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Abstract
Poly(3-hexylthiophene) (P3HT) thin film has been
synthesis from chlorobenzene solvent by spin coating
method on glass substrates. P3HT was characterized
by the measurement of Fourier transform infrared
spectrophotometer (FTIR), Raman spectroscopy, X-
ray diffraction (XRD), and atomic force microscopy
(AFM). The optical properties of the films were
studied by using VIS-UV spectrophotometer and
photoluminescence (PL), the absorbance spectrum
have been recorded at wavelength within the range
(300-800) nm. The optical absorption (A) was
analyzed to determine the optical constants such as
absorption coefficient (a), refractive index (n), and
extinction coefficient (k). Analysis of the absorption
coefficient was also carried out to determine the
energy gap and nature of transitions.

Keywords: Poly(3-hexylthiophene),
method, Optical properties.
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1. Introduction

In the context of technological applications, among
many conjugated polymers, poly(3-alkylthiophenes)
have been found to be a special class of polymers
with  good  solubility, processability and
environmental stability. Generally this class of
materials exhibits an optical band gap in the range of
1.7-2.1 eV [1, 2]. P3HT is the most widely used
conjugated polymer for organic optoelectronics
applications due to of their high solubility in organic
solvents, high mobility, high crystallinity, acts as the
light absorbing, hole transporting material excellent
thermal stability (42% weight loss at 900°C), and
high electrical conductivity (3.4 x 10 to 1.0 x 10™
S.cm™ when doped with iodine). Considerable effort
has been made to improve the intrinsic characteristics
of P3HT (p-type materials) to enable their use in
organic solar cells and organic field-effect transistors
and acts as the light absorbing and hole transporting
material [2, 3]. When P3HT was used as the donor
material in organic solar cells bulk heterojunction,
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the power conversion efficiency (PCE) was about 8%
owing to nanoscale phase separation induced by
annealing [3].

2. Experimental

2.1 Instruments

The FT-IR spectra were acquired in reflection mode at
room temperature using an evacuated (type
PerkinElmer Inc.- Spectrum 100 FT-IR Spectrometer).
Potassium bromide (KBr) disk was used as beam
splitter in wave-number region 4000-400 cm™. The
refractive index and extinction coefficient of sample
was performed using M2000V (J.A. Woollam Co.,
Inc.) spectroscopic ellipsometer is operating in the
wavelength range 350-850 nm. X-Ray Diffraction was
performed using (multi-purpose X-ray diffractometer is
a Philips X'Pert MPD system). The UV-vis absorption
spectra of P3HT was recorded in range 300 — 800 nm
wavelength by using Varian Cary 5000UV- VIS— NIR
spectrometer and Raman spectroscopy using a Horiba
Jobin  Yvon HR800 micro-Raman spectrometer.
Atomic Force Microscopy (AFM) measurements are
implemented on a BRUKER Nano-Scope IV Multi-
Mode Adapter AFM with the tapping mode.

2.2 Synthesis of P3HT

Synthesis of P3HT was achieved by a route, using Iron
Chloride (FeCls) as catalyst [23]. FeCl; (2 gm, 12.3
mmol) was added to dry Chloroform CHCI3(~12 mL)
and stirred for 15 min at room temperature. The
monomer 3-Hexylthiophene(3HT) (0.5 gm, 3mmol) in
dry CHCI3(~12 mL) was then added drop-wise to the
FeCl3solution and the reaction mixture was stirred
overnight under Ar at room temperature. The
polymerization reaction was then terminated by
pouring the reaction mixture into excess Methanol
MeOH (~50mL). The crude polymer precipitate was
filtered using a PTFE membrane filter (1um,Millipo
re) and washed with ethanol (200mL), a distilled
water:acetone mixture (1:1 v:v, 250:250mL:mL) and
finally with acetone (250mL). The dark brown solid
product obtained was dried under vacuum for 72h to
afford P3HT (0.45 gm, 90%). The P3HT solution were
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deposited on a thoroughly cleaned glass substrates in a
nitrogen atmosphere of a glove box, to obtain thin
films by spin coating method.

CHa(CHz)4CHg
[\

S ~

Fig. 1 The polymer poly (3-hexylthiophene) (P3HT).

3. Result and Discussion

Figure (2) shows the measured Fourier transform
infrared (FTIR) spectrum of P3HT film. From figure
(2), it can seen be that, the absorption peaks at 3419
and 2443-2923cm * are assigned to the CH, out-of-
phase stretching, CH, in-phase stretching and the
CH3 asymmetric stretching vibrations on the
thiophene ring, respectively. The peak at 1652—
1291cm ™ represent the C=C asymmetric stretching
vibration and the C—C symmetric stretching modes,
respectively. The peak at 1073 cm™ to the CH,
stretching vibration. The peak at 668cm ™ was the
characteristic peak for the absorption of sulfate atom
(S-atom) on the polythiophene ring.

The optical absorption spectra of P3HT film
deposited onto glass substrate after annealing at
125°C for 15 min in the wavelength between 300 to
800 nm, are shown in Figure (1).The UV-visible
spectrum of the P3HT film showed two peaks at A=
520 and 554 nm and one shoulder at A= 610 nm. The
three bands are also called vibronic absorption
shoulders. These three bands can be attributed to the
n—m* transition in crystalline n-mt stacking structure
of polymer P3HT chains (conjugated polymer), [4].
The higher the P3HT order the more inter-digitation
and stacking occurs, the more pronounced are the
vibronic shoulders.

