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Reversible modulation of the transmittance in electrochromic devices (ECDs) holds tremendous potential
for energy-saving windows. The choice of electrolyte significantly influences the optical modulation, col-
oring response speed, coloring efficiency, and cycling stability of electrochromic devices. Moreover, tradi-
tional electrolytes are prone to instability under extreme temperature conditions, leading to device failure
and severely limiting the widespread application of smart electrochromic windows. This study introduces
LiCl water-in-salt electrolyte (WiSE) into tungsten oxide-based ECDs. LiCl WiSE exhibits wide-temperature
tolerance and excellent ion conductivity. Therefore, the constructed tungsten oxide ECD demonstrates
large optical modulation (76.2 %@700 nm), fast response time (t. =2.0s, t, = 1.8 s), and high cycling stabil-
ity (95.8% retention after 1000 cycles). Especially, it operates efficiently over a wide temperature range
of -30~80°C. This research provides a new approach for electrolyte selection in the fabrication of high-

performance, wide-temperature-tolerant ECDs.
© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Electrochromism involves the reversible dynamic modulation of
the optical properties of electrochromic materials under applied
voltage, and it finds wide applications in areas such as anti-glare
mirrors, electrochromic windows, automotive sunroofs, and aircraft
windows [1,2]. An electrochromic device (ECD) typically consists
of a sandwich structure comprising an electrochromic electrode,
an electrolyte layer, and an ion storage layer [3,4]. The electrolyte,
serving as the ion-conducting medium between the electrochromic
material and the ion storage layer, facilitates effective ion transfer
to enable the reversible color changes [5,6]. Key parameters of the
electrolyte include ionic conductivity, transparency, thermal stabil-
ity and safety, playing crucial roles in the optical modulation, re-
sponse time, cycling lifespan and temperature tolerance of ECDs
[7]. Depending on their state of matter, electrolytes can be cate-
gorized into liquid, solid and gel electrolytes [8-11]. Among them,
liquid electrolytes have the advantages of high ionic conductivity,
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easy preparation, and wide adaptability, which are currently the
primary choice for ECDs [12].

Traditional liquid electrolytes are generally lithium and sodium
salts dissolved in organic solvents, offering high conductivity and
short response time but posing safety concerns such as flamma-
bility, toxicity, and pollution [13-15]. Compared to organic elec-
trolytes, aqueous electrolytes are safe, environmentally friendly,
and efficient, making them ideal alternatives [16-18]. However, tra-
ditional aqueous electrolytes suffer from several limitations that
restrict their widespread application [19-22]. Firstly, the narrow
working voltage window of traditional aqueous electrolytes is due
to the high reactivity of free water molecules. Secondly, the abun-
dance of polar water molecules in traditional aqueous electrolytes
can damage the electrode material structure during cycling, lead-
ing to poor electrochemical stability. Thirdly, traditional aqueous
electrolytes are prone to freezing at low temperatures and exhibit
rapid stability decay at high temperatures, resulting in device fail-
ure. The extensive use of smart windows, particularly in appli-
cations requiring tolerance to extreme temperatures (—30~80°C),
imposes stringent requirements on the selection of electrolyte for
ECDs. Compared to traditional organic or aqueous electrolytes, LiCl
WIiSE maintains a higher conductivity in low-temperature envi-
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Fig. 1. (a) LSV curves with different concentrations of LiCl. (b) Coordination num-
bers of Li-O and Li-Cl. (c) Free water molecule and coordination water contents
in different concentrations of LiCl. (d, e) Schematic representation of the solvated
structures of 1mol/L and 20mol/kg LiCl. (f) Ionic conductivity of 1mol/L LiCl,
20 mol/kg LiCl and 1 mol/L LiClO, at 25°C.

ronments. Additionally, its unique solvation effect helps suppress
freezing and reduce viscosity at low temperatures, which promotes
ion migration and charge transfer, improving the electrochromic
device’s response speed and cycling stability.

