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INTRODUCTION

Development of new materials which are having tailored
surfaces are the key step towards novel technologies. In the
past decades, several metal oxide such as TiO2, ZnO2 have
been investigated and reported for its remarkable biosensor
applications [1-3]. Niobium oxide is an excellent metal oxide
with unique characteristics. The interest of studying Nb2O5 is
due to its physico-chemical properties and its structural iso-
tropy appropriate for extensive range of applications in electro-
chromic display, gas sensing, biosensing and photoelectrode
and also in the field of microelectronics and emission display
[4,5]. In these technologies, Nb2O5 shows a great potential and
excellent properties like stability in aqueous medium, photo-
catalytic and redox properties [6,7]. Niobium oxide is a n-type
conductor and now a days, it is used in lithium batteries as a
negative electrode material [8]. Niobium oxide is a non-toxic
metal oxide and hence can be used as decontaminator in water.
All these properties of Nb2O5 are intrinsically linked to its
structure. In Nb2O5, it is possible to regulate its structure and
morphology. Depending upon the temperature, it shows a
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sequences of structural phases such as hexagonal (low temp),
trigonal, orthorhombic (700-800 ºC) and monoclinic (850-900
ºC) [9].

Now-a-days, conducting polymers are effective coating
material for the protection of metals against corrosion. Parti-
cularly, polyaniline and polypyrrole have been found to appro-
priately reduces the corrosion of several easily oxidizable
materials [10,11]. Likewise, polyindole is an electroactive
polymer having high thermal stability and great redox properties
[12]. Polyindole is good choice in various domains such as
organic electronics [13], electrocatalysis [14], batteries [15],
anticorrosion coating [16] and sensors [17]. Its rate of degrad-
ation is very low in comparison with polyaniline and polypyrrole.

The discovery of heterogeneous hybrids, especially organic-
inorganic nanocomposites today having extremely important
applications. In this study, Nb2O5 was prepared by low temper-
ature sol gel method and polyindole was prepared from indole
monomer. Then a composite of Nb2O5/polyindole was synthe-
sized by chemical polymerization technique.

The structure and morphology of Nb2O5 nanoparticles,
polyindole and Nb2O5/polyindole nanocomposite were charac-



terized by means of XRD, FT-IR, UV- Visible, NMR, FE- SEM,
E-DAX, TGA and DSC techniques.

EXPERIMENTAL

Commercial, NbCl5 (99 %), ethanol (99 %), ammonia,
hydrogen peroxide (98.9 %), ferric chloride (99 %), tartaric
acid (99 %) and indole (99 %) were purchased in AR grade
from Alfa Aeasar chemicals. Among these chemicals, ethanol
was distilled and used. All aqueous solutions were prepared
distilled water.

Synthesis of niobium oxide nanoparticles: The sol-gel
method was chosen to synthesize Nb2O5 nanoparticles [18].
Initially, 3 g of NbCl5 weighed and dissolved in ethanol (6 mL)
so that a transparent yellow solution was obtained. The above
NbCl5 was made up with aqueous NH3 at two different concen-
trations (0.5 and 0.6 mol/L). This was stirred well and niobic
acid (Nb2O5·nH2O) was obtained. The white coloured niobic
acid precipitate was centrifuged at 3000 rpm for 5 min. The
obtained niobic acid was dispersed in to distilled water and
centrifuged again. This same procedure was repeated for about
three times. Then the precipitate was treated with 20 mL of
H2O2. The molar ratio of H2O2:Nb5+ is 10:1. The solution was
kept under cooling ice and stirred for about 5 min, a transparent
yellow peroxo niobic acid sol was obtained. Then it was heated
in a hot air oven at 348 K for 24 h. A 0.5 mol/L solution results a
luminous yellow sol, while a 0.6 mol/L solution results a shining
yellow gel without any precipitate. The sol and the gel were
dried at 348 K for about 6 h in an oven. A white powder of
Nb2O5 was obtained.

