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ABSTRACT 

At present, there is considerable interest in polymer-metal chalcogenides/oxides based nano-composites on account of 
their tunable optical, magnetic, electronic and catalytic properties. Here in, we report a simple single step approach for 
the in-situ synthesis of combined cobalt sulphide/cobalt oxide in polyphenylenesulphide (PPS) polymer matrix. We 
have illustrated the suitability of this methodology by reacting commonly available cobalt precursors with engineering 
thermoplastic, PPS. The cobalt precursor was homogeneously mixed with PPS in the molar ratios of 1:1, 1:5, 1:10, 1:15, 
respectively, followed by heating the mixtures obtained at the melting temperature of the polymer (285˚C) for six hours. 
The resultant products were characterized by X-ray Diffractometry (XRD), Field-Emission Scanning Electron Micros-
copy (FESEM), High Resolution Transmission Electron Microscope (HRTEM), Diffuse Reflectance Spectroscopy 
(DRS) technique and Fourier Transformation Infra red Spectroscopy (FTIR). Formation of mixed phases viz., sulphide 
and oxide of cobalt within modified PPS matrix was confirmed by XRD. The resultant nanoparticles of cobalt sulphide 
and cobalt oxide embedded in the PPS matrix showed crooked and chunk morphology. The optical properties of the 
resultant nanocomposites indicate the shift in the absorption hump due to nanoscale size effect. 
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1. Introduction 

In the recent times metal sulphides-oxides embedded in 
polymeric matrices have represented a new class of nano- 
structured materials. These materials combine the prop-
erties of the polymer as well as the metal and its corre-
sponding sulphide-oxide and show entirely a different set 
of properties in comparison to the original materials. 
These materials coalesce various properties such as opti-
cal transparency, magnetism, luminescence, UV-visible 
absorption etc. leading to exclusive functional materials 
that can be easily explored for numerous applications in 
different technological fields [1]. The transition metal 
sulfide nanomaterials have been the focus of consider-
able interest due to their unique optical and electrical 
properties and their wide variety of potential applications 
in nanoscale devices such as electroluminescence and 
nonlinear optical devices [2]. Cobalt sulphide-oxides are 
one of the most complicated systems known due to their 
number of phases and chemical compositions. Few 
phases of cobalt sulphide and oxides reported are CoS, 

Co3S4, CoS2, Co9S8, CoO, Co3O4 etc. Cobalt sulphide/ 
oxides are one of the important classes of material which 
have found direct applications in solar selective coatings, 
photo detectors, solar cells, biological labeling, Li-ion 
battery, and magnetic devices etc. [3,4]. These materials 
have gained immense importance in recent time due to 
their magnetic properties and their use for fabrication of 
dilute magnetic semiconductor materials. Till date nu-
merous techniques have been used for the synthesis of 
nanoscale cobalt sulphide and oxide nano-particles sepa-
rately such as anodized alumina films for growth of co-
balt disulphide nanowires by application of two electrical 
fields [5], colloidal synthesis of hallow nano-cobaltsul-
phide spheres [6], hallow metal oxides and sulphides by 
laser ablation in liquid [7], hydrothermal technique [8], 
biomolecule-assisted hydrothermal process [9], cobalt 
sulfide in montmorillonite by solid-solid reaction [10], 
co-precipitation method for generation of cobalt oxide 
nanoparticles [11,12], chemical bath deposition of thin 
films [13], Co3O4 nanowalls by direct heating of cobalt 
foil on hot plate etc. [14]. In addition to the above, num-
ber of methods have been reported for in-situ generation *Corresponding author. 
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of well defined nanoparticles in polymeric matrices such 
as ring opening metathesis polymerization (ROMP) to 
synthesize cobalt diblock copolymer [15], atom transfer 
radical polymerization (ARTP), nitroxide mediated po-
lymerization (NMP), reverse addition fragmentation chain 
polymerization (RAFT) etc. [16].  

