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Abstract: A one dimensional variable range hopping type conduction is observed in Poly (3, 4-
ethylenedioxythiophene): polystyrenesulfonate (PEDOT:PSS) films obtained by a spin coating technique on
polyethylene naphthalate (PEN) substrate and the mechanism behind enhancement in conductivity in 3 %
dimethyle sulfoxide (DMSO) doped PEDOT:PSS film is due to the phase segregation of PSS on the surface and
reduction of energy barrier between the conducting grains. Enhanced conductivity of PEDOT:PSS films and
transparency more than 80 % in the visible region makes PEDOT:PSS films suitable for flexible and transparent

optoelectronic devices.
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1. Introduction

In the recent years there has been an increasing
interest in the field of organic electronics due to its
light-weight, high flexibility, and easy processability.
Indium-tin oxide (ITO) has been widely used as the
transparent electrode in flexible devices, but due to its
limitation in mechanical flexibility, large use and high
cost there is a great demand for an alternative solution
like organic based electrodes with both high
transparency and high conductivity. Poly (3,4-
ethylenedioxythiophene): polystyrenesulfonate
(PEDOT : PSS) has been emerged as a promising
material in the field of optoelectronic devices due to
its high conductivity and transparency along with
other attractive polymer properties like the ease of
synthesis and high degree of flexibility [1-3]. It has
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been widely used as a buffer layer in organic
electronics. It has a higher work function (5.2 eV) over
ITO (4.5-5.14 eV). Great effort has been given to
research to get higher luminous intensity and higher
external efficiency in the Organic Light Emitting
Diodes (OLEDs) using PEDOT:PSS anode [4, 5].
Although, commercially available PEDOT : PSS
(Baytron P, Bayer Corporation) has a conductivity of
less than 1 S/cm, recently, it is observed that the
conductivity of PEDOT : PSS (PH-1000) films can be
enhanced by three orders of magnitude by undergoing
different processing steps or by doping with various
additives [6-9]. There are several reports on the
mechanism of enhanced conductivity of PEDOT:PSS
due to additives, but the subject is still under debate.
In this study, we obtain conductivities as high as
980 S/cm for PEDOT:PSS (PH1000 from H. C.Starck)
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with the addition of 3 at% Dimethyl sulfoxide
(DMSO) and the mechanism of conductivity
enhancement is explained by taking into theoretical
consideration along with X ray Photoelectron
Spectroscopy (XPS) study.

2. Experimental
2.1. Materials and Methods

In this work PEDOT:PSS (Clevios PH1000,
Heraeus Clevios GmbH, Germany) was used as the
starting material to which DMSO (3 at%) (Sigma-
Aldrich) was added and mixed well before deposition.
Films were deposited on glass substrates by using a
spin coating technique (4000 rpm, 40 sec) and after
deposition, films were annealed at 140 °C for 1h in the
air. Before deposition of the films, oxygen plasma
treatment (for 3 min at 100 Watt) was carried out on
the substrates to increase the adhesion of the films.

2.2. Characterization

After deposition and annealing of the films, the
temperature dependent resistivity measurement of the
films was performed using four probe method and the
transmittance study was done from UV-Visible
spectra using Shimadzu UV-VIS spectrophotometer.
XPS analysis was carried out in a VG Microtech-
ESCA2000 Multilab instrument to study the chemical
states of the surface.

3. Results and Discussion

Fig. 1 shows the transmittance spectra of undoped
and 3 % DMSO doped PEDOT:PSS films taken from
a UV-Visible spectrophotometer. Transmittance of
more than 80 % in the visible region in 3 % DMSO
doped PEDOT:PSS films was observed from UV-
Visible spectra. Fig. 2 indicates conductivity versus
temperature plot obtained by a four probe method and
the data were fitted with a function [10]

o= aoe_(%)a (1)

where o is the conductivity at temperature T and o, is
the conductivity at infinite temperature. a = 1/(1+D)
denotes the signature of variable range hopping for D
dimension. T, is the effective energy barrier for
hopping of charge carriers between localized states.
The corresponding parameters obtained after fitting
the experimental data with the above function is given
in Table 1 from which the value of a is found to be
0.48 for 3 % DMSO doped PEDOT:PSS films giving
D=1.08 which indicates one dimensional hopping
conduction mechanism is suitable for the films. The
conductivity at room temperature is observed to be
enhanced 4 orders of magnitude in 3% DMSO doped
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films as compared to undoped PEDOT:PSS films.
Also, it is noted that T, drops (from 1940 to 305) by
the addition of DMSO suggesting that the effective
energy barrier for 3% doped film is decreased which
leads to an increase in conductivity. In Fig. 2 solid line
(black) indicates the experimental plot and dash line
(red) indicates the fitted plot.
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Fig. 1. Transmittance spectra of undoped and 3 % DMSO
doped PEDOT:PSS films.
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Fig. 2 Temperature versus conductivity
of PEDOT:PSS films.

Table 1. Parameters obtained using Eq. (1).

DMSO 6300(S/cm) G0 a To (K)
(%) (S/cm)
0 0.1 38 0.42 1940
3 980 2690 0.48 305

Fig. 3 (a, b) shows the XPS spectra of sulphur for
undoped and 3 % DMSO doped PEDOT:PSS films
along with its deconvolution. It can be seen from the
deconvoluted spectra that various components of S
(2p32, 2pip) signal are coming from PEDOT, PSS-,
PSSNa, PSSH. From the spectra PEDOT to PSS ratio
was calculated and was found to be decreased from 3.7
for pristine to 2.91 for 3 % DMSO doped films which
indicates phase segregation with an excess of PSS on
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the surface. The increase in conductivity due to 3 %
DMSO doped film is associated with the reduction of
insulating PSS shell surrounding conducting PEDOT
grains and maintaining a good connection between the
PEDOT grains. This enhances the transportation of
carriers between the PEDOT grains easy which in turn
increases the conductivity.

4000+

Intensity (a.u)

164 168 172 176 180
Binding energy (eV)

Fig. 3 (a) XPS spectra of undoped PEDOT:PSS film.
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Fig. 3 (b) XPS spectra of 3 % DMSO doped
PEDOT:PSS film.

4. Conclusion

In conclusion, a one dimensional variable range
hopping type conduction is observed in PEDOT:PSS
films and the mechanism behind enhancement in
conductivity in 3 % DMSO doped PEDOT:PSS film
is due to the phase segregation of PSS on the surface
and reduction of energy barrier between the
conducting grains. Enhanced conductivity of
PEDOT:PSS films and transparency more than 80 %
in the visible region makes PEDOT:PSS films suitable
for flexible and transparent optoelectronic devices.
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