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A B S T R A C T

A solid-state electrochromic (EC) device with high thermal durability was successfully fabricated by the com-
bination of Fe(II)-based metallo-supramolecular polymer (polyFe) as a cathodically coloring EC layer, a poly
(methyl methacrylate)-based solid-state electrolyte layer, and Prussian blue (PB) as an anodically coloring EC
layer between two indium tin oxide (ITO)-coated glass conducting substrates. Spray coating technique was used
to make polyFe film on ITO-glass. Counter materials were investigated to improve the long-term durability and
performance of solid state devices. The polyFe layer thickness was optimized at 240 ± 50 nm, resulting in
better electrochromic performance of the fabricated device with transmittance change of ~54% and 95% cyclic
stability after 1000 cycles with a short response time by applying voltages of +2.7 V and −1.3 V reversibly.
Importantly, the thermal stability of the fabricated solid device was also explored, and we achieved maximum
temperature stability at 100 °C with 50% retention of device properties in this study.

1. Introduction

Recently, the development of highly durable, thermally stable, and
efficient electrochromic devices has emerged as an important research
topic worldwide, owing to the incredible requirements of high-demand
applications [1–5]. Due to the controllable optical properties of EC
devices, they can be used in different applications such as anti-glare
rearview windows [6], information displays [7], and windows designed
for sunlight attenuation [8]. Apart from these applications, EC devices
can be used as energy saving smart windows for buildings, vehicles, etc.
[9,10]. Various kinds of materials are used as the electrochromic ma-
terials for EC device fabrication, such as metal oxides [11,12], small
organic molecules [13,14], viologens [15,16], and conductive polymers
[17,18], including metallo-supramolecular polymers (MSPs) [19,20].
Several kinds of electrochromic materials have already been developed
to yield good color contrast, short switching time, and different color
variations [11–20]. However, some drawbacks or imperfections must
still be overcome for commercialization; improvements in durability
and thermal stability are necessary.

An electrochromic device showing a color change in the chromic
layer generally consists of an electrolyte in between two conducting
substrates. Importantly, the choice of electrolyte is one of the important
factors for fabricating highly durable, weather resistant electrochromic
devices. Usually, conventional electrochromic devices are operated by a

liquid electrolyte or low-viscosity gel electrolyte; however, safety issues
have limited their application. Interestingly, replacing liquid electrolyte
with a highly viscous gel or solid electrolyte is essential for lightweight,
safe, thin, handy electrochromic devices [21–24]. An electrochromic
device based on a solid polymeric electrolyte effectively resolves the
electrolyte leakage and short-circuit problems, increases the mechan-
ical strength and electrochemical stability of the device, and brings
many other benefits. Different types of polymers have been investigated
for making solid polymeric electrolytes for electrochromic devices, in-
cluding poly(vinylidene fluoride) (PVdF) and its derivatives, poly
(ethylene oxide) (PEO), and poly(methyl methacrylate) (PMMA)
[24,25]. Recently, room-temperature ionic liquids have been proposed
as promising nonvolatile, solvent-free, highly conducting electrolytes,
but high costs have restricted their application [26,27]. In addition to
the electrolyte, the counter electrode is also an important part of an
electrochromic device that plays a significant role in solid-state device
performance with respect to device fast step switching, durability,
steady current flow for long durations, and so on [28–30]. A counter
electrode or counter electrode materials should serve as a charge sto-
rage layer during the reversible redox change which occurs when a bias
voltage is applied to the device. In an electrochromic device, a redox
reaction occurs in the working electrode, and exactly opposing redox
reactions should occur simultaneously at the counter electrode side.
These simultaneous but opposite redox reactions in the working and
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counter electrode lead to easy and steady current flow through the
device, which improves long-term cyclic performance in low potential
windows. There are several kinds of materials that can be used as the
counter electrode, such as nickel hexacyanoferrate (NiHCF) [31,32],
zinc hexacyanoferrate (ZnHCF) [33], copper hexacyanoferrate (CuHCF)
[34], Prussian blue (PB) [35,36], conducting polymers [37,38], etc.
However, the selection of the proper counter electrode material for a
polyFe electrochromic layer based solid-device is an important issue.

