Polym. Korea, Vol. 48, No. 6, pp. 639-648 (2024)
https://doi.org/10.7317/pk.2024.48.6.639

1S 4BY 0|2 Slo|E2d DEA MEHE J|HE A ofd o= HHE{E:
Ho{Lt 0|2 MEEe} oHEdE AE MElE

SICIORL| Z=X| YIAEI2|* - O|Of|X|* - =28
3 o Attt 5l arEAkEd g E

(20249 69 49 H, 20249 69 139 4, 20249 8€Y 169 A=)

High-Performance Zwitterionic Hydrogel Polymer Electrolytes for Aqueous
Zinc-Ion Batteries: Superior Ionic Conductivity and Stability

Puji Lestari Handayani’, Ye Ji Lee”, and U Hyeok Choi

Department of Polymer Science and Engineering and Program in Environmental and Polymer Engineering,
Inha University, Incheon 22212, Korea

(Received June 4, 2024; Revised June 13, 2024; Accepted August 16, 2024)

8 B ATINE ojdol et B RAE 48 4BAGOR Qg HEo|E 8 &3 14 ¥AIZ §ds] 919
Pz o o] EH sol=nA TR AsES ARSIAT o)F 919 acryl amide(AM)S 24 221 vinyl

imidazole propane sulfonate(VIPS)E @A 2, vinyl silica nanoparticle(VSN)YS 7t A2, Z12]3 ZnSO,8}F LiClE
Asd Ho= sfo] UV 7hes F38ll a3 Halids Fsiditt stol=24 At s [P(AM-co-1PS)-ZnSO,/
LiCl[2 &2 42 o2 AE%(opc=3.5x 10? S/em)E WYERNAT. Bt &g o] 23} LiCle] H7E= o9l &
vig st QPgskElo] e ol2R(T, = -33.3 C) Wuk ohe}, S by ASI(HER, -52mV) B ¥4 A7
(1840 pA) T3 7H29hs SRIFTE AFAH O 40047F o) HdA o8 F5ske Ag A&ete] 35 FAlokAx
A 2] A-go] 7IheTt.

Abstract: We developed hydrogel polymer electrolytes for use in aqueous zinc-ion batteries. Aqueous zinc batteries face
challenges related to dendrite formation and corrosion at the zinc metal anode, primarily stemming from the strong inter-
action between zinc ions and water molecules. To address this, we designed hydrogel polymer electrolytes, composed of
acrylamide (AM) and zwitterion, such as vinyl imidazole propane sulfonate (VIPS), as monomers, vinyl silica nanopar-
ticles (VSN) as cross-linkers, and zinc sulfate (ZnSO,) and lithium chloride (LiCl) as salts, through UV polymerization.
The resulting hydrogel polymer electrolyte [P(AM-co-IPS)-ZnSO,/LiCl] exhibited high ionic conductivity (opc = 3.5 x
107 S/cm) and remarkable flexibility (elongation at break = 321%) at 298 K. The addition of zwitterion and lithium chlo-
ride stabilized the solvation structure of zinc salts, leading to a reduction in melting points (from -25.4 to -33.3 'C), hydro-
gen evolution potential (HER, -52 mV), and corrosion current (1840 pA). The zinc symmetric cell demonstrated that our
electrolyte not only showed a high zinc ion transference number (z,,2- = 0.7), but also maintained stable cell operation for
over 400 hours, due to the effective ion transport channels facilitated by zwitterions.
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Introduction

In the modern world, energy storage systems are considered
pivotal elements for sustainable energy supply and power dis-
tribution.'* In this context, flexible aqueous zinc-ion batteries
(AZIB) have garnered significant attention as promising can-
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didates for next-generation batteries.”” Aqueous zinc-ion bat-
teries offer several advantages such as excellent safety, low zinc
cost, environmental friendliness, and high theoretical capacity
of Zn (820 mAh/g). This makes them integral to future energy
storage systems including portable power devices and renew-
able energy systems.® However, AZIB still suffers from side
reactions, such as hydrogen evolution reaction (HER) and cor-
rosion in the zinc anode during charge and discharge cycles, as
well as issues related to freezing below subzero temperatures
caused by the presence of water.”'> These disadvantages restrict
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commercialization by reducing the efficiency of the system.