In this work, LiCl water-in-salt electrolyte (WiSE) was used to
construct ECD, employing tungsten oxide as the electrochromic
functional layer. The extremely low content of free H,O in the
WISE enhances its electrochemical stability at both high and
low temperatures, with reduced damage to the electrode ma-
terial. Additionally, experimental results indicate that WiSE ex-
hibits high ionic conductivity and low desolvation energy barriers,
which facilitate the insertion/extraction of Lit in tungsten oxide.
As a result, the fabricated ECD exhibited high optical modulation
(AT=76.2%@700 nm), fast response times (t. =2.0s, t;, =1.8s), and
excellent cycling stability (95.8% retention after 1000 cycles). Im-
portantly, this device operated effectively in extreme temperature
environments from —30°C to 80°C. This work provided an attrac-
tive candidate electrolyte for high-performance, all-temperature-
tolerant ECDs.

The electrolyte layer plays a crucial role in the performance of
electrochromic devices, especially in terms of temperature toler-
ance. This study introduces the incorporation of a LiCl WiSE into
ECDs to enhance their performance and temperature tolerance. Fig.
S1 (Supporting information) presents optical photographs of dif-
ferent concentrations of LiCl electrolytes ranging from 1 mol/L to
20 mol/kg. All electrolytes exhibit a colorless and transparent state,
meeting the optical transmittance requirements of electrochromic
electrolytes. Electrochemical stability and ion conductivity are im-
portant parameters for electrolyte selection in ECDs. The electro-
chemical stability window of aqueous LiCl solutions with differ-
ent concentrations was investigated by conducting linear sweep
voltammetry (LSV) scans at 10mV/s on inert titanium foil elec-
trodes [23]. As shown in Fig. 1a, with an increase in the electrolyte
concentration, the electrochemical stability window of the elec-
trolyte gradually expands. Compared to the electrochemical sta-
bility window of 1.7V (-0.5~1.2V vs. Ag/AgCl) for the 1mol/L
LiCl aqueous electrolyte, the stability window expands to 2.3V
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(=1.0~1.3V vs. Ag/AgCl) for the 20 mol/kg LiCl electrolyte. This in-
dicates that concentrated LiCl electrolytes can suppress the oxygen
evolution reaction (OER) and hydrogen evolution reaction (HER),
which is conducive to satisfy the electrochromic reactions of the
WOs5 layer at high potentials and effectively improve the electro-
chemical stability.