Here, we report the fabrication of a solid-state electrochromic de-
vice based on a previously synthesized Fe(II)-metal centered metallo-
supramolecular polymer (polyFe) [19,20] as an electrochromic layer on
the working electrode side, a novel solid polymeric gel composed of
LiClO4, PMMA, and PC as the electrolyte layer, and anodically coloring
PB as an ion storage layer on the counter electrode side. A facile, low-
cost, nontoxic technique has been investigated to fabricate this solid-
state electrochromic device. The fabricated electrochromic device
showed excellent electrochromic performance within an operating
voltage range of +2.7 V/-1.3 V. The effect of the counter electrode
material on long-term durability was investigated. The thickness of
polyFe has been optimized to improve the electrochromic performance
of the device in terms of cyclic stability, transmittance change, and
response time. We have achieved a maximum transmittance change
(ΔT) of ~54% for a polyFe film thickness of 240 ± 50 nm with 95%
cyclic stability after 1000 cycles at room temperature. Furthermore, we
have measured the high-temperature cyclic stability of the fabricated
device in the range of 50–100 °C. The device retained 50% of its elec-
trochromic properties after cycling under conditions of 100 °C and 40%
relative humidity (RH).

2. Experimental section

2.1. Materials and instruments

Iron(II) acetate [Fe(OAc)2> 99.99%], indium tin oxide (ITO)-
coated glass substrates (resistivity 8–12 Ω/sq.), anhydrous lithium
perchlorate (LiClO4), and PB (Fe4[FeCN6]3) were purchased from Sigma
Aldrich. 1,4-Di[[2,2':6',2''-terpyridin]-4'-yl]benzene and poly-(methyl
methacrylate) [PMMA, MW 350 kg/mol] were purchased from TCI
Chemical. Propylene carbonate (PC), anhydrous acetic acid, spectro-
scopic grade methanol (MeOH), and acetonitrile (ACN) were supplied
by Wako Chemicals.

All electrochemical studies were carried out using an ALS/CHI
electrochemical workstation (CH Instruments, Inc.) using a two-elec-
trode system. An integrated Ocean Optics modular spectrometer was
connected with electrochemical analyzer to monitor transmittance
change in the EC devices upon application of potential. An Apeiros API
Corporation automated spray coater was used for polyFe film pre-
paration. A Veeco Instruments Inc. (Model Dektak 6M) surface profiler
was used for polyFe thickness measurement. An ESPEC Corp. benchtop-
type chamber (SH-242) was used as a temperature and humidity control
chamber. The surface topology of spray coated polyFe film was studied
using atomic force microscopy (AFM) in dynamic mode using a Si-DF40
cantilever (Nano Navi II of Seiko Instruments Inc. SII).
Thermogravimetric analysis (TGA) was performed by using an SII TG/
DTA 6200 instrument in a N2 environment with a 10 °C/min heating
rate. A Solartron 1260 impedance gain/phase analyzer coupled with a
Solartron 1296 dielectric interface was used for AC impedance mea-
surements at ambient conditions.

2.2. Preparation of polyFe

PolyFe was synthesized according to our previously reported pro-
cedure [19,20]. In this procedure, equimolar amounts of 1,4-di
[[2,2':6',2''-terpyridin]-4'-yl]benzene (200mg, 0.37mmol) and Fe
(OAc)2 (64mg, 0.37mmol) were refluxed in a N2-saturated atmosphere
in an acetic acid medium for 24 h. After cooling the reaction mixture

down to room temperature, the small amount of insoluble residue was
removed by filtration. The deep blue filtrate solution was transferred to
a petri-dish and the acetic acid solvent was evaporated slowly at room
temperature under atmospheric conditions. Finally, the product was
further dried under vacuum to yield a deep-blue colored solid polyFe
with ~90% yield.

2.3. PolyFe film preparation on ITO-glass

Firstly, polyFe was dissolved in MeOH to form a 3.5mg/mL solution
and stirred for 2 h at room temperature. Prior to the preparation of
polymer films, the polymer solution was filtered by a syringe filter
(PVDF, 0.45 μm) to completely remove any small insoluble residue.
Before the preparation of polymer films, the ITO-glass substrates were
cleaned by ultrasonication in acetone for 10min and then exposed to
ultraviolet-ozone for 20min. Before spray coating, ITO-glass substrates
were placed on a hotplate (temperature 60–70 °C). Smooth and uniform
blue colored polyFe films were prepared using an automated spray
coater on 2.5×2.5 cm2 ITO-glass substrates. By changing the spray
coating speed to 500, 400, 300, and 200 rpm for a single coating re-
petition and fixed solution concentration (3.5 mg/mL), we made films
with four different thicknesses, viz. Film-1, Film-2, Film-3, and Film-4
(Table S1, Supplementary data).