To address these issues, hydrogel polymer electrolytes have
garnered attention as a potential solution. They consist of a
water-absorbing polymer network matrix that not only enhances
mechanical stability without sacrificing ionic conductivity, but
also prevents leakage of liquid electrolyte components.'*'* Tra-
ditional hydrogel electrolytes have successfully formed a poly-
mer matrix and enhanced properties using water as a solvent,
without compromising ion conductivity. However, achieving
significant improvement in electrochemical performance has
not been very successful.”

In this study, we designed a zwitterion-based hydrogel poly-
mer electrolyte [P(AM-co-IPS)-ZnSO,/LiCl] (Figure 1). The
zwitterionic groups of imidazole propane sulfonate (IPS) could
promote the ion migration channel formation and ion dissociation
of electrolyte salts (ZnSO, or LiCl) and suppress HER by forming
a solvation structure. Zwitterionic polymer hydrogel electro-
lytes, in particular, exhibit remarkable characteristics due to
their unique molecular structure that contains both cationic and
anionic functional groups.'®'® This distinctive feature allows
them to improve ion mobility through electrostatic interaction
with electrolyte ions by forming ion migration channels. Zwit-
terions, together with the solvation structure formed with water
molecules, effectively inhibit undesirable side reactions such
as the HER and dendrite formation. These advantages of zwit-
terion-based hydrogel polymer electrolytes not only enhance
the overall performance of zinc-ion batteries, but also signifi-
cantly contribute to their safety and longevity."*'°? The vinyl sil-
ica nanoparticles (VSNs) act as chemical cross-linkers, improving
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the mechanical properties.?! Lithium chloride (LiCl) serves as
an anti-freezing component, and the CI" anion forms a solvation
structure with Zn?" cation to help suppress water activity.”?*
Consequently, our hydrogel polymer electrolytes showed a high
zinc ion transference number (¢, = 0.7), reduced corrosion
potential, and stable cycle performance over 400 hours in zinc
stripping/plating tests. To optimize this system, the properties
were systematically analyzed through various tests and anal-
ysis methods.

Experimental

Materials. Acryl amide (AM), zinc sulfate solution (2 M ZnSO,),
lithium chloride (LiCl), N,N'-methylenebisacrylamide (MBA),
and 2-hydroxy-4'-(2-hydroxyethoxy)-2-methylpropiophenone
(referred to as Irgacure 2959) were purchased from Sigma Aldrich,
Korea. Triethoxyvinylsilane, 1-vinylimidazole, 1,3-propane sul-
fonate, zinc foil, and stainless steel foil were purchased from
MTI, Korea. Diethyl ether (99.5%) and acetone (99%) were
obtained from Samchun Pure Chemical, Korea. Deionized (DI)
water was used for all experiments.

Synthesis of Vinyl Silica Nanoparticle (VSN), Vinyl Imidazole
Propane Sulfonate (VIPS), and Hydrogel Polymer Electrolyte
([P(AM-co-IPS)-ZnSO,/LIiCl]. VSN: As described in our pre-
vious report,”' the VSN cross-linker was prepared by dispersing
triethoxyvinylsilane (0.95 g) in deionized water (7.5 mL) and
stirring the mixture for 12 h at room temperature. Subsequently,
the homogeneous solution was stirred for an additional 2 h at
60 C, resulting in a sol-gel reaction that produced silica nanopar-
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Figure 1. Synthesis schematic of hydrogels, P(AM-co-IPS) = PAl, including the photo image, and hydrogel polymer electrolytes, P(AM-co-

IPS)-ZnSO,/LiCl = PAI-ZnLi.
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ticles dispersed in water.

