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ABSTRACT
Nanocomposite of polypyrrole (PPY) with ferricyanide photoadduct was synthesized via oxidative chemical
polymerization method. The photoadduct of ferricyanide and triethylenetetramine (TETA) was synthesised by
photoirradiation using Osram photolamp. The synthesis of photoadduct and PPY nanocomposite was confirmed
by UV-Vis, FTIR, SEM and XRD characterization techniques. UV-Vis spectroscopic technique was used for
studying the photocatalytic degradation of Rhodamine B dye in presence of synthesised nanocomposite. The
synthesized nanocomposite exhibited a good photocatalytic activity for the degradation of Rhodamine B dye.
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I. INTRODUCTION
The discharge of coloured effluent from textile industries into water bodies like lakes, rivers and oceans results
in severe environmental issues [1]. These coloured effluents are usually toxic and potentially carcinogenic
hence considered as a menace to ecosystem [2]. These issues have caused public concern and responsiveness on
water pollution. Although variety of physical, chemical and biological methods such as coagulation, adsorption,
membrane process, and oxidation-ozonation have been employed for the treatment of dye wastewater , however,
these methods do not lead to complete degradation of the dyes [3,4]. The heterogeneous photocatalytic process
is a reliable technique, which can be successfully used to oxidize the organic pollutants present in the aqueous
system [5, 6]. In this connection various organic/inorganic nanocomposites have been recently reported as
promising photocatalytic materials for the degradation of harmful organic dye under light illumination [7].
Various photocatalytic materials such as ZnO–polyaniline, adsorbents as glass fibers, chitosan-g-poly(acrylic
acid)/montmorillonite nanocomposite have been used for the remediation of harmful pollutants [8-11].
Among various conductive polymers, polypyrrole (PPY) is the most promising conductive polymer due to its
good conductivity, electrochemical reversibility and the ease of preparation through chemical or electrochemical
routes [12]. Nanocomposites of PPY with metal oxides have been well studied for photocatalytic activity [13,
14]. However, nanocomposites of PPY with transition metal complexes have not been investigated so much. In
this direction our research group has investigated the photocatalytic activity of such type of nanocomposites
which have been found to exhibit good photocatalytic activity [15, 16]. Keeping this in mind, we here report the
synthesis of a nanocomposite of polypyrrole (PPY) with nanophotoadduct of potassium ferricyanide and
triethylenetetramine (TETA) ligand. SEM, XRD and FTIR spectra were used here to investigate the morphology
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and structure of the products. The photocatalytic activity for the rhodamine B (RhB) dye degradation was
investigated under light irradiation.

II. EXPERIMENTAL
2.1. Chemicals
Chemicals used in this work were pyrrole, potassium ferricyanide, anhydrous ferric chloride and
triethylenetetramine (TETA) all supplied by Himedia, India. All the chemicals used were of analytical grade.
Distilled deionised water was used throughout the experimental work.

2.2. Physical Measurements
UV-Vis absorption spectrum was recorded on double beam spectrophotometer (PG instruments T80). FTIR
analysis was carried out by using Perkin Elmer RX–1, FTIR spectrophotometer. Irradiation was done with
Osram UV photolamp. SEM analysis was done by using Hitachi SEM, Model S – 3600N. XRD pattern was
obtained on PW 3050 base diffractometer, operating with Cu-Kα radiations (λ = 1.54060Å).

2.3. Synthesis of Nanophotoadduct
The photoadduct of K3[Fe(CN)6] and triethylenetetramine (TETA) was synthesised by irradiating an equimolar
mixture of K3[Fe(CN)6] and TETA in water for some time using Osram photolamp till the color of the mixture
changed from yellow to blackish. The product was then isolated through crystallization technique. The
photoadduct was reduced to nanosize by ball milling using 15 zirconium balls of 5 mm size for 8 hrs at 450
rpm. The product obtained was then subjected to various spectroscopic and surface characterization techniques.

2.4. Synthesise of PPY/ nanophotoadduct Composite
The nanocomposite of PPY with synthesised photoadduct was achieved via oxidative chemical polymerisation
method using FeCl3 as oxidant. In a typical experiment, 0.055M FeCl3 in 180 mL of chloroform was added
drop wise to the stirred solution of 0.022M (in 70 mL chloroform) of distilled pyrrole monomer containing
one gram of homogenised nanophotoadduct. The mixture was kept on stirring for 12 hours. After 12 hours,
product was filtered and washed several times in order to remove impurities. The black powder was then dried
at room temperature.