Molecular dynamics (MD) simulations were employed to in-
vestigate the structure and kinetic properties of hydration sys-
tems at different LiCl concentrations (1 mol/L, 5mol/kg, 10 mol/kg,
15 mol/kg, and 20 mol/kg) (Fig. S2 in Supporting information). Due
to the small size and high charge density of Li*, they usually ex-
hibit strong interactions with the surrounding H,O molecules [24],
resulting in the formation of rigid hydration spheres, as evidenced
by the appearance of the Li*-O sharp peak at 0.196 nm. Whereas,
the spike located at 0.243nm is attributed to LiT-Cl- interaction
(Fig. S3 in Supporting information) [25,26]. The lithium hydration
sphere is balanced between four stabilizing clusters: [Lit(H,0)4]",
[Lit(H,0)3CI"], [Lit(H,0),(Cl"),]", and [Lit(H,0)(Cl");]* (Fig. S4
in Supporting information), and the total coordination number of
lithium ions remains approximately 4 at different salt concen-
trations (Fig. 1b). With increasing salt concentration, Lit-Cl- in-
teraction intensifies as more CI- penetrates the lithium hydra-
tion sphere and replaces partial H,O molecules, leading to a de-
crease in the Li*-O coordination number [27-31]. Further analy-
sis of the simulations showed that the percentage of free water in
20mol/kg LiCl WiSE was only 5.7%, whereas in 1 mol/L, 5 mol/kg,
10 mol/kg, 15mol/kg LiCl, it was 83.2%, 40.5%, 15.6%, and 9.5%,
respectively (Fig. 1c). The reduction in free water molecules im-
plies that the proton activity is affected by the salt concentra-
tion. At low concentrations, a small amount of lithium hydration
shells is evenly distributed, and the proton activity still favors the
side reactions of electrolytic water, as there are sufficient free H,O
molecules available (Fig. 1d). With further increasing LiCl concen-
tration, Cl" ions penetrate the lithium hydration spheres to sub-
stitute for partial H,O molecules, resulting in limited free H,O
availability (Fig. 1e). This significantly diminishes the proton sup-
ply and contributes to enhanced electrochemical stability under
both room temperature and even extreme temperature conditions.
Therefore, high-concentration salt electrolytes can effectively im-
prove electrochemical stability. Raman spectroscopy was utilized to
investigate the structural evolution of LiCl electrolytes as their con-
centration increased. The Raman bands ranging from 2800 cm!
to 3800 cm™! correspond to the O-H stretching vibration modes
of water molecules (Fig. S5 in Supporting information). In a di-
lute solution (1 mol/L LiCl), the O-H stretching vibrations dis-
play broad Raman bands similar to those observed in pure water.
These bands are ascribed to five hydrogen-bonding environments:
DAA (single-donor-double-acceptor), DDAA (double-donor-double-
acceptor), DA (single-donor-single-acceptor), DDA (double-donor-
double-acceptor) donor-single-acceptor), and free-OH in the free
water clusters [32,33]. As the concentration increased, the pres-
ence of free-OH significantly decreases in 20 mol/kg LiCl solution,
indicating a greater involvement of H,O molecules in the lithium
hydration sphere, thereby significantly reducing proton availability.
This observation aligns with the widening of the electrochemical
stability window observed in 20 mol/kg LiCl solution.

The ionic conductivity (o, S/cm) was obtained from impedance
tests, for specific details refer to the section on electrochemical
measurements (Figs. S6-S8, Tables S1 and S2 in Supporting infor-
mation). The 1mol/L LiCl solution demonstrates a high conduc-
tivity of up to 43.2 mS/cm. lonic conductivity is influenced by
ion concentration and ion mobility. With increasing ion concen-
tration, the distance between ion dimini ishes, leading to stronger
interactions and heightened resistance to ion movement. On the
other hand, in the 20 mol/kg LiCl electrolyte, the electrostatic in-
teraction between electronegative Cl- channels and the electropos-
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Fig. 2. (a) Schematic of electrochromic device assembled from tungsten trioxide and graphite foil. (b) CV curves of electrochromic devices in different electrolytes. (c)
Transmission spectra in the visible range. (d) Photographs of electrochromic device (3 cm x 3cm) in coloring and bleaching states. (e) Cyclic stability of 20 mol/kg LiCl
@700 nm transmittance. (f) Switching time @700 nm. (g) Variation of optical density (AOD, 633 nm) versus charge density of WO; membrane in different electrolytes.

itive hydrated lithium ions facilitates efficiention transport in the
WISE (Fig. S8 in Supporting information) [34,35]. Ultimately, the
ionic conductivity of the 20mol/kg LiCl electrolyte reaches 60.7
mS/cm, significantly surpassing that of 1mol/L LiClO4 in PC (the
commonly used organic electrolyte), which stands at 6.2 mS/cm
(Fig. 1f). It is noteworthy that the use of concentrated or satu-
rated salt solutions in water can significantly depress the freezing
point to well below the thermodynamic value. As shown in Fig.
S9 (Supporting information), the differential scanning calorime-
try (DSC) results reveal that the freezing point of 1mol/L LiCl is
—5.4°C. When the concentration is further increased to 20 mol/kg,
the freezing point drops to —30.7°C, ensuring the device’s oper-
ability under low-temperature conditions. In addition, the conduc-
tivity of 1mol/L LiCl and 20 mol/kg LiCl at different temperatures
was plotted (Fig. S10 in Supporting information), based on the in-
ternal resistance obtained from the Nyquist plots (Figs. S11 and S12
in Supporting information). The calculation results show that at
—30°C, the conductivity of 20 m LiCl decreases more significantly,
but it still remains at 11.9 mS/cm, which meets the requirements
for ECDs. Under the condition that the low-temperature conductiv-
ity supports the normal operation of the device, the electrolyte’s
ability to maintain stable optical transmittance without being af-
fected by freezing becomes even more crucial. Furthermore, the
ionic conductivity at different temperatures was fitted using the
Vogel-Tamman-Fulcher (VTF) empirical formula [36]:

—E,
R(T - To):| M

where A represents the pre-exponential factor, E; denotes the acti-
vation energy, R stands for the ideal gas constant, and Ty denotes
the ideal glass transition temperature. E; can be approximated as
the desolvation energy barrier for Li*. According to this equation,
the E; for 20 mol/kg LiCl is 0.10 eV, which is lower than the E, for
1 mol/L LiCl (0.17eV). The root cause of this difference lies in the
distinct solvation effects of Li* in the two solutions [37]. As a re-
sult, 20 mol/kg LiCl is more favorable for the electrochemical inser-
tion/extraction of Li* ions.

The aforementioned results indicate that the 20mol/kg LiCl
WISE boasts a wide electrochemical stability window, high ion
conductivity, and extensive temperature tolerance. Therefore, the
utilization of 20 mol/kg LiCl WiSE holds promise for fabricating
high performance ECDs applicable under extreme temperature en-
vironents. In this study, we employed magnetron sputtered tung-
sten oxide (WO3) as the electrochromic active layer, graphite foil as

fog =AT‘;|:

the ion storage layer, and 20 mol/kg LiCl WISE as the electrolyte to
construct the ECD (Fig. 2a). WOs is the most widely used inorganic
electrochromic material, known for its high modulation efficiency,
rapid response, and excellent cyclic stability [38,39]. Magnetron
sputtering offers the advantages of good uniformity and high re-
producibility [40]. Therefore, in this study, magnetron-sputtered
WO3; was chosen as the electrochromic active material (Fig. S13a in
Supporting information). Magnetron-sputtered WO3 typically pos-
sesses an amorphous structure (Fig. S13b in Supporting informa-
tion), resulting in faster response speeds as they bypass a slow
phase transition process [41]. SEM imaging showed that the amor-
phous WO consisted of particles approximately 200nm in size,
forming a film with numerous gaps and interstitials in its micro-
scopic structure (Fig. S13c in Supporting information), facilitating
the conduction of electrolyte ions. To enhance the credibility of the
experimental results, the thickness of the W03 films used in this
study was uniformly set to 300 nm (Fig. S13d in Supporting infor-
mation). Graphite foil, characterized by its affordability, high con-
ductivity, plasticity, remarkable chemical stability and rich surface
chemistry, was chosen as the ion storage layer. Importantly, it can
be effectively combined with other materials such as metal and
glass to fulfill the diverse design requirements of ECDs [42]. XRD
analysis of the graphite foil revealed only a narrow and sharp char-
acteristic peak at 26.7° corresponding to the (002) crystal plane
(Fig. S14a in Supporting information), consistent with the charac-
terization card of graphite (JCPDS No. 41-1487), indicating a high
degree of graphitization of the graphite foil [43]. The optical im-
age showing the appearance of graphite was depicted in Fig. S14b
(Supporting information), and SEM results illustrated the presence
of stacked layers of graphite within the graphite foil (Fig S14c in
Supporting information).