VIPS: Vinyl-functionalized zwitterion was synthesized fol-
lowing a previous report with modifications.” 1-Vinylimidazole
(12.6 g) was added to a 2-neck flask containing acetone (160 mL)
during stirring. Subsequently, 1,3-propane sulfonate (16.4 g)
was slowly introduced to the solution at 0 ‘C under a nitrogen
(N,) atmosphere. The solution was stirred at room temperature
for 5 days. The resulting product was washed with diethyl ether
and dried under vacuum (OV4-65, Vacuum Oven, JEIO TECH,
Korea) at room temperature for 12 h, yielding a white powder.

P(AM-co-IPS) and P(AM-co-IPS)-ZnSO/LiCl: P(AM-co-
IPS) (referred to as PAI) was achieved through a one-pot UV
polymerization involving acrylamide (AM, 0.27 g) and vinyl
imidazole propane sulfonate (VIPS, 0.105 g) monomers, where
vinyl silica nanoparticles (0.075 g) and Irgacure 2959 (0.008 g)
were employed as cross-linkers and photo-initiator, respectively.
The four components were added to deionized (DI) water
(1.05 g) and stirred at room temperature for 12 h. The resulting
homogeneous solution was poured into a home-made mold
and exposed to UV light (UV Lamps, VL-6.LC, Vilber Lourmat,
Germany) for 2 h to achieve complete polymerization. For the
preparation of the salts (ZnSO, and LiCl)-containing hydrogel
polymer electrolyte [P(AM-co-IPS)-ZnSO,/LiCl, referred to as
PAI-ZnLi], the obtained hydrogel PAI was initially freeze-dried
(Hypercool, HC3110, Hanil Scientific Inc., Korea) at -109 C
for 48 h. Subsequently, the dried PAI hydrogel was immersed
in an aqueous solution containing 2 M ZnSO, and 4 M LiCl
until it reached an equilibrium state. This resulted in the formation
of transparent, flexible cross-linked hydrogel polymer electrolytes
(PAI-ZnLi). For the comparison, hydrogel polymer electrolytes
containing only Zn salt (10 mL) (PAI-Zn) were prepared using the
same method but without LiCl salt. The prepared hydrogel poly-
mer electrolytes were denoted as PAIx-ZnLi, where x =0, 5,
and 7, representing the weight fraction of the zwitterion VIPS.

Characterization. Fourier transform infrared spectroscopy
(FTIR, Shimadzu, IR Affinity-1S, Shimadzu Corporation, Japan)
analysis was conducted with a diamond attenuated total reflec-
tance (ATR) cell. The spectra were recorded in the range of
500 to 4000 cm™ to analyze the chemical structures of our
samples. Density functional theory (DFT) calculations were
performed using the Gaussian 05 Software packaged using the
6-31G B3LYP function to find optimized structures and bind-
ing energies between various components (such as VIPS, H,O,
ZnS0O,, and LiCl) within the hydrogel polymer electrolyte sys-
tem. Differential scanning calorimetry (DSC) (TA Instrument,
DSC 25, USA) was used to investigate the thermal properties

of hydrogel polymer electrolytes. The heating and cooling rate
was 10 ‘C/min, and the temperature range was between -60 to
60 C under an N, atmosphere. The ionic conductivity (opc)
was measured with temperature-controlled electrochemical
impedance spectroscopy (TC-EIS) measurement (Biologic
Potensiostat, VSP-300, France), in a temperature range of 30 to
-30 C. The sample was cut into a round shape and sandwiched
between two aluminum electrodes. The ionic conductivity was
measured in the frequency from 10° to 10" Hz, with a potential
amplitude of 141.4 mV, and calculated by the following