2.4. PB film preparation on ITO-glass

Similarly, PB films were prepared on ITO-glass substrates after
cleaning in acetone and UV-Ozone. Very thin PB layers were prepared
on 2.5× 2.5 cm2 ITO-glass substrates by spin coating with a spin speed
of 1500 rpm for 30 s from a water solution of PB (10mg/mL).

2.5. Preparation of gel electrolyte and device fabrication

A viscous gel electrolyte was prepared by mixing LiClO4 in PC with
vigorous stirring for 30min. After the LiClO4 completely dissolved in
PC, solid PMMA was added to the solution with constant stirring. We
maintained the component weight ratio in the viscous solution as
LiClO4/PC/PMMA=8/46/46. The viscous solution was stirred under
reduced pressure at room temperature for 1 h to removed dissolved air-
bubbles from the solution. Next, the viscous solution was poured onto
polyFe coated ITO-glass substrates (working electrode). After that, the
gel was sandwiched between (i) two bare ITO-glass layers to form the
Type-I device and (ii) two PB-coated ITO-glass layers to form the Type-
II device. The resulting two types of devices were placed in a tem-
perature/humidity control chamber at 100 °C and 40% relative hu-
midity (RH). Once the chamber temperature reached 100 °C, the
chamber temperature was cooled down to 25 °C at 40% RH. Finally, the
devices were cleaned and sealed with silicon glue to protect them from
atmospheric conditions. Different voltages were applied to the positive
and negative electrodes to observe any color change in the device.

3. Results and discussion

The synthesized polyFe was characterized by UV–Vis spectroscopy,
atomic force microscopy (AFM), and thermogravimetric analysis (TGA).
The chemical structural changes in polyFe during oxidation and re-
duction are shown in Fig. 1a. The methanol solution of polyFe shows a
strong absorption peak at ~580 nm (Fig. 1b) in its UV–Vis spectrum,
attributed to the metal-to-ligand-charge-transfer (MLCT) transition of
the central Fe2+-metal ion to terpyridine ligands to form a quasi-oc-
tahedral coordination geometry [19,20,39,40]. The surface mor-
phology and roughness of the spray coated polyFe film were examined
by AFM (Fig. 1c and d). AFM analysis clearly showed a rough cloudy
like surface in a 2.5×2.5 μm2 area range. The thermal stability was
also measured by a TGA study and it remained quite stable up to 350 °C
as shown in Fig. S1 (Supplementary data). In the TGA study, a small
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Fig. 1. (a) Chemical structure of polyFe in oxidized and reduced forms. (b) UV–Vis spectra of polyFe in methanol solution. (c, d) AFM image and the corresponding
height profile view of the spray-coated film.

Fig. 2. (a) Design of the fabricated solid-state electrochromic device. (b) Reversible color change on device (dimension 2.0× 5.5 cm2). (c) Spectral change of
transmittance (T%) for the solid-state device by applying a voltage of +2.7 V and −1.3 V. (d) Change of transmittance (ΔT %) for solid-sate device by applying the
same voltage with different intervals (5 s, 2.5 s, 1 s, 0.5 s, and 0.2 s respectively).
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weight loss occurred initially at around 100 °C, which is most probably
due to absorbed moisture or acetic acid solvent. After that, it showed
quite stable behavior up to 350 °C (22% weight loss).

3.1. Electrochemical and spectroelectrochemical properties of fabricated EC
devices

A solid-state electrochromic device was fabricated by using polyFe
as an electrochromic layer, LiClO4-based solid PMMA gel as an elec-
trolyte layer, and thin PB as an ion storage counter electrode layer in
between two ITO-glass conductive substrates. The details of the device
structure are schematically explained in Fig. 2a. The fabricated solid-
state electrochromic device showed a vivid bluish-violet color, and
upon applying +2.7 V, the color of the device changes from bluish-
violet to colorless because of the oxidation of Fe(II) to Fe(III) in polyFe.
Similarly, by applying −1.3 V, the device color changes back from
colorless to bluish-violet (Fig. 2b), due to the reduction of Fe(III) to Fe
(II) in polyFe (Fig. 2b). This reversible color change behavior is stable
over several cycles. During the color change of the fabricated solid
device, the spectral (T%) change at the oxidized and reduced states was
recorded in Fig. 2c. The change in transmittance (ΔT%) between the
colored and bleached states was found to be ~57% by monitoring at
580 nm for the singlet MLCT band of polyFe. The dynamic transmit-
tance switching (colored to bleached and vice versa) of the device was
monitored over several different intervals (5 s, 2.5 s, 1 s, 0.5 s, and

0.25 s) at a fixed operating voltage of +2.7 V to −1.3 V repeatedly
(Fig. 2d). In this study, it was observed that for intervals up to 1 s, the
ΔT of the fabricated device remained unchanged. After that, ΔT gra-
dually decreased.