To validate the superiority of 20 mol/kg LiCl WiSE, ECDs with
different electrolytes were assembled, where the electrochemical
and EC properties were studied and compared. For the ECDs us-
ing 20mol/kg LiCl and 1mol/L LiClO4-PC, the CV curves for the
first three cycles largely overlapped, whereas non-overlapping CV
curves were obtained for the device with 1 mol/L LiCl, demonstrat-
ing the high electrochemical reversibility of the devices utilizing
20mol/kg LiCl and 1mol/L LiClO4-PC electrolytes (Fig. 2b). Addi-
tionally, the device using 1 mol/L LiClO4-PC exhibited a smaller en-
closed area in the CV curve which could be attributed to lower
ionic conductivity, resulting in a slower Li™ insertion/extraction
process. Conversely, the device utilizing 20 mol/kg LiCl WiSE ex-
hibited the largest CV curve area, demonstrating the highest elec-
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trochemical activity. Optical modulation, cyclic stability, response
time, etc., are the most critical evaluation parameters for ECDs.
Fig. 2c shows transmission spectra measurements at —1.8V (col-
ored state) and 1.8V (bleached state). The ECD with 20 mol/kg
LiCl WIiSE demonstrates outstanding optical modulation, with a
modulation rate of 76.2% at the wavelength of 700nnm, surpass-
ing that of devices using 1mol/L LiCl (72.3%) and far exceeding
that of the device employing the commonly used 1mol/L LiClO4-
PC (50.9%). Fig. S15 (Supporting information) shows the solar irra-
diance transmittance spectra for devices using three different elec-
trolytes, with the corresponding calculated results provided in Ta-
ble S3. The ECD constructed with the 20 mol/kg LiCl electrolyte ex-
hibits a solar radiation transmission modulation of 61.0%, which is
higher than that of devices using 1 mol/L LiCl (43.5%) and 1 mol/L
LiClO4 (37.4%). Fig. 2d illustrates the optical images of the elec-
trochromic device assembled with 20 mol/kg LiCl WISE in the col-
ored and bleached states, displaying a uniform dark blue color in
the colored stateand clear visibility in the bleached state, driven
by the reversible insertion/extraction of lithium ions into the WOs.
XPS characterization was conducted on WOs in the initial and col-
ored state, respectively (Fig. S16 in Supporting information). Com-
pared to the initial state, a portion of W6+ in W05 was reduced
to W* in the colored state, consistent with that in the common
LiClO4-PC system [44,45].

The presence of H,O in the 20 mol/kg LiCl WiSE primarily par-
ticipates in the form of lithium hydration spheres, characteried
by very few free H,O molecules, with significantly reduced pro-
ton supply and minimized dissolution of the electrochromic mate-
rial. Consequently, the ECD using 20 mol/kg LiCl WiSE exhibits sig-
nificantly improved cyclic stability. After 1000 coloring/bleaching
cycles, the optical modulation remains 95.8% of the initial value
(Fig. 2e), comparable to the stability achieved with organic elec-
trolyte based on 1 mol/L LiClO4-PC (Fig. S17 in Supporting informa-
tion). In contrast, due to the abundance of free water molecules,
severe water decomposition occurs as side reactions in 1mol/L
LiCl electrolyte. Consequently, the WO5 layer in devices using
1 mol/L LiCl electrolyte corrodes and fails after several tens of col-
oring/bleaching cycles, resulting in a significant deterioration of
optical modulation till disappearance (Fig. S18 in Supporting in-
formation). Despite the favorable stability of the LiClO4-PC elec-
trolyte, the optical modulation was significantly lower than that of
20 mol/kg LiCl WiSE in the same coloring voltage range, attributed
to its low ionic conductivity. The electrochemical cycling stability,
corresponding to the spectral stability, is depicted in Figs. S19-S21
(Supporting information), where a sudden drop in current occurred
after approximately sixty cycles in the 1 mol/L LiCl electrolyte, re-
sulting in the expired coloration of WOs. In contrast, the maximum
current intensity of ECDs with the 20 mol/kg LiCl WiSE and the
1 mol/L LiClO4 electrolyte maintained nearly constant throughout
the coloring and bleaching processes.

