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In this work, symmetrical, flexible, and all-solid-state supercapacitors based on Au/polyaniline hybrid 

electrodes that are integrated on flexible polyethylene terephthalate substrates have been fabricated. The 

as-obtained supercapacitors acquire a maximum areal capacitance of 51.7 mF cm-2 at a current density of 

0.1 mA cm-2 and a maximum energy density of 5.57 mWh cm-3 at the power density of 0.33 W cm-3, both 

of which are comparable to the values obtained for other currently available flexible and all-solid-state 10 

supercapacitors. In addition, the supercapacitors have excellent flexibility when they are bent to 90° with 

the CV curve remaining almost unchanged, and superior cycling stability with the capacitance retention 

of 92.3% after 1000 cycles. Moreover, the supercapacitors have good corrosion resistance and long-time 

stability, of which the capacitive performance has almost no change after leaving in air atmosphere for 

two months or dipping in the acid or alkali solution for 24 h. With these superior features, the 15 

supercapacitors hold great promise to be used in portable/wearable electronics.  

Introduction  

The tremendously increasing power and energy demands for 

next-generation hand-held and flexible electronic devices such as 

roll-up displays, self-powered sensor networks, and wearable 20 

devices, has promoted the development for high-performance 

energy storage.1-10 Supercapacitors (SCs) are the state-of-the-art 

energy storage devices that are superior to conventional lithium 

ion batteries in power density, and have higher energy density 

compared with traditional capacitor.11 In addition, SCs have 25 

many other advantages such as small size, light-weight, ease of 

handling, wide range of operation temperatures, long life cycles, 

short charging time, low-cost, safety and environmental 

benignancy.12 Therefore, SCs hold great promise as a competitive 

candidate for next-generation energy storage device with high-30 

performance.13  

Compared with conventional SCs using liquid electrolyte, 

all-solid-state supercapacitors integrating electrodes, solid 

electrolyte and separator to a solid whole, have many obvious 

advantages such as lightweight, high flexibility and high safety.14-
35 

16 For example, due to the use of solid electrolyte, the all-solid-

state SCs can effectively avoid the short circuit caused by the 

leakage of electrolyte. In addition, there is no additional 

packaging materials are used, and the fabrication of all-solid-state 

SCs does not involve complicated post-processing, which 40 

simplifies the preparation process and reduces the weight of the 

device. Finally, the flexible and all-solid-state SCs possess more 

excellent mechanical properties and could facilitate the 

integration with micro-sensors and micro-electronics to be 

powered. Therefore, the flexible and all-solid-state SCs have 45 

become a research emphasis of flexible energy storage devices, 

and have great potential as new energy storage device for flexible, 

safe, and wearable electronics.17-20 

Generally speaking, all-solid-state SCs include electrodes, 

solid electrolyte and separator. Construction of flexible and all-50 

solid-state SCs is first to grow active materials on flexible 

substrate to obtain the electrodes, and then stack two thin film 

electrodes with separator/solid-electrolyte in between.21-24 

However, the state-of-the-art flexible supercapacitors generally 

use the flexible electrodes in the form of carbon networks or 55 

fabric-carbon composites as main infrastructure to reserve the 

flexibility. Without the carbon networks or fabric-carbon 

composites, pseudocapacitive materials can barely be used to 

fabricate the flexible electrodes, so as to assemble the flexible 

supercapacitors. For example, Zhou and Chen et al. have 60 

fabricated high-performance flexible supercapacitors based on 

single-walled carbon nanotube/polyaniline films and the specific 

capacitance of hybrid film with 30 s polyaniline deposition time 

can achieve about 236 F g-1.25  Wei et al. designed a flexible 

supercapacitor based on a composite electrode combined cloth-65 

supported SWCNTs and PANI nanowire arrays. The 

PANI/SWCNT/cloth composite electrode showed a higher 

capacitance of 410 F g-1.26 Chai and his group have prepared a 

kind of stretchable all-solid-state supercapacitor with wavy 

shaped PANI/grapheme electrodes, and this all-solid-state 70 

supercapacitor exhibits a maximum specic capacitance of 261 F 

g-1.27  Sawangphruk and his colleagues reported a high-

performance flexible and all-solid-state supercapacitors based on 

silver nanoparticle-polyaniline-graphene nanocomposites coated 

on flexible carbon fiber. At an applied current density of 1.5 A g-1 75 
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,the supercapacitors exhibit a high specific capacitance of 828 F 

g-1.28 These reported SCs based on these flexible electrodes 

possess excellent flexibility and electrochemical performance. 

