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Abstract: The high energy density and cost-effectiveness
of chloride-ion batteries (CIBs) make them promising
alternatives to lithium-ion batteries. However, the
development of CIBs is greatly restricted by the lack of
compatible electrolytes to support cost-effective anodes.
Herein, we present a rationally designed solid poly-
cationic electrolyte (SPE) to enable room-temperature
chloride-ion batteries utilizing aluminum (Al) metal as
an anode. This SPE endows the CIB configuration with
improved air stability and safety (i.e. free of flamma-
bility and liquid leakage). A high ionic conductivity
(1.3×10� 2 Scm� 1 at 25 °C) has been achieved by the well-
tailored coordination structure of the SPE. Meanwhile,
the solid polycationic electrolyte ensures stable electro-
des jelectrolyte interfaces, which effectively inhibit the
growth of dendrites on the Al anodes and degradation
of the FeOCl cathodes. The Al jSPE jFeOCl chloride-
ion batteries showcased a high discharge capacity
around 250 mAh g� 1 (based on the cathodes) and
extended lifespan. Our electrolyte design opens a new
avenue for developing low-cost chloride-ion batteries.

Introduction

Lithium (Li)-ion batteries have been widely used in consum-
er electronics, electric vehicles, and energy storage applica-
tions. However, the limited reserves and uneven distribution
of their core constituent elements (e.g. Li and cobalt) lead
to the high cost for Li-ion batteries and their limited
potential use for large-scale energy storage.[1] Therefore,
developing low-cost alternative battery systems is urgently
needed to meet the ever-growing market demands.
Chloride-ion batteries are a new type of rechargeable
battery system employing chloride ions (Cl� ) as the charge
carriers, which operate based on a “rocking-chair” chemistry
similar to Li-ion batteries but utilizing Cl� ions shuttling
between the electrodes.[2] The application of chlorides
storage cathodes (metal chloride,[3] metal oxychloride[4] and
layered double hydroxide[5]) and highly electropositive metal
anodes endow the CIBs with high theoretical energy
densities up to around 1100 Wh kg� 1 and 2500 Wh L� 1.[6]

Meanwhile, the abundance of elemental chlorine makes
CIBs cost-effective. Moreover, CIBs possess the advantages
of lower toxicity and higher environmental safety over
fluoride-ion batteries, thus benefiting from practical applic-
ability for electrochemical energy storage.[7] However, the
development of CIBs is still in its infancy owing to the lack
of compatible electrolytes. Most previous reported electro-
lytes of CIBs only allow highly reactive Li metal as anode,
which nevertheless has a high cost and is extremely sensitive
to air and humidity.[8] Some ionic liquid electrolytes (ILEs)
have also been employed in CIBs to enable the magnesium
(Mg) metal anodes, but their poor anode jelectrolyte
compatibility results in low reversibility and limited cycle
life.[9] Therefore, designing new electrolyte to support low-
cost and compatible anode materials remains a major
bottleneck for the development of CIBs.

Compared to Li and Mg, aluminum (Al) possesses low
cost merit due to its abundance and wide distribution in the
earth’s crust.[10] Furthermore, with the relatively low poten-
tial (� 1.66 V vs. SHE) and high volumetric capacity (i.e.
8.04 Ahcm� 3, four times higher than that of Li), Al metal is
an ideal choice as anode materials for low-cost battery
systems.[10] Pairing Al metal anode with a transition metal
oxychloride cathode is a promising path to construct high-
performance and low-cost CIBs. However, to the best of our
knowledge, such systems has not yet been previously
reported. The main challenge lies in the lack of suitable
electrolyte systems to support the redox pair in Al-based
CIBs.[11] In the 1970s, high-temperature chloroaluminate
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molten salt electrolytes (e.g. NaCl-AlCl3) were applied in
rechargeable Al metal batteries.[12] Then the emergence of
room-temperature chloroaluminate ILEs enabled a reversi-
ble Al plating/stripping under more practical conditions.[13]

Among them, an AlCl3/1-ethyl-3-methylimidazolium
chloride ([EMIM]Cl) mixture at the optimized molar ratio
of 1.3 :1 with high room-temperature ionic conductivity up
to 10� 2 Scm� 1 has been widely used in rechargeable Al-
based batteries.[14] Nonetheless, the intrinsic drawbacks of
this pure liquid ILE system, including high air sensitivity,[15]

corrosivity,[16] liquid leakage issues, and interfacial issues
(e.g. Al dendritic growth,[1b] low Al plating/stripping
reversibility,[1b] together with poor compatibility with rele-
vant cathodes such FeOCl), present an enormous challenge
to the development of Al-based CIBs (see upper panel of
Figure 1a).