The response time is defined as the time required to achieve
90% of the required optical modulation during coloring or bleach-
ing process. As depicted in Fig. 2f, the coloring/bleaching times for
electrochromic devices using 20 mol/kg LiCl are 2.0/1.8 s, which are
shorter compared to those using 1 mol/L LiCl (3.2/1.4s) and 1 mol/L
LiCl04-PC (4.5/3.05s) electrolytes. The device employing 20 mol/kg
LiCl electrolyte exhibits a faster response, which is associated with
its higher ionic conductivity. The coloration efficiency (CE) is also
an important parameter for evaluating ECDs. Defined as the change
in optical density (AOD) per unit of inserted charge (AQ). CE can
be calculated by the following equation [46]:

AOD T,

E=—— =1 = /A 2
C A0 og(Tc>/ Q (2)
where T, and T. are the corresponding transmittance in the
bleached and colored states, respectively. AQ is obtained by in-
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Fig. 3. (a) Low-temperature and (b) high-temperature optical performance of elec-
trochromic devices with 20 mol/kg LiCl recorded in the visible range. Optical mod-
ulation curves of the device with (c¢) 1mol/L LiCl and (d) 1 mol/L LiClO4 at —30°C
and 80°C (@700 nm).

tegrating the curve current of the chronoamperometer. The calcu-
lated CE of the device assembled with 20 mol/kg LiCl WiSE is 84.1
cm?2/C, which is significantly higher than that with 1mol/L LiCl
(69.1 cm?/C) and 1 mol/L LiCl (53.6 cm?2/C) (Fig. 2g). Table S4 (Sup-
porting information) lists the performance metrics of the reported
tungsten oxide-based ECDs with different electrolytes. It can be ob-
served that our ECDs utilizing LiCl WiSE exhibit significant compet-
itiveness.

As commonly known, ECDs primarily operate in both indoor
and outdoor environments, where they are inevitably exposed to
seasonal variations or regional temperature fluctuations. There-
fore, they must possess excellent environmental tolerance to en-
sure their applicability and stability. For example, in cold regions,
the temperature can drop below —30°C in winter, while in trop-
ical regions, the surface temperature of the device may rise to
80°C in summer due to solar radiation. Hence, achieving effi-
cient ECDs necessitates electrolytes with both high-temperature
and low-temperature tolerance. To assess the tolerance of devices
using 20 mol/kg LiCl WIiSE toward extreme temperatures, we sub-
jected them to 100 coloring/bleaching cycles in an oven set at dif-
ferent temperatures, followed by optical modulation testing. Ex-
perimental results, as shown in Figs. 3a and b, reveal no signifi-
cant degradation in optical modulation of the ECD after 100 cy-
cles of coloring/bleaching cycles within the temperature span of
—30~80°C. The transmittance curves of the ECD in both the col-
ored and bleached states across all temperature ranges appear sim-
ilar, as the degree of coloration is primarily influenced by the re-
dox state of tungsten oxide. This demonstrates that the devices
exhibit excellent electrochromic functionality across different tem-
peratures. Fig. S22 (Supporting information) summarizes the op-
tical modulation at 700 nm wavelength after cycling at different
temperatures (—30~80°C), yielding optical modulation of 71.8%,
74.4%, 74.5%, 751%, 76.3%, 69.1%, 70.6%, 66.9%, 71.8%, 69.4%,
65.2%, and 65.6%, respectively. The device exhibited acceptable
optical modulation after cycling at all temperatures. Fig. S23-S25
(Supporting information) depict the electrochemical curves during
coloring/bleaching cycles at different temperatures, and no signif-
icant attenuation can be observed in the maximum current all
curves, further confirming the device’s wide temperature tolerance.
Furthermore, we also tested the response time and coloration ef-
ficiency of the devices at —30°C and 80°C. The response times of
the devices at —30°C and 80°C were 5.5/6.5s and 1.5/1.3 s, respec-
tively (Figs. S26a and b in Supporting information). It can be seen
that even at —30°C, the ECD utilizing 20 mol/kg LiCl WiSE still ex-
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Fig. 4. (a, b) Exhibition pictures of and faded colored performance of ECD with a
10 x 10 cm? area. (c) Transmission spectra in the visible range. (d) Comparison in
optical transmittance of colored and faded states at the edge/center of the ECD at
700 nm.