In this communication, we report one step approach 
for the synthesis of cobalt sulphide-oxide nanoparticles 
in thermally stable polymer matrix of polyphenylenesul-
phide (PPS) by simple polymer inorganic solid-solid re-
action scheme. The polymer PPS has been intentionally 
chosen as it serves dual purpose-first it acts as a chalco-
gen source and second it acts as a stabilizing media. The 
advantage of synthesizing semiconductor nanoparticles 
in the polymer matrix is that it provides good stabiliza-
tion action and controls the agglomeration of nano-par-
ticles formed within the polymer matrix.  

2. Experimental Details 

The reactant cobalt nitrate was obtained from Merck and 
was used as received, the polymer polyphenylenesulphide 
(PPS) with number average molecular weight 10,000 
having glass transition temperature (Tg) 88˚C with melt-
ing temperature of 285˚C was obtained from Sigma Al-
drich. The material was synthesized by reacting the pre-
cursors in the molar ratio of 1:1, 1:5, 1:10, 1:15, respec-
tively, for cobalt nitrate and PPS. The materials for each 
molar ratio were mixed using agate mortar and pastel and 
a few drops of acetone were added for proper wetting of 
the reactants. The admixtures thus formed were then 
heated at the melting temperature of the polymer i.e. 
285˚C for six hours in a muffle furnace under normal 
atmospheric conditions. The phase identification of the 
resultant powder products was conducted using X-ray 
diffractometer (Brucker D5005), using CuK radiation. 
Material in powdered form was used for such analysis. 
The particle size and the surface morphology of the sam-
ples were investigated by HRTEM with FEI Tecnai G2, 
at an acceleration voltage of 200 KV. The samples for 
HRTEM were prepared by dispersing fine powder of the 
resultant product in isopropyl alcohol. The dispersion 
was than coated on carbon coated grid for further analy-
sis. The surface morphology was determined using FE-
SEM, Hitachi, S-4800, the solid samples were used as 
such for determination. In order to prevent the charging 
effect associated with FESEM, the samples were placed 
on carbon tape and coated with thin Au film. The Infra-
red study was carried out using Fourier transformation 
Infrared spectrophotometer (FTIR-Perkin Elmer Spec-
trum 100). Approximately 500 mg of sample was mixed 
with dried KBr powder, the mixture was grinded and 
pellets were formed for further IR analysis. The UV-DRS 
spectra were recorded on UV 3600, Shimadzu UV-VIS- 
NIR spectrophotometer for solid powder samples. 

3. Results and Discussion 

Figure 1 depicts the XRD pattern obtained for the resul-
tant products. Prominent formation of Co3O4 for the 1:1 
and 1:5 ratio of ratio of cobalt nitrate to PPS is observed 
(Figures 1(a) and (b)). The diffraction peak at 2 value 
of 36.8, 44.8, 59.3 and 65.2 respectively corresponds to 
(311), (400) planes, (511) and (440) indicating the for-
mation of cubic Co3O4 (JCPDS No.42-1467). For sam-
ples corresponding to 1:10 and 1:15 precursor to PPS 
ratio, mixed phases of Co3S4 and Co3O4 were obtained 
with dominance of Co3O4 phase. This substantiates that 
the sulphur moiety from the polymer has reacted with the 
cobalt precursor. The diffraction peak at 26.7, 31.4, 38.1, 
55.1 correspond to cubic Co3S4, (JCPDS No. 47-1738) 
whereas the peak at 36.8 corresponds to Co3O4. The peak 
observed at 2 value of 20.5˚ in Figures 1(b)-(d) 
matches with PPS. 

The images in Figure 2 elucidate the FESEM images 
for the obtained nanocomposites for the various ratios of 
cobalt precursor to PPS polymer. Formation of irregular 
shape morphology having size in the range of 30 nm to 
100 nm is observed for the 1:1 ratio (Figure 2(a)). Uni-
form distribution of the Co3S4 and Co3O4 is observed for 
the higher proportion of PPS (Figures 2(c) and (d)). The 
composition with 1:10 cobalt to polymer shows uniform 
distribution with the average particle size of 30 nm. 