However, because of the high price, complicated preparation 

process and low preparation efficiency, the large-scale 5 

preparation of the SCs based on flexible conductive infrastructure 

fabricated with these carbon materials or carbon composites is 

still a problem. Moreover, the poor mechanical properties and 

corrosion resistance of some flexible substrate such as fabric limit 

its application, especially in the harsh environment. Therefore, 10 

more work is still needed to simplify the fabrication of flexible 

conductive infrastructure and to improve the performance of 

flexible and all-solid-state SCs. 

In recent years, pseudocapacitive materials,29,30 for which 

the capacitance steps from a fast reversible faradic process of 15 

redox-active reaction, have received increasing attention because 

they can provide much higher specific capacitances than that 

from electric double layer capacitors arising from charge 

separation at the interface of electrolyte. Among the 

pseudocapacitive materials, polyaniline (PANI) is considered as 20 

one of the most promising electrode materials due to its low cost, 

ease of synthesis, relatively high theoretical capacity, and 

flexibility.31-33 

Herein, we introduced a simple method to construct 

symmetrical, flexible, and all-solid-state SCs, which is integrated 25 

on flexible polyethylene terephthalate film. In this method, the 

flexible PET films deposited Au served as a flexible scaffold and 

current collector, the PANI networks directly electrodeposited on 

Au current collectors served as electrode materials, and the 

PVA/H2SO4 gel electrolyte served as the binder and solid state 30 

electrolyte. The method obviates the need for fabricating the 

flexible electrodes in the form of carbon networks or fabric-

carbon composites as main infrastructure to reserve the 

flexibility, which is a cumbersome and time-consuming work. 

The usage of Au electrode will not substantially increase the 35 

production cost compared to other electrodes. In addition, this 

method allows for the fabrication of SCs without the use of any 

organic binders, conductive additives or polymer separators, thus 

leading to good electrochemical performance because of the ease 

with which ions can access the active material. Finally, because 40 

of the excellent properties such as flexibility, durability, and 

resistance to corrosions, the PET film deposited Au not only 

shows excellent flexibility and conductivity, but also excellent 

corrosion resistance in the aqueous electrolytes, which is 

beneficial for protecting the flexible device from corroding by 45 

outermost chemical environment and improving the lifetime of 

the flexible device. With these unique advantages, such designed 

SCs exhibit good energy and power densities as well as an 

impressive long-term cycling stability and corrosion resistance, 

and hold great promise to be used in portable/wearable 50 

electronics. 

Experimental  

Fabrication of the Au/PANI hybrid electrodes on PET film 

All chemicals were ananlytical grade and were used without 

further purification. A piece of clean PET film was cut into the 55 

shape on demand, on which a thin film of gold (80 nm) was 

deposited by an electron beam evaporation system serving as the 

current collector. Then active materials (PANI nanowire 

networks) were in-situ electrodeposited on the surface of Au 

layers by oxidation of aniline (0.3 M in 1 M HCl aqueous 60 

solution) through a two-step method by a conventional three-

electrode system. For the first step, the seeding layer of PANI 

was nucleated at a potential of 0.8 V for 60 s at room 

temperature. Then the nanowire networks were grown under 

constant current density of 2 mA cm-2. 65 

Fabrication of the flexible and all-solid-state SCs  

A PVA/H2SO4 gel electrolyte was prepared by adding PVA 

power (6 g) into H2SO4 aqueous solution (6 g H2SO4 into 60 mL 

deionized water), and then heating the mixture to around 85 °C 

under vigorous stirring until the solution became clear (about 2 70 

h). After cooling down, the gel was dropwise added onto two 

flexible PET/Au/PANI electrodes, and assembled the two 

PET/Au/PANI electrodes into a supercapacitor 30 min later. The 

PVA/H2SO4 gel membrane in the middle of two electrodes 

worked as both the solid electrolyte and separator. In order to 75 

vaporize the excess water, the as-fabricated device was left in the 

fume hood at room temperature for 24 h. Finally, the edge of the 

SCs was sealed with polydimethylsiloxane (PDMS) 

(Sylgard184). 

