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Abstract

As the world demand for energy continue to increase, it is vital to improve renewable energy technologies that will replace
conventional fossil fuels. Carbonaceous graphene oxide (GO) is a promising nanomaterial, easy to prepare and scale up to
commensurate with industrial requirements. The nanocomposite was prepared in the form of layered structure of GO
nanomaterials and poly (3-hexylthiophene) (P3HT) for photovoltaic applications. The X-ray diffraction (XRD) revealed the
interaction of P3HT with GO through decrease in lattice spacing. It was evident from scanning electron microscopy (SEM)
that the presence of P3HT in GO modified flower like structure to the flaky structures. The interaction of GO with P3HT is
presented by various vibrational frequencies in Fourier Transform infrared spectroscopy (FTIR). The increased absorbance
and broadening of absorption was observed in the UV-vis spectrum for nanocomposite due to ionic interaction between
P3HT and GO. The tunable photoluminescence (PL) measurements showed quenching and shifting of emission spectrum due
to charge and energy-transfer. The nanocomposite establish the formation and existence of energy levels upon interaction of
GO with P3HT which enhances charge transport. This work provides the direction on coating of thin films for photovoltaic

device fabrication. Copyright © 2017 VBRI Press.
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Introduction

More recently, energy scenario has changed leading to
substantial increase in energy demand. Renewable energy
is a central element in search for energy sustainability.
Nano scientists believe nanotechnology could assist in
solving many global energy problems faced by the
society. The most promising nanomaterial for tackling
these challenges is graphene experimentally discovered in
2004 [1]. From the year 2010 when Manchester
researchers received the Nobel awards on the discovery of
graphene validating its importance in research and
commercial applications, studies have been conducted to
explore carbon nanostructures particularly [2]. This is due
to outstanding unique properties of graphene that include
charge transport, high optical transparency and
mechanical flexibility [3]. In addition, the remarkable
properties of graphene lead to extensive study on its
derivatives such as graphene oxide (GO) and reduced
graphene oxide (rGO) [4, 5]. These nanomaterials are
obtainable from graphite which emerged as a precursor
for carbon nanostructures, offering the potential of cost
effective and large-scale production of graphene based
materials [6]. Selectively, GO offers a wide range of
possibilities to produce graphene based composite
materials for various applications in biological imaging
[7], supercapacitors [8] and optoelectronic devices [3].
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Currently, numerous routes including microwave [9],
hydrothermal [10] as well as sol-gel process [11] and
Hummers method [12] have been implemented to produce
GO nanocomposites. Most of these processes involve a
reactive oxygen background which is a vital component
for controlling the quality of the thin films. However,
Hummer’s method is a chemical process that involves
pre-intercalation, intercalation, oxidation and reduction
chemistry. To date, this top-down approach is the most
convenient in terms of high yield and low cost. Moreover,
it is environmentally friendly and presents no surface
defects while improving dispersion stability of the
resulting GO [13].

Most importantly when it comes to the efficiency of
solar cells is the front panel transparent electrode. Many
researchers used metal oxides such as indium tin oxide
(ITO) as transparent electrodes due to its low resistance
and excellent optical transmission properties in the visible
spectrum range [14]. However, ITO suffers from
brittleness and high production costs hence it cannot be
effective for flexible application. Thus, GO is a promising
material that possesses acceptable catalytic activity to
replace ITO for the construction of flexible electrodes
effectively in complex environments. The findings by
Koh et. al. [15] suggested that replacing ITO with
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monolayer graphene in organic solar cells vyield
comparable performance. To create nanocomposite, GO
was functionalized using polymeric electron donor
(P3HT). Thiophene derivatives from P3HT are well
known as high hole mobility materials possessing
extensive electron delocalization along the molecular
backbone. Hence, P3HT/GO nanocomposite material with
higher charge carrier mobility promises to improve device
performance [12].

GO have been used as a new class of efficient hole and
electron extraction materials in solar cells. The creation of
nanocomposites using GO as an electron acceptor and
P3HT as an electron donor is likely to facilitate charge
transport for the emerging area of photovoltaic
technology. Sriram et. al. [16] observed an emission at
407 nm which they attributed to GO interacting with
P3HT. The originality of this work lies within the 610 nm
emission for P3HT which has not been reported before
and the shift to 600 nm emission for P3HT/GO
nanocomposite. The new emissions we observed show the
creation of new energy levels and the observed emission
quenching upon forming P3HT/GO nanocomposite is a
preferred property in photovoltaics.

