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ABSTRACT
The functional nanofilms of poly(3,4-ethylenedioxythiophene) –
poly(styrenesulfonate) (PEDOT:PSS) anionic complex were prepared
on the transparent substrates by layer-by-layer (LBL) assembly with
N-cetylpyridinium bromide (CPB) as cationic surfactant. It has stud-
ied dependence of films thickness on the number of bilayers of
PEDOT:PSS/CPB and on initial concentration of PEDOT:PSS in colloid
solution. The LBL films of PEDOT:PSS/CPB demonstrate the thermal
sensitivity of optical absorption in visible and near IR range of spectrum
which promises their application in sensor devices.

Introduction

Conjugated polymers combine the optical properties of semiconductors with flexibility, ther-
moplastic processing and lightness of polymers [1, 2]. The development of the new generation
of materials for organic displays, flat panels, smart windows and sensors requires a work-
ing out the effective methods to obtain the nanosize functional films sensitive to external
influence namely electric field, temperature, radiation and adsorption of chemical substances
[3–7]. One of the most promising conducting polymer is poly(3,4-ethylenedioxythiophene)
(PEDOT), especially dopedwith polystyrene sulfonic acid (PSS). It characterized by high con-
ductivity, flexibility and interesting optical properties in visible, near-UV and NIR spectral
range, whereas is perspective for the optical application [8–11].

For the preparation of PEDOT:PSS films electropolymerization, spin coating and imprint-
ingmethods [3–10] arewidely employed, but process of self-assembling in layer by layer (LBL)
deposition is not quite studied. Thismethod is preferable for obtaining of ultrathin conducting
polymer and hybrid films due to its simplicity and possibility of direct control of film thick-
ness by number of the pair layers (bilayers) [11–15]. An important advantage of the method
is the possibility to obtain functional films on virtually any surface [11, 16].

The formation of multilayered polymer films via the LBL assembly utilizes the electro-
static interaction between oppositely charged molecules – anionic and cationic types. The
PEDOT:PSS is anionic complex of PEDOT where polystyrene sulfonate acts both as dopant
for PEDOT and anionic surfactant. The cationic surfactant creates a positive charge on the
surface. It is selected, as rule, from series of polyelectrolytes: polydiallyldimethyl ammonium
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Figure . (a) Structure formula of poly(,-ethylenedioxythiophene): polystyrene sulfonic acid complex; (b)
Structure formula of cationic surfactant – N-cetylpyridinium bromide.

chloride, polyallylamine hydrochloride, etc [14–16]. An inclusion of the inert polymer parti-
cles into the functional polymer material decreases an optical transmittance of the film due
to light dissipation or light absorption by inert polyions [14, 15]. For improving the optical
characteristics of PEDOT:PSS films we proposed to use N-alkylpyridinium chloride as low-
molecular surfactant [12]. It has been found that compact uniformfilms of PEDOT:PSS on the
indium-tin-oxide (ITO) surface with regular thickness (10–60 nm) were deposited in result
of 5–40 routes of alternative adsorption of cationic surfactant (cetylpyridinium chloride) and
anionic polymer complex PEDOT:PSS. Obtained films demonstrate certain electrochemical
activity and may be used for the development of electrochromic devices. However, widening
area of application of PEDOT:PSS for sensors, plastic electronics, conductive textile and paper
is needed to obtain functional nanofilms on the surface of different nature – glass, quartz,
plastic, etc. Beside this the thermal behavior of conducting polymer spectra is a subject of
specific interest, but for PEDOT:PSS films obtained by LBL method this subject has a lack of
study.

In the present work we investigated a process of layer-by-layer assembly of PEDOT:PSS
nanofilms on the transparent dielectric surface of the glass “Corning” and study their
sensitivity to external factor such as temperature.
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Figure . Absorption spectra of the PEDOT:PSS/CPB nanofilms deposited on glass “Corning” by the LBL
method. Concentration of PEDOT:PSS , (a), , (b), , (c) and , wt.% (d). Number of bilayers:  (),
 (),  ();  ().

Experimental

Materials

The poly(3,4-ethylenedioxythiophene) used in the form of aqueous suspension of polymer
stabilized by anionic surfactant – polystyrene sulphonic acid, with content of PEDOT:PSS
1.3 wt. %. PSS content is 0.8 wt. % PEDOT content is 0.5 wt. %.

As cationic active surfactant used the high purity N-cetylpyridinium bromide (CPB)
monohydrate (98%). All reagents were purchased from the Sigma-Aldrich. Chemical
structures of the anion stabilized polymer and cationic surfactant are presented in
Fig. 1.

All solutions were prepared on the twice distilled water at room temperature. The concen-
tration of CPB was 0.05 wt. %.Water dispersion of PEDOT:PSS was diluted to concentrations
from 0.05 to 0.4 wt. %. Films were assembled on the transparent surface of “Corning” opti-
cally clear cover glasses. Before coating slides were washed, placed in glacial acetic acid for
10 minutes and rinsed with distilled water. After acid treatment and rinsing glass slides were
treated with N-(2-aminoethyl)-3-aminopropyl-trimethoxysilane to make the substrate sur-
face hydrophilic.