Sample characterization  80 

The morphology of samples was probed by scanning electron 

microscopy (SEM; JSM-6700M). The attenuated total reflection 

Fourier transform infrared spectroscopy (ATR-FTIR) of the 

electrodeposited PANI networks on Au layer was obtained using 

a Magna-IR 750 spectrometer in the range of 700-1400 cm-1 with 85 

a resolution of 4 cm-1. The Raman spectrum was taken on a 

LABRAM-HR confocal laser micro-Raman spectrometer using 

an Ar+ laser with the 514.5-nm line at room temperature. Cyclic 

voltammetry (CV), electrochemical impedance spectroscopy 

(EIS), and galvanostatic charge-discharge (GCD) measurements 90 

of MSCs were carried out on electrochemical workstation (IM6ex, 

Zahner). Impedance spectroscopy measurements were performed 

at open circuit voltage with ±10mV amplitude. A Panasonic 

DMC-FX3 digital camera was used to capture all the optical 

images. 95 

Results and Discussions 
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Fig. 1 (a) The diagrammatic drawing of fabrication process of 

PAP electrode; The ATR-FTIR spectrum (b) and Raman spectra 

(c) of the electrodeposited PANI networks on Au layer. 

The schematic drawing of the fabrication process of 

Au/polyaniline hybrid electrodes integrated on PET film is shown 5 

in Fig. 1a. A common PET film is used as flexible substrates, on 

which an 80 nm thick Au film was deposited serving as the 

flexible current collector. PET is widely used as packaging 

materials for food and consumer products because of its excellent 

properties such as low-cost, flexibility, durability, and resistance 10 

to corrosions. Therefore, the PET film deposited Au shows 

excellent flexibility and corrosion resistance in the aqueous 

electrolytes, which is beneficial for improving the lifetime of the 

flexible device. Then PANI networks are grown through 

electrodeposition to obtain the PET/Au/PANI (PAP) hybrid 15 

electrodes. The chemical composition of the deposited PANI 

networks on Au layer was characterized by attenuated total 

reflection Fourier transform infrared spectroscopy (ATR-FTIR) 

and Raman spectra, and the results are shown in Fig. 1b and 1c. 

For ATR-FTIR, the bands at 1556 and 1478 cm-1 are assigned to 20 

C=C stretching vibrations of quinoid and benzenoid rings, 

respectively. The bands at 1298, 1122, and 792 cm-1 originate 

from C-N, C=N, and C-H stretching vibration, respectively.7 The 

Raman peaks at 1167, 1336, 1504, 1595 cm-1 are attributed to C-

H bending vibration of quinoid rings, C-N stretching vibration, 25 

N-H bending vibration and the C=C bending vibration of 

benzenoid rings, respectively.33 These results directly prove that 

PANI has been successfully deposited on the Au layer. 

 
Fig. 2 SEM images for PANI deposited on PAP electrodes with 30 

different deposition time (a) 3 min, (b) 5 min, (c) 10 min, (d) 20 

min, (e) 40 min, respectively. (f) The cross-section SEM images 

for PANI deposited on PAP electrodes with the deposition time 

of 5 min. 

 35 

PAP hybrid electrodes with different PANI deposition time 

were firstly prepared to investigate the relation between 

electrochemical performance of the single PAP hybrid electrode 

and the deposition time. Fig. 2 shows the SEM images of PAP 

hybrid electrodes with different deposition time. As can be seen 40 

from Fig. 2, along with the increase of deposition time, the 

diameter of PANI nanowires tends to increase and PANI 

nanowires gradually form the network structure. However, if the 

deposition time is less than 3 min (Fig. 2a), PANI nanowires will 

not form a full network to cover the whole substrate. In the 45 

meantime, when the deposition time is too long and exceeds 40 

min, PANI networks will accumulate seriously (Fig. 2e). Both are 

not conductive to the improvement of electrochemical 

performance of PAP electrodes. Fig. 2f is a cross-section image 

of the deposited PANI nanowire network on the Au current 50 

collector (Fig. 2f), where the height of PANI network layer was 

about 3.0 µm for PAP with the deposition time of 5 min. 

 
Fig. 3 Deposition mass (a), the total areal and specific 

capacitance (b) of the prepared single PAP electrode with respect 55 

to electrodeposition time of 3, 5, 10, 20, 40 min, respectively; (c) 

CV curves of PAP electrodes with different PANI deposition 

times at a constant scan rate of 10 mV s-1; (d) GCD curves of the 

PAP electrodes with different PANI deposition times at a constant 

current density of 1 mA cm-2; Nyquist plot (e) and Bode plot (f) 60 

of the PAP electrodes with different PANI deposition times. 

