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INTRODUCTION

Zinc sulphide semiconductor nanoparticles, because of
their size-dependent optic, electric and magnetic properties,
have a variety of applications when compared with their bulk
analogues [1-5]. Brennan et al. [6] introduced the single source
molecular precursor (SSMP) method in 1989, which was proven
to be efficient for the preparation of high quality nanocrystals
with high surface area, fewer defects and better stoichiometry
[7-9]. It is an efficient method for the synthesis of semicon-
ductor nanoparticles with homogeneous distribution of metal
ions at molecular level [10,11].

Because of having a direct band gap of 3.7 eV at 100 ºC,
zinc sulphide is a popular n-type semiconductor [12]. It is
well recognized for its photoluminescence [13] and electro-
luminescence [14] and thus has numerous applications in fields
such as solar cells, lasers, etc. It can be made in the form of
particles as well as thin films. These nanoparticles and thin
films have numerous applications, such as image sensors, ultra-
sonic transducers, photoconductors, light emitting diodes, etc.

This study is focused on the use of a newly prepared zinc
complex of cyclododecanone thiosemicarbazone as a single
source molecular precursor for the synthesis of corresponding
nano-metal sulphides.
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EXPERIMENTAL

All the chemicals used were of analytical grade, purchased
from the commercial sources and used as such. Thiosemi-
carbazide and cyclododecanone from TCL, zinc(II) salt viz.
Zn(OOCCH3)2·2H2O,  from Sigma-Aldrich and glycerol was
procured from Merck, India.

Synthesis of cyclododecanone thiosemicarbazone
(CDDTSC): An equimolar ethanolic solution of cyclododeca-
none was added to a hot ethanolic solution of thiosemicarbazide
with continuous stirring and then refluxed on a boiling water
bath for 3 h. Cooling generated a white crystalline precipitate,
which was separated by filtration, washed with ethanol and
dried in a desiccator (Scheme-I). Yield 82%. Anal. calcd.
(found) % for L-(C13N3SH25): C, 61.18 (61.14); H, 9.80 (10.01);
N, 16.47 (16.40); S, 12.5 (12.30). Key IR bands: (KBr, νmax,
cm–1): 3404, 3217 (NH2 symmetric and asymmetric), 3141
(N-H), 1592 (C=N), 1075 (N-N), 862 (C=S). 1 H NMR (500
MHz, DMSO, δ ppm): 8.647 (s, 1H, N-H), 7.242 (d, 1H, NH2),
6.179 (s, 1H, NH2), 2.365-2.340 (t, 1H, CH2), 2.277-2.251 (t,
1H, CH2), 1.709-1.565 (m, 2H, CH2), 1.335-1.255 (t, 18H,
CH2). MS (EI, amu): 256 [M+H]+, 278 [M+Na]+.

Synthesis of Zn metal complex of CDDTSC: To a hot
ethanolic solution of the ligand (CDDTSC), a 2:1 ethanolic
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solution of Zn(OOCCH3)2·2H2O was added and thoroughly
mixed with a glass rod. The reaction mixture was then refluxed
for 3 h on a water bath to complete precipitation of the corresp-
onding zinc complex. When zinc complex cools, a white preci-
pitate forms, which was then separated by filtration, washed
with absolute ethanol and dried in a desiccator. Yield: 76%.
Anal. calcd. (found) % for C30H56N6O4S2Zn: C, 51.91 (54.18);
H, 8.07 (8.30); N, 12.11 (14.00); S, 9.23 (11.1). IR (KBr, νmax,
cm–1): 3415, 3302 (NH2 symm. and assymm.), 3180 (N-H),
1609 (C=N), 1090 (N-N), 840 (C=S), 572, 511 (M-N), 459
(M-S).

Synthesis of nanoparticles by thermal decomposition
of single source molecular precursor (SSMP) metal complex:
About 15 mL of glycerol, in a boiling tube was heated over a
Bunsen burner upto its boiling point (297 ºC). To the boiling
solvent, added a known amount of SSMP in dispersed form in
glycerol itself by placing in a sonicator bath at 75 ºC for 15
min, using a glass syringe fitted with a long needle. There was
a sudden drop to ~ 70 °C in temperature of the boiling solution.
The solution was then allowed to attain the boiling point and
then placed at the same condition for 20 min. The contents in
the boiling tube were then transferred to a beaker containing
~ 20 mL of methanol, for sudden cooling of mixture to induce
the precipitation of the corresponding metal sulphides in nano
regime. After allowing the reaction mixture to cool to room
temperature, the precipitated metal sulphide was separated by
centrifugation. The precipitate was washed three times with
methanol, transferred to a petridish and then dried again in a
desiccator.