Herein, for the first time, we report a rationally designed
solid polycationic electrolyte (SPE) to realize the application
of Al metal anode in a room-temperature CIB. This SPE
derived from the in situ polymerization of 1-allyl-3-meth-
ylimidazolium cations ([AMIM]+) in AlCl3/[AMIM]Cl pre-
cursor was rationally designed for this Al-based CIB.
Compared to previous ILEs, this SPE exhibits enhanced air
stability, non-flammability, and leakage-free endurance
(lower panel of Figure 1a). More importantly, both compu-
tational modeling and spectroscopic investigations reveal
that the tailored coordination structure in the SPE not only
efficiently promotes ions conduction (i.e. ionic conductivity
of 1.4×10� 2 Scm� 1 at 25 °C) and increases the anion trans-

ference number of the charge carriers, but also maintains
stable electrode jelectrolyte interfaces against Al dendritic
growth on the anode and FeOCl cathodes degradation,
thereby dramatically enhancing the reversibility of both
electrodes’ reactions. By virtue of the SPE, the as-developed
Al j jFeOCl CIB could deliver a high discharge capacity
around 250 mAhg� 1 (based on the cathode) with extended
cyclability. This work provides a promising route for the
development of highly energetic, durable, and low-cost
CIBs.

Results and Discussion

To synthesize the SPE, a precursor was prepared by mixing
AlCl3 and [AMIM]Cl at a molar ratio of 1.25 :1, followed by
the adding of tetra(ethylene glycol) diacrylate (TEGDA)
crosslinker, based on the reaction as follows:[11,14]

Cl� þAlCl3 $ AlCl�4 (1)

2AlCl�4 $ Cl� þAl2Cl�7 (2)

After that, [AMIM]+ cation monomers and the cross-
linkers in the precursor were thermally co-polymerized by
the cross-linking reaction initiated by the azobisisobutyroni-
trile (AIBN) to form the SPE (Figure 1b). Figure 1c shows
the Fourier transform infrared (FTIR) spectra of the
precursor and the SPE. It is seen that absorption peaks at
around 1723 cm� 1 (C=O stretching), 1582 cm� 1 (N� H sym-
metric bending), 1439 cm� 1 (� C� H symmetric bending) and
1163 (C� N stretching) appeared in the spectrum of the
precursor.[17] After the polymerization, the C=C stretching
peak at around 1646 cm� 1 and =C� H symmetric bending
peak at around 1439 cm� 1 almost vanished, indicating the
conversion of [AMIM]+ and TEGDA in the SPE.

As shown in Figure 2a, in contrast to the fluidic AlCl3/
[EMIM]Cl ILE (1.25 : 1 in molar ratio), the as-synthesized
SPE is brown translucent, and free-standing. Furthermore,
the SPE exhibits a zero self-extinguishing time (SET) after
removal of a flammability test torch (Figure 2b and
Video S1), demonstrating its intrinsic nonflammability orig-
inating from the high thermal stability of the aromatic
imidazole ring on the polymerized [AMIM]+ and the
generation of antioxidants during thermal decomposition.[18]

This result was further verified by the differential scanning
calorimetry (DSC). As shown in Figure S1, the endothermic
peak observed at 100 °C is attributed to the melting phase
transition of chloroaluminate in the SPE.[19] No additional
peaks emerge up to 500 °C, indicating the thermal stability
of the SPE. Figure 2c shows a leakage test being performed,
where the packages containing electrolytes were cut and
weighted after pressing and hanging. The ILE package
exhibited a 74 wt% leakage during the test, while the SPE
was nearly leak-free (i.e. only 5 wt% weight loss; Figure 2d).
Subsequently, the packages were hung for a further 5 min.
Moreover, it is known that the chloride species in chloroalu-
minate electrolytes have a strong affinity to water. When
exposed to air, the high hygroscopic chloroaluminate

