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INTRODUCTION

The unique optical and electronic properties of metal nano-
particles are due to their high surface area to volume ratio and
it exhibits excellent catalytic activity than the respective bulk
metals [1,2]. Recently, conducting polymer nanocomposites
has attracted much attention because of its ability to enhance
the electrical and mechanical properties of the polymer through
interaction with nanoparticles by synergistic effects [3]. Polymer
nanocomposites show quite different properties from the consti-
tuent materials due to interfacial interactions between nano-
structured semiconductors and polymers.

Polyphenylenediamines are conducting polymers which
have reported to have high gas separation ability [4,5] and
lyotropic liquid crystallinity [6,7]. Among various metal oxide
semiconductor materials, TiO2 has been widely used due to its
unique physical and chemical properties as well as their low
cost and extensive applications in diverse areas [8-10].

Poly(o-phenylenediamine) (PoPDA) doped with TiO2 and
flyash cenospheres composites have been reported for the photo-
catalytic activity and degradation of antibiotics waste water
under visible light [11]. The layered structure of PoPDA and
its TiO2 composite were synthesized and their hydrogen storage
capacity has been estimated by Abdel Rehim et al. [12]. The
photocatalytic study of PoPDA/TiO2 composite exhibited
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significantly higher photocatalytic activity for photo-decolori-
zation of methylene blue than TiO2 material under visible light
irradi-ation [13]. The nanocomposites, TiO2-PoPDA core-shell
morphology type was prepared by in situ chemical oxidative
polymerization method using ammonium persulfate as oxidant.
The photocatalytic activities of PoPDA-TiO2 nanocomposites
on rhodamine B in solar light [14] were remarkably enhanced than
the use of TiO2 nanoparticles.

In present study, PoPDA/TiO2 nanocomposites were synthe-
sized by in situ chemical polymerization method using FeCl3

as an oxidant. The luminescence properties were recorded by
varying the concentrations of the synthesized polymers and
their nanocomposites and it was found that as the concentration
of polymer decreased, its emission intensity found to increase.

EXPERIMENTAL

The chemicals viz., o-phenylenediamine, ferric chloride,
sodium dodecyl sulfate (SDS) are of analytical grade and used
as received without further treatment. The nanoparticles of
TiO2 (60-70 nm) were purchased from Sigma Aldrich.

The FT-IR spectra were analyzed by ABB-MB-3000 FT-IR
spectrometer using KBr pellet method. The UV-visible spectra
of polymers were analyzed using Perkin Elmer Lamba UV-
visible spectrometer using DMSO as solvent. The XRD patterns



were obtained by using Bruker AXS D8 Advance using Cu as
an X-ray source at the wavelength of 1.5406 Å of angular ranges
from 3º to 135º. High-resolution transmission electron micro-
scopy was imaged using Tecnai T20 G2 S-TWIN having the
operating voltage of 250 kV. Spectrofluorometer of model
FLUOROLOG-FL3-11 was used to measure the fluorescence
of the isolated polymer nanocomposites using Xenon lamp
450W as a source. The samples were analyzed in the range of
180-1550 nm and the detector used was PMT for UV-visible
(180 to 850 nm) region.

Preparation of PoPDA/TiO2 nanocomposites: To the
solution of o-phenylenediamine (0.05 mol), surfactant SDS at
its CMC value of 0.008 mol was added and stirred, to this 0.5
M, HCl was added. The TiO2 nanoparticles were added in 10,
20 or 30 wt. % to above solution and the content was kept for
vigorous stirring in order to make TiO2 nanoparticles susp-
ended in the solution. Ferric chloride (0.05 mol) was added to
the above mixture drop by drop for about 30 min. The final mix-
ture was kept for 6 h at room temperature with constant stirring
to favour polymerization of monomers. The poly(o-phenylenedi-
amine) with 10, 20 and 30 wt. % TiO2 nanocomposites preci-
pitate obtained by in situ polymerization method was filtered,
washed with deionized water and finally with methanol in order
to remove the monomer contaminations and oligomers [15-17].

RESULTS AND DISCUSSION

The FT-IR, UV-visible, XRD, spectroscopy of prepared
nanocomposites have been discussed previously [15-19]. In
the present study, the photoluminescence properties were
recorded by varying the concentrations of synthesized polymers
and their nanocomposites. It was found that as the concen-
tration of polymer decreased, its emission intensity was found
to increase.