In this study, P3HT/GO nanocomposite was prepared
using Hummers method and deposited on a glass
substrate. A comparative study on P3HT and P3HT/GO to
demonstrate potential applications of bilayer structure is
performed. Spectroscopic studies is undertaken to
enlighten the functionalization and chemical interactions.
The main objective is to investigate the charge transfer
properties from a donor (P3HT) to the acceptor (GO).

Experimental

Materials/ chemicals details

Both natural flasks of graphite and P3HT were
purchased from sigma Aldrich.

Material synthesis / reactions
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Fig. 1. The idealized chemical structures of used materials.

Fig. 1 presents the chemical structures of the materials
used to prepare thin films. The GO sheets were
synthesized via modified Hummers method developed by
Khenfouch et. al. [17]. In order to prevent GO
aggregation and restacking, we prepared poly(3-
hexylthiophene) P3HT which helps to obtain single or
few-layer graphene sheets as follows. The (P3HT) was
dispersed in chlorobenzene to prepare solution of 5%
concentration. The solution was stirred for 10 minutes on
magnetic hot plate maintained at 80°C. Then the
temperature was decreased to 50°C while continuously
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stirring the solution for 1 hour accompanied by cooling at
room temperature. The resulting orange suspension
was coated on both a glass slide and GO coated glass
slide substrates. The substrates were first cleaned in
ultrasonic bath sequentially using deionized water
followed by ethanol. Thereafter, substrates were dried at
50°C prior coating. After coating, the P3HT and
P3HT/GO films were dried for 2hrs at 50°C to remove
residual solvents.

Characterizations

The crystalline phases of the nanocomposites were
identified by Rigaku Smart Lab diffractometer with CuKa
(1.5418A) radiation. Surface morphologies of the
nanocomposites were studied using a scanning electron
microscope (SEM) (Shimadzu model ZU SSX-550
Superscan). FTIR spectra were acquired on a PerkinElmer
spectrometer in the scan range 400 to 4000 cm™.
The optical measurements were carried out in the
200 to 900 nm wavelength range using a (PerkinElmer
Lambda 1050 UV/VIS/NIR Lambda) spectrometer.
Luminescence measurements were done using a
tunable-photoluminescence (PL) system.

—— P3HT
' —— P3HT/GO

Intensity (arb.units)

L v L) il L g L * L ¥ L o Ll " L

10 20 30 40 50 60 70 80 90
2(0) degrees

Fig. 2. The XRD patterns of the P3HT and P3HT/GO nanocomposites.

Results and discussion
XRD analysis

Fig. 2 presents the XRD patterns of P3HT and P3HT/GO
nanocomposite. For P3HT, the pattern is dominated by an
intense thin peak at 26=6.65° corresponding to (100)
diffraction indicating crystalline phase. In addition to that,
a broader peak is observed at 20=22.08°. Similarly, the
diffraction pattern of the nanocomposite shows the
reflections observed in P3HT which proves that the
lamellae of P3HT chains adopt an “edge-on” orientation.
Stylianakis et. al. [18] attributed similar diffraction peaks
to the interplanar spacing of the disordered stacking of
functionalized GO sheets. The (100) orientation for the
nanocomposite reveals a shift to higher diffraction angle
mainly due to decrease in lattice spacing. The broad halo
observed in the 20 range 20-40° from both spectrums
indicates that the stacked sheets are exfoliated in their
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individual nanosheets [12]. No other diffraction peaks
corresponding to the P3HT crystallites with other
orientations such as polymer backbone were observed.
Furthermore, GO characteristic peak was observed 26=8°
which is slightly shifted compared to the normal position
which is between 10-11°.
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Fig. 3. The SEM images of (a) P3HT and (b) P3HT/GO
nanocomposites.