 

To evaluate the electrochemical performance of PAP hybrid 

electrodes with different PANI deposition time, cyclic 

voltammetry (CV), galvanostatic charge-discharge (GCD), and 65 

electrochemical impedance spectroscopy (EIS) measurements 

were conducted in a three-electrode configuration in 1 M H2SO4 

aqueous solution, and the results are shown in Fig. 3 and Fig. 4. 

Fig. 3c shows the CV curves of PAP electrodes with different 

deposition time at a constant scan rate of 10 mV s-1, all of which 70 

show two obvious redox peaks that directly illustrate the pseudo-

capacitive behaviour of the PAP hybrid electrodes (the pair of 

redox peaks O1/R1 was attributed to the redox transition of PANI 

between leucoemeraldine form and emeraldine form, and another 

pair of peaks O2/R2 is related to the emeraldine-pernigraniline 75 

transformation). The GCD curves of PAP hybrid electrodes with 

different PANI deposition time at a current density of 1 mA cm-2 

were shown in Figure 3d. It can be observed that the charge and 

discharge time of PAP hybrid electrodes increased with PANI 

deposition time from 3 to 40 min. In the meantime, the mass 80 

loading of PANI also shows a linear increase with respect to 

deposition time under constant deposition current density of 2 

mA cm-2. As a result, the areal capacitance of PAP hybrid 
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electrodes increases with the mass loading of PANI at the same 

electrode area (1 cm-2), as indicated by the increases of the charge 

and discharge time. The areal capacitance with respect to 

different PANI masses is plotted versus the discharge current in 

Fig. 4a. As can be seen from Fig. 4a, along with the increase of 5 

deposition mass of PANI, the areal capacitance increases and the 

PAP electrode with the deposition time of 40 min exhibit the 

highest areal capacitance of about 802 mF cm-2 at the current 

density of 1 mA cm-2 (Fig. 3b and Fig. 4a). However, the average 

specific capacitance shows a downward trend after first rising, 10 

and reaches a maximum of about 475 F g-1 at the deposition time 

of 5 min with the discharge current of 1 mA cm-2 (Fig. 3b). As 

the redox reaction initiates at the surface layer of the 

pseudocapacitive materials in contact with the electrolyte, and is 

followed by the diffusion of the electrolyte ions inside the 15 

materials, a thick layer of PANI will slow ion diffusion from the 

electrolyte into the deeper parts of PANI network with deposition 

time increases, and thus generates a dead mass of PANI that does 

not take part in the redox reaction, thereby decreasing the 

capacitance per unit and leading to the above results. Even so, the 20 

obtained electrochemical results is still comparable to that of the 

above mentioned state-of-the-art flexible supercapacitors using 

the flexible electrodes in the form of carbon networks or fabric-

carbon composites as main infrastructure to reserve the 

flexibility.25-27 The electrochemical performance of the PAP 25 

hybrid electrodes with different deposition times was further 

characterized by electrochemical impedance spectroscopy (EIS) 

measurements from 100 KHz to 10 mHz. As shown in Fig. 3e 

and 3f, the sample with deposition time of 3 min possesses two 

semicircles owing to its half-baked networks and incomplete 30 

coverage that will cause short circuit in the device. With the 

deposition time increase to beyond 5 min, the complete coverage 

of the substrate removes the diffusion process of electrolyte to the 

substrate and the low-frequency phase disappears for these 

samples. The equivalent series resistances (ESR) of PANI 35 

networks deposited for 3, 5, 10, 20 and 40 min are about 1.78, 

1.5, 1.9, 2.2 and 3.0 Ω cm2, respectively. PAP hybrid electrode 

with the deposition time of 5 min (PAP-5 electrode) possesses the 

minimum ESR of 1.5 Ω cm2, which is of great importance since 

less energy and less power will be wasted to produce unwanted 40 

heat during the charge-discharge processes. 

 
Fig. 4 (a) Areal capacitance of PAP electrodes with different 

PANI deposition time versus discharge current; (b) CV curves for 

PAP-5 electrode at different scan rates ranging from 10 to 100 45 

mV/s; (c) GCD curves of PAP-5 at different current density.  