FT-IR spectra of poly(o-phenylenediamine)/TiO2 nano-
composites: The FT-IR spectral data of PoPDA with 10, 20
and 30 % TiO2 nanoparticles were assigned as PoPDA/10 %
TiO2, PoPDA/20 % TiO2 and PoPDA/30 %TiO2. The spectral
results show a single band in the region of 3352 cm-1 is due to
the N-H stretching of NH-group. The bands at 3413, 3195 cm-1

are due to the presence of asymmetrical and symmetrical stret-
ching modes of N-H bond in NH2 moiety. The presence of peaks
at 1688 and 1520 cm-1 is due to characteristic stretching vibrations
of C=N and C=C group in phenazine skeleton. The peaks at
1374 and 1244 cm-1 can be associated with C-N-C stretching
vibrations in the repeated benzenoid units and quinoid imine
moiety. Furthermore, the presence of peaks at 752 and 582
cm-1 are due to out-of-plane bending vibrations C-H bond in
benzene nuclei in phenazine moiety (Fig. 1). When compared
to polymer, the wave numbers of composites were slightly
shifted to longer a value which is attributed to the formation
of hydrogen bond between the oxygen of TiO2 and hydrogen
of -NH- group of polymer. In addition, the presence of band
486 cm-1 is due to Ti-O bond stretching vibration of TiO2 metal
oxides confirms the incorporation of TiO2 into the polymeric
matrix. The peak at 1049 cm-1 is assigned to S=O bond vibra-
tion of incorporated SDS in the polymeric skeleton.

UV-visible spectra of poly(o-phenylenediamine)/TiO2

nanocomposites: The UV-visible spectra of PoPDA 10 %,
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Fig. 1. FT-IR spectra of poly(o-phenylenediamine)/TiO2 nanocomposites

PoPDA 20 % and PoPDA 30 % of TiO2 nanoparticles were
observed with two peaks at about 282 and 441 nm. The one
nearer to 441 nm is assigned to π-π* transition of phenazine
skeleton conjugated to the two lone pairs of electrons present
on nitrogen of NH2 groups, the broadening of peak suggests
the presence of quinoneimine moieties. The other peak at about
282 nm is due to the π-π* transitions of benzenoid and quinoid
repeating units. The UV-visible spectra of PoPDA with various
wt.% of TiO2 nanoparticles are presented in Fig. 2.
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Fig. 2. UV-visible spectra of poly(o-phenylenediamine)/TiO2 nanocomposites

X-ray diffraction RD of poly(o-phenylenediamine)/TiO2

nanocomposites: The XRD pattern of TiO2 and PoPDA/TiO2

nanocomposites are shown in Fig. 3. The X-ray patterns at 2θ
= 25.38º, 37.88º, 48.08º, 53.98º and 55.18º were attributed to
the diffractions lines of the (1 0 1), (0 0 4), (2 0 0), (1 0 5) and
(2 1 1) crystal lattice planes of TiO2 metal oxide anatase phase.
The sharp lines observed 27.48º and 36.18º due to (1 1 0) and
(1 0 1) faces of rutile phase in TiO2 [19].

The XRD patterns of PoPDA nanocomposites includes
diffraction patterns of both PoPDA lines in the region of 5º <
2θ < 35º and also the lines corresponds to TiO2 nanoparticles,
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Fig. 3. XRD spectra of poly(o-phenylenediamine)/TiO2 nanocomposites

proving the incorporation of TiO2 nanoparticles in the polymer
moiety by forming nanocomposites. The XRD patterns of PoPDA
nanocomposites shows no broad reflection, indicates that the
obtained sample has well crystalline and long range ordering.

Transmission electron microscopy analysis of PoPDA/
30 % TiO2 nanocomposite: The TEM image of poly(o-pheny-
lenediamine) with 30 wt. % of TiO2 nanoparticles is shown in
Fig. 4. The HRTEM image of PoPDA with 30 % TiO2 nanopar-
ticles has aggregated spherical particles exhibiting the core-
shell type of morphology. The particle size of synthesized
polymer nanocomposites was of 60-70 nm range as it is evident
from Fig. 4. The entire surfaces of TiO2 nanoparticles were
surrounded by a uniform thin layer of PoPDA and TiO2 nanopar-
ticles are well dispersed in the polymeric matrix. The outer
shell of TiO2 nanoparticle shows increment in brightness due
to the presence of polymeric chain when compared with dark
inner core, confirms the formation of core-shell morphology
of PoPDA/30 % TiO2 nanocomposites. The formation core-
shell type of PoPDA encapsulated TiO2 nanocomposites were
mainly attributed to the strong electrostatic interaction between
the polymeric matrix and the nanoparticles TiO2 [20].