Eq. (1)%

=L

Obe = 37 (M

where /, R, and A4 are the sample thickness, resistance, and the
area of the top electrode, respectively. A universal testing machine
(UTM, Instron, 5569, USA) was used to test the mechanical
properties of hydrogel polymer electrolytes, with 20 mm/min
velocity and using a 2.5 N load cell. For the Swagelok cell
tests (Biologic Potensiostat, VSP-300, France), stainless steel
(SS)||Zn asymmetric cell and Zn||Zn symmetric cell were assembled
with hydrogel polymer electrolytes. Linear sweep voltammetry
(LSV) and cyclic voltammetry (CV) tests were conducted using
SS||Zn cell at a scan rate of 0.1 mV/s. The Tafel test using Zn||Zn
cell was performed at 0.1 mV/s. The chronoamperometry test
to calculate the transference number of Zn ions (#,2-) was per-
formed using Zn||Zn cell under polarized voltage at 10 mV for
3600 s. The #,,+ value was calculated by the following Eq. (2):

¢ ]9(A V- I()R())
o
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where [, and R, are the initial current and resistance before
polarization, respectively, I and R are the steady-state current
and resistance after polarization, respectively, and AV is the
polarization voltage. For the coin cell tests, the Zn||Zn sym-
metric cell was assembled with hydrogel polymer electrolytes.
The zinc stripping/plating test was carried out using a coin cell
at a current density of 0.1 mA/cm*

Results and Discussion

Synthesis of Hydrogel [P(AM-co-IPS) = PAI] and Its Polymer
Electrolyte [P(AM-co-IPS}-ZnSO,/LiICl = PAI-ZnLi]. Zwitterionic
hydrogels P(AM-co-IPS) were prepared through one-pot UV
polymerization using 2-hydroxy-4~(2-hydroxyethoxy)-2-methylpropi-
ophenone (Irgacure 2959) as a photoinitiator, resulting in a transparent
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hydrogel as displayed in Figure 1. The VIPS zwitterion was intro-
duced to enhance ion dissociation, thus facilitating ion transport
for a higher transference number and increased ionic conductivity.
First, to prepare the PAI hydrogel, the AM hydrophilic and VIPS
zwitterionic monomers were cross-linked with VSN, which serves
as cross-linking points and transfers stress to strengthen the hydro-
gel network structure under any stress or mechanical deformation.
VSNs with size < 50 nm were prepared by facile sol-gel reaction,
as described in our previous report.”®

Then, for the synthesis of its electrolyte (PAI-ZnLi), the PAI
was freeze-dried for 48 hours to remove water and subsequently
soaked in salt-containing aqueous electrolytes, consisting of 2 M
ZnS0O, and 4 M LiCl. The employment of highly concentrated
cooperative solvents was beneficial in breaking the hydrogen
bonds between water molecules, which lowered the freezing
point of the hydrogel.”