Figure 1. Design and synthesis of the SPE. (a) Design philosophy of the
SPE for Al-based CIBs. (b) Co-polymerization mechanism of the
[AMIM]+ monomer and the TEGDA crosslinker. Ri (i=1–6) represents
molecular chains. (c) FTIR spectra of precursor and SPE.
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electrolytes violently react with moisture, generating a huge
amount of heat and releasing undesirable and corrosive
hydrogen chloride gas,[14,20] which raises serious safety
concerns. The as-prepared SPE with high-crosslink-density
polycation-crosslinker network effectively blocks moisture
diffusion, and thus inhibits its continuous reaction with
chloroaluminate. As shown in Figure 2e, the peak current
derived from cyclic voltammetry (CV) curves of an Al j ILE j
Al cell (Figure S2) exhibits a dramatic decrease throughout
air exposure. This is further reflected by the optical images
in the upper panel of Figure 2f, in which the hygroscopic
ILE can be seen to decompose rapidly during air exposure.
In sharp contrast, the SPE showed enhanced resistance
against moisture (the lower panel of Figure 2f) and the peak
current of Al jSPE jAl cells delivered a remarkably im-
proved stability after exposure to air (Figure 2e). The above
results indicate that the SPE can efficiently prevent the
CIBs from combustion and leakage of corrosive liquid/gas
components, thus improving the safety of Al-based CIBs.

Molecular dynamics (MD) simulation was employed to
investigate the coordination structures of chloroaluminate
ions (i.e. AlCl4

� and Al2Cl7
� ) and alkylimidazolium cations

(i.e. [EMIM]+ or [AMIM]+). The snapshots at the end of
the simulations demonstrate the steady coordination envi-
ronments of ILE (Figure 3a) and SPE (Figure 3b). As seen
from the corresponding radial distribution function (RDF)
of Al� Al coordination pairs (Figure 3c), the peak at 4.62 Å
in the SPE is stronger than that in ILE, indicating the higher

concentration of the Al2Cl7
� species in SPE.[21] Moreover, it

is seen that the RDF of N� Cl displayed two peaks at 3.02 Å
and 3.65 Å, and their intensities in the SPE are much weaker
than that in ILE (Figure 3d). This indicates that the
dissociation degree of alkylimidazolium chloride is effec-
tively promoted in the SPE, which can be further verified by
the spectral characterizations. As shown in the Al27 nuclear
magnetic resonance (NMR) spectra (Figure 3e), the area
ratio between Al2Cl7

� (98.3 ppm) and AlCl4
� (103.6 ppm)

peaks[22] in the SPE is 0.51, much higher than that in ILE
(i.e. 0.27). The Raman spectral results in Figure S3 are well
consistent with this result, where the Al2Cl7

� vibration peaks
in the SPE spectrum are stronger than that in the ILE
spectrum.

The Al2Cl7
� -rich coordination structure and high salt

dissociation degree of SPE mainly originate from the
polymerization of cations that effectively confines their
mobility and promotes the decoupling from anions.[23]

Thereby, the SPE exhibited a high anion transference

Figure 2. Safety of SPE. Optical images of (a) liquid-state ILE (left) and
solid-state SPE (right), and (b) SPE during combustion tests. (c) Visual
observation of electrolyte samples under different leakage test states.
(d) Weight retentions of ILE and SPE during leakage tests. (e) Peak
current evolution of Al j jAl cells with ILE and SPE under air exposure.
(f) Optical images of ILE and SPE during air exposure. Figure 3. Coordination structure in the SPE. Snapshots obtained from

