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Abstract

Poly(3,4 ethylenedioxythiophene)polystyrene sulfonate (PEDOT:PSS), among the most used
conductive polymers, shows properties easily modulating by adding fillers as Graphene Oxide (GO).
Recently, PEDOT-based polymers have been used with encouraging results as electrodes for flexible
supercapacitors. We have already developed a green ternary nanocomposite based on PEDOT:PSS
doped with GO and glucose (GGO-PEDOT) with a specific capacitance of 16 F/g, indicating how
this nanocomposite is potentially suitable to be used as an electrode material for a supercapacitor. In
this work, a free-standing nanocomposite film was realized by drop casting the solution in a proper
silicone mould, followed by peeling and thermal annealing. Specific analyses, such as
thermogravimetric, colorimetric and contact angle measurements, have been performed aiming at
assessing the stability of the thermal and of the surface properties, even in severe moisture and UV
aging conditions.

Finally, The capacitive performance of PEDOT:PSS and of GGO-PEDOT was investigated by means
of cyclic voltammetry (CV), in the pristine conditions and under UV aging. The deposited GGO-
PEDOT film showed a good conductive behaviour and stability under UV treatment of 4 hours.
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Introduction



PEDOT-based conducting polymers are among the most promising materials to be used as electrodes
for flexible supercapacitors[1]. As an example, the supercapacitors realized with nanofibrillar
PEDOT films by D’Arcy et al. [2] exhibited high specific capacitance and outstanding
electrochemical stability. The supercapacitors based on the PEDOT papers, prepared by
Anothumakkool et al. [3] showed both high specific capacitance and energy density. Furthermore,
Zaifang Li et al. [1] reported a novel successful approach to prepare a uniform, highly conductive,
thick PEDOT:PSS film, suitable for energy conversion and storage devices, such as solid-state
flexible symmetric supercapacitors, presenting a good volumetric energy density. However, a
potentially higher conductivity is expected to further improve the performances of the conductive
polymeric matrices and, in turn of the supercapacitors. To this aim, polymer composites based on
three-dimensional lamellar fillers (such as graphene oxide) have been recently largely proposed and
examined in literature. In particular, graphene based reinforced polymers are versatile engineering
materials that can be employed in several industrial fields, thanks to their high specific strength-to-
weight ratio, ease of forming different shapes by one-step manufacturing process and less sensibility
to corrosion [4]. Furthermore, polymer thermoelectric/graphene nanofiller composites have attracted
increasing attention and exhibited great potential in green energy conversion due to their mechanical
flexibility and thermal conductivity [5].

Recently, we developed a green ternary nanocomposite based on PEDOT:PSS doped with GO and
glucose for greatly efficient perovskite solar cells [6]. In a subsequent work [7], the electrochemical
properties of ternary nanocomposites, i.e. GO/PEDOT with different kinds of green dispersing agents
belonging to the family of oligosaccharides and polysaccharides, such as cyclodextrin and cellulose
were also, investigated using cyclic voltammetry (CV). The CV results revealed that GO/PEDOT
with glucose exhibited the highest specific capacitance among the systems investigated, indicating
how this nanocomposite is potentially more suitable to be used as an electrode material for a
supercapacitor. Because of its high conductivity and flexible properties, the GO/glucose/PEDOT

nanocomposite film could be, hence, proposed for flexible supercapacitors. In order to confirm the



experimental evidence formerly obtained [7] and to verify the suitability of the ternary nanocomposite
previously developed for the selected application, in this paper further specific analyses have been
performed aimed to assess the durability of the thermal stability and the physical and electrochemical
properties, even in severe aging conditions.

Experimental

Materials

PEDOT:PSS (Clevios PVP Al4083) was purchased from Heraeus, a-D-glucose anhydrous 96% was
purchased from Sigma Aldrich.

GO, prepared by using a modified Hummers method [8, 9] from graphite flake, was synthesized
following an innovative and experimental method largely explained in our previous papers [6, 7].

Nanocomposite solution preparation

GO was dispersed into PEDOT:PSS by the solvent swelling method, as discussed in detail in our
previous papers [6, 7]. In particular, a GO/PEDOT:PSS dispersion (0.05% wt/V) was stirred (90")
and sonicated (15°) at room temperature. 1% wt/V of glucose was added to the mixture that was
stirred and sonicated for others 15’ respectively, obtaining a good dispersion of GO into PEDOT:PSS
favoured by the use of glucose, according to previous results [7].