SEM analysis

The surface morphology of prepared P3HT and P3HT/GO
nanocomposites were studied through SEM analysis
technique and the corresponding images are shown in
Fig. 3. In Fig. 3(a), P3HT reveals clusters of flower like
structures and small oval shapes particles on the surface
of the flowers. It should be noted that the surface
morphology changed upon deposition of P3HT on top of
GO sheets. The SEM image in Fig. 3(b) resembles
wrinkled and crinkly morphology with flaky like tree
leaves structure. The observed flaky structure indicates
the dispersion of P3HT on top of GO layers. We suggest
that the observed change in surface morphology is due to
intimate contact between the basal plane of GO and
P3HT. Thus, interaction at this level is most probably
between the m-orbitals of the thiophene ring and the -
orbitals of the graphene.

FTIR analysis

The linkage between P3HT and GO in P3HT/GO
nanocomposites was analyzed to investigate the bonding
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interactions using FTIR measurements in transmission
mode as shown in Fig. 4.
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Fig. 4. FTIR spectra of P3HT and P3HT/GO nanocomposites.

The spectra are showing three main characteristic bands
of P3HT located at 2960, 2925, and 2855 cm™ which are
attributed to aliphatic C-H stretching of P3HT including
the 821 cm™ band corresponding to aromatic C-H bending
[19]. The bending vibration of C-H bond was seen at
1456 cm. More vibrational bands emerged at 3372, 3194
and 1081 cm characteristic to GO. The C-O bond (1081
cm?) is attributed to the stretching vibrations which
confirms the presence of oxide functional groups after the
oxidation process [20]. The P3HT/GO spectrum reveals a
band at 1648 cm™ which is assigned to the amide
carbonyl stretching mode also called Amide | vibrational
stretch (v(C=0)) [21]. Thus it is evident from the results
that interaction of GO and P3HT leads to the
derivatization of both the edge carboxyl and surface
hydroxyl functional groups via formation of amides [20].
At 721 cm® we observed a band associated with CHj;
rocking vibration also assigned to methyl rock mode. The
observed 1378 cm™ C-H vibration band is suspected to be
coming from partial decomposition of the thiophene [22].
It is more important to notice that vibrational frequencies
observed in P3HT are also available in the P3HT/GO, but
their relative intensity decreased after interaction with
GO. This significant reduction is presumably caused by
oxygenation when P3HT interacts with GO.

UV-vis analysis

Fig. 5 shows the absorbance spectra used to investigate
the absorption behavior of P3HT and P3HT/GO
nanocomposite. The absorption spectrum of pure P3HT
indicates an absorption peak at 490 nm which can be
attributed to m-mt* transition [23]. Compared to the pristine
P3HT, the absorption spectrum of P3HT/GO is a bit
broader and it shows stronger absorption. The observed
broadening and increase in absorption intensity is
confirming the contribution of GO in the optical
absorption of P3HT/GO layered structure. This can also
be due to a decrease in effective conjugation lengths of
the chain segments in the amorphous P3HT, localizing the
wave function of exciton to a greater extent and therefore
increasing its energy [24]. The undertaken interaction is
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associated with inter-chain order (increase in the disorder
of P3HT chains), leading to the enhancement in the
absorption spectrum [25]. Thus, the enhanced absorption
spectrum for P3HT/GO provides the evidence for charge
transfer reaction between the donor polymer and the
acceptor GO resulting into an optically absorbing
nanocomposite.
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Fig. 5. Absorption spectra of P3HT and P3HT/GO nanocomposites.

