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Abstract – We propose a novel method to tune the interfacial adhesive force (Fad) between PEDOT:PSS/PEO organic
electroconductive polymer and Si3N4 (a ceramic) by decreasing the electron work function (EWF) and the electrical resistivity of the
PEDOT:PSS/PEO nanosheet. By using the known method of preferential solvation using polar aprotic solvent (DMSO), we were able
rearrange the spatial orientation of PSSH backbone chain in the polymer and increase the Density of States (DOS) and the electron
hopping length (ξ’) of the polymer, thus increasing its conductivity. As the material becomes more conductive, the formation of a
dipole layer between the Schottky Diode system of PEDOT:PSS/PEO and Si 3N4 is facilitated. This leads to the increased interaction
between the two materials, raising the adhesive force by 35.8% with only 5% w/w DMSO addition to the polymer. This relatively
simple treatment of PEDOT:PSS results in an interfacial adhesion or bonding strength. This approach is general, which would be
applicable for enhancing interfacial bonding between two different types of material without atomic diffusion involved.
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1. Introduction
PEDOT:PSS has been studied quite extensively, consequently PEDOT:PSS has found itself in a myriad of application
such as in solar panel or as a conductive biomaterial (sensors, etc) [1, 4]. PEDOT:PSS is also very biocompatible with a
range of stem cells; therefore it has been posed as a very versatile material [6]. Pristine PEDOT:PSS is not very
conductive, but it has been known that treating it with appropriate solvent (i.e. DMSO, sorbitol) can increase its
conductivity manifolds [5]. However, PEDOT:PSS usage is still undermined by its inability to form good adhesion with
applied surfaces or substrates [1]. In this paper we demonstrate a phenomenon of increasing the adhesion behaviour of
PEDOT:PSS by virtue of increasing its sheet conductivity only, where we also have found that this also leads to
subsequently decrease in electron work function (EWF) of the material. Such variations in the properties result in an
increase in the interfacial adherence, which may help widen the usage of PEDOT:PSS in many applications.

2. Methods
PEDOT:PSS was mixed with PEO and spun-coat onto a non-conductive basal substrate. Appropriate amount of
DMSO was added to enhance the conductivity of the nanofilm. The effect of the added DMSO on the surface adhesion
behaviour was analysed with Atomic Force Microscopy (Adhesive force curve was obtained by using quantitative
mechanical probing module). Furthermore, nano/micro-indentation tests were performed to determine if the DMSO
addition affected the mechanical strength of the polymeric sheet. The conductivities of the PEDOT:PSS sheets with and
without the DMSO addition were measured using the Four-Point Probe method. The electron work function was measured
using a Kelvin Nano-probe.

3. Results and Discussion
Results of the study showed that with 5% w/w DMSO co-solvation treatment, the sheet’s resistivity was decreased the
value of pristine PEDOT:PSS from 1.72 x 105 Ω/sqcm to 706 Ω/sqcm as DMSO was added, which is in line with previous
studies [1, 3]. Along with the decrease in electrical resistivity, the EWF of the polymeric sheet was also decreased by
34.6% hence increasing the freedom of electrons. The preceding two factors facilitate the formation of a dipole layer
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between the PEDOT:PSS/PEO and AFM’s Si3N4 probe, since 1) the increase in the difference in EWF between the
polymer and Si3N4 is raised, corresponding to an increased driving force for establishing the dipole layer at interface,
and 2) more electrons are able to move towards the surface or interface between the polymeric sheet and the AFM’s
Si3N4 probe. This leads to the increased interaction between the polymeric sheet and the Si3N4 probe through the
interfacial dipole-dipole interaction, leading to an increase in the adhesive force with the maximum value of 35.8% as
only 5% w/w DMSO added to the polymer. The nano/micro-indentation tests showed that the DMSO addition did not
alter Young’s modulus and hardness of the polymeric sheet. Thus, the increased adhesive force should be solely
contributed by the altered electrical properties of the polymeric material.
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Figure 1. The profile of log sheet resistivity, interfacial adhesive force between the PEDOT:PSS/PEO and Si3N4, and electron work
function versus DMSO% (wt/wt).

Fig.2 presents optical microscope images of PEDOT:PSS/PEO with and without DMSO additions. As shown,
there are no significant alterations in morphology of the pristine PEDOT:PSS/PEO sheet and those with DMSO,
except for the one containing 30% (wt/wt) DMSO addition. This excessive amount of DMSO may decrease the
fraction of PEDOT:PSS, thus reducing its ability to form a continuous nanofibers (therefore producing a ‘blob’ of
isolated bubbles)
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Figure 2. Optical microscope images of PEDOT:PSS/PEO sheets: a) Pristine; b) 1 wt% DMSO; c) 5 wt% DMSO; d) 10 wt% DMSO;
e) 20 wt% DMSO; f) 30 wt% DMSO

Figure 3. (Left) Two surfaces not in contact with each other are not able to form dipole layer; (Right) When in contact, a dipole layer is
developed due to the difference in EWF between the two materials in contact [2].

The phenomena can be elaborated using Fig.3: when the two materials having different EWFs approach each other,
their Fermi energy levels must be equal in order to reach equilibrium, which leads to a contact potential different, V , due
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to the difference in work function between the two materials. As a result, electrons will move towards the interface to
form a dipole layer to balance the contact potential difference. This dipole layer results in electrostatic interaction,
leading to the interfacial adhesion or bonding. However, if the electrons are localized, the development of the dipole
layer is difficult, since only very limited charges can be induced to move locally. Thus, developing an effective dipole
layer that can effectively bonding two material in contact requires sufficiently large difference in work function and
certain freedom of charges. In this study, we demonstrate that using the DMSO addition to increase the electron
freedom with lowered work function does increase the interfacial adhesive force between the polymeric material and
Si3N4.

4. Conclusions
The interfacial adhesive (Fad) between the electroconductive polymer and ceramic without atomic diffusion
involved is dependent on two main factors: 1) the difference in EWF which generates a driving force for charge
relocation, forming an interfacial dipole layer; and 2) the charge mobility or namely electrical conductivity helps the
charge relocation.
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