3.2. Effect of counter materials on device performance

Two types of solid-state electrochromic devices were fabricated.
One is without any counter material (Type-I), while the other does
contain a counter material (Type-II). The Type-I device was fabricated
by using polyFe as the electrochromic layer and LiClO4-based semi-
solid gel as the electrolyte layer in between two ITO-glass conducting
substrates (Type-I: ITO/polyFe/Gel/ITO). The Type-II device was fab-
ricated in the same manner as the Type-I device, but with one extra PB
layer on the counter electrode (Type-II: ITO/polyFe/Gel/PB/ITO). The
details of the structures of the two types of devices are schematically
explained in Fig. 3a (Type-I) and Fig. 3b (Type-II).

The long-term dynamic transmittance behavior of two devices,
shown in Fig. 3c (Type-I) and Fig. 3d (Type-II), was recorded by step-
ping between the colored state (−1.3 V) and bleached state (+2.7 V)
with a 5 s interval. The cyclic stability of the fabricated devices was
calculated by comparing ΔT at the initial and final stages (ΔTfinal/
ΔTinitial). The ΔT change for the devices initially and after n cycles are
summarized in Table 1. As shown, the Type-I device exhibited stable
transmittance behavior up to a certain period, after which the stable

Fig. 3. Design of the fabricated solid-state device (a) Type-I: ITO/polyFe/Gel/ITO, (b) Type-II: ITO/polyFe/Gel/PB/ITO. Corresponding cyclic stability data for (c)
Type-I device, and (d) Type-II device stepped between colored state (−1.3 V) and bleached state (+2.7 V) with a 5 s interval.

Table 1
The cyclic performances of Type-I and Type-II devices.

Devicea ΔT after 1st cycle (%) ΔT after 150th cycle (%) ΔT after 200th cycle (%)

Type-I: ITO/polyFe/Gel/ITO 57.8 56.4 (97.5%) –
Type-II: ITO/polyFe/Gel/PB/ITO 56.7 54.2 (95.5%) 54.1 (95.4%)

a Operation voltage +2.7 V (bleaching), −1.3 V (coloring).
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transmittance behavior suddenly dropped (Fig. 3c). However, the Type-
II device exhibited good stable transmittance behavior for a long period
of time with only ~4% loss in its properties (Fig. 3d). Due to the pre-
sence of an ion storage layer in the Type-II device, it showed a steady
current flow through the device for a long time, leading to excellent
cyclic stability. Therefore, we chose the counter layer-based Type-II
device for our further studies.

In Type-I device, it is supposed that ITO serves as anodic species.
The redox mechanism of ITO is not clear, but the reduction of ITO
should enable the oxidation of polyFe. However, the reduced state of
ITO is not stable so much in the device. We found the ITO in Type-I
device received damage and changed the color from colorless to brown
during the repeated EC changes. It is considered that the damage of ITO
decreases the stability of the EC changes.

3.3. Effect of polyFe film thickness on electrochromic properties and EC
device

Notably, electrochromic properties greatly depend on the thickness
of the electrochromic layer. The spray coating technique was used to
make polyFe films of different thicknesses on ITO-glass substrates
(Fig. 4a). The film thickness can be nicely controlled by changing the
spray speed for a single repetition (Table S1, Supplementary data).
Digital photographs of four different films are shown in Fig. 4b
(thickness increases left to right). The absorbance and transmittance
behavior of the four different thickness films are shown in Fig. 4c and d,
respectively. The polyFe films on ITO-glass substrates showed absor-
bance peak maxima (λmax) at ~590 nm (Fig. 4c), ascribed to the MLCT
transition of Fe2+ to hexa-coordinated bis-terpyridine ligand of polyFe
[19,20]. Film thickness measurements were carried out using a surface
profilometer instrument (Fig. S2, Supplementary data). When the
thickness was changed from 90 ± 40 nm to 600 ± 100 nm, the film
transmittance changed from ~40% to ~9% at the peak maxima at
590 nm (Fig. 4d). With increasing polyFe film thickness, the absorbance
of the films gradually increases and naturally the transmittance de-
creases. Therefore, we optimized film thickness in a certain range
where the film shows good electrochromic optical contrast with long-
term durability.