Characterization: 1H NMR spectrum was recorded at
500 MHz on Bruker AMX 500 MHz FT NMR using TMS as
internal standard. Mass spectrum was recorded under MS (ESI)
using Thermo Scientific Extractive Orbitrap mass spectrometer.

RESULTS AND DISCUSSION

IR studies: The broad medium intensity bands observed
in the IR spectrum in the range of 3400-3200 cm-1 and 3180-
3141 cm-1 were assigned to the ν(NH2) and ν(NHCS) vibrations,
respectively [15,16] and these bands were found slightly affected
by the metal coordination. This indicates the non-coordination
of these groups in complex formation. Absence of ν(SH) band
at 2570 cm-1 indicates that the ligand exists in thione form
[17]. The band at 862 cm-1 assigned to the (C=S) bond also
indicates the ligand’s thione form [18,19]. A strong band encoun-
tered in the ligand at 1075 cm-1 is assigned to ν(N-N) and an

increase in the frequency of this band in the spectrum of zinc
complex is due to an increase in bond strengths confirming
the coordination by azomethine nitrogen [17,20-23]. The band
seen at 1592 cm-1 for free ligand, due to (C=N), was found
moved towards higher wave numbers in complex formation,
caused by an increase in the strength of (C=N) bond with the
resulting stronger N-H in the amide group [21,23,24]. Coordi-
nation of sulphur with metal ions displaces electrons more
towards the metal ions from sulphur, causing weakening of
(C=S) bond shown by a decrease of vibrational frequency of
C=S and hence decrease in intensity of the band in spectra of
complexes [15,22,25]. The complex’s IR spectra also revealed
the new absorption peak at 511 cm-1 region corresponding to
M-N bond vibrations and at 459 cm-1 region correspond to the
metal-sulphur bond vibrations [25,26]. As a result, CDDTSC
is clearly a bidentate ligand, which  coordinates to the metal
atoms via azomethine nitrogen and sulphur.

Mass studies: The electron impact mass spectrum of the
ligand CDDTSC (Fig. 1) shows a strong (m/z)+ peak at 278
amu corresponding to [M+Na], ([C13N3SH25+Na]+) and at 256
amu corresponding to [M+H]+, ([C13N3SH25+H]+) confirming
the molecular formula. Furthermore, two more peaks, one at
239 amu corresponding to the fragment after lose of NH2,
[C13N2SH23]+ and at 180 amu corresponding to the fragment
after lose of –NHCSNH2 group [C12H23N]+ are seen. Intensities
of peaks also give a clear idea about the stabilities of these
fragments.
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Fig. 1. MS(EI) spectrum of CDDTSC ligand

Thermal studies: Thermogravimetric analysis (TGA/DTG),
gave an insight into the decomposition behaviour of the synthe-
sized complex, under nitrogen atmosphere at the temperature
range from 20 to 700 ºC. The thermal behaviour of Zn complex
is depicted in Fig. 2.
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Scheme-I: Preparation of CDDTSC ligand
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Fig. 2. TGA and DTG curves for zinc complexes

From decomposition profile of Zn(II) complex, the complex
was found to decompose at 234 ºC and undergoes decom-
position in three stages. The first stage is accompanied by a
mass loss of (60-64%) and this weight occurred in the tempera-
ture range of 250-320 ºC. Second stage of decomposition is at
(440-530 ºC), corresponding to the weight loss of 34%. The
third stage was between 580-660 ºC with a slow weight loss
giving ~12% of the compound as residue, which is lower than
the amount of zinc sulphide calculated from the molecular
formula (17%).

