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We report the synthesis of PdS nanocrystals and PdS/potato starch nanocomposites using
dithiocarbamate single source precursor’s thermolysed in hexadecylamine. The optical
studies of the nanoparticles showed that the absorption spectra of the PdS nanoparticles
are blue shifted compared to their corresponding bulk materials while the
photoluminescence spectra show narrow emissions that are red-shifted. The XRD patterns
confirmed the formation of cubic phase for PdS nanoparticles. TEM images of PdS
showed monodisperse nanocrystals with average crystallite sizes of 6.94-9.62 nm for
PdS1, 4.94-6.52 for PdS2, and 7-10.43 for PdS3. The SEM images showed uniform
surface morphology of PdS nanoparticles with almost spherically shaped nanoparticles,
while EDS confirms the presence of Pd and S for HDA-capped PdS nanoparticles. SEM
images and EDS of the PdS/potato starch nanocomposites confirmed the dispersion of the
nanoparticles in starch matrices and their FTIR further confirms interactions between the
PdS nanocrystals and the starch matrices in the nanocomposites.
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1. Introduction

Nanoparticles have been the subject of intense investigations in recent years because of
their unique properties, which are strongly dependant on the materials composition, shapes and
sizes [1, 2]. 11I-VI semiconductor nanocrystals are of interest because of their size-dependant
properties compared with those of bulk materials [3-7]. Different methods such as sputtering [8,
9], co-precipitation [10], sol gel [11], micro emulsion [12], hydrothermal [13] or single source
precursor [14] are used for the synthesis of nanoparticles. The use of single source precursors for
the synthesis of thin films and nanocrystals has been an area of intense research [14, 15]. The use
of single-source molecular precursors in which the metal-chalcogenide bond is available has
served as efficient route to improve quality and produce crystalline monodispersed nanoparticles
of semiconducting materials [16-24].

Among chalcogenides complexes, the compounds that have found greatest use as
precursors for 11-V1 semiconductors are the dithiocarbamate complexes [19-24]. Thermolysis of
single source precursor in high boiling point solvents produces nanocrystals with narrow size
distribution [25-28], and recent studies have shown that variation of thermolysis temperatures,
precursor concentrations and time may lead to the formation of nanocrystalline materials with
different shapes and sizes [29-31]. In this research, we are interested in investigating the optical
and structural properties of HDA capped PdS nanocrystals prepared from homoleptic Pd(I1)
dithiocarbamate single source molecular precursors. The choice of HDA as a preferred capping
agent in this work arose from the fact that it is an effective capping agent with good selectivity
[32]. It decreases the growth rate, size of nanoparticles and improves the photoluminescence
guantum efficiency by effectively passivating the surface defects while behaving as non-
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radioactive relaxing centre. These properties attributed to its high electron donating ability and
capping density because of its small stereochemical interference [33, 34]. The optical properties of
the nanocrystals were studied using absorption and photoluminescence spectroscopy while
scanning electron microscopy (SEM), X-ray dispersive spectroscopy (EDS), transmission electron
microscopy (TEM) and X-ray diffraction (XRD) techniques were used to study their structural
properties.

2. Experimental

2.1. Materials and physical measurements

All chemicals and reagents used were of analytical grade and used as obtained without
further purification. The potassium salt of the dithiocarbamate were prepared by methods reported
in the literature [35]. Pd(CHsCN),] was prepared by literature method [36] and the palladium
complexes were also prepared and characterized as reported in the literature [37]. A Perkin Elmer
Lambda 25 UV-Vis spectrophotometer was employed to carry out optical measurements at room
temperature. The photoluminescence of the nanoparticles were measured using Perkin Elmer LS
45 fluorimeter. Powder X-ray diffraction patterns were recorded on Bruker-D8 advance powder X-
Ray diffractometer instrument operating at a voltage of 40 kV and a current of 30 mA with Cu Ka
radiation. The X-ray diffraction data were analysed using EVA (evaluation curve fitting) software.
The phase identification was carried out with the help of standard JCPDS database. The
transmission electron microscopy (TEM) images were obtained using a ZEISS Libra 120 electron
microscope operated at 120 kV. The samples were prepared by placing a drop of a solution of the
sample in toluene on a carbon coated copper grid (300 mesh, agar). Images were recorded on a
mega view G2 camera using iTEM Olympus software. The scanning electron microscopy (SEM)
images were obtained on a Joel, JSM-6390 LV apparatus, using an accelerating voltage between
15-20 kV at different magnifications. Energy dispersive spectra were processed using energy
dispersive X-ray spectroscopy (EDS) attached to a Joel, JSM-6390 LV SEM with Noran system
Six software [32, 35].