MD simulations of (a) ILE and (b) SPE. Purple, green, gray, white, and
blue balls represent aluminum, chlorine, carbon, hydrogen, and nitro-
gen atoms, respectively. MD simulations derived RDFs of (c) Al� Al
coordination pairs and (d) N� Cl coordination pairs. Insets show the
molecular schematics of coordination pairs. (e) Al27 NMR spectra of
ILE and SPE. Insets show the ratios of AlCl4

� and Al2Cl7
� species. (f)

Current passes through Al jSPE jAl cells with an applied polarization
voltage of 10 mV. The impedance spectra before and after the polar-
ization are shown in the inset. Related parameters are listed in
Table S1.
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number of 0.30 (Figure 3f and Table S1) measured by
Bruce-Vincent method,[24] almost twice than that in the ILE
(0.16, Figure S4 and Table S1). Based on a modified Hittorf
method as reported by Chester et al.,[25] the anions transport
number of SPE was determined as 0.25, greater than that of
ILE (0.14). This trend is consistent with the transference
number result. The increase of anion transference/transport
number for charge carriers can efficiently reduce battery
polarization, resulting in more uniform Al electrodeposition
with high Coulombic efficiency.[15] As expected, the SPE
exhibits a high ionic conductivity (1.3×10� 2 Scm� 1 at 25 °C)
after polymerization (Figure S5 and Table S2), nearly the
same as that of ILE (1.5×10� 2 Scm� 1 at 25 °C) due to the
tailored coordination structure with increased degree of salt
dissociation. The SPE also exhibited higher oxidation
stability (2.6 V vs. Al+/Al) than that of ILE (Figure S6).
Such high ionic conductivity and electrochemical stability of
SPE are sufficient for room-temperature operation of the
Al-based CIBs.

Al j jAl Swagelok cells were assembled to evaluate the
compatibility of the Al metal anode jelectrolyte interfaces.
Figure 4a shows the CV curves of an Al jSPE jAl cell at a
scan rate of 0.5 mV s� 1. The highly symmetrical redox peak

pairs at around �0.3 V indicate a reversible Al plating/
stripping reaction as follows:[11]

Anode : Alþ 7AlCl�4 $ 4Al2Cl�7 þ 3e� (3)

The highly overlapping CV curves after the initial cycles
verify the stable electrochemical stripping/depositing proc-
esses of Al metal in the SPE. As shown in Figure 4b, the
high compatibility between SPE and Al metal enabled the
Al jSPE jAl cell to operate steadily at a high current density
of up to 5 mA cm� 1 with a capacity cutoff of 1 mAhcm� 1.

Moreover, the overpotential between the voltages of the
Al jSPE jAl symmetrical cell remained stable for the 2000 h
cycling at 1 mAcm� 2 with a cut-off capacity of 1 mAhcm� 2

(Figure 4c). In contrast, the voltage hysteresis of the Al j
ILE jAl cell gradually increased after 125 cycles and short-
circuited after �500 cycles caused by Al dendrites growth.
The surface structure of Al electrodes after 100 cycles in Al j
jAl cells was further characterized by an atomic force
microscope (AFM). As can be seen in the three-dimensional
(3D) scanning image in the inset of Figure 4d, the surface of
Al electrodes cycled in SPE showed a smooth morphology
with a low roughness of 85.2 nm. This validates a dense and
uneven deposition of Al metal, as further confirmed by the
scanning electron microscope (SEM) image (Figure 4e) and
a high Young’s modulus of the Al surface (17.8 GPa,
Figure 4d). In sharp contrast, the Al electrodes cycled in
ILE exhibited a high roughness of 90.4 nm (see Figure S7,
inset) with a low Young’s modulus (12.6 GPa, Figure S7)
and porous morphology (Figure 4d, inset) due to the
uncontrollable growth of Al dendrites, which is in good
agreement with the cycling performance results in Figure 4c.

