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Abstract: 

 Interesting properties like low cost processing, green, flexible, solution processable etc. of 
organic semiconductors have attracted the attention of researcher for the next generation 
optoelectronics applications. Reduced graphene oxide (rGO) has been prepared by modified 
Hummers’ method followed by reduction using hydrazine hydrate as reducing agent. rGO 
incorporated Poly[3-hexylthiophene-2,5-diyl] (P3HT) composite films has been fabricated   
processing followed by spin coating method using 1,2-dichlorobenzene as solvent. Structural and 
morphological characterization of the composite film has been analyzed by XRD, SEM and 
FESEM. The reduced graphene oxide (rGO) was observed to be well dispersed in the polymer 
matrix. Functional characteristics and interaction between filler and host P3HT matrix has been 
studied by Fourier transform infrared spectroscopy (FTIR) and Raman characterization. An 
increase in electrical conductivity has been observed for the rGO incorporated film. Applicability 
of the composite for different optoelectronic devices has been illustrated by using cyclic-
voltammetry characterization. Improvement in electrical characteristics of the composite can be 
attributed to rGO network in the composite films. 
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• Population explosion and rapid industrialization has 
multiplied the energy demands of the society.

• The world energy production is mostly depends 
upon the fossil fuels like coal, petroleum, bio-fuels 
etc. which are going to be exhausted in the near 
future.

• Hence alternative green and widely available source 
of energy is required.

• Different alternatives are being explored.
• Solar energy is a widely available, abundant and free 

source of energy that could be utilized to meet the 
energy crisis.



A electronic device which converts Sunlight directly into 
electrical energy.

a b

dc a. c-silicon solar cell
b. Thin film solar 

cells
c. Dye-sensitized 

solar cell
d. Organic solar cells



Following strategies 
should be taken care of 
for Improvised 
performance
• Efficient photon Absorption
• Efficient electron–hole 

generation 
• Reducing recombination
• Efficient Carrier collection 

P3HT-PCBM is the most studied semiconducting couple 
investigated as the active layer of BHJ PV devices.
But the efficiency in organic solar cells is still very less.

Bilayer and  Bulk-heterojunction 
organic solar cells



P3HT
• P-type π-conjugated 

polymeric semiconductor

• High absorption co-
efficient

• High hole mobility

• Self-organizing behavior

Reduced Graphene oxide

• Higher surface area

• Higher electrical 
conductivity (6000 S/cm)

• Low mass ratio(2630 
cm2/gm)

• Zero bandgap

Graphene [discovered in 2004] is a single layer of Sp2 hybridized carbon atoms 

arranged in a 2-dimensional hexagonal lattice with extraordinary physical properties



Synthesis of rGO
Two step process

▫ Synthesis of Graphene 
oxide (Modified 
Hummers’ method) 
using KMnO4 and H2SO4

▫ Reduction Of GO at 90° C 
using hydrazine hydrate

The precipitate is obtained 
by repeated washing and 
filtration

Preparation of the 
composite

Simple solution 
processing method

• rGO (2 mg) dispersed 
in 1,2-dichlorobenzene 
(10 ml) by sonication

• P3HT(10 mg) added 
and stirred

Dispersion of rGO in P3HT play a vital role on the electrical and 
electrochemical properties



Fig.1 (a) SEM image of GO (b) SEM image of rGO (c) X-ray Diffraction pattern of GO

and rGO (d) Raman spectra of rGO

(b)(a)

(c) (d)

XRD peak at 10.26°--
characteristic peak of 
GO (d002= 8 A0)
Peak at 26.32°--
Characteristic peak of 
rGO (d002= 3.32 nm)

Raman Peaks
D-band- 1347 cm-1

G-band- 1572 cm-1

ID/IG= 1.26
2D band—2780 cm-1



(a) (b)

Fig.2. SEM image of (a) P3HT and (b) GP3HT Fig.3. XRD plot of (a) P3HT and (b) GP3HT 

Fig.4. Raman spectra of (a) P3HT and (b) GP3HT 

XRD peaks around 5.26° correspond to the
spacing between the alkyl thiophene side
chains
Shift in peak position is due to the interfacial
interaction between rGO and P3HT.
D-band – 1342 cm-1

G-band – 1579 cm-1

ID/IG= 0.9077



Cyclic-voltammetry 
measurement
• working electrode: Glassy 

Carbon
• Reference electrode: Ag/AgCl
• Supporting electrode: Pt-wire
• Electrolyte: 0.01 N Tetrabutyl

ammonium hexafluoro-
phosphate (Bu4NPF6)

𝐻𝑂𝑀𝑂 = − 𝐸𝑜𝑥 + 4.4 𝑒𝑉

Fig 5. UV-Vis spectra  of (a) P3HT and (b) GP3HT 

Fig 6. C-V diagram of (a) P3HT and (b) GP3HT 

• The UV-VIS spectra shows shift in 
the absorbance at maximum 
wavelength.

• The Eox decrease after 
incorporation of rGO sheets.



• Absence of characteristic peaks of rGO in the xrd of composite reveals
the wrapping of P3Ht on the surfaces of the rGO sheets.

• The inter-planar spacing increases as inferred from the XRD spectra.
• ID/IG decreases in the composite which implies that the rGO sheets

are more ordered in the composite.
• The shift in peak position in the UV-Vis and Raman spectra signifies

strong interaction between rGO and P3HT.
• Increased absorbance has been observed from the UV-Vis spectra in

case of composite.
• Electron affinity as well as the HOMO level decreases after

incorporation of rGO sheets.
• Shift in the Eox and HUMO level is due to the strong interfacial

interaction between rGO and P3HT.
• When rGO is incorporated into the P3HT in which the fermi level of

both the material are different.
• To bring the fermi level to equillibrium position, the HOMO-LUMO

band shifts.



• rGO has been successfully prepared by modified 
Hummers’ method followed by reduction.

• rGO-P3HT composite has been prepared by solution 
processing method. 

• rGO sheets are observed to be well wrapped by P3HT 
and better ordered in the composite from XRD and SEM.

• UV-Vis spectra shows a increase in absorbance as well as 
strong interaction between the two components.

• Raman spectra confirms that the rGO sheets are well 
ordered in the P3Ht matrix.

• C-V characterization signifies decrease in the electron 
affinity as well as the HOMO level in the composite.

• The electrical band gap of the polymer was found to 
decrease barely affecting the optical bandgap.



• The shift in peak position in XRD infers strong 
interaction between rGO and P3HT.

• rGO sheets are well wrapped by P3HT matrix in the 
composite as observed from SEM micrographs.

• Spectroscopic investigation inferred the existence of 
strong interaction and appreciable charge transfer 
between rGO sheets and P3HT.

• Strong π-π interaction between rGO and P3HT.
• The increase in absorbance could be applied for efficient 

absorption of photons.
• The decrease in Eox and HOMO level have been 

observed.
• The change in electrochemical properties can be 

accredited to the strong interaction between rGO sheets 
and P3HT
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