Film preparation

A novel deposition method was explored for PEDOT:PSS+GO+glucose (GGO-PEDOT)
nanocomposite solution, developed in our previous work [6, 7], in order to assess the processability
of the solution. In particular, the nanocomposite solution was drop casted into a silicone mould and
dried in air for 72h. Free-standing films were obtained by peeling off the samples from the silicone
substrate, demonstrating that the nanocomposite solutions prepared are suitable to be deposited by a
very easily processable method. The films were annealed for 1 h at 140° C on a hot plate in N»
atmosphere in order to induce the GO reduction by using glucose as green dispersing agent [6, 7].
The preparation method of both nanocomposite solution and film is shown in Scheme 1.

Scheme 1: GGO-PEDOT solution and film preparation
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After cooling, all the nanocomposites samples were characterized by several techniques, in order to
evaluate their thermal and physical properties before and after artificial weathering tests. PEDOT:PSS
films were tested as reference samples, too.

Characterization techniques

Jeol JSM-6550F Scanning Electron Microscopy (SEM) was used to analyse the morphology of the
samples.

The XRD spectra of the annealed films were acquired with a PW 1729 Philips, using Cu Ka radiation
in reflection mode (A = 0.154 nm) at room temperature from 20 values of 5°- 60°.

The wettability of the films was evaluated by measuring the contact angle of the water on each film,
drop casted on glass substrate and annealed at 140°C in N2 atmosphere, by using a First Ten
Angstroms FTA1000 quick start instrument. The results were averaged from at least five independent
measurements.

The thermal stability of the films was determined by thermogravimetric analysis (TGA/DSC 1 Mettler
Toledo). About 7 mg of each samples were heated from room temperature (25°C) up to 900°C at
10°C/min in N2 atmosphere. The thermogravimetric measurements were repeated at least three times.
Water vapour absorption tests were performed by measuring the weight of the films as a function of
the time up to 48 h, by keeping the samples in a controlled climate chamber (KBF 115 by Binder) at

relative humidity of 75 % and temperature of 23 °C.



Four annealed films for each sample were tested and the average weight versus time curves were

reported in Figure 2(b). The water vapour absorption coefficient a was calculated by the equation (1):

We-—Wy

(04 (%) = To x 100 (1)

where Wr is the weight at final test time (48 h) and Wy is the initial weight of the sample. The a
average values, for each sample, were reported in the inset of Figure 2(b).

The water vapour absorption rate of all the films, was calculated from the slope (ms) of the initial
portion of the curves, and the average values were reported in the inset of Figure 2(b).

The colour of the films, drop casted on glass substrate and annealed at 140 °C in N2 atmosphere, was
evaluated by using a colorimeter (CR-410 Konica Minolta) in total reflectance and double channel
mode, using a Xenon lamp as light source. The total colour changes expressed as AE*, defined by the

L*a*b* system (ASTM D-1925, CIE 1976) according to the equation (2):

AE* = (VAL*Z + Aa*2 + Ab*2) (2)
was calculated by taking, for each sample, the correspondent films before aging tests, as reference at
time t=0. The results were averaged from at least three independent determinations.

Electrochemical measurements were carried out with a PARSTAT 2273 potentiostat/galvanostat,
employing a three-electrode electrochemical cell. The working electrode was a film of PEDOT:PSS
or of GGO-PEDOT prepared by drop casting the respective solutions on a substrate of AISI 304
stainless steel followed by annealing on a hot plate for 1 h at 140 °C in a N, atmosphere. The
substrates were insulated using Teflon to mask their cut edges, peripheries and back sides, in order to
leave only a surface area of 1 cm? exposed to the electrolyte. A platinised titanium expanded mesh
electrode was used as counter electrode and a Ag/AgCl (KCl 3 M) was employed as reference
electrode. All the potentials were referred to Ag/AgCl. The capacitive performance of PEDOT:PSS
and of GGO-PEDOT for supercapacitor was investigated in a 1 M H>SO4 aqueous solution at 25 °C
at a scan rate of 100 mV s™!, using cyclic voltammetry, where the potential range applied was -0.4 V

t0 0.6 V.