FTIR confirmed the successful synthesis of VIPS and VSN
with the appearance of vinyl groups peak at ~960 and 1650 cm™”,
as shown in Figure 2(a).”* In addition, the successful polym-
erization of PAIx-ZnLi was revealed by the absence of the
characteristic C=C peak observed at 960 cm™ after the UV
cross-linking process (Figure 2(b)).” Unlike PAIO-ZnLi, the
zwitterion-containing PAI7-ZnLi exhibits an additional char-
acteristic peak at 1040 cm™, attributed to the -SO;™ group from
the zwitterion IPS.* Within the IPS chains, the positively charged
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Figure 2. FTIR characterization of (a) VSN and VIPS; (b) PAIx-ZnLi
(x =0 and 7) hydrogel polymer electrolytes before and after the UV
curing process.
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group (imidazolium cation) and the negatively charged group
(sulfonate anion) are inclined to interact with free cations (Zn**) or
anions (SO4), presumably forming ion migration channels that
facilitate ion transport through electrostatic forces.'**'** Fur-
thermore, the hydrophilic IPS chains can form ion-dipole inter-
actions with H,O molecules, endowing PAI-ZnLi with the
capability to suppress H,O activity.' This inhibition effectively
restraints the water-induced hydrogen evolution reaction (HER)
and corrosion, which will be discussed in a later section.
Mechanical Properties of Hydrogel Polymer Electrolytes,
PAIX-ZnLi. The mechanical properties of hydrogel polymer
electrolytes are crucial factors in preventing fracture of wear-
able devices during regular activities. Tensile stress-strain curves
were employed to evaluate these mechanical properties of
hydrogel polymer electrolytes (Figure 3(a)). In PAI7-ZnLi, the
presence of vinyl silica nanoparticles (VSNs) serving as cova-
lent cross-linkers leads to the creation of a polymer network
structure with excellent mechanical properties, allowing the
resultant hydrogel electrolytes to possess high stretchability.
Additionally, VSN act as stress buffers, enabling energy dis-
sipation and stress transfer.** Moreover, the existence of LiCl
in the cooperative solvent weakens the hydrogen bonding of
the polymer chain, thus improving its mobility.”” Consequently,
for the VSN cross-linker-based PAI7-ZnLi-VSN, the tensile
strength increased from 45 to 56 kPa, and the elongation at
break significantly improved from 87 to 321%, when compared
to hydrogel electrolytes (PAI7-ZnLi-MBA) using the traditional
cross-linker (MBA), as shown in Figure 3(a). Furthermore, the
PAI7-ZnLi-SN electrolyte exhibits excellent stretchability and
flexibility, as demonstrated in Figure 3(b). It is capable of stretch-
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Figure 3. (a) Tensile stress-strain curves of hydrogel polymer
electrolytes synthesized by different crosslinking agents (VSN vs.
MBA); (b) Photographs showing flexible PAI7-ZnLi hydrogel
electrolyte under stretching, bending, rolling, and knotting states.
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ing, twisting, bending, and knotting, making it suitable for flex-
ible wearable devices.

Water Structure Analysis Using DFT and FTIR. In aque-
ous zinc electrolytes, zinc metal cations are solvated by dipolar
water molecules (H,0), forming a solvation shell structure
[(Zn(H,0)s)*"]."° Electron transfer occurs from H,O to Zn*" cat-
ions via the Zn-OH, bond, which is facilitated by the strong
interaction between cations and water.'’ This results in the
weakening of the O-H bond in water, potentially leading to the
deprotonation of H,O. The deprotonation can give rise to the
formation of deprotonated species such as Zn(OH), or
ZnO.'“333 Consequently, the cation-water interaction plays
a critical role in the HER and also promotes dendrite formation
on the anode. The effect of this hydrate structure on HER sug-
gests that the weak interactions between Zn** cation and water
can suppress HER.

It is reported that the CI anions exhibit strong coordination
ability with Zn*" cation, allowing them to replace water mol-
ecules within the solvation shell structure.'®*! Moreover, the
sulfonate groups in the zwitterion IPS are hydrophilic and zin-
cophilic with high electron density, weakening the hydrogen
bonds of water-water, but strengthening the O-H bonds of water.*®
This enhances the electrochemical stability and suppresses HER.
For this reason, we choose the lithium chloride salt (LiCl) and
IPS monomeric zwitterion to reconstruct the solvation struc-
ture, presumably transforming it from (Zn(H,0)s)*" to ZnCL*

or VIPS-(Zn(H,0);)*". These new solvation structures would
suppress HER by releasing bound water molecules, as a result
of strong cation-water interaction, into free water molecules.'
To verify this assumption, the density functional theory (DFT)
calculations were employed to determine the binding energies
between ions and molecules. Figure 4a shows the optimal con-
figuration of Zn-(H,0)¢**, Zn-Cl,*, and VIPS-Zn*'. In Figure
4b, it is revealed that the binding energy between VIPS and
Zn** (i.e., VIPS-Zn*") is -445.33 kcal/mol, which is more neg-
ative than that between H,O and Zn*" (-108.8 kcal/mol). The
more negative binding energy suggests that the solvation struc-
ture of VIPS-(Zn(H,0)s)*" with -505.22 kcal/mol is more favor-
able than one of Zn-(H,0),)*" with -431.38 kcal/mol. Additionally,
if there are sufficient Li" cations and CI anions, not only ZnCl*
solvation structure with a binding energy of -656.2 kcal/mol
can be formed, but also Li" cations would coordinate with water
molecules, forming Li-(H,0),". To further investigate the bound
water structures, the deconvolution of the -OH peak observed
in the 4000-2500 cm™ was performed using the FTIR spectra
(Figure 4(c) and 4(d)). The OH water peak was categorized into
two types, which are free water peak observed at 3210 cm™ and
bound water peak observed at 3420 cm™.% In Figure 4(d), the
introduction of IPS led to a pronounced free water peak (blue
color) and a relatively weaker bound water peak (red color), in
contrast to the IPS-free hydrogel electrolyte (Figure 4(c)). As a
result, in the quantitative analysis of the relative peak area frac-
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tions (Figure 4(e)), the fraction of free water increased from
59% to 67%. This confirms that the increase in free water con-
tent is a direct result of the changes in the solvation structure
induced by the VIPS zwitterion.

