanoparticles capped with HDA at different concen-
trations (i.e. 0.5 g and 1.0 g) of zinc(II) complex at 160 ºC.
The absorption band edges of HDA capped ZnS nanoparticles
was increasing slightly as the concentration of the precursor
was increased and located at 327 nm (3.79 eV) and 328 nm
(3.78 eV).

The emission spectra of HDA capped ZnS nanoparticles
synthesized from the different concentrations of Zn(II) complex
at the excitation wavelength of 350 nm at 160 ºC for 1 h are
shown in Fig. 4b. The emission spectra projected two narrow
emission peaks at 408 & 434 nm for the lower concentration
and 409 & 434 nm for the higher concentration. The presence

of narrow emission peaks is evidence of the distribution of
small size particles [23].

Structural properties of HDA capped ZnS nanoparticles:
The XRD spectrum for HDA capped ZnS nanoparticles synthe-
sized at different concentrations of the precursor at 160 ºC for
1 h is represented in Fig. 5a. All the XRD patterns of the synthe-
sized ZnS nanoparticles exhibited peaks that correspond to
(100), (002), (101), (102), (110), (112) and (103) planes that
well-matched with the pure hexagonal phase which correspond
to JCPDS card no.: 00-001-0792. Minor impurity peaks were
observed in the pattern of ZnS-HDA nanoparticles synthesized
at higher concentration. This might be due to the unreacted
moiety of the zinc(II) complex.

The shapes and the sizes of the synthesized HDA capped
ZnS nanoparticles at different concentrations of the precursor
were investigated with transmission electron microscopy (TEM).
Fig. 5b showed the traces of the spherical particles with the
average diameters of 2.607 and 2.617 nm. An increase in the
diameter of the particle size as the concentration of the precursor
is increased confirms the results that were obtained from the
optical measurements.

Effect of reaction time

Optical properties: The absorption spectra of the synthe-
sized HDA capped ZnS nanoparticles at different reaction times
using of 1 h and 2 h at 160 ºC is shown in Fig. 6a. It was observed
that the absorption band edges tend to increase when the reaction
time was increased. The band edges appeared at 328 nm (3.78
eV) and 330 nm (3.76 eV) for 1 h and 2 h, respectively. An
increase in the particle sizes with reaction time is due to the
Ostwald ripening of the nuclei [24]. Fig. 6b revealed two emis-
sion peaks at 408 & 433 nm and 409 & 434 nm for the HDA
capped ZnS nanoparticles synthesized at 1 and 2 h at the excit-
ation wavelength of 350 nm. The narrow emission peaks are
indication of small size particle distribution.

Structural properties: The XRD patterns of the synth-
esized HDA capped ZnS nanoparticles at different reaction
times are shown in Fig. 7a. The nanoparticles synthesized for
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1 h and 2 h at 160 ºC exhibited peaks that correspond to (100),
(002), (101), (102), (110), (112) and (103) planes that corres-
pond with the pure hexagonal phase with JCPDS card no.:
00-001-0792. The pattern of the nanoparticles that were prep-
ared after 1 h revealed strong peaks, but these peaks did not
emerge in the pattern of the nanoparticles that were synthesized
for a longer period of time. The transmission electron micro-
scopy (TEM) images of the synthesized nanoparticles at different
times is shown in Fig. 7b. All the synthesized HDA capped
ZnS nanoparticles showed spherical particles. It was observed
that when the reaction time was increased, the sizes of the
particles were also increased with the average particle sizes of
2.62 and 2.64 nm.

Conclusion

The synthesis of (Z)-2-(pyrrolidin-2-ylidene)thiourea zinc(II)
complex and ZnS nanoparticles capped with HDA have been

accomplished through the thermolysis of zinc(II) complex at
different temperatures, time and concentrations. The optical
absorption spectra of the synthesized hexadecylamine (HDA)
capped ZnS nanoparticles were blue-shifted from their bulk
ZnS counterpart. X-ray diffraction analysis showed that the
synthesized nanoparticles at higher temperature have a cubic
zinc blende structure. Meanwhile, the transmission electron
microscopy (TEM) images revealed spherical-shaped particles
that increased in size when the reaction parameters were incre-
ased. This is an indication that the size of the crystallites can
be adjusted by controlling the concentration, temperature and
time.
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