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In this communication, we report facile and economical in-situ preparation of lead sulphide (PbS)
nanorods and nanocubes within the Polyphenylene sulphide (PPS) matrix. PPS plays a dual role in the
synthesis of the resultant nanostructures as - (i) a chalcogen source and (ii) a stabilizing matrix. We
studied the effect of change of lead precursor from lead nitrate to acetate on the morphological
properties of the resultant nanostructures. The effect of molar ratios of the reactants (1:1, 1:5, 1:10, 1:15
and 1:20) on the morphology of the products was also studied. The resultant nanocomposites were
characterized by various physico-chemical techniques like X-ray Diffractometry (XRD), SEM equipped
with EDAX, TEM and UV-Visible spectroscopy. The prima-facie observations suggest effective
formation and subsequent entrapment of lead sulphide nanorods and nanocubes, respectively, when lead
acetate and lead nitrate precursors were used. Additionally, simultaneous occurrence of nanocrystalline
cubic lead as an impurity phase is noticed in case of heated admixtures for both the precursors.
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1 Introduction : Recently, IV-VI group semiconductors have attracted considerable attention at the
nanoscale and number of studies related to the synthesis and characterization of these materials have
been reported [1 - 5]. In particular, lead sulphide (PbS) with its infrared, small direct band gap of 0.41
eV (at 300 K), larger excitation Bohr radius of 18 nm and large optical dielectric constant (17.2) allows
for the strong quantum confinement (the band gap may shift to even in the visible range) with relatively
large nanocrystals [6, 7] as compared to many other semiconductors. Due to its functional nature, it has
been widely used in many fields such as Pb2+ ion exchange sensor [8], photography [9], IR detector [10]
and solar absorber [11]. Due to its better non-linear optical properties than GaAs or CdS at a given
particles size, it may be useful in optical devices such as optical switch [12]. It may be noted that
synthesis of one dimension (1-D) nanostructures is an arduous task but may render interesting optical,
electronic and magnetic properties at the nanoscale. Therefore, material chemists have been exploring an
ideal single step method to prepare these nanostructures. Nevertheless, the challenge has been and
remains to be the control of the size, size distribution, morphology, and organization of nanostructures.
Hitherto, various 1-D and quasi 1-D forms of PbS nanostructures, including nanowires [13], nanorods
[14], nanobelts [14] and hierarchical shapes like dendritic [14], flowers [15], star-shaped [16] and clover
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[17] like nano/micro structures have been produced using combination of various polymers and
surfactants. Lead sulfide nanocubes have been synthesized using hydrothermal [18] and organic ligand
assisted [19] routes. However, to the best of our knowledge, synthesis of nanoscmposite of polymer/1-D
PbS nanostructures using the polymer as inherent chalcogen source has not been seriously attempted
[19, 20]. In this context, vide this communication, we ventured into the synthesis of 1-D PbS
nanostructures within polyphenylene sulphide matrix using facile and novel solid state reaction method
with the intention to study the effect of change of lead precursor from lead nitrate to acetate on the
morphological properties of the resultant nanostructures. PPS acts as stabilizer as well as a chalcogen
precursor [21]. Besides, PPS with its excellent mechanical and chemical resistance properties (in
addition to the polymer being inherently self-extinguishing) can be extruded/processed in any desired
shape/form, which could be an important aspect from the perspective of nanocomposites based device
fabrication.
2 MATERIALS AND METHODS :
2.1 Materials : Polyphenylene Sulphide (PPS) with number average molecular weight of 10,000, lead
nitrate, lead acetate and acetone were obtained from Aldrich (99 % purity) and were used as received.
2.2 Synthesis of nanocomposites: Lead nitrate and lead acetate salts were used as Pb source,
respectively, in two sets of experiments. The melting temperature (Tm) of PPS is 285 0C and its thermal
decomposition starts at ~ 450 0C. Therefore, the reaction temperature of 285 0C was chosen for the
synthesis of PbS in PPS matrix as at the melting temperature, sulphur will be loosely bound and some of
the loosely bound sulphur may react with the lead to form PbS.