Fig. 4. TEM image of poly(o-phenylenediamine)/30 % TiO2 nanocompo-
sites at 100 nm scale

Photoluminescence: The fluorescence spectra of poly(o-
phenylenediamine) and it’s 10, 20 and 30 % of TiO2 nanocom-
posites were studied. It is observed from the spectra that the
intensity of photoluminescence increases with increase in wt.%
of TiO2 nanoparticles [21]. The polymer and its nanocom-
posites are excited in the range of 440-450 nm and the corres-
ponding photoluminescence response exhibits strong emission
in the range of 522-527 nm, which fall under the green light
emitting range. The emission is obtained due to π-π* transition
of benzenoid/amine groups of oxidized/reduced polymer [22].
The π spectrum of PoPDA (Fig. 5) and PoPDA/TiO2 nanocom-
posites was measured using different concentrations (1000,
50 and 20 ppm).
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Fig. 5. Photoluminescence spectra of poly(o-phenylenediamine) at different
concentrations

It is found that luminescence behaviour of poly-o-phenyl-
enediamine/10 % TiO2 nanocomposites (Fig. 6) depends upon
the concentration of nanocomposites. The photoluminescence
measurement of PoPDA/10 % TiO2 at 20 ppm concentration
shows stronger emission of intensity 1,03,42,140 arb. units
whereas if the concentration is increased to 50 ppm the emission
intensity is decreased to 68,14,856 arb. units. Further, increases
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Fig. 6. Photoluminescence spectra of poly(o-phenylenediamine)/10 % TiO2

nanocomposites at different concentrations
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of concentration to 1000 ppm, photoluminescence efficiency
quenched to a greater extent of 5,57,203 arb. units.

The concentration-dependent photoluminescence spect-
rum of PoPDA with 20 % of TiO2 nanoparticles (Fig. 7) shows
a similar trend as PoPDA prepared with 10 % TiO2 nanopar-
ticles. At the concentration of 20 ppm, it emits maximum intensity
of 1,07,26,340 arb. units and further increase of concentration
to 50 and 1000 ppm the intensity decreased enormously to
84,71,018 arb. units and 8,47,889 arb. units, respectively.

1.0×10
7

8.0×106

6.0×10
6

4.0×10
6

2.0×10
6

0

In
te

ns
ity

450 500 550 600 650 700 750 800

Wavelength (nm)

1000 ppm
50 ppm
20 ppm

Fig. 7. Photoluminescence spectra of poly(o-phenylenediamine)/20 % TiO2

nanocomposites

The photoluminescence spectrum of PoPDA nanocom-
posites with 30 % of TiO2 nanoparticles was illustrated in Fig. 8.
The concentrations used for the study are 1000, 500, 100, 50
and 20 ppm. The observed emission peak falls under the range
of green light emission region of 525 nm. The maximum emission
intensity was found at 20 ppm concentration of 1,11,50,510
arb. units. The emission intensities correspond to 1000, 500, 100
and 50 were 19,88,323, 26,59,257, 55,39,110 and 94,94,935
arb. units, respectively.
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Fig. 8. Photoluminescence spectra of poly(o-phenylenediamine)/30 % TiO2

nanocomposites at different concentrations

The polymer and its nanocomposites exhibit interesting
concentration-dependent optical properties. The reason may
be due to the dispersion of nanocomposites in the solution, if
the nanocomposites are well dispersed in solution, the optical
emission is more pronounced.

Conclusion

The prepared polymer nanocomposites were characterized
using various spectroscopic techniques. The experimental results
agreed with the literature value suggested that the polymer is
formed. The polymer nanocomposites with 10, 20 and 30 wt. %
TiO2 was prepared by an in situ polymerization method. The
core-shell featured nanocomposites exhibited excellent optical
properties and found to be concentration dependent. The emis-
sion intensity of nanocomposites at 1000 ppm was a low and
further decrease in concentration to 500, 100 and 20 ppm emission
intensity was likely increased this may be due to the pheno-
menon of increase in a surface volume ratio of nanoparticles
in a polymer matrix at a lower concentration. A comparison
of emission intensity measured at 20 ppm concentration, of
10, 20 and 30 wt. % TiO2 was found to have 1,03,42,140 arb.
units, 1,07,26,340 arb. units and 1,11,50,510 arb. units
respectively.
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