 

Based on above experimental results, PAP-5 electrode was 

selected as the typical electrode to conduct the further electrical 

property tests. Firstly, CV and GCD of single PAP-5 electrode 50 

were measured, and the results were shown in Fig. 4b and 4c, 

respectively. As can be seen from Fig. 4b, along with the increase 

of the scan rate, the peak current density increases but the shape 

still keeps the characteristics for an ideal pseudocapacitance. 

Moreover, the GCD curves at different current densities possess 55 

good symmetry and linear profile, also indicating the good 

capacitive performance of the single PAP-5 electrode (Fig. 4c). 

Considering practical applications, we further fabricated the 

symmetrical, flexible and all-solid-state SCs with PAP-5 

electrodes sandwiching a PVA/H2SO4 gel membrane as a 60 

separator between them. Fig. 5a is the diagrammatic drawing of 

the configuration of the fabricated symmetrical, flexible, and all-

solid-state SCs based on PAP-5 electrode. To evaluate the 

electrochemical performance of the fabricated SCs device, CV 

scans of the SCs were performed from -0.8 V to 0.8 V,34 which 65 

possesses obvious couples of redox peaks attributed to redox 

transitions of PANI deposited on the electrodes and shows a 

highly symmetrical shape, indicating an ideal pseudocapacitive 

behaviour (Fig. 5d). Figure 5F shows the GCD curves of the 

device at different current densities. Both the symmetry and good 70 

linear profile of the charge and discharge curves indicated the 

good capacitive performance of the all-solid-state device. Areal 

capacitance (mF cm-2) is calculated from the charge-discharge 

curves according to the following equations to evaluate the 

charge-storage capacity of the flexible and all-solid-state SCs 75 

based on PAP-5 electrode.35,36 

/Cs Q ES I t E S= ∆ = ∆ ∆                                               (1) 
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where Cs is the areal capacitance, Q is the total charge, I is the 

discharge current, ∆t is the discharge time, ∆E is the potential 

window during the discharge process after IR drop, and S is the 

whole surface of the device. Fig. 6a shows the areal capacitance 

of the as-obtained flexible and all-solid-state SCs based on PAP-5 5 

hybrid electrodes versus different discharge current. It can be 

seen that as the charge-discharge density decreases, the areal 

capacitance of the fabricated SC increases and can achieves a 

maximum areal capacitance of 51.7 mF cm-2 at the current density 

of 0.1 mA cm-2. Even at a high current density of 2.0 mA cm-2, 10 

the device can still acquire an areal capacitance of 32.75 mA cm-2. 

In addition, because of the excellent mechanical flexibility of 

PET substrate, the all-solid-state device is highly flexible and the 

capacitance performance has little change even if the device is 

bent to about 90° (Fig. 5c and 5e). Moreover, the device can be 15 

connected in series to improve the output voltage to light a light-

emitting diode (LED) (Fig. 5b). EIS measurement reveals the 

complete device has an ESR of about 10.23 Ω cm2 (Fig. 5g), 

which is larger than that of single electrode. 

 20 

Fig. 5 (a) Schematic drawing of the SC fabricated with PAP-5; 

(b) The photograph of six all-solid-state SCs fabricated with 

PAP-5 connected in series to light a red LED; (c) The 

photographs of the flexible and all-solid-state SCs fabricated with 

PAP-5 at four bending states with bending angle of 0°, 30°, 60° 25 

and 90°, respectively; (d) CV curves for SC fabricated with PAP-

5 at different scan rates ranging from 10 to 100 mV s-1; (e) CV 

curves of the SC fabricated with PAP-5 at the four bending states; 

(f) GCD curves of SC fabricated with PAP-5 at different current 

density; (g) Nyquist plot of the fabricated SC based on PAP-5 30 

electrodes. The inset shows the Bode plot of the SC based on 

PAP-5 electrodes. 