The analysis of the durability of the films in outdoor conditions was obtained by comparing all the
physical and thermal properties previously measured (thermal stability, wettability, colour
electrochemical properties) before and after two different artificial weathering treatments. In
particular, the ambient conditions related to an outdoor utilization were simulated by studying the
effect of UV irradiation and humidity separately. The influence of moisture was evaluated by keeping
the samples in a controlled climate chamber (KBF 115 by Binder) at relative humidity of 75 % and
temperature of 23 °C for 48 h. The influence of UV aging was simulated in a QUV chamber,
distributed by Q-LAB and equipped with UV-A (340 nm) fluorescent lamps. The samples were
exposed to an accelerated cycle, performed according to a code [ISO 4892-3 METHOD Cycle K],

consisted of an UV-light exposure (irradiance equal to 0.76 W/m?) at 60 °C for 8 hours.

Results and discussion

The physical and morphological characterization of the pristine films is reported in Figure 1, showing
that there are no differences between the XRD spectra of PEDOT:PSS and GGO-PEDOT (see Figure
1(a) and (b) respectively). On the other hand, no GO characteristic peak is observed, confirming that
the method used to prepare the nanocomposite solutions was suitable to obtain an homogenous
dispersion of the nanofiller GO into the polymeric PEDOT:PSS matrix, thanks to the presence of the
dispersing agent glucose, as already demonstrated [6, 7]. Furthermore, the absence of the sharp peaks
in both XRD spectra (Figure 1(a) and 1(b)), indicates the mainly amorphous nature of the
PEDOT:PSS film. A broad band around 26~24° can be attributed to the low-ordered interchain planar
ring stacking [10] meanwhile, the weak peak around 26 =12° indicates the distance between two
stacks in the two-dimensional stacking arrangement of polymer chains due to the deposition
conditions of the films [10].

The morphology of PEDOT:PSS film analysed by SEM is reported in Figure 1(c) and compared with

that of GGO-PEDOT film in Figure 1(d). The surface PEDOT:PSS film appears continuous, as well



as an homogeneous dispersion of GO into PEDOT:PSS was observed for GGO-PEDOT film,
confirming the XRD results.

The wettability of both the neat and ternary nanocomposite films was analysed by measuring the
water contact angle as function of drop deposition time ranging from 0 to 60 s. The results are reported
in Figure 1(e) and 1(f) for PEDOT:PSS and GGO-PEDOT, respectively. Referring to the initial time
(t=0), comparing the pictures of Figure 1(e) and 1(f) it is evident that both films analysed show a
slightly hydrophobic behaviour with a contact angle of about 99° for PEDOT:PSS and 92° for GGO-
PEDOT. This latter behaviour seems to be almost stable for nanocomposite film with a contact angle
mildly decreased from 92° to 81° after 60 s of drop deposition, still evidencing a regular drop shape.
On the other hand, the neat PEDOT:PSS film shows a contact angle highly decreased from 99° to 43°
up to 60 s with an irregular drop shape confirming the more hydrophilic behaviour of the unfilled
matrix. The improved wettability of the nanocomposite film was attributed to the presence of both
glucose and reduced GO into PEDOT:PSS [6].

This stable wettability characteristic of the nanocomposite represents an important advantage for the
selected application and together with the excellent electrochemical properties already measured for
this system [7] suggest that the ternary nanocomposites developed could be suitable to be proposed

as a supercapacitor.
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Figure 1 XRD spectra of PEDOT:PSS(a) and GGO-PEDOT(b) films; SEM images of pristine
PEDOT:PSS(c) and GGO-PEDOT(d) films; water contact angle as function of drop deposition time

on PEDOT:PSS(e) and GGO-PEDOT(Y) films.

The thermal stability and the moisture absorption behaviour of both neat and ternary nanocomposite

annealed films was also evaluated and reported in Figure 2(a) and (b) respectively.
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Figure 2 TGA (a) and moisture absorption curves (b) of PEDOT:PSS and GGO-PEDOT

The TGA curves of Figure 2(a) and the weight loss results referred to the first step and reported in
the inset Table of the same Figure, evidence a first degradation step, attributed to water loss with a
corresponding weight loss of about 23% for the neat PEDOT:PSS and about 13% for GGO-PEDOT
film. This result demonstrates that, after 1 h of thermal annealing at 140 °C in N> atmosphere, the
ternary nanocomposite film contains a lower amount of water in comparison to that of the neat matrix,
even if both films were prepared and stocked in the same conditions process (temperature, time,
humidity). This latter behaviour confirms that the water molecules present in the nanocomposite film
are able to more easily evaporate, because they are more weakly bounded, as already discussed in our
previous work [6]. Otherwise, the moisture absorption results (Figure 2 (b)), together with the water
vapour absorption coefficient (o) and rate of absorption (ms), calculated starting from the curves
reported in Figure 2 (b), following the equation (1) of the experimental section, confirmed this
behaviour, even in the case of vapour water. GGO-PEDOT film presents, in fact, both exceptionally
lower water vapour absorption rate (about 0.64) and lower water vapour absorption coefficient (about
12%) in comparison to those of neat PEDOT:PSS (about 2 and 35%, respectively), showing a