To determine the effect of polyFe film thickness on electro-
chromism, we fabricated four different electrochromic devices with
polyFe films of different thickness. The structure of the fabricated de-
vices is already described in Fig. 2a with complete description of each
layer. When the film thickness was increased from 90 ± 40 to
600 ± 100 nm, the films became darker in color, as can be seen by the
naked eye (Fig. 4b). The change in transmittance (ΔT) and response
time (tb or tc) increased with increasing polyFe film thickness, however,
simultaneously the cyclic performance gradually decreased at room
temperature. The continuous dynamic transmittance behavior of four
fabricated devices are shown in Fig. 5. All electrochromic performance
data for four different solid-state devices are summarized in Table 2.
Therefore, considering all electrochromic properties like ΔT, response
time, and cyclic stability, we chose the EC device with 240 ± 50 nm
film thickness for further study. Coloration efficiency (η) for ECD-4 (the
best color contrast device) has been calculated to be 321 cm2/C from
the slope of optical density versus charge density plot (Fig. S3, Sup-
plementary data).

3.4. Temperature stability and performance of fabricated solid
electrochromic device

The stability of electrochromic devices at high temperature is an
important issue now. To check the thermal stability of our fabricated
device, we performed electrochromic operations at room temperature
(25 °C), followed by high temperature (50 °C–100 °C), and again at
room temperature (25 °C). Therefore, by comparing electrochromic
performance before and after high-temperature operation, we could
calculate the thermal stability of the EC device. The continuous dy-
namic transmittance (T-t) behavior of the fabricated device before and
after different temperature operations are represented in Fig. 6. The T-t
behavior at 50 °C is clearly demonstrated in Fig. 6a. Initially, the T-t
performance (100 cycles) was recorded at room temperature (25 °C),
followed by another 100 cycles at 50 °C and 40% RH conditions. After
that, the same device was subjected to another ~425 cycles at room
temperature. Now, comparing the ΔT of the device before and after
50 °C temperature operation, it can be observed that the electrochromic
properties were retained at almost ~90% of their original values.

Fig. 4. (a) Schematic presentation of spray coating film preparation, (b) polyFe films of different thicknesses on ITO-glass substrates, (c) absorbance spectra, and (d)
corresponding transmittance spectra of the different films.
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Similarly, after electrochromic operation at 60 °C, 70 °C, 80 °C, 90 °C,
and 100 °C, we found device stability values of ~78.2%, ~76.3%,
~65.3%, ~55.7%, and 49%, respectively. The electrochromic perfor-
mance and stability at different temperatures are summarized in
Table 3. Therefore, from these results it is shown that as the tempera-
ture is increased from 50 °C to 100 °C at a fixed RH (40% RH), the
device sustainability gradually decreased. The possible reason for de-
creasing device performance after high-temperature treatment is gel
electrolyte dryness, owing to low ion mobility through the device. The
thermal sustainability behavior of the solid electrolyte gel was studied
through TGA (Fig. S4, Supplementary data). In the TGA study, the gel

electrolyte showed slow weight loss with temperature. At 100 °C, the
electrolyte showed ~6% weight loss, probably because of dryness,
which affects the ionic conductivity of the gel electrolyte. Before high-
temperature treatment, the solid electrolyte showed an ionic con-
ductivity (σ) of ~5.01× 10−5 S cm−1 and during high-temperature
operation, the ionic conductivity was enhanced to ~7×10−5 S cm−1

due to fast ion movement. However, the same gel after cooling down to
room temperature showed a decreased ionic conductivity of
~2.9×10−5 S cm−1 (Fig. S5, Supplementary data). Therefore, due to
the low conductivity of the solid gel electrolyte after high-temperature
treatment, easy and steady current flow behavior is hampered inside

Fig. 5. Spectral transmittance change (left), (inset image represents color change upon applying voltage) and the corresponding long-term cyclic performance (right)
of devices based on polyFe films of different thicknesses: (a, b) Device-1, (c, d) Device-2, (e, f) Device-3, (g, h) Device-4. (For interpretation of the references to color
in this figure legend, the reader is referred to the Web version of this article.)
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the device, which leads to gradually decreasing performance after high-
temperature treatment.