To examine the performance of SPE in Al-based CIBs, a
FeOCl cathode with a mass loading of �1.0 mgcm� 2 was
coupled with an Al metal anode in Swagelok cells. Figure S8
shows typical CV curves of Al jSPE jFeOCl cells under a
scan rate of 0.2 mV s� 1 at 25 °C. Three oxidation peaks at
around 0.58, 0.66, and 0.76 V together with two correspond-
ing broad reduction peaks at around 0.2 and 0.4 V appear in
the CV curves. These redox peaks are consistent with the
multistep electrochemical chlorination/de-chlorination be-
havior of FeOCl materials.[26] Therefore, the Cl-ion dis-
charge/charge process of FeOCl cathode with SPE can be
expressed as follows: follows:[27]

Cathode : FeOClþAl2Cl�7 þ e� $ FeOþ 2AlCl�4 (4)

Considering that the Cl� ion in cathode and AlCl3 as
discharge product can reversibly convert into chloroalumi-
nate ions (i.e. AlCl4

� and Al2Cl7
� ) based on Equation 1and

2. Therefore, Cl� ions can be regarded as the actual charge
carriers shuttling between the anode and cathode based on a
rocking chair mechanism. Based on the above discussion, we
define this battery system as a chloride-ion battery. The
overall reaction of this Al-based CIB can be expressed as
follows:

Alþ 3FeOClþAlCl�4 $ 3FeOþAl2Cl�7 (5)

Figure 4. Interfacial compatibility between SPE and Al metal anodes.
(a) CV curves of the Al jSPE jAl cell at a scan rate of 0.5 mVs� 1. (b)
Rate performance of a typical Al jSPE jAl cell at 25 °C. (c) Voltage
profiles of Al j jAl cells with ILE and SPE at 1 mAcm� 2 with a cut-off
capacity of 1 mAhcm� 2. (d) Force-displacement plot of the Al surface
obtained from an Al jSPE jAl cell after 100 cycles. The inset shows the
corresponding 3D AFM scanning image. (e) SEM images of Al surfaces
obtained from Al j jAl cells after 100 cycles with ILE (inset) and SPE.
Scale bars: 5 μm in Figure 4e and its inset.

Angewandte
ChemieForschungsartikel

Angew. Chem. 2024, 136, e202405750 (4 of 7) © 2024 The Authors. Angewandte Chemie published by Wiley-VCH GmbH

 15213757, 2024, 29, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ange.202405750 by N

ational H
ealth A

nd M
edical R

esearch C
ouncil, W

iley O
nline L

ibrary on [22/01/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Figures 5a and b show the cycling performance of Al j j
FeOCl cells with different electrolytes galvanostatically
cycled at 125 mAg� 1 (based on the mass of FeOCl) at 25 °C.
After initial activation cycles, the Al j ILE jFeOCl cells
exhibited a low discharge capacity around 54 mAhg� 1

(based on the mass of FeOCl) at the 2nd cycle (Figure 5a),
and subsequently failed within 10 cycles caused by the poor
compatibility of the ILE and the electrodes (Figure 5b). In
contrast, the Al jSPE jFeOCl cells delivered a discharge
capacity of approaching 250 mAhg� 1 (based on the mass of
FeOCl) after activation with lower polarization and high
Coulombic efficiency (CE), achieving a high capacity
retention of 85.4 % after 120 cycles (Figures 5a,b). The
above results are further supported by the resistance
evolution derived from the Nyquist plots of electrochemical
impedance spectroscopy (EIS) measurements for the Al j j
FeOCl cells with different electrolytes after 2 and 5 cycles
(Figure S9 and Table S3). The EIS curves were fitted using
an equivalent circuit demonstrated in the inset of Figure 5c.
Based on the fitting result, the charge-transfer resistance
(Rct) and the interface resistance (Rf) of the Al j jFeOCl cells
using SPE underwent much smaller variations during cycling
compared with that using ILE (Figure 5c). This suggests a

strong interfacial stability between the SPE and the electro-
des, thereby giving rise to the enhanced cycling performance
(Figures 5b). Figure 5d and Table S4 compared the perform-
ance of the Al-based CIB presented in this study with the
previously reported non-Li metal CIBs[9] and Al-ion bat-
teries (AIBs).[28] Our Al j jFeOCl CIB supported by SPE
exhibited an obvious superiority in terms of high discharge
capacity, long cycle life, high CE, and good rate perform-
ance (discharge capacities of 108 and 43 mAhg� 1 at 250 at
500 mAg� 1, respectively; Figure S10), outperforming most
low-cost non-Li metal CIBs and AIBs.