Synthesis of polyindole: In a round bottom flask, 20 mL
of ethanol and 20 mmol of indole were taken and mixed together
with constant stirring under nitrogen atmosphere. The purging
of nitrogen was continued for about 1 h. Then, 20 mmol ferric
chloride solution was added dropwise with constant stirring
under 0-5 ºC and then the mixture was sonicated for 1 h. Poly-
indole was separated out as a greenish black precipitate. It was
washed with distilled water and water soluble substances like
ferric chloride and tartaric acid are washed away. A greenish
black coloured polyindole powder was obtained and dried in
an oven at 50-60 ºC.

Synthesis of polymer nanocomposite: Polymer nano-
composite was prepared by solution mixing method.  Polyindole
(1.5 g) was dissolved in 10 mL of ethanol. Nano Nb2O5 (15 %)
was dispersed separately using magnetic stirrer. After 1 h of

dispersion, nano Nb2O5 was added to polyindole solution. The
stirring was continued for 24 h in order to get well dispersed
polyindole-Nb2O5 nanocomposite. The product was poured into
clean petri dish and the nanocomposite was kept in an oven at
50-60 ºC to remove moisture and excess solvent for 2 days.

RESULTS AND DISCUSSION

Polyindole: The FT-IR spectrum recorded for the poly-
indole is shown in Fig. 1a. The sharp band at 747 cm-1 is due
to the characteristic out-of-plane deformation of the C-H bond
in the benzene ring in indole molecule. The band at 1332 cm-1

signifies the heterocyclic ring stretching modes and 1456 cm-1

ascribed to characteristic stretching mode of benzene ring in
polyindole [19]. The band present 1594 cm-1 is due to N-H defor-
mations and the vibrations modes of C2=C3 aromatic bonds,
typical of indoles. The band present at 1619 cm-1 are attributed
to -C-C- stretching modes and is also indicative of highly cond-
uctive nature of polyindole. The major band appears at 3400
cm-1 indicates N-H stretching. The sharp band appears at about
3200 cm-1 for the bonded N-H stretch is absent, indicated a
participation of nitrogen in polymerization [20], which is a
typical characteristic band of polyindole peak.

Nb2O5 nanoparticles: The FT-IR spectrum recorded for
N2O5 nanoparticles is shown in Fig. 1b. The band appears in
3600-3000 cm-1 region is assigned to the stretching vibration
of -OH groups of the adsorbed water and niobic acid. The
band at 1633 cm-1 is assigned to the bending vibration of H2O
molecules. The band at 1433 cm-1 is assigned to the stretching
vibrations of the N-H bonds of NH4

+, which corresponded to
the adsorbed ions. The band around 905 cm-1 is assigned to the
stretching vibrations of O-O bond of peroxo group (-O-O-H)
[21]. The band around 658 cm-1 is assigned to the stretching
vibration of Nb-O bond [22], which is a characteristic band of
N2O5 nanoparticle peak.

Polyindole-Nb2O5 nanocomposite: The FT-IR spectrum
recorded for polyindole-Nb2O5 nanocomposite is shown in Fig.
1c. The shifting of polyindole-Nb2O5 nanocomposite bands
with respect to pure polyindole are because of the interaction
of polyindole with the host of Nb2O5. A band at 1594 cm-1 is
assigned to N-H bond vibrations in the pure polymer [23] and
this band shifts to 1584 cm-1 in the composite. These results
suggest that there are still N-H bonds in the polymer mainstay
in polyindole-Nb2O5 nanocomposite. However, it is more
disconcerted due to the polymer backbone. In the FT-IR spectra

1.0

0.8

0.6

0.4

1.000

0.996

0.992

0.988

1.0

0.8

0.6

0.4

T
ra

ns
m

itt
an

ce
 (

%
)

T
ra

ns
m

itt
an

ce
 (

%
)

T
ra

ns
m

itt
an

ce
 (

%
)

4000 3000 2000 1000 4000 3000 2000 1000 4000 3000 2000 1000
Wavenumber (cm )

–1
Wavenumber (cm )

–1
Wavenumber (cm )

–1

(a) (b) (c)