The absorption coefficient, o was calculated by using
Beer-Lambert’s law:( o = 2.303A/d) where, A is the
absorbance. Figure (3) shows the absorption
coefficient spectra of P3HT film. The spectra reveal
all the films exhibit low absorption in the visible and
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NIR region but high absorbance in the UV range.
High absorption characteristics in the UV range are
due to melanin wide band gap properties.
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Fig. 2 Fourier transform infrared (FTIR) absorption
of P3HT film.
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Fig. 3 UV-vis absorption spectra of P3HT film.

The band-gap energy E; which is associated with
HOMO to LUMO electron transitions between the ©
and 7* molecular orbitals [5], were estimated using
Tauc's approach ahv = A(hv -Eg)"*? of direct band-gap
energy ( where, hv is the incident photon energy) by
extrapolating the linear curve to the photon energy
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axis, we found that the band gap energy of P3HT as
a function of film thickness are ~1.9 eV, which were
close to the reported values of synthetic P3HT [6-8].
The energy gap values depend in general on the films
crystal structure, and the arrangement and
distribution of the atoms in the crystal lattice. Also it
is affected by crystal regularity. The energy gap (E,)
can be calculated from the classical relation for near
edge optical absorption in semiconductors [9, 10];
the relation is drawn between (a/v)> and photon
energy (hv), as shown in Figures (4& 5) for P3HT.
The determined band gap values is obtained by
extrapolating the linear region of the plot (ahv)? = 0.
The allowed direct transition optical gap is found
1.92. This downshift is attributed to the thiophene
ring in the polymer P3HT [10].
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Fig. 4 The relationship between absorption
coefficients (o)) versus Photon energy of P3HT.
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Fig. 5 The relationship between (a h v) ? versus
photon Energy for P3HT.

The refractive index (n=1+ RY4¥1-R*? ) and
extinction coefficient (K=aA/4n) of P3HT film
measured by an ellipsometer are shown in Figure (6).
The parameters (n and K) were obtained from
measurements on Si substrate and then used as fixed
parameters for further fitting. It can be observed that,
the refractive index value 1.83 at wavelength 560 nm
and the extinction coefficient 0.23 at wavelength 490
nm. Slight deviation in optical constants for thin
films might be attributed to the formation of organic
aggregation.
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Fig. 6 Refractive index n and Extinction coefficient
k of P3HT film.

Figure (7) displays the Photoluminescence spectra of
P3HT film under excitation by using an excitation
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wavelength of 430 nm in the range from 400 to 800
nm. It can be seen that the P3HT solutions had the
maximum photoluminescence peak at 594 nm. The
high intensity of photoluminescence emission from
the polymer P3HT film can be due to the surface
oxidation defects of the exposed film. The degree of
photoluminescence quenching is related to possible
structural order of the polymer film on the substrate
or on the oxygen adsorbed on surface active sites [11,
13].
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Fig. 7 Photoluminescence spectra of P3HT solution.

Among the several conjugated polymers, P3HT
which is known to be one of region-regular polymers
which have various characteristics according to self-
organization [14]. The highly regular chain structure
of P3HT facilitates their self-organization into two-
dimensional sheets by means of inter-chain stacking
and shows highly crystalline property [15]. The
degree of self-organization can be varied by
controlling the film growth rate or by controlling the
time to solidify from a wet film [16,17]. The slow
growth will assist the formation of self-organized
ordered structure and give high crystallinity in the
P3HT. The presence of P3HT polymer was observed
by XRD analysis. Figure (8) shows the X-ray diffract
grams of polymer. P3HT film has a peak at 26 ~ 5.4°
with a full width at half maximum (FWHM) of ~0.25
(degree) corresponding to dig-Spacing, attributed to
an inter-chain lamella peak .These peaks are possibly
related to crystalline orientations of the thiophene
units with respect to the substrate, which is similar
with the literature reports [18, 19].

36

International Journal of Scientific Engineering and Applied Science (IJSEAS) - Volume-1, Issue-7,0ctober 2015

ISSN: 2395-3470
WWw.ijseas.com

5000 -

4000 =

3000 =

2000 =

Intensity (a.u)

1000 -

20 (degrees)

Fig. 8 X-ray diffraction of P3HT film.

Figure (9) displays Raman spectroscopy of P3HT
film in the range 200-2000 cm™. There are several
Raman modes in the range 600-1600 cm™ [198, 199]:
the main in-plane ring skeleton modes at 1452 cm™
(symmetric C=C stretching mode) and at 1380 cm™
(C-C intra-ring stretching mode), the inter- ring C-C
stretching mode at 1208 cm™, the C-H bending mode
with the C-C inter-ring stretch mode at 1180 cm?,
and the C-S-C deformation mode at 728 cm™. We
focus on the two main in-plane ring skeleton modes
at ~1450 and ~1380 cm™ in figure (9) because they
are supposed to be sensitive to m-electron
delocalization(conjugation  length)  of  P3HT
molecules [20] as well as to crystallinity extent [21,
22].
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Fig. 9 Raman shift of P3HT film.

Figure (10) shows image of Atomic Force
Microscopy (AFM) topography measurements
(surface  morphologies) of P3HT film. From

analyzing and the extracted data, It can be seen that,
the (R.M.S) surface roughness for P3HT film was
found to be 4.37 nm, mean roughness of film (R,) is
4.12 nm, and the maximum height of the film (Rmax)
is 35.8 nm.

5.0 nm

100.0 nm

Height

100.0 nm

Fig. 10 AFM images of the P3HT film .
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4. Conclusions

We have successfully synthesis P3HT solution by
using Iron Chloride (FeCls) as catalyst, and prepared
the film by using spin coating method. The optical
parameters such as absorbance, refractive index and
extinction coefficient as well as FTIR spectrum, PL
spectra, Raman shift, surface morphology of the
P3HT film have been investigated. XRD results
showed film have (100) preferred orientation. The
optical band gap values of P3HT was found 1.9 eV.
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