2.5 Photocatalytic activity
The photocatalytic activity of the nanocomposite was studied against Rhodamine B (RhB) dye in presence of
UV-Vis light using Mercury-Xenon arc lamp. 0.1g of nanocomposite was suspended into the 50 ppm aqueous
solution of RhB (100ml). Prior to irradiation the suspension was stirred for half an hour in dark. Then the
suspension was irradiated under Mercury-Xenon arc lamp. At the given time intervals small aliquots of
samples were collected from the suspension and analysed by a UV-Vis double beam spectrophotometer (PG
instruments T80).
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III. RESULTS AND DISCUSSIONS
3.1. UV -Visible characterization
The UV-Vis spectra of an aqueous solution mixture of K3[Fe(CN)6] and TETA was recorded before and after
irradiation. Before irradiation two peaks at 234 and 459 nm were observed in the absorption spectrum of the
mixture (Fig.1(a)). Whereas, after irradiation the peak at 234 was red shifted to 242 nm (Fig. 1(b)). This
change in absorption spectra of mixture before and after irradiation indicated the formation of photoadduct
[17].

Fig.1: UV-Visible spectra of : aqueous solution of K3[Fe(CN)6] and triethylenetetramine (TETA) (a)
before irradiation and (b) after irradiation.

3.2. FTIR Characterization
FTIR spectra of nanophotoadduct and nanocomposite are shown in Fig.2 (a, b). The FTIR spectra of
photoadduct as shown in Fig. 2 (a) shows characteristic peaks of both K3[Fe(CN)6] and

TETA though with

some shifts, thus proving the successful formation of photoadduct [15]. FTIR spectra of PPY nanocomposite
show the presence of a peak at 2095 cm-1 (Fig. 2(b)), which is due to ν (C≡N). This peak appears at 2045 cm-1 in
the nanophotoadduct with a strong intensity. Thus a shifting of absorption peak by 50 cm-1 indicates the
successful insertion of nanophotoadduct in the polypyrrole matrix. The insertion of photoadduct in PPY matrix
is also evident by appearance of other absorption peaks of TETA in the polymer matrix.

578 | P a g e

Fig.2: FTIR spectra of (a) nanophotoadduct, (b) nanocomposite.

3.3. XRD
The XRD diffraction pattern of nanophotoadduct and nanocomposite is presented in Fig.3 (a, b) respectively.
PPY shows a hump at 2 theta value of 30° which indicates its amorphous nature [18]. The XRD pattern of
nanophotoadduct shows presence of sharp peaks indicating its crystalline nature. The crystalline nature of
photoadduct is retained in the nanocomposite. This again confirms the presence of nanophotoadduct in the
polymer matrix. The average crystallite size of nanophotoadduct and nanocomposite was calculated using
Scherrer formula and comes out to be 21 nm and 23 nm respectively.

Fig 3: XRD of (a) nanophotoadduct, (b) nanocomposite.

3.4 SEM characterization
Fig. 4(a, b) shows the SEM micrographs of nanophotoadduct and PPY nanocomposite respectively. SEM
micrograph of photoadduct shows agglomerated needle like crystals. SEM micrograph of pure PPY shows
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grooves and spongy nature [19]. However, the SEM micrograph of composite shows different surface
morphology than pure photoadduct and PPY. This indicates the successful formation of composite.

Fig.4: SEM micrographs of (a) nanophotoadduct, (b) nanocomposite.

3.5. Photocatalytic activity
The photode gradation experiment of nanocomposite was investigated against Rhodamine B dye in presence
of UV-Visible light. The absorption spectrum of RhB dye with increasing illumination time is depicted in
Figure 5 (a) which clearly shows the photodegradation of dye with time. The dye degradation plot of PPY
nanocomposites is shown in Fig. 5 (b).

Fig.5: (a) Absorption spectra of RhB dye with increasing illumination time, (b) Plot of Ct/C0 with time in
presence of nanocomposite and (c) Linear fitting of the photocatalytic data. The percentage dye degradation
was calculated using the formula:
% Degradation =
where C0 is the initial concentration of dye before illumination and Ct after time t.
73% degradation of RhB dye was achieved in 100 minutes. The photocatalytic activity begins with the
generation of electron hole pairs in the catalyst under UV-Vis light [20]. These photoelectrons and holes react
with the adsorbed O2, OH- and H2O to form radical species like O2•‾, •OH, and HO•2 etc. The radical species (O2•‾,
•

OH, and HO•2) thus generated retort with the RhB dye to form degradation products [21].

Kinetics of the photodegradation rates of dye was also studied and was found to fit a pseudo first-order kinetic
model that is ln(Ct/C0) = - Kobst where C0 and Ct are the concentration of RhB dye at time 0 and t, respectively .
The Kobs is the observed pseudo first-order rate constant and t is the time. The value of kobs was found to be 9.8
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× 10-3 min-1. Thus nanocomposite can be applied as an effective photocatalyst for the degradation of organic
dye pollutants.

IV. CONCLUSION
A nanocomposite of PPY and ferricyanide photoadduct was successfully synthesised which was confirmed
from FTIR, XRD and SEM characterization techniques. The nanocomposite exhibited good photocatalytic
activity against Rh B dye degradation.
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