diminution of 68% in water vapour absorption rate and 23% in water vapour absorption coefficient.
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A possible explanation of this behaviour could be found in the simultaneous presence of glucose and
reduced GO sheets, homogenously distributed into PEDOT:PSS matrix, and, consequently able to
create a tortuous path for water molecules, hindering its absorption. In addition, the partially
caramelized glucose on the surface of the nanocomposite, as revealed in a previous paper [6], could
act as further barrier to moisture absorption.

Finally, a very high degradation temperature (higher than 270 °C) was measured from TGA curves
of Figure 2(a) as the onset temperature of the second degradation step for both neat and
nanocomposite films (see the inset table of Figure 2(a)), suggesting an optimal suitability of both
systems to be used as supercapacitors, even in outdoor conditions.

In order to evaluate if the experimental films realized are able to maintain their good physical and
thermal performances even in outdoor conditions, several aging tests were performed on the pristine
films and the same properties were evaluated after each accelerated weathering test.

The aging test were performed separately, by exposing the samples to UV lamp for 8 hours (0.76
W/m?, 60 °C) into the QUV chamber and for 48 h in a climate chamber at 23 °C and 75% of humidity
in order to understand which agent among UV irradiation and moisture could have a worst influence
on the performance of the films.

The physical and thermal properties of the samples were firstly analysed after moisture aging test and
the results are summarized in Figure 3. The pictures of both neat and nanocomposite samples, unaged
and aged into climate chamber are reported in Figure 3(a), evidencing, apparently, any difference
between PEDOT:PSS and GGO-PEDOT films, before and after the aging test. On the other hand, the
quantitative colour test performed on the unaged and aged films shows a slight decreasing of
brightness and a certain variation of the colour of both the films after the moisture absorption cycle,
as witnessed by AL (about 8) and AE* (about 8) values, respectively, calculated respect to each film
before aging test, (see the inset table in Figure 3(a)) probably due to the presence of water vapour

absorbed.
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TGA results referred to the films after the moisture absorption test (see Figure 3(b) and the relative
inset Table), show a higher water loss for both PEDOT:PSS (i.e. 28%) and nanocomposite films (i.e.
22%), compared to that obtained on the same films, before the moisture aging test (see Figure 2(a))
confirming higher amount of water present in both samples after the aging test. On the other hand,
the TGA results obtained on the films after the moisture absorption confirm the higher absorption
capability of the pristine PEDOT:PSS to absorb water respect to the nanocomposite, as already
demonstrated from the TGA results before the aging test. Referring to the degradation temperature
(onset temperature) of the second degradation step of the TGA curves of Figure 3(b) it is still evident
that both neat and nanocomposites films present very high degradation temperature, almost
unchanged, even after 48h of permanence in extremely humid ambient.

By comparing the wettability surface behaviour of both the films before and after moisture absorption
test (Figure 1(e)-(f) and 3(c)-(d) respectively), it is evident that at the initial time (t=0) the
hydrophobic behaviour of PEDOT:PSS slightly decreases with a contact angle ranging from 99° to
92°, meanwhile it remains almost unchanged for GGO-PEDOT (92°). Referring to the effect of the
deposition time of the water contact angle, the same qualitative trend was observed for pristine
PEDOT:PSS, with a decreasing contact angle up to 29°, even lower than that measured at the same
time (60s) for the not aged film (43°).

On the other hand, the wettability properties of GGO-PEDOT film seem to remain unchanged after
moisture aging test, even until one minute of water drop deposition with a contact angle ranging from
92° to 83° (Figure 3(c)). This behaviour confirms the higher moisture absorption capability of
PEDOT:PSS if compared to GGO-PEDOT and then it determines an higher deterioration of the
wettability of the unfilled film surface as a consequence of the accelerated humidity weathering test.
This is a further evidence of the exceptional suitability of the ternary GO based nanocomposite to be

used in outdoors applications.
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Figure 3 Images and colorimetric test (a), TGA (b) and water contact angle as function of drop

deposition time on PEDOT:PSS(c) and GGO-PEDOT(d) films after accelerated moisture aging test.