Thermal and lonic Conducting Properties. To investigate
the impact of lithium chloride (LiCl) on the freezing point, the
deconvolution of the -OH peak observed in the 4000-2500 cm’
was performed using the FTIR spectra with and without LiCl.
In the absence of LiCl (Figure 5(a)), a prominent peak of free
water was observed, whereas in the presence of LiCl (Figure
5(b)), the peak of bound water significantly increased.”® This
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implies a strong binding of lithium with water, and it is known
that lithium-bound water lowers the freezing point.*** More-
over, in the DSC heating cycle (from -55 to 30 C), a comparison
between PAI7-Zn and PAI7-ZnLi revealed a decrease in the
freezing point from Tj, =-11.01 to -33.34 C, respectively, and
their T,, values were much lower that of DI water (7,,=2.9 C)
(Figure 5(c)). Additionally, Figure 5d shows the temperature
dependence of ionic conductivity opc(T) and demonstrates that
for PAI7-Zn, the ion conductivity sharply decreased by approxi-
mately one order of magnitude at around -30 C. In contrast,
PAI7-ZnLi exhibited the absence of discontinuities in opc(T),
suggesting that even at -30 ‘C, water does not freeze, allowing
ions to transport freely, consistent with the observation from
DSC.

Electrochemical Performance. In aqueous zinc-ion bat-
teries, issues related to side reactions and irreversibility at the
anode due to water activity, remain to be addressed. The strong
interaction between Zn*" cations and water molecules leads
to parasitic reactions, such as the production of by-products
and hydrogen gas, driven by highly activated water mole-
cules.”1°#442 Hydrogel evolution reaction (HER) at the zinc
anode accelerates the H, generation.*” When an electric field is
applied, the competition between zinc deposition and HER
leads to non-uniform electric field distribution and uneven zinc
deposition. This results in the formation of dendrites at the
anode.* In the case of our zwitterionic hydrogel polymer elec-
trolytes, the hydrophilic groups of zwitterions interact with
water molecules, and the anionic groups (-SO;’) interact with
zinc cations. These interactions suppress water activation and
inhibit water-induced parasitic reactions. Furthermore, through
interactions with zinc ions, these zwitterionic hydrogels ensure
a uniform distribution of zinc ions. This property could help
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Figure 6. (a) LSV measurements using Zn|PAIO-ZnLi|stainless steel (SS) and Zn|PAI7-ZnLi|SS cells at a scan rate of 0.1 mV/s and 25 °C;
(b) Tafel tests using Swagelok cells at 25 °C, with arrows indicating the corrosion potential (E,.); (c) CV tests in the range of -0.1 V to 0.5 V, with
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address issues related to desolvation and deposition barriers,”*