In-situ synthesis of lead sulfide in polymer matrix via proposed solid state route was carried out by
varying the molar concentration of the reactants (lead nitrate / lead acetate : PPS) with ratios such as 1:1,
1:5, 1:10, 1:15 and 1:20. For such reactions, the two reactants were admixed in stated molar ratio in an
agate pestle-mortar using acetone. The resultant admixture, after drying at room temperature, was
subjected to heating at 285 0C (melting temperature of PPS) in an alumina crucible for six hours under
an ambient atmosphere. Subsequently, it was naturally cooled down to room temperature. The obtained
products with 1:1 molar ratio for both the salts were fluffy blocks, which could be easily pulverized to
fine powder. The obtained products with other molar ratios mainly 1:5,1:10, 1:15, 1:20 were in the form
of solid mass, which could be crushed (with increasing difficulty as the molar ratio changes from 1:5 to
1:20) in order to get the product in powder form.
2.3 Physicochemical characterization : For structure determination, powdered X-ray diffractograms
were recorded with Rigaku Miniflex X-Ray Diffractometer using Ni filtered CuKα radiation. The
surface morphology and particle size were determined using a Scanning Electron Microscopy (SEM;
Philips – XL 30). For SEM analysis, the samples were prepared by (dispersing the resultant powders in
ethanol followed by ultrasonication treatment for 10 min) mounting a drop of nanocomposite solution
on an aluminum stub and allowing it to dry in air. In order to prevent the charging effect associated with
SEM, the samples were sputter-coated with Au-Pd. Fine-scale microstructure examination was
accomplished by Transmission Electron Microscopy (TEM) using Philips CM-200 TEM instrument. A
drop of the typical powdered sample dispersed in acetone was spread on a copper grid coated with
colloidon for TEM analysis.
3 RESULTS AND DISCUSSION :
3.1 X-ray Diffraction Analysis : The powder XRD studies were performed to ascertain the formation
of PbS in polymer matrix. Figures (1 and 2) show typical X-ray diffractograms of samples
corresponding to five different molar ratios (1:1, 1:5, 1:10, 1:15, 1:20) of Pb(NO3)2 and Pb(CH3COO)2
with PPS, respectively, heated at 285 °C with constant reaction time of six hours. For the sake of
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comparison, XRD of pure PPS pre-heated at same temperature and time is also reproduced. As shown in
Figure (1) and (2 b-f), the peaks at 2θ = 26.32, 30.40, 43.44, 51.32, 53.82, 62.88, 71.26, and 79.30
degrees can be readily indexed as face – centered – cubic PbS structure with a lattice constant, a = 5.942
Å in agreement with the reported value (JCPDS Card No. 5-592 having a = 5.936 Å). The diffraction
peak at 2θ=20.9° corresponds to pure PPS (plot ‘a’ in Figure 1 and 2) where as the peak at 2θ=31.0°, can
be ascribed to the (100) reflection of lead, indicating the presence of lead as minor phase (Figure 1).
The strong but broadened peak at 2θ = 30.40° (Figure 1 and 2) indicates that the material has good
crystallinity and small size. Secondly, it is clearly recognized that the (200) diffraction peak of the
nanocrystals is much stronger than that of the other diffraction peaks. In other words, the intensity
distribution of all the observed X-ray diffraction peaks of the nanocrystals deviates drastically from the
characteristics pattern of bulk PbS (galena) powder. It appears that the PbS nanorods are preferentially
oriented in such a way that their (100) planes are parallel to the substrate surface. This might perhaps
facilitate one dimensional growth of PbS nanorods.

Figure (1) : X-Ray diffractograms corresponding to (a) PPS and heated admixtures of lead
nitrate with PPS in molar ratios of (b) 1:1, (c) 1:5, (d) 1:10, (e) 1:15, and (f) 1:20.
Another observation from Figure (1 and 2) is that the intensity distribution of the diffraction peaks
depends on the molar concentration ratio Pb precursor /PPS used to prepare the nanorods. For example,
the intensity ratio (I200 / I111) of the first two highest intensity peaks in the XRD pattern increases with
increase in Pb precursor / PPS ratio. A large intensity ratio (I200 / I111) is correlated to a higher degree of
orientation of the (100) lattice plane and vice versa14. The primary particle size has been calculated from
FWHM values of the strongest diffraction peaks associated with PbS for 1:1 molar ratio. Such an
exercise furnished the crystallite size values in the range of 19 nm for samples corresponding to lead
nitrate as precursor and 15 nm for corresponding sample prepared using lead nitrate as precursor.