Method of film formation

The LBL films of PEDOT:PSS/CPB were prepared by alternative electrostatic-absorption
process as described in [11, 17]. The molecules of CPB in water form the cationic surfactant
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Figure . The relationship between optical absorption and the number of PEDOT:PSS/CPB bilayers at a)
 nm, b)  nm. The numbers indicated PEDOT:PSS concentration:  – .%,  – ,%,  – ,% and
 – .% (by wt.).

particles [CnH 2n+1NC5H5]+ which adsorb on the surface of a glass plate and give it a positive
charge. After washing and drying a plate was immersed to PEDOT:PSS solution and expose
during 10 minutes. In this route takes place in front of the adsorption process of contrary
charged anionic layer and forms a double layer (bilayer). The next cycles of deposition
include alternative immersion of the plate in CPB solution, in water, then in solution of
anionic polymer, water and drying in beam of nitrogen. In result of 8–30 cycles of deposition
the smooth uniform layers with thickness of 10–50 nm were formed.

Instrumentation

Optical absorption spectra inUV-visible-near-IR regionwere obtainedwith spectrophotome-
ter SP-46 at the temperatures T = 293, 323 and 343 K in air atmosphere.

Film thickness was measured with laser zero-ellipsometer LEF-3M-1 (λ = 632.8 нм), by
4-bands technique as early described in [12].

Results and discussion

As showed by electron spectroscopy, increasing of the bilayers number during the process of
film formation leads to arising in optical absorption of polymer layer and correspondingly, in



162/[348] O. I. KONOPELNYK ET AL.

Figure . (a) The relationship between optical absorption of the PEDOT:PSS/CPC films on ITO surface and
the number of bilayers at λ =  () and  nm () []; (b) Absorption spectra of PEDOT:PSS/CPB LBL film
on “Corning”glass () and ITO () surface (N=  bilayers).

Figure . Absorption spectra of PEDOT:PSS/CPB film on “Corning”glass at T=  (). () and  K () for
N= , C= , wt. %.
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thickness of the self-assembled film. An increasing in optical absorption of polymer layer has
not significant effect on the position and relative intensity of the absorption bands (Fig. 2).

PEDOT:PSS/CPB films, obtained from 10 and more bilayers on the “Corning” glass sur-
face characterized by absorption at 340–360 nm indicates the existence of localized polarons,
and broad band at 780–920 nm attributes to vibronic coupling and indicates the inter-chain
π-stacking interaction of thiophene rings [18]. With increasing number of layer, along with
common rising absorption, the peak position of the first and second bands have a non
significant shift. For films obtained at PEDOT:PSS concentration 0,2 and 0,4% (wt) the opti-
cal absorption at λ > 800 nm extended to near IR region (Fig. 2,c,d). It may be attributed to
both polarons and bipolarons with formation of their own band [1, 18].

The dependence of optical absorption of indicated maximums in spectra of LBL films on
number of bilayer (N) is described by parabolic functions (see Fig. 3 a, b) which is differ-
ent than for LBL films obtained on the ITO substrates with cetylpyridinium chloride (CPC)
surfactant, where this dependence is similar to linear up to 40 bilayers (see Fig. 4, a [12]).

The shape of the optical spectra of the LBL films assembled on “Corning” glass and ITO
surface also have some differences (Fig. 4, b). As one can see the film on glass demonstrates a
blue shift of the first band and a red shift for the second as compared to the filmon ITO surface.
Such peculiarities may be connected with roughness of ITO surface and its semiconducting
nature [16].

Influence of temperature on the absorption spectra of PEDOT:PSS/CPB films was investi-
gated in the interval of T = 293–373 K. It has been found that under temperature change the
variations in the polymer films color are observed. In the optical spectra it’s developed in the
shift of absorption maximums and in the changing of their intensity (Fig. 5).

Thermo-induced changes in the optical spectra of PEDOT:PSS nanolayers may be con-
nected with conformation rotation of segments in polymer chains and probably with change
in electronic properties of conjugated polymer system [19, 20]. It known that PEDOT back-
bone has a high ability to conformation changes and modify its configuration from com-
pressed coil to expanded chain under different factors – temperature, doping, solvent and
others [21]. But in solid state (in the film) the polymer chain mobility is considerably limited
in comparison with solution, that’s why a thermochromic effect observed in the films may
be connected not only with a polymer chains conformation but also depended on electron
delocalization of π-conjugated polymer backbones.

Conclusion

So, we studied a process of LBL films assembly from anionic complex PEDOT:PSS and
cationic surfactant cetylpyridinium bromide. It has found that process of film formation is
depended on concentration of PEDOT-PSS in colloid solution, number of bilayers and type
of the substrate. Thermal behavior of optical spectra of PEDOT:PSS/CPB films deposited on
the glass surface in the temperature interval of 293–343 K demonstrate the thermochromic
effect probably connected with conformation of polymer backbone and change in the length
of electron delocalization.
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