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Acido-basic control of the thermoelectric properties
of poly(3,4-ethylenedioxythiophene)tosylate
(PEDOT-Tos) thin films

Zia Ullah Khan,a Olga Bubnova,ab Mohammad Javad Jafari,c Robert Brooke,ad

Xianjie Liu,c Roger Gabrielsson,a Thomas Ederth,c Drew R. Evans,d

Jens W. Andreasen,e Mats Fahlmanc and Xavier Crispin*a

PEDOT-Tos is one of the conducting polymers that displa ys the most promising ther moelectric properties.

Until now, it has been utterly di�cult to control all th e synthesis parameters and the morphology governing

the thermoelectric properties. To improve our understanding of this material, we study the variation in the

thermoelectric properties by a simple acido-basic tre atment. The emphasis of this study is to elucidate the

chemical changes induced by acid (HCl) or base (NaOH ) treatment in PEDOT-Tos thin films using various

spectroscopic and structural techniques. We could i dentify changes in the nanoscale morphology due to

anion exchange between tosylate and Cl � or OH � . But, we identified that changing the pH leads to a tuning

of the oxidation level of the polymer, which can explain the changes in thermoelectric properties. Hence,

a simple acid…base treatment allows finding the optimum for the power factor in PEDOT-Tos thin films.

1 Introduction
Burning fossil fuels is still the main approach to cover the
increasing demand of electricity in our society, but the resulting
CO2 release is alarming in the context of global warming. Alter-
native technologies that improve the e�ciency of the conversion
from fossil energy to electricity are thus highly desirable. Among
those, thermoelectric generators constitute a possible emerging
technology. For a low temperature region (o 250 1C), there exist
however no e�cient thermoelectric materials that are composed of
atomic elements of high natural abundance. This has triggered the
research on thermoelectricity towards organic conducting poly-
mers. Indeed, this class of materials could be relatively inexpensive
since it is based on atoms of high natural abundance and low
toxicity. Moreover conducting polymers are inexpensive to process
from solution and do not require any high temperature annealing. 1

The thermoelectric material e�ciency is expressed by the
thermoelectric figure-of-merit and given by ZT= sS2T/k, where s,
S, and k are the material•s electrical conductivity, the Seebeck

coe�cient and thermal conductivity, and T is the operating
temperature. One of the most developed and optimized con-
ducting polymers is poly(3,4-ethylenedioxythiophene) displaying
very high electrical conductivity up to 4380 S cm� 1.2 The thermo-
electric (TE) e�ciency of poly(3,4-ethylenedioxythiophene)-
tosylate (PEDOT-Tos) has been optimized by chemical doping
with the reducing agent tetrakis(dimethylamino)ethylene (TDAE)
yielding a maximum ZT of 0.25.3 Controlling the oxidation level
has also been realized electrochemically.4,5 Another recent
approach takes the advantage of the known variation of electrical
conductivity of the cousin polymer poly(3,4-ethylenedioxy-
thiophene)…poly(styrenesulfonate) (PEDOT…PSS) with pH to
fine tune its thermoelectric properties. 6,7 However, the power
factor achieved with that method ( sS2 = 20 mW K� 2 m� 1) is
lower than the record power factor demonstrated for PEDOT…
PSS (470mW K� 2 m� 1, ZT = 0.4 at room temperature) using a
post-treatment to remove the excess of insulating PSS.8 Recently,
we have demonstrated that semi-crystalline PEDOT-Tos is a semi-
metal composed of a network of bipolarons. The empty bipolaron
band overlaps with the filled valence band and this leads to an
enhanced Seebeck coefficient.9 The electronic structure of
PEDOT-Tos is thus totally different than that of polyaniline-
camphorsulfonic acid (Pani-CSA), which is metallic10 due to the
formation of a half-filled polaronic band and possesses a low
thermopower.11 Electrically conducting polymers are characterized
by low thermal conductivity with a clear electronic contribution
following the Wiedemann…Franz law.12,13 Interestingly, PEDOT-Tos
has the same electrical conductivity to thermal conductivity
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