2.2 Preparation of the PdS nanoparticles

0.40 g of the respective metal precursor was dissolved in 4 mL of trioctylphosphine (TOP)
and injected into 3 g of hot hexadecylamine 220 °C. A constant temperature was maintained for a
period of 1 hr under the flow of nitrogen while stirring [35]. The mixture was cooled to room
temperature and excess methanol was added to precipitate the nanoparticles and remove excess
HDA. The precipitates were separated by centrifugation and washed with methanol and the
resulting solid precipitates of HDA capped PdS nanoparticles were dried at room temperature.

3. Results and discussion

3.1. Optical properties of the nanoparticles

The energy band gap is the main optical property of semiconductor nanoparticles. Figure 1
shows the UV-Vis absorption spectra of PdS nanoparticles. The absorption band edges of the PdS
nanoparticles were found to be 324, 318 and 326 nm and their calculated band gaps were found to
be 3.87, 3.94, and 3.84 eV. These are found to be blue shifted relative to the bulk (2.0 eV) and
shows they have small particle size ascribe to the quantum confinement effect [38]. The
photoluminescence (PL) spectra (Figure 2) of the PdS nanoparticles show emission close to the
absorption band edges. The emission maximum of the PdS nanoparticles appear at 710, 714, and
377 nm for PdS1, PdS2, and PdS3 respectively. These emission peaks were also found to be red
shifted relative to the optical absorption band edges. The emission maxima show red shift and is
consistent with the blue shifts observed in the absorption spectra. The emission peaks showed the
monodispersed nature of the PdS nanoparticles [39].



1199

01 1,2 -

= Pl = 0,5 P2 ="

= 0,08 - = 04 5 1

— ~— ~ 08 -

S 006 - 803 8

g g 206 -

£ 0,04 - = 0.2 204 -

2 Z g 0,2

£ 0,02 £ 0,1 % 02

< < <

0 T T 0 ! ! < 0 ‘ I
230 280 330 230 280 330 230 280 330
A (nm) A (nm) A (nm)
Fig. 1. UV-Vis absorption spectra of HDA-capped PdS nanoparticles
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Fig. 2. PL spectra of HDA-capped of PdS nanoparticles

3.2. X-ray diffraction studies of the PdS nanoparticles

Fig. 3 shows the XRD diffraction patterns for the PdS nanoparticles. The XRD patterns of
PdS1 shows three peaks at 26 values around 19.9, 21.7 and 23.1 which corresponds to (002), (100)
and (110) Miller indices for cubic PdS nanoparticles. The broadness of the peaks is the indication
of small particle size. The elongation of the XRD pattern is the confirmation that an organic
capping agent (HDA) was used in the synthesis of the nanoparticles [39, 40].
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Fig. 4. XRD patterns of HDA-capped PdS nanoparticles
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3.3. TEM studies palladium sulfide nanoparticles

Fig. 4 shows TEM images of HDA-capped PdS prepared at 220 °C. Figure 4(A) shows
TEM images of HDA-capped PdS1 nanoparticles with spherical shapes with very small size
ranging from 6.94-9.62 nm. There is no agglomeration of particles because the precursor was
perfectly capped with the HDA [41]. PdS2 nanoparticles (Fig. 4B) show close to spherical shape
with uniform size distribution with particle sizes ranges from 4.72-6.84 nm. Figure 4C shows
PdS3 nanoparticles with spherical shape and size distribution of 7.15-16.46 nm. The particles are
well dispersed and there are no aggregation and this is an indication of strong bonding of
dithiocarbamate ligands onto the metal ion [40]

Fig. 4. TEM images of PdS nanoparticles (A): PdS1 from Complex 1,
(B): PdS2 from complex 2 and (C): PdS3 from complex 3