The influence of a very long UV exposure on physical and thermal properties of both films was also
evaluated and the results are summarized in Figure 4. The picture of both samples before and after
UV exposure does not evidence differences visible to the naked eye, as confirmed by quantitative
colorimetric analyses, too. A slight decreasing of brightness (AL ranging from 4 to 7) and an
acceptable colour change (AE* ranging from 4 to 7), mildly lower than those obtained after moisture
aging tests, were registered for UV aged film, as reported in the inset Table of Figure 4(a).

The thermal stability of both films after the UV accelerated aging test continues to be very high,
confirming the suitability of both materials to be used in extreme outdoors conditions, without any

influence on the degradation temperature, as demonstrated by the degradation temperature, higher
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than 265 °C, measured from TGA curves, performed on both films after the UV weathering test (see
inset Table of Figure 4(b)). The higher water absorption capability of the neat film compared to the
nanocomposite is still confirmed, even after the UV aging, since the water weight loss measured after
the first degradation step of the TGA curves of Figure 4(b) evidences a weight loss of about 28% and
20% for pristine PEDOT:PSS and ternary nanocomposite films, respectively.

Referring to the wettability properties of the films, by comparing the water contact angle results
obtained on the same films before and after the UV aging treatment (see Figure 1(e)-(f) and 4(c)-(d)
respectively), the great influence of UV accelerated aging on the surface wettability properties of both
samples are evident, presenting, in turn, an hydrophilic behaviour.

At the initial time (t=0), the contact angle of PEDOT:PSS drastically decreases from 99° to 76° after
the UV test, instead, a lower decreasing contact angle was observed for GGO-PEDOT film, ranging
from 92° to 83°. Regarding the effect of the deposition time of the water contact angle, the neat
PEDOT:PSS film shows a contact angle highly decreased from 76° to 34° up to 60 s with an irregular
drop shape, already after 20 s. In this case, even the nanocomposite film seems to be influenced by
the UV aging test, presenting decreased water contact angle after the UV exposure as a function of
deposition time (ranging from 83° to 40°), however still evidencing a regular drop shape. This
behaviour confirms the higher moisture absorption capability, especially after UV accelerated aging
test, of PEDOT:PSS respect to GGO-PEDOT and then it determines an higher deterioration of the
wettability of the unfilled film surface as a consequence of the accelerated UV test. This is a further
evidence that the cooperative presence of glucose and reduced GO sheets, homogenously distributed
into PEDOT:PSS matrix, are still able to create a barrier to water molecules absorption, even after so
aggressive tests, as accelerated UV weathering test, demonstrating again the exceptional suitability

of the ternary GO based nanocomposite to be used in outdoors applications.
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Figure 4 Images and colorimetric test (a), TGA (b) and water contact angle as function of drop

deposition time on PEDOT:PSS(c) and GGO-PEDOT(d) films after accelerated UV aging test.

Since the UV test seems to highly influence the surface wettability and hence the physical properties
of the films, the UV aged films were selected for further electrochemical characterizations with the
aim to predict their electrochemical durability in outdoor conditions.

In details, the capacitive properties of PEDOT:PSS and of GGO-PEDOT film prepared according to
the procedure described in the experimental section were studied by means of cyclic voltammetry
(CV)ina 1 M H2SOg4 solution. As described in the literature [11, 12], the enclosed area of CV curves,
which corresponds to the charge storage capacity of the electrodes, depends strongly on the material
properties. CVs of PEDOT:PSS and GGO-PEDOT pristine films and after an UV treatment

performed for 4 h and for 8 h are reported in Figure 5 (a) and (b).
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Figure 5 Cyclic voltammograms of (a) PEDOT:PSS and (b) GGO-PEDOT film pristine and after

UV aging; (c) estimated specific capacitance as a function of aging time.