It is considered that for thicker coatings of polyFe the charge ca-
pacity of the PB is not sufficient to match the cathodic electrode. In the
case, it is supposed that the counter ITO electrode accepts the lacking
charge capacity. However, the reduced form of ITO is not so stable in
the device, as shown in the Type-I device. It is considered that the cyclic
and thermal stability of the Type-II device decreased with increasing

the thickness of polyFe more than 230 nm, because the accepted charge
capacity of ITO increased.

4. Conclusions

We have successfully fabricated an all-solid-state electrochromic
device based on cathodically coloring polyFe as an electrochromic layer
on the working electrode, LiClO4-based solid polymeric gel as an elec-
trolyte layer, and anodically coloring PB thin ion storage layer on the
counter electrode side in between two ITO-coated glass substrates as a
conducting substrate. An automated spray coater machine was used to
make polyFe films of different thicknesses on ITO-glass. A facile, low-
cost, nontoxic method has been used for device fabrication. The fabri-
cated device showed reversible color change from blueish-violet to
colorless and vice versa by applying voltages of +2.7 V and −1.3 V.
Counter materials were explored to improve the long-term durability
and performance of solid-state devices. We successfully optimized the
thickness of polyFe at 240 ± 50 nm with a maximum transmittance
change (ΔT) of ~54% (at 580 nm) and 95% property retention after
1000 cycles at room temperature. Importantly, the thermal stability of
the fabricated solid device was also studied at different temperatures
and we achieved maximum stability at 100 °C with ~50% EC property
retention. The idea and concepts described in this study should help to
fabricate another kind of electronic device, whose working function and
device structure are very similar to electrochromic devices that may
operate in hot summer conditions in the future. In addition, we will

Table 2
Electrochromic performances of fabricated EC devices with polyFe films of different thicknesses.

Device PolyFe film thickness (nm) ΔT% Response time (t) Property retained after 1000 cyclesa

ΔT% (1st cycle) ΔT% (1000th cycle) tb (s) tc (s)

1st 1000th 1st 1000th

1 90 ± 40 34 ± 0.5 34 ± 0.5 0.2 0.3 0.23 0.35 ~100%
2 240 ± 50 54 ± 0.5 51 ± 0.5 0.4 0.42 0.51 0.92 ~95%
3 360 ± 60 56 ± 0.5 39 ± 0.5 0.6 0.72 0.89 5.0 ~70%
4 600 ± 100 60 ± 0.5 33 ± 0.5 0.78 1.05 0.82 >5 ~55%

a % of Property retention (ΔT at 1000th cycle/ΔT at 1st cycle)× 100.

Fig. 6. Transmittance vs. time (T-t) behavior of the fabricated electrochromic devices before and after high-temperature operation at (a) 50 °C, (b) 60 °C, (c) 70 °C, (d)
80 °C, (e) 90 °C, and (f) 100 °C at a fixed (~40%) relative humidity.

Table 3
Effect of temperature on electrochromic properties of fabricated solid-state
device.

Serial no. Temp. (°C) and
humidity (%RH)

ΔT% EC property
retentionc

ΔT%a ΔT%b

1 50 °C, 40% RH 56 ± 0.5 50 ± 0.5 ~89.3%
2 60 °C, 40% RH 55 ± 0.5 43 ± 0.5 ~78.2%
3 70 °C, 40% RH 55 ± 0.5 42 ± 0.5 ~76.3%
4 80 °C, 40% RH 56 ± 0.5 36.5 ± 1 ~65.2%
5 90 °C, 40% RH 56.5 ± 0.5 31.5 ± 0.5 ~55.7%
6 100 °C, 40% RH 57 ± 0.5 28 ± 0.5 ~49%

a The change in transmittance before high-temperature EC operation.
b The change in transmittance after different high-temperature EC opera-

tions.
c Property retention (ΔT after high-temperature operation/ΔT before high-

temperature operation).

S. Mondal, et al. Solar Energy Materials and Solar Cells 200 (2019) 110000

7



investigate the relationship of the applied color and bleach potentials as
a function of temperature in the near future, because an over potential
may acceralate the degradation of the device at elevated temperatures.
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