3.4 Morphological studies of the nanoparticles

The SEM images of the synthesized HDA-capped PdS nanoparticles are shown in Figure 5
labelled A (low magnification) and B (high magnification). The results show that PdS1 has
homogeneous surface morphology and is smooth. In both high and low magnification, they have
pores in between particles and these nanoparticles do not aggregate [42]. EDS for the analysis of
elemental composition was done and the spectrum is labelled C. From the obtained results from
EDS, Pd and S are present and this confirms the formation of PdS nanoparticles. Other traces of
elements such as C, O, and P are also observed. The observed C is attributed to carbon of the
capping agent (HDA), P is due to TOP, and O might be due to the oxidation of sulfur to oxygen
atoms [43]. SEM images of PdS2 nanoparticles prepared from [Pd(L?),] precursor complex are
shown on Figure 6 with the same surface morphology and close to spherical shape. Figure 6C
show EDS spectrum with both Pd and S present. P is due to TOP and C is due to the capping agent
(HDA). SEM images of PdS3 nanoparticles are shown in Figure 7. The surface is rougher with
hollow like structures [44]. These nanoparticles have uniform surface morphology and there are no
lumps. From the EDS analysis, both elements are present and P is due to the TOP used and the
observe C is from the HDA capping agent.
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Fig. 5. SEM images of PdS1 (A) low mag (B) high mag (C) EDS spectrum of the sample
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Fig. 6. SEM images of PdS from [Pd(L?),] complex (D) low mag (E) high
mag (F) EDS spectrum of the sample
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Fig. 7. SEM images of PdS from [Pd(L%),] complex (G) low mag (H) high mag
() EDS spectrum of the sample

3.5 Structural studies of PdS/starch nanocomposites

SEM images of PdS1/starch polymer nanocomposites are shown on Figure 8 (A) low
magnification and (B) high magnification. Image A show dispersed nanoparticles that are on the
surface of potato starch polymer. There is an increase in the surface roughness of the particles
[45].
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Fig. 8. (A) and (B) are SEM images of PdS1/potato starch nanocomposites.
(C) EDS spectrum of the nanocomposites
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Fig. 9. (A) and (B) are SEM images of PdS3/potato starch nanocomposites.
(C) EDS spectrum of the nanocomposites
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Fig. 10. (A) and (B) are SEM images of PdS4/potato starch nanocomposites.
(C) is the EDS spectrum of the nanocomposites

Fig. 9 shows the SEM/EDS of PdS2/starch composites. SEM images show
nanocomposites with increase in the roughness of surface morphology. PdS nanoparticles are well
dispersed into the matrix of the starch. EDS shows peaks of Pd and S, which is the confirmation
for the presence of nanoparticles. Figure 10 shows the SEM/EDS of PdS3/starch nanocomposites.
The SEM images at low and high magnification show smooth composites with very few particles
present. The EDS spectrun confirm the presence of metal sulfide nanoparticles with the presence
of Pd and S elements. The SEM images shows smooth nanocomposites with few nanoparticles
dispersed in the matrix of potato starch [46]. They have homogeneous surface morphology with
close to spherical shapes. The EDS spectrum confirm the presence of PdS nanoparticles by peaks
of Pd and S.

3.6 FTIR spectra studies of PdS/starch nanocomposites

The FTIR spectrum of PdS/potato starch nanocomposite shows impurities that might be
due to the precursor used in the synthesis of PdS/potato starch nanocomposites. The broad peak at
3200 ¢cm™ can be ascribed to H,O in the nanocomposites. Peaks around 1300 cm are due to O-H
deformation and C-C stretching of the ring. At 1000 cm™ there is a sharp peak which can be
attributed to O-C, C-C, and C-O deformations [47]. Around 1100 cm™ there is a peak of C-O-C
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and C-C stretching. The peak around 2900 cm™ is small in the starch, but in the spectrum of
nanocomposites, it is prominent because of the coordination of starch with nanoparticles [48].

4. Conclusions

In this study, we described the use of homoleptic Pd(ll) dithiocarbamate complexes as
single source precursor to synthesize PdS nanocrystals. The metal complexes were thermolysed in
hexadecylamine (HDA) at 220 °C to prepare HDA-capped PdS nanoparticles. The as-prepared
PdS nanoparticles dispersed in potato starch to prepare PdS/potato starch nanocomposites. The
optical studies of the nanoparticles using electronic absorption and emission spectroscopy. showed
that the absorption spectra of the PdS nanoparticles are blue shifted compared to their
corresponding bulk materials indicating that the nanoparticles are quantum confined due to their
small crystallite sizes while the photoluminescence spectra show narrow emissions that are red-
shifted.

The XRD patterns confirmed the formation of cubic phase for PdS nanoparticles. TEM
images of PdS showed monodisperse nanocrystal with average crystallite sizes of 6.94-9.62 nm for
PdS1, 4.94-6.52 for PdS2, and 7-10.43 for PdS3. The TEM images shows individual PdS
nanocrystals without any agglomeration. The SEM images showed uniform surface morphology of
PdS nanoparticles with almost spherically shaped nanoparticles, while EDS confirms the presence
of Pd and S for HDA-capped PdS nanoparticles respectively. SEM images and EDS of the
PdS/potato starch nanocomposites confirmed the dispersion of the nanoparticles in starch matrices
and their FTIR further confirms the formation of the nanocomposites.
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