Fig. 1. FTIR spectra of (a) polyindole (b) Nb2O5 nanoparticles and (c) polyindole-Nb2O5 nanocomposite
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of polyindole--Nb2O5 nanocomposite, peak at 1446 cm-1

induced by the aromatic alkene, a peak at 1330 cm-1 due to the
stretching modes of pyrrole ring and a peak at 749 cm-1 due to
the out-of-plane deformation of C-H bond for benzene were
witnessed. A peak at 1093 cm-1 corresponds to the vibration
mode of C-N bond. A peak at 659 cm-1 corresponds to the
characteristic signals of Nb-O confirm the incorporation of
Nb2O5 nanoparticles in the polyindole matrix [24]. Compared
to pure polymer, the bands in nanocomposites are very strong,
because of interference of Nb2O5 nanoparticles. The reduced
intensity of the bands is attributed to the interactions among
nanoparticles and polymer matrix. A considerable shift of these
peaks in nanocomposites indicates a significant interaction
among Nb2O5 nanoparticles and the polymer.

Polyindole: The UV-visible spectrum noted for the poly-
indole is shown in Fig. 2a. The percentage absorption is higher
on the lower wavelength side which is witnessed from the plot.
The UV-visible spectrum of the prepared material shows absor-
ption in the region of 220-300 nm [25]. The two different absor-
ption peaks at 228 and 278 nm developed due to extensive
chain length spreading of polymer. Band gap energy (Egap) values
were obtained by linear regression of the absorption slope by
extrapolating the tangent to the energy [(E = 1240.81/λ) versus
absorption curve. Polyindole displays a peak at 278 nm, which
is because of π-π* transition. The band gap energy of polyindole
value was found to be 4.4 eV [26], which is a characteristic
band of polyindole peak.

Nb2O5 nanoparticles: The UV-visible spectrum recorded
for Nb2O5 nanoparticles is shown in Fig. 2b. This UV spectrum
gives evidence about excitation or inter band transition of nano-
materials. Band gap energy (Egap) values were estimated by
linear regression of the absorption slope by extrapolating the
tangent to the energy. The Nb2O5 nanoparticle shows a signal at
292 nm, which is due to the  π-π* transition [27,28]. The band
gap energy of niobium pentoxide nanoparticles value is 4.2
eV, which is a characteristic band of Nb2O5 nanoparticle peak.

Polyindole-Nb2O5 nanocomposites: A UV-visible spec-
trum of polyindole-Nb2O5 nanocomposites is shown in Fig.
2c. The presence of two peaks at 214 and 278 nm in the UV-
visible spectrum of polyindole indicates a formation of poly-
indole-Nb2O5 nanocomposites [29]. A peak at 278 nm corres-
ponds to π-π* transition and the band at 278 nm is due to
polymer coordinated with Nb2O5 nanoparticles. In the present
work, Nb2O5 nanoparticles were incorporated in polyindole
in which electrons are confined in all three spatial coordinates.

Due to increased quantum confinement, these Nb2O5 nano-
particles exhibit new physical properties which are strongly
dependent upon the nanocrystal size.

1H NMR analysis: The 1H NMR spectra were recorded
on a Bruker Advance III 400 NMR spectrometer. Deuterium
substituted dimethyl sulfoxide (CD3SOCD3) were used as the
solvents for polymer, respectively.

The 1H NMR spectrum of polyindole (Fig. 3a), the proton
signals were much wider than the corresponding proton lines
of indole since the extensive molar mass dispersal of polymer,
which leads to slightly dissimilar surroundings of atoms. The
1H chemical shifts moved to a lower field, which was mostly
owing to the introduction of higher conjugation length in the
polymer main chains. In Fig. 3a, there were four peaks H-4 (δ
7.63), H-5 (δ 7.02), H-6 (δ 7.08), H-7 (δ 7.42) are demonstrated
with the benzene ring of polyindole units. The chemical shifts
of N-H band were seen at 10.8 δ ppm [30]. These inferred that
there were static N-H bonds on the polyindole backbone. So,
a decision could be sensibly drawn that the N-H bonds were
very stable throughout chemical oxidative polymerization,
further confirming the polymerization at C2 and C3 site.