For a quantitative assessment of the functional performance of PEDOT:PSS and of GGO-PEDOT

film, their specific capacitance Cs, (i.e. referred to 1 g of active material) was estimated using

Equation 3:
[iav
-_J 3
POV AV -m )

dV
where v[ Y s the integrated area of the CV, v indicates the scan rate (V/s), AV is the range of applied
potential (V), and m is the mass of the electrode material (g). The calculated values of Cs, for the two

investigated materials, pristine and after UV treatment, are plotted in Figure 5 (c).
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For the PEDOT:PSS film prepared without additives, the specific capacitance Csp, evaluated at a scan
rate of 100 mV s, is equal to 8.57 F/g in the pristine conditions and is consistent with literature data
[13-15]. The Csp value is quickly reduced to 5.98 F/g after a UV treatment performed for 4 h and then
it remains almost constant after 8 h of aging. The CV of GGO-PEDOT pristine film presents a broad
approximately rectangular shape, due to a large double-layer capacitance provided by GO and its Csp
results higher and equal to 19.72 F/g. After 4 h of UV treatment, the Cs, value is still fairly high and
is equal to 10.37 F/g, whereas after 8 h of UV treatment it is reduced to a value comparable to that of
the PEDOT:PSS film in the same conditions. These results reveal a good conductive behaviour of
prepared GGO-PEDOT film, indicating that this material is potentially suitable to be used as electrode
material for supercapacitor. This evidence should be obviously confirmed by further analysis,
assessing the specific capacity at different scan rates. Moreover GGO-PEDOT film presents a good

stability after a 4-hour UV treatment, while it loses its capacitive properties after an 8-hour treatment.

Conclusion

In this paper a free standing ternary nanocomposite films, obtained by adding GO nanofiller to
PEDOT:PSS by using a green dispersing agent (i.e. glucose), were realized by a simple and low-cost
method. The homogeneous ternary nanocomposites solution (GGO-PEDOT) was drop casted into a
silicone mould and peeled off after water evaporation, obtaining a flexible film, confirming the easy
processability of the preparation method. The films were annealed for 1 h at 140 °C on a hot plate in
N> atmosphere in order to induce the GO reduction by using glucose. XRD and SEM experimental
results evidenced an optimal nano-dispersion of GO in the polymeric matrix, thanks to the use of
glucose.

Both the films show a slightly hydrophobic behaviour with a almost stable contact angle of about 92°
for GGO-PEDOT, meanwhile PEDOT:PSS film shows a contact angle highly decreased from 99° to

43° up to 60 s with an irregular drop shape confirming the more hydrophilic behaviour.
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Thermal analysis demonstrated that, after 1 h of thermal annealing at 140 °C in N2 atmosphere, both
films are thermally stable up to a very high temperature (270 °C) and, in addition, the ternary
nanocomposite film contains a lower amount of water in comparison to that of the neat matrix.
Moisture absorption test confirmed this trend showing a diminution of 68% in water vapour
absorption rate and 23% in water vapour absorption coefficient for GGO-PEDOT. The wettability
properties of GGO-PEDOT film seem to remain unchanged even after moisture aging tests (contact
angle = 92°), differently from PEDOT:PSS that showing an higher deterioration of the wettability of
the unfilled film surface. On the other hand, UV aging test seems to highly influence the surface
wettability of both unfilled and filled films, presenting decreased water contact angle after the UV
exposure as a function of deposition time (ranging from 83° to 40°), still evidencing a regular drop

shape, only in the case of nanocomposite.

UV aged films were selected for further electrochemical characterizations with the aim to predict its
durability in outdoor conditions. Due to its good conductive behaviour and stability after a 4-hour
UV aging, the GGO-PEDOT film has been proved to be a promising candidate as electrode material

for supercapacitor.
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Figure captions

Scheme 1: GGO-PEDOT solution and film preparation

Figure 1 XRD spectra of PEDOT:PSS(a) and GGO-PEDOT(b) films; SEM images of pristine
PEDOT:PSS(c) and GGO-PEDOT(d) films; water contact angle as function of drop deposition time

on PEDOT:PSS(e) and GGO-PEDOT(Y) films.

Figure 2 TGA (a) and moisture absorption curves (b) of PEDOT:PSS and GGO-PEDOT

Figure 3 Images and colorimetric test (a), TGA (b) and water contact angle as function of drop

deposition time on PEDOT:PSS(c) and GGO-PEDOT(d) films after accelerated moisture aging test.

Figure 4 Images and colorimetric test (a), TGA (b) and water contact angle as function of drop

deposition time on PEDOT:PSS(c) and GGO-PEDOT(d) films after accelerated UV aging test.

Figure 5 Cyclic voltammograms of (a) PEDOT:PSS and (b) GGO-PEDOT film pristine and after

UV aging; (c) estimated specific capacitance as a function of aging time.
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