Besides, our SPE showed high versatility for extension
into Al metal j jgraphite AIB systems. The CV curves of an
Al jSPE jgraphite cell in Figure S11 are consistent with
previous reports based on a reaction mechanism as
follows:[11,29]

Alþ 3Cn½AlCl4� þ 4AlCl�4 $ 3Cn þ 4Al2Cl�7 (6)

Al jSPE jgraphite test cells delivered a stable discharge
capacity of �31 mAh g� 1 at 1.5 mAg� 1, and �88 mAh g� 1 at
0.3 mAg� 1 with discharge plateaus at 2.2 and 1.8 V (inset of
Figure 5e). After 1000 cycles, the cell maintained a discharge
capacity of 81 mAhg� 1 (i.e. 92.0% capacity retention) with
an average CE of 99.2 % (Figure 5e), demonstrating the
application merits of the SPE developed in the present study
in low-cost and durable Al-based rechargeable battery
systems.

The compatibility of anode jelectrolyte interphase in the
full cell was evaluated by SEM and dispersive X-ray
spectroscopy (EDS). As shown in Figure S12, a thick and
cracked solid electrolyte interphase (SEI) with weak Al
signal and strong organic species signals was observed on Al
anode from Al j ILE jFeOCl cell. In contrast, the SEI on Al
metal with SPE is flat and thin, as verified by the intense Al
signal with uniform organic species signals (Figure S13).
These results indicate that the polycation-structured SPE
efficiently protects the Al anode by building robust SEI
aqainst the continuous electrolyte decomposition.

In situ analysis of synchrotron powder diffraction (PD)
was applied to investigate the structural evolution of the
FeOCl cathode during discharging /charging. The peaks at
26.10°, 41.58°, and 50.47° can be attributed to (110), (130)
and (131) planes of FeOCl (PDF#73-2229), respectively,
while the peak at 41.89° corresponds to the (200) planes of
FeO (PDF#77-2355; Figure 6a). During the discharge proc-
ess, the intensity of FeOCl-related peaks is gradually
weakened, associated with the intensity increase of the FeO
peak, then an opposite trend of peaks’ evolution was
observed during the subsequent charging process. This
verifies the high reversibility of FeOCl in the presence of
the SPE developed herein, which can be further confirmed
by Fe 2p and O 1s X-ray photoelectron spectra (XPS). The
Fe 2p3/2 peak at 710.5 eV (Figure 6b) and the O 1s peak at
531.4 eV (Figure S14) are assigned to the FeOCl.[2a] It is
seen that FeO peaks (Fe 2p3/2 at 708.2 eV and O 1s at
529.5 eV)[2a] emerged and then vanished during the dis-
charge/re-charging process, well supporting the suggested

Figure 5. Electrochemical performance of the Al-based CIBs. (a) Typical
galvanostatic discharge/charge profiles and (b) cycling performance of
Al j jFeOCl cells with ILE and SPE at 125 mAg� 1 and 25 °C. The inset in
Figure 5b shows the CE of an Al jSPE jFeOCl cell. (c) Resistance
evolution was obtained from the EIS measurement for Al j jFeOCl cells
with ILE and SPE after 2 and 10 cycles. The inset shows the equivalent
circuit analogue for the EIS curves’ fitting. Related parameters are
listed in Table S3. (d) Performance comparison of the reported non-Li
metal CIBs[9] and Al-ion AIBs[28] and the Al jSPE jFeOCl cells developed
in this study. Related parameters are listed in Table S4. (e) Cycling
performance and typical galvanostatic discharge/charge profiles (inset)
of a typical Al jSPE jgraphite cell at 25 °C.
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reversible reaction mechanism of FeOCl described in
Equation 4.