13C NMR analysis: The 13C resonances of organic comp-
ounds are found over a chemical shift range of 300 ppm compared
with less than 20 ppm for protons. The proton decoupled 13C
NMR spectra of these polyindole have been recorded in DMSO-
d6 with as internal standard. The 13C NMR spectra of polyindole
showed that the signals were much wider than the correspon-
ding signals of indole because of the extensive molar mass
dispersal of polymer or the multifaceted structure of polymer,
which leads to somewhat dissimilar surroundings of the atoms.
The 13C NMR spectra of polyindole shows peaks at C-1 (δ
123.24), C-2 (δ 103.2), C-3 (δ 127.18), C-4 (δ 121.10), C-5 (δ
122.92), C-6 (δ 119.61), C-7 (δ  111.75), C-8 (δ 136.86) [31].
The signals C-3 to C-8 (six signals) indicates the benzene ring
of polyindole units [32].

X-ray diffraction analysis

Polyindole: The X-ray diffraction patterns of powder poly-
indole sample were recorded on Rigaku miniflex-II X-ray
diffraction using Cu Kα radiation (λ = 1.54 Å in the range 10
-70º. The pattern shows a broad hump appears at 2θ region of
18-28º and absence of well-defined peaks in Fig. 4a, evidently
showed that the synthesized material is purely amorphous
[33]. The XRD pattern of polyindole shows broad diffraction
peaks, suggested that polyindole was amorphous. The crysta-
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llite size of the powders were determined by using Scherrer′s
formula:

0.9
D

cos

λ=
β θ

where D = average crystallite size in nm, λ = wavelength of
X-ray radiation, θ =  Bragg′s angle and β = full width at half
maximum of the peak. The particle size of polyindole is of the
order of ~49 nm [25].

Nb2O5 nanoparticles: The X-ray diffraction patterns of
the synthesized Nb2O5 nanoparticles are shown in Fig. 4b. To
achieve the XRD patterns of the samples, [NH3] = 0.3 mol/L
was used. It was heated at 75 ºC for 24 h. A gel consisted of
crystallized Nb2O5 nanoparticles were obtained and shows the
diffuse diffraction peaks. The half width of diffraction peak of
Nb2O5 was (001) plane. Niobium pentoxide nanoparticle′s
crystallite size was found to be 3.8 nm [34].

Polyindole-Nb2O5 nanocomposite: The average particle
size of polyindole-Nb2O5 nanocomposite measured through
XRD using Debye-Scherrer formula is 37 nm [35]. The XRD
analysis confirmed that the conducting polymer nanocompo-
sites of polyindole began to crystallize by the incorporation
of nanoparticles [17]. The XRD pattern of polyindole-Nb2O5

nanocomposite is shown in Fig. 4c.
SEM analysis: All the synthesized materials surface mor-

phologies and structural topographies were studied by FE-
SEM (JEOL JSM-6360).

Polyindole: The surface morphology of polyindole powder
was analyzed by FE-SEM and the micrograph is presented in

Fig. 5a. The macrogranular structure formed by the aggregation
of small globular structures represented in the FE-SEM micro-
graph [36]. The nature of particles has irregular in structure,
which revealed a definite amorphous morphology .The micro-
graph also showed the presence of aggregation, as well as an
agglomeration of particles. Polyindole had an average diameter
of 4.8 nm were obtained. The values are in good agreement
with the values found by XRD analysis [37].

Nb2O5 nanoparticles: The structure of Nb2O5 nanopar-
ticles consisting of even spherical particles of definite shapes
and sizes around 1-2 nm (Fig. 5b). The Nb2O5 nanoparticles
having average diameter of 4.5 nm is near to the crystallite
size as calculated from the XRD pattern.

Polyindole-Nb2O5 nanocomposite: SEM analysis of
polyindole-Nb2O5 nanocomposite shows a granular morpho-
logy (Fig. 5c). In this nanocomposite, Nb2O5 nanoparticles were
dispersed and few of them were agglomerated in polyindole
matrix because of the intermolecular interactions. The interaction
between the materials may be strong or weak or without any
chemical interactions depending upon the synthetic technique
[38].