Photoluminescence analysis

The excitation dependence of the P3HT and P3HT/GO
was taken as shown in Fig. 6 including contour map
which is a matrix of emission spectra acquired at different
excitations where the luminescence intensity is a function
of excitation and emission wavelength. Upon increasing
the excitation wavelength for pure P3HT and P3HT
functionalized with GO, we observed gradual emission
quenching. This phenomenon illustrates that the
excitation wavelength plays similar role on the emission
intensity. We presume that the decrease in emission
intensity in P3HT and P3HT/GO nanocomposite is due to
excitation-based charge transfer. The PL spectrum of
pristine P3HT shows a strong fluorescence emission for
an excitation wavelength of 360 nm, with a maximum
intensity peak at 610 nm. Basically, the emission in P3HT
comes from radiative recombination of polaron-exciton
pairs into Franck-Condon states [26]. It can be clearly
seen that the strong PL intensity of P3HT is remarkably
reduced after introducing GO indicating that the efficient
donor-acceptor charge transfer occurs along the
P3HT/GO interface. This is mainly due to enhanced m-m
interaction between the backbone of P3HT and GO which
affects the planarity of the P3HT because of electrostatic
attraction between them [26]. Additionally, the quenching
is associated to GO flakes acting as the electron acceptor
material confining photoemission after strong electron
transfer from P3HT to the GO indicating efficient
dynamics of exciton dissociation. The changes in intensity
may occur due to change in local defects. Zheng et. al.
[27] attributed quenching to the weakening of the
interchain interactions of P3HT polymer chains due to the
embedding of GO sheets, implying the existence of a
large hetero-interface in the P3HT/GO nanocomposite.
The observed fluorescence quenching has also been
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addressed in details by Bkakri et. al. [28] through energy
band diagram of P3HT:Graphene nanocomposite
showing possible electrons transfer process at the
interface. Thus, this phenomenon illustrates that GO is a
promising candidate to act as electron-acceptor for
photovoltaic devices. However, Saini et. al. [26] reported
an increase in emission intensity when incorporating GO.
Unlike the peak position which was not affected by
various excitation wavelengths from 360 to 392 nm, we
observed a blue-shift to 600 nm for P3HT/GO
nanocomposite. This spectral shift has been attributed to
an increase in structural disorder of the P3HT chain [29],
in correspondence with UV-vis results. From contour map
the change in colors from blue to red shows an increase in
luminescence intensity. The red region depicts the extent
to which the materials were highly luminescent.
Importantly, the red region shows shifting in position to
lower wavelength for the nanocomposite as compared
with pristine P3HT.
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Fig. 6. PL spectra of P3HT and P3HT/GO nanocomposites excited at
different wavelengths together with their contour maps.

Table 1 represents the comparison between PL spectra of
P3HT and P3HT/GO in the current study and previously
reported literature. In the study conducted by Bkakri et. al
[27], emission spectra in the wavelength range 600-750
nm were acquired using an excitation wavelength of 488
nm which lies within the absorption band of P3HT
situated between 400 and 600 nm.

Table 1. Comparison between PL emission wavelengths of P3HT and
P3HT/GO for the literature [27] and current work.

Literature Current work

ﬂ,EM (nm) lEM (nm)
P3HT 650 and 688 610
P3HT/GO 650 and 688 600

They observed two PL emission maximums at 650 and
688 nm. The noticed emission bands were quenched after
addition of graphene. Because of the absence of
additional spectral features in the PL spectra of different
samples as compared to P3HT, the PL intensity
quenching was assigned to electrons transfer from P3HT
to graphene. The PL results we are reporting shows
emission of P3HT and P3HT/GO in the wavelength range
550-750 nm acquired using various excitation
wavelengths that falls within the strong absorption
wavelength in Fig. 5. The P3HT exhibits PL emission at
610 nm, this emission is quenched for P3HT/GO
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nanocomposite. In addition to that, the PL spectra of
P3HT/GO nanocomposite show a blue shift to 600 nm. It
is well known that the wavelength in PL is associated
with the energy positions of triplet state relative to the
ground state [28]. Thus, the peak position shifts to lower
wavelength means that the energy gap between the lowest
triplet state and ground singlet state becomes enlarged.
So, the shift in the peak position may be related to change
in structural irregularity of P3HT, i.e. the structural
ordering when depositing P3HT on top of GO reduces the
lattice deformation as a result the emission wavelength
decreases. This correlates with SEM results where surface
morphology for P3HT/GO changed to flaky
nanostructures.

Conclusion

As discussed herein, the present study on chemically
prepared P3HT/GO layered structure was conducted using
various spectroscopic techniques. The interaction of GO
with P3HT was shown to affect structural, morphological
and optical properties. From FTIR, the presence of
oxygen-containing  groups validated the serious
interaction between GO and P3HT matrix. The
enhancement in absorption spectrum provided evidence of
donor-acceptor interaction between P3HT and GO.
Moreover, the PL results showed that GO confines the
photoemission of P3HT resulting in emission quenching.
Such interaction between P3HT and GO not only
provided superior charge transfer, but also increased
energy transfer. In general, the work provides the
direction on coating of layered thin film structures for
photovoltaics.
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