The compatibility of the SPE and the cathode was
further investigated to understand the origin of the high
performance of the FeOCl cathodes with the SPE. FeOCl
cathodes after cycling in different electrolytes were analyzed
by transmission electron microscopy (TEM). As seen in
Figure S15, a cracked FeOCl structure was observed for
FeOCl cathodes cycled in cells containing ILE. This is
caused by the continuous dissolution of Fe cations from the
exposed FeOCl surface, as confirmed by the element
analysis of cycled cathode in Table S5, which leads to a rapid
structure degeneration and cyclability fading of the
cathode.[2a] In contrast, a 5 nm-thick protective surface film
was formed on the FeOCl surface after cycling in SPE
(Figure 6c). This result was further proved by time-of-flight
secondary ion mass spectrometry (ToF-SIMS) with high
resolution (<1 nm). In contrast to FeOCl cycled in ILE

(upper panel of Figure 6d), the cathode cycled in SPE
presented an organic species-rich film on the surface, as
supported by the detection of highly intense signals of
CH2O

� and CN� (lower panel of Figure 6d). This protective
surface film can effectively maintain the structural integrity
of FeOCl against dissolution/degeneration during cycling (as
seen from clear lattice fringes of FeOCl (110) planes in
Figure 6c), thus remarkably extending the cycling perform-
ance of the FeOCl cathodes.

Conclusion

In summary, we have showcased a rationally designed solid
polycationic electrolyte that enables elaboration of novel
room-temperature chloride-ion batteries employing cost-
effective Al metal anodes. The solid polycationic electrolyte
derived from the in situ polymerization of [AMIM]+ cations
efficiently eliminates the hazards of air sensitivity and liquid
leakage encountered with conventional electrolyte systems
based on ionic liquids or non-aqueous solutions. Molecular
dynamics modeling and experimental characterizations em-
phasize the tailored coordination structure within the solid
polycationic electrolyte, which not only improves the ions
conduction (1.3×10� 2 Scm� 1 at 25 °C) and the charge car-
rier’s anion transference number, but also forms compatible
interfaces between the electrodes and the SPE to effectively
avoid electrodes’ deterioration (i.e., impeding Al dendritic
deposition on the anode and FeOCl degradation at the
cathode side) along cycling. Therefore, the as-developed Al j
SPE jFeOCl chloride-ion batteries deliver high discharge
capacity and appealing cycling stability. The Al-based
chloride-ion batteries could be potentially applied for grid-
scale energy storage owing to their low cost, high-energy
density, long cycle life and abundant of materials.

Supporting Information

The authors have cited additional references within the
Supporting Information.

Acknowledgements

Prof. G. Wang would like to acknowledge the support from
the Australian Research Council (ARC) Discovery Project
(DP210101389 and DP230101579) and the ARC Linkage
project (LP200200926). Prof. D. Zhou would like to
acknowledge the support from the Fundamental Research
Project of Shenzhen (NO. JCYJ20230807111702005). We
like to acknowledge the Australia Synchrotron for the
Powder Diffraction beamline. Open Access publishing
facilitated by University of Technology Sydney, as part of
the Wiley - University of Technology Sydney agreement via
the Council of Australian University Librarians.

Figure 6. Characterizations of cycled FeOCl cathodes. (a) In situ
synchrotron powder diffraction (PD) analysis of the structural evolution
of FeOCl cathodes during discharge/charge processes. Left panel
presents the voltage profile of the Al jSPE jFeOCl cell, while the right
panel shows the corresponding intensity map of the PD pattern for a
FeOCl cathode, where red and blue indicate high and low intensity,
respectively. (b) Fe 2p XPS peaks of FeOCl electrodes cycled in SPE at
fresh, fully discharged, and fully re-charged states. (c) A TEM image of
a FeOCl electrode obtained from an Al jSPE jFeOCl cell after 3 cycles at
125 mAg� 1 and 25 °C. Scale bar: 4 nm. (d) 3D-geometric structures of
the TOF-SIMS intensity distributions related to CH2O

� (brown), CN�

(blue), Cl� (green), and FeO� (pink) for FeOCl electrodes obtained
from cycled Al j jFeOCl cells with ILE (upper panel) and SPE (lower
panel) after 3 cycles at 125 mAg� 1 and 25 °C.
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