EDAX analysis: EDAX spectra of Nb2O5 nanoparticles
and polyindole-Nb2O5 nanocomposite is shown in Fig. 6a and
b, respectively. Compositions of Nb2O5 nanoparticle and poly-
indole-Nb2O5 nanocomposite are presented in Table-1.

Thermal analysis

Different scanning calorimetry (DSC) analysis of poly-
indole: DSC analysis of polyindole is shown in Fig. 7a. The
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Fig. 3. (a) 1H NMR and (b) 13C NMR of polyindole
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TABLE-1 
EDAX ANALYSIS OF Nb2O5 NANOPARTICLE  
AND POLYINDOLE-Nb2O5 NANOCOMPOSITE 

Elements Mass 
(%) 

Mass 
norm 

Atom 
abs. 

Error 
(%) 

Rel. 
error (%) 

Nb2O5 nanoparticle 

Nb 54.46 79.03 39.43 1.87 3.44 
O 14.41 20.92 60.57 2.94 20.39 

Polyindole-Nb2O5 nanocomposite 
C 75.95 75.95 80.35 10.14 13.35 
N 16.65 16.65 15.11 4.77 28.67 
O 5.37 5.37 4.27 1.78 33.20 
Nb 2.03 2.03 0.28 0.29 14.10 

 

Fig. 5. FE-SEM image of (a) polyindole (b) Nb2O5 nanoparticles and (c) polyindole-Nb2O5 nanocomposite
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specimens were heated from room temperature to 800 ºC with
an increment of 10 ºC/ min in air. In DSC thermogram, three
endothermic peaks were found at 97.56, 178.16 and 267.05
ºC [39,40]. These peaks were due to the evaporation of water
and organics. The melting point temperature of polyindole was
obtained by 178.16 ºC. The glass transition and the decompo-
sition temperatures of polyindole were observed at 97.56 ºC
and 267.05 ºC, respectively.

TGA analysis of Nb2O5 nanoparticles: In TGA analysis,
thermal behaviour of the prepared niobium oxide was studied
by observing the elimination of water, i.e. adsorbed water in
organic substances originating from ethanol and surfactants.
Three key stages was witnessed. The first stage is 83.48 ºC
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region, with a 91.37 % weight loss conforming the elimination
of surface water and ethanol, since sol-gel method is adapted
to synthesize the sample. So organic residues are often present
in samples. In the second stage, 388.27 ºC range accounted
for a weight loss of 80.78 %, assigned to decomposition of
organic substances, surfactant and niobium oxide and the last
step is in the region of 600-800 ºC assigned to the removal of
organics adsorbed on the surface and to structural arrangement
of niobium oxide. Throughout the analysis, weight loss was
about 91.37 % of the initial mass, with 79.61 % of the residue
consisting of Nb2O5 (Fig. 7b).

DSC analysis of polyindole-Nb2O5 nanocomposite: DSC
analysis of polyindole-Nb2O5 nanocomposite is shown in Fig.
7c. The DSC analysis of synthesized nanocomposite was
obtained by endothermic peaks at 95.27,178.24 and 266 ºC
[41]. The glass transition temperature of nanocomposite was
observed at 95.27 ºC, melting temperature at 178.24 ºC and
the decomposition temperature was observed by 266 ºC.

Conclusion

In present study, Nb2O5 nanoparticles, polyindole and the
nanocomposites of polyindole and Nb2O5 were prepared. SEM
images confirms that the composites are nanostructured. The
chemical structures of polyindole, Nb2O5 nanoparticle and the
nanocomposite of polyindole-Nb2O5 were characterized by
FTIR, UV- Visible and NMR spectroscopy. The XRD technique
shows the crystallite sizes were much reduced in nanocomposites
of polyindole-Nb2O5 and additionally it confirms that composite
is in amorphous state. The thermal analysis showed that the
conducting polymer (polyindole) in the nanocomposites were
stable even at high temperatures.
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