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Figure (2) : X-Ray diffractograms corresponding to (a) PPS and heated admixtures of
lead acetate with PPS in molar ratios of (b) 1:1, (c) 1:5, (d) 1:10, (e) 1:15, and (f) 1:20.
3.2 Scanning Electron Microscopy : The morphological study of heat treated samples was first carried
out using SEM analysis. The scanning electron photomicrographs (SE mode) for the samples
corresponding to lead nitrate : PPS scheme in 1:1 and 1:5 molar ratio are shown in Figure (3). It is
interesting to observe that the heat treated product of equimolar concentration exhibits formation of rod
like structures along with few nanoparticles dispersed in the polymer matrix (Figure 3 a). The number
of nanorods is found to be less as compared with that of particles.

Figure (3) : SEM photomicrographs (SE Mode) corresponding to heated
admixtures of lead nitrate with PPS in molar ratio of 1:1 (a) and 1:5 (b).
With increasing PPS concentration (for 1:5 molar ratio sample) instead of nanorod formation,
aggregation of nanoparticles is noticed in the sample (Figure 3b). In case of samples prepared using lead
acetate : PPS scheme, the sample prepared using 1:1 molar ratio displays the bundles of nanorods
entangled with each other (Figure 4a). The nanorods are closely packed in bundles of approximately 5 to
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6 µm in width. The volume of nanorods is larger as compared with the volume of nanoparticles which is
also supported by TEM (Section 3.3). Increase in the polymer content also affected the morphological
structure. The SEM image of 1:5 molar ratio sample (Figure 4b) clearly shows the nanorods dispersed in
the polymer matrix. High polymer content also makes the imaging of nanorods difficult. Moreover, the
observed thickness and length of the nanorods is less as compared with 1:1 molar ratio samples which is
also evidenced by TEM.

Figure (4) : SEM photomicrographs corresponding to heated admixtures of
lead acetate with PPS in molar ratios of (a) 1:1, (b) 1:5

Figure (5) : TEM images corresponding to heated admixture of lead nitrate with PPS
for1:1 molar ratio at (a), (b) and (c) (with low and high scale magnification)
and for 1:5 molar ratio at (d)
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3.3 Transmission Electron Microscopy: The morphology and particle sizes within polymer matrix
were further investigated by transmission electron microscopy (TEM). Figure (5) displays lower and
higher magnification images of samples prepared using lead nitrate : PPS heated admixtures with
different molar ratios. As noticed from earlier SEM findings, the equimolar admixture sample displays
rod-like morphology. From the TEM micrographs of lower magnification, rod-like morphology along
with some nanoparticles (Figure 5a) can be easily seen. Observation of the TEM micrograph with higher
magnification clearly indicates the presence of PbS nanorods with diameter 50 nm and length 650 nm
(Figure 5b). The presence of spots with rings in SAED pattern (Figure 5b inset) signifies random
positioning of single crystalline nanopartcles in polycrystalline pattern for this sample. In addition to
nanorods, the PbS nancrystallites having cubic (rock-salt type) structure with 25 nm size were also
observed in this sample (Figure 5c). Furthermore, increasing concentration of PPS affected the
morphology of the sample. In case of 1:5 molar ratio samples, only aggregates of nanoparticles (with
size 25 to 50 nm) were seen. Thus nanorod formation has been observed typically in equimolar sample
for lead nitrate : PPS scheme.

Figure (6) : TEM images corresponding to heated admixture of lead acetate with PPS in
molar ratios of (a) and (b) 1:1 (with low and intermediate scale magnification), (c) 1:5,
and the associated electron diffraction patterns in (d).
Figure (6) presents TEM images of powder products obtained from the reaction of lead acetate and PPS
with different Pb precursor : PPS molar ratios of 1:1 and 1:5, respectively. These images reveal that the
product is mainly composed of PbS nanorods and the dimensions of nanorods are 20 - 100 nm in
diameter and 200 – few microns in length, depending upon the molar ratios used for the reaction. It was
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found that not only the average particle size, but also the average aspect ratio (the ratio of length to
width) of the PbS nanorods is affected by the change in the Pb precursor/ PPS molar ratio.