hibits competitive response speeds. The coloring efficiencies of the
devices at —30°C and 80°C were calculated to be 80.0 and 86.1
cm?/C, respectively (Figs. S26c and d in Supporting information),
maintaining similar levels to those at room temperature. This indi-
cates that the ECD assembled with 20 mol/kg LiCl as the electrolyte
achieves large optical modulation with low energy consumption,
offering promising prospects for various applications. As a com-
parison, the performances of ECDs using 1mol/L LiCl and 1 mol/L
LiClO4-PC electrolytes under extreme temperatures were also ex-
plored. At low temperatures, the ion migration rate of 1 mol/L LiCl
is slow, resulting in lower current density in the ECD (Fig. S23 in
Supporting information), with an optical modulation of only 43.2%
after 100 cycles (Fig. 3c). Conversely, at high temperatures, the ECD
using 1 mol/L LiCl electrolyte exhibits haphazard and irregular cur-
rent behavior, primarily due to the occurrence of severe water de-
composition side reactions caused by the presence of abundant
free water molecules. After 100 cycles at 80°C, the optical modu-
lation of the devices using 1 mol/L LiCl electrolyte is only 0.5 %. Al-
though the ECD using 1 mol/L LiClO4-PC electrolyte maintains sta-
bility at both high and low temperatures, the optical modulation at
—30°C and 80°C are 65.4% and 31.7 %, respectively. Therefore, un-
der extreme temperatures, the optical modulation of the ECD using
1 mol/L LiClO4-PC is significantly lower than that of 20 mol/kg LiCl
electrolyte (Fig. 3d).

It is also a long-standing challenge for ECDs to achieve uni-
form modulation over large area regions. In this study, a large-area
window (10 cm x 10cm) using 20 mol/kg LiCl WISE as the elec-
trolyte was constructed to demonstrate the scalability of the elec-
trochromic smart window platform. Figs. 4a and b shows the opti-
cal images of the device in the colored and bleached state. In the
colored state, the transmittance of the device at 700nm is only
7.7%, while the transmittance reaches 84.2% in the bleached state
(Fig. 4c). Due to the resistive induced voltage drop on the con-
ductive glass, the respond time at different locations (center and
edges) of the large-area window is different [47]. Fig. 4d shows
that the coloring time at the edges and center of the ECD is 5.7 s
and 9.0s, respectively. While the bleaching time is 9.1s and 13.2s,
respectively. The relatively short coloring and bleaching times con-
firm that the 10cm x 10cm device using 20 mol/kg LiCl WiSE as
the electrolyte has a fast and uniform modulation capability.

In summary, we have constructed a stable WO3-graphite foil
electrochromic system based on a 20 mol/kg LiCl WISE. The limited
free H,O molecules in the WIiSE reduce the proton supply, which
significantly widens the electrochemical window and enhances the
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electrochemical stability. In addition, electrostatic interactions be-
tween electronegative ClI- channels and electropositive hydrated
Li-ions facilitate efficient transport of hydrated Li-ions within the
WISE. As a result, the ECD using 20 mol/kg LiCl WiSE not only
achieves large optical modulation, fast response time, and high cy-
cling stability at ambient temperature, but also operates efficiently
across a wide temperature range from —30°C to 80°C. This re-
search paves the way for the development of high-performance,
all-temperature-tolerant ECDs.
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