 

The discharged volumetric energy density W (Wh cm3) and 

power density P (W cm3) of the flexible and all-solid-state SCs 35 

were the crucial parameters for practical applications, which can 

be calculated from these GCD curves through the following 

equations: 
2( ) / (2 3600 )E C E V= × ∆ × ×                                  (2) 

VREP ESR4/)( 2
∆=

                                                        (3) 40 

where E is the energy density (Wh cm-3), P is the power density 

(W cm-3), C is the total capacitance of the device, ∆E is the 

operating voltage window (the applied voltage excluding the 

voltage of iR drop), RESR is the internal resistance of the device 

(RESR= Vdrop/2i), V is the polymer volume (cm3).37 As shown in 45 

Fig. 6b, the Ragone plot indicates that the fabricated device can 

acquire a maximum energy density of 5.57 mWh cm-3 at a power 

density of 0.33W cm-3 and a maximum power density of 1.47 W 

cm-3 at a energy density of 2.46 mWh cm-3. The Table 1 

compares the volumetric power densities and energy densities of 50 

the device to the results for other flexible and all-solid-state 

energy storage devices, which shows that the electrochemical 

performance of the fabricated device is comparable to the values 

obtained for other currently available flexible and all-solid-state 

SCs.  55 

 
Fig. 6 (a) Areal capacitance of the SC fabricated with PAP-5 

versus different discharge current; (b) Ragone plot for the SC 

fabricated with PAP-5; (c) Cycle performance and Coulombic 

efficiency of the all-solid-state SC at current density of 0.2 mA 60 

cm-2 over 1000 cycles. (d) CV scans of the SC fabricated with 

PAP-5 after placing 3 days, one week, two weeks, a month, two 

months, respectively, and CV scans of the SC fabricated with 

PAP-5 electrodes dipped in acid (e) and alkali (f) solution for 1, 

3, 6, 12, 24 h, respectively.  65 

 

As a potential energy storage device, the stability of the SCs 

must be examined. Firstly, the cycle stability of the fabricated SC 

was tested at a current density of 0.2 mA cm-2 for 1000 cycles. As 

shown in Fig. 6c, the capacitance of the device could remain 70 
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92.3% after 1000 cycles with respect to the first cycle, and the 

coulombic efficiency is about 98% during the whole 1000 cycles, 

indicating a good cycling stability of the as-obtained SCs. In 

addition, the long-term stability of the fabricated all-solid-state 

SCs was tested after three days, one week, two weeks, one 5 

month, two months, respectively. As shown in Fig. 6d, the CV 

curves of the fabricated device have almost no change, which 

reveals that the device also possesses good long-term stability. 

Moreover, the fabricated SCs possess excellent corrosion 

resistance. The fabricated SCs was immersed in an aqueous 10 

H2SO4 (pH 1) or an aqueous KOH solution (pH 14) for 24 h, 

rinsed with water, and tested with CV. As shown in Fig. 6e and 6f, 

after strong acid or strong alkaline treatment, the CV curves 

remain almost unchanged, which shows the good corrosion 

resistance of the SCs.   15 

Additionally, it is possible to utilize graphene as the electrode to 

improve the corrosion resistance of the SCs in future work, since 

graphene is well-documented for its chemical stability. 

 

20 

 Energy density Power density Ref. 

PET/Au/MnO2 Electrodes-SCs 1.75 mWh cm-3 3.44 W cm-3 18 

Polypyrrole-coated paper Electrodes-SCs 1 mWh cm-3 0.27 W cm-3 24 

pencil-drawing  

graphite/PANI Electrodes-SCs 

0.32 mWh cm-3 0.054 W cm-3 33 

VN/CNT Hybrid Electrodes-SCs 0.54 mWh cm-3 0.4 W cm-3 36 

PET/Au/PANI Electrodes-SCs 5.57 mWh cm-3 0.33 W cm-3 This work 

Table 1. Typical results of other currently available flexible and all-solid-state SCs. 

 

Conclusions 
 In summary, we have successfully fabricated flexible and high-

performance all-solid-state SCs based on Au/polyaniline hybrid 25 

electrodes that are integrated on flexible polyethylene 

terephthalate substrates. The fabricated SCs acquire a maximum 

areal capacitance of 51.7 mF cm-2 at a current density of 0.1 mA 

cm-2 and a maximun energy density of 5.57 mWh cm-3 at the 

power density of 0.33 W cm-3, which are comparable to the 30 

values obtained for other currently available flexible and all-

solid-state supercapacitors. In addition, the fabricated all-solid-

state SCs have excellent mechanical flexibility, long-time 

stability, acid/alkaline-corrosion resistance, and can be connected 

in series to light-up a red light-emitting diode. This method is 35 

simple, environmentally benign and easy to be scaled up. The 

SCs fabricated with this method hold great promise to be used as 

flexible energy storage devices for portable and wearable 

electronics in the future. 

 40 
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