When the PbS nanorods were formed with the molar ratio of Pb-salt /PPS being 1:1, they have a
relatively large aspect ratio and a narrow size distribution. The PbS rods are 3.4 µm in length and 80 100 nm in width. The average aspect ratio is ~ 42. Although few much smaller PbS nanoparticles are
also present in the TEM image (Figure 6b), their volume is small as compared with that of the rods.
However, with increase in the molar ratio from 1:1 to 1:5, the PbS nanorods are formed with less aspect
ratio (Figure 6c). The PbS nanorods are 60 nm in length and 16 nm in width. Thus, the average aspect
ratio is ~ 4.
The concentration of the nanoparticles is also observed to be increased on increasing the polymer
content in the reaction. Some of these ultrafine particles are supposed to be formed during the TEM
sample preparation because with increase in the polymer content the material becomes rock solid mass
which need to be crushed (with great difficulties) in order to get the powder. During this process,
nanorods might have suffered from severe strain, which may perhaps lead to fracture and breakage to
smaller particles. The selected area electron diffraction pattern of PbS nanorods (representative sample
of 1:5 molar ratio) is shown in Figure (7d). The identified lattice spacings closely match with those
pertaining to the cubic fcc structure of PbS as reported elsewhere [14]. The SAED rings evidently
indicate the polycrystalline nature of the product, whereas, the spots imply the single crystalline nature
of the product.
The above results confirm that PbS can be grown in the form one-dimensional rods and threedimensional cubes with a preferred (100) orientation parallel to the substrate surface. The question as to
why such a highly symmetric cubic crystal can grow in one dimension with a large aspect ratio point
directly to the role of PPS as a precursor. The polymer network perhaps liquefies at melting temperature
(285 oC) and consequently, the solid-solid boundary transforms in to solid- liquid boundary thus
changing the reaction interface. Thus the sulphur moiety of the polymer selectively forms a bond
between Pb2+ of lead salt. Here PPS plays a dual role of sulphur precursor as well as surfactant. During
simultaneous cyclization and sulphidation process, PPS can bond to solid surface and selectively adsorb
on some facets of crystals to control crystal growth direction consequently. In mixed system of PbS PPS, the adsorbed PPS on the surface of PbS subcrystals may also interact strongly leading to
aggregation of PbS subcrystals. In the present case, when 1:5 molar ratio of lead acetate/PPS is used, it
may be preferentially adsorbed on the facets parallel to (100) axis direction of PbS nanocrystals leading
to preferential growth along the (100) direction. When the amount of PPS used exceeded a certain value,
it probably not only limited the diameter of nanorods but also the length. In other words, under the
condition of too much PPS in the reaction system, a small part of PPS may be adsorbed on (100) crystal
face, resulting in the decreased of length. The observed results are similar to those reported by L. Dong
et. al. while using CTAB as a surfactant [15]. In another report, Stoll and his co-workers have simulated
the bridging flocculation process of inorganic/ polymer hybrids. They pointed out that at certain
inorganic ion/ polymer concentration ratio, the inorganic / polymer hybrids could develop into 1-D
morphology automatically [20]. Thus size of the PbS nanorods can be selectively tuned by varying the
Pb precursor/PPS molar ratio. In addition, when lead nitrate precursor was used as the source of lead as
compared to lead nitrate, the aspect ratio of nanorods was less. This may be attributed to the inherent
nature of the lead precursor. During the reaction, lead nitrate would release lead ions faster, while lead
acetate would release them slowly as lead ions form a complex with acetate ions. This slow release of
ions facilitates formation of longer rods with greater aspect ratio.
4. Conclusions : In summary, by means of a simple one-pot reaction, PbS nanorods and nanocubes in
PPS matrix using different metal salts like Pb(NO3)2, Pb(CH3COO)2 as precursors have been
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successfully prepared. The preferred orientation of (100) plane is characteristically observed in all
diffractograms. The morphology of the product was found to be affected by change in (i) lead precursor
and (ii) molar concentration of the Pb precursor/PPS ratio. Such suitably tuned PbS nanostructures may
be useful for many opto-electronics devices such as IR detectors and optical switches.
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