Characterization of nanoparticles

UV-visible spectra: The UV-vis absorption spectra of the
synthesized ZnS are shown in Fig. 3. The absorption spectrum
shows a blue shift in the absorption band edge when compared
to bulk ZnS values (340 nm) [26]. The absorption spectrum
obtained gave absorption peaks at 240 nm for ZnS. Tauc relation
can be used to calculate the band gap (Eg) of synthesized nano-
particles [27]. In Tauc plot, (αhν)2 was plotted against (hν)
(Fig. 4), where α is the absorption coefficient of the synthesized
ZnS nanoparticles, h is the Planck’s constant and ν is the
frequency. The band gap for ZnS nanoparticles shows a shift from
3.65 nm to 4.08 nm, indicating the size quantization effects.
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Fig. 3. UV-visible absorption spectrum of ZnS
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Fig. 4. Tauc plot for ZnS

Photoluminescence studies: The photoluminescence
spectrum of the synthesized nano-ZnS at room temperature
was recorded using a Jasco FP 750 spectrometer at 240 nm as
shown in Fig. 5. It was demonstrated that defect states like
surface states, stoichiometric vacancies and interstitial lattice
defects dominated nano-ZnS photoluminescence emission [28-
30]. In the photoluminescent spectrum of nano-ZnS, the sharp
band is centred at 468 nm, with shoulders and a broad band
showing multiple asymmetric emission at higher wavelengths
is also seen. A comparable result for nano-ZnS, showing a
broad green emission peak is obtained in the work of Biswas
et al. [31], which is attributed to the long range order of defects
within the nanostructures.
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Fig. 5. Photoluminescence (PL) spectra of ZnS

X-ray diffraction (XRD) measurements: The particle
size can be calculated from the X-ray diffraction peaks using
the Debye Scherrer’s formula:

K
D

cos

λ=
β θ
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where D = the average particle size, K = the Scherrer constant
(K = 0.89), λ = the X-ray wavelength (λ = 1.5406 Å), β is the
full peak width at half maximum (FWHM) and θ = the diffra-
ction angle [32].

The XRD pattern for nano-ZnS (Fig. 6) show three main
diffraction peaks indexed at (002), (110) and (112), corres-
ponding to hexagonal ZnS planes. The obtained XRD patterns
are well matched with the standard JCPDS data card No. (00-
036-1450). Because of the size effect, the XRD peaks became
broader and wider as the particle size decreased, indicating the
presence of the nanometer regime. Using the Debye-Scherrer
equation, the average particle size of the synthesized ZnS nano-
particles was calculated to be 4.44 nm. The lattice constants
were calculated from XRD peaks as a = b = 3.819 Å and c =
6.261 Å, which is close to the standard values (a = b = 3.821
Å and c = 6.257 Å) reported in the JCPDS card No. (00-036-
1450). Percentage crystallinity for the diffraction pattern was
calculated to be 66.85.
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Fig. 6. XRD patterns of ZnS
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Fig. 7. (a) SEM images and (b) EDX spectra for ZnS

SEM-EDX studies: Fig. 7a depicts FESEM images of
synthesized nano-ZnS samples with spherical morphology. The
crystalline nature of the particles can also be seen. The stoi-
chiometry of the synthesized ZnS nanoparticles were estimated
using EDX spectrum and is shown in Fig. 7b, which indicate
that all samples were pure with zinc and sulphur only as the
elementary components. For ZnS, Zn and S are present in the
ratio, Zn: S as 39:61. Thus ZnS shows a metal deficiency defect
in the crystal structure.

Transmission electron microscopy (TEM): TEM image
of ZnS is shown in Fig. 8, which reveals a highly mono-
dispersed and well-defined dot shaped particles with a narrow
size distribution ranging from 2.64 to 6.53 nm, with a mean
particle size of 4.80 nm. The selective area electron diffraction
(SAED) pattern for ZnS (Fig. 8b) was found to be symmet-
rical and exhibits a well separated electron diffraction pattern
that can be indexed to a hexagonal crystal structure. The calcu-
lated d-spacing values from the major rings also correspond
to the d-spacing of the ZnS hexagonal crystalline phase. The
HRTEM of ZnS nanoparticles (Fig. 8c) reveals a well-defined
crystalline structure with a lattice spacing of 0.20 nm, indicating
that crystal growth is occurring along the (110) direction.

Conclusion

The ligand cyclododecanone thiosemicarbazone (CDDTSC)
has been synthesized successfully in good yield and charac-
terized by the spectroscopic methods. Zinc(II) complex was also
successfully synthesized and characterized by IR and thermal
studies before being subjected to thermal decomposition in a
high boiling solvent glycerol. The synthesized ZnS nanoparticles
were obtained in a well defined, highly crystalline and mono-
dispersed form, in comparatively good yield. Characterization
of these nanoparticles were also carried out. It is clear from
the studies that synthesized zinc complex of ligand CDDTSC,
shows promise as efficient single source molecular precursors
(SSMPs) in the nanosynthesis of the corresponding metal
sulphides.
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