ultimately reducing such problems and enabling high-density,
uniform zinc deposition. To verify this, linear sweep voltammetry
(LSV), Tafel, and CV tests were carried out (Figure 6). The
HER of the electrolytes was assessed through the LSV curves
(Figure 6a). In comparison to the PAIO-ZnLi electrolyte, the
PAI7-ZnLi electrolyte exhibited a more negative HER poten-
tial (-53 mV).>"**" This indicates that the incorporation of
zwitterion (IPS) effectively restricts HER by optimizing the
solvation structure between Zn>" cation and zwitterionic chains.
The corrosion reaction at the zinc anode was further analyzed
using Tafel plots (Figure 6(b)). As the zwitterion content increased
from x=0 to x=5 and 7 wt%, the corrosion potential (E.)
systematically increased from E,., = -80 mV for PAIO-ZnLi to
E.n=-7 mV for PAI7-ZnLi, and the logarithmic corrosion
current (iy) of the zinc electrode became more negative (i, =
1840 pA for PAI7-ZnLi), suggesting that corrosion was effec-
tively suppressed by the zwitterion incorporation.'*'**# To
gain further insight into the kinetic behavior of zinc ions, cyclic
voltammetry (CV) tests using Zn||SS asymmetric cells were
conducted at a scan rate of 0.1 mV/s and 25 C (Figure 6(c)).
Unlike PAIO-ZnLi, the PAI7-ZnLi hydrogel polymer electrolyte
exhibited a reversible redox reaction, indicating fast zinc plating

and stripping processes with a highly current response.**

The Zn*" transference number was investigated by assem-
bling PAI-ZnLi into Zn|[Zn symmetric cells under a constant
polarization of 10 mV. In Figure 7(a)-(c), the transference num-
ber of zinc ions (#,) was calculated through chronoamper-
ometry and impedance tests using Eq. (2). As the zwitterion
content increased, the zinc transference number (z,) increased
from 0.49 to 0.7 (Figure 7(d)), indicating that ion migration
channels were appropriately formed in the zwitterionic chain
due to electrostatic interaction between Zn*" and sulfonic acid groups
from VIPS, thus inducing rapid ion transport in the hydrogel

Furthermore, to evaluate the Zn plating/stripping performance,
the symmetric Zn||Zn cell was assembled with PAIx-ZnLi (x =0
and 7 wt%) hydrogel polymer electrolytes having a thickness
of 250 pum (Figure 8(a)). In Figure 8(b), the Zn symmetric cell
based on PAI7-ZnLi reveals a longer cycle life exceeding 400
hours and a lower overpotential (inset of Figure 8(b)) at a cur-
rent density of 0.1 mA/cm?, compared to the PAI0-ZnLi-based
cell that exhibited significantly larger overpotential and failed
to maintain a steady voltage profile. These results imply that
the incorporation of zwitterionic monomer facilitates uniform
zine ion deposition, suppresses Zn dendrite formation, and gives
a significant enhancement in the stability of the zinc anode.
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Figure 7. (a-c) Zn** transference number characterization of (a) PAIO-ZnLi; (b) PAIS-ZnLi; (c) PAI7-ZnLi; (d) comparison of Zn>*

transference number of PAI-ZnLi in different amount of VIPS.
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Figure 8. (2) Schematic of coin cell assembly based on Zn||Zn symmetric cell. (b) Zn stripping/plating performance of zinc symmetrical cells
with PAIO-ZnLi and PAI7-ZnLi at a current density of 0.1 mA cm? and inset showing the magnified voltage profile of Zn/PAI7-ZnLilZn.

Conclusions

In summary, the zwitterion-based hydrogel polymer elec-
trolytes were successfully synthesized by introducing the cross-
linkable acrylamide and zwitterion monomers, along with two
different Zn and Li salts. These electrolytes exhibit a stable
ionic conductivity even at sub-zero temperatures and demon-
strate an impressive 321% stretchability at room temperature.
The altered solvation structure resulting from the interaction
between zwitterions and zinc cations effectively suppressed both
the hydrogen evolution reaction (HER) and corrosion at the
zinc electrode. Furthermore, through the fabrication of Zn||Zn
cells with our hydrogel polymer electrolyte, the zinc symmetric
cell operated stably for over 400 h, confirming the improved
safety of our electrolyte with the zinc anode. This result shows
the potential of a next-generation aqueous zinc-ion battery.
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