The HRTEM analysis is shown in Figure 3. The for-
mation of nanoparticles embedded in the PPS matrix is 
observed for the Co3O4 prepared using 1:1 ratio. The 
average particle size for the resultant composition was 
found to be in between 5 to 10 nm. The SAED pattern 
shown as inset of Figure 3(a) indicates the formation of 
cubic Co3O4, which is also evident from the XRD analy-
sis for the resultant nanocomposites. The interplanar 
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Figure 1. XRD patterns of Co3O4 and Co3S4, samples of 
Cobalt to PPS ratios where (a) 1:1, (b) 1:5, (c) 1:10, (d) 
1:15 (♦) indicates oxide peaks, (●) indicates sulphide 
peaks and () corresponds to PPS peak. Pink line indi-
cates the JCPDS No. (47-1738) corresponding to Co3S4 
and green line indicates the JCPDS No. (42-1467) corre-
sponding to Co3O4. 
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Figure 2. FESEM images for the resultant products for 
different ratios of Cobalt Nitrate precursor to PPS where 
(a) 1:1, (b) 1:5, (c) 1:10 and (d) 1:15. (Scale bars: 300 nm 
for Figure (a) and 500 nm for Figures (b)-(d), respectively). 
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Figure 3. HRTEM images for the material for different 
ratios of Cobalt Nitrate precursor to PPS where (a) 1:1, 
(b) 1:5, (c) 1:10 and (d) 1:15. 

spacing of 0.24 and 0.28 corresponds to (311) and (220) 
planes, respectively, thereby indicating the formation of 
crystalline Co3O4. HRTEM analysis of nanocomposites 
prepared using 1:5 ratio also indicates formation nano 
sized Co3O4 having size in the range of 5 to 10 nm. 
Slight agglomerations of nano particles are observed. 
The SAED pattern and the lattice spacing (Figures 3(b) 
and (b')) confirms the formation of cubic Co3O4 and also 
supports the XRD analysis. For higher ratio (1:10 and 
1:15) the formation of distorted rod like morphology was 
observed. The SAED pattern and lattice spacing indicates 
the formation of Co3S4 (Figures 3(c), (c') and (d), (d')) 
with lattice spacing of 0.2855 matching well with (311) 
plane of Co3S4. 

DRS spectra of prepared nanocomposites are depicted 
in Figure 4. PPS indicates the absorption edge at 390 nm. 
The band edge of the nanocomposites was located at 790 
nm (1.5 eV), had a blue shift of approximately 288 nm 
with respect to the band gap of 1078 nm (1.15 eV) for 
bulk Co3S4. The hump centered at 750 nm corresponds to 
the band gaps of Co3O4 and Co3S4 which, interestingly, 
are almost in the same range [17,18]. 

The FTIR spectra obtained for neat PPS and the resul-
tant nanocomposites are depicted in Figure 5. Character- 
istic bands of PPS are observed at 1471 cm−1 due to 
stretching vibration of C=C in benzene and 818 cm−1 due 
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Figure 4. DRS of pure PPS and samples prepared using 
cobalt salt to PPS ratios of 1:1, 1:5, 1:10, 1:15, respec-
tively. 
 

 

Figure 5. FTIR spectra of pure PPS and samples pre-
pared using cobalt salt to PPS ratios of 1:1, 1:5, 1:10, 1:15, 
respectively. 
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to deformation vibration of =C-H in 1, 4 place of ben-
zene, also numerous sharp bands at 1091 cm−1, 1008 
cm−1, and 485 cm−1 which may be attributed to the crys-
talline nature of PPS are observed in Figure 5(a). In the 
spectra for nanocomposites of various ratios (Figures 
5(b)-(e)), the peaks at 624 cm−1 are characteristics of 
metal oxide bands. A peculiar peak at 2030 cm−1 is ob-
served for the resultant nanocomposites. 

4. Conclusion 

In summary, we have successfully synthesized cobalt 
sulphide/oxide nanoparticles in polymer matrix by facile 
solid-solid reaction technique. The formation of cubic 
structure Co3O4 and Co3S4 embedded in the PPS matrix 
was confirmed by XRD and HRTEM. This technique, 
being quite simple, can be used for preparation of nano-
composites for future generation smart materials. The 
polymer PPS being an engineering thermoplastic with 
inherent flame retardant characteristics can be molded as 
desired for advanced device fabrication. 
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