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Abstract o 1010 B
The high performance of aqueous zinc-iodine batteries is limited by the soluble
polyiodide shuttling and sluggish redox kinetics. Various strategies have been proposed
to address these issues, but most of these optimizing strategies either add additional
hurdles to the manufacturing process or require materials that are not currently
commercially available. Herein, we take advantage of commercial 1,2-dimethyl-3-
propylimidazolium iodide to serve as a redox reaction catalyst for the activation of
iodine cathodes without any other material modification. Due to the strong bonding
coordination between 1,2-dimethyl-3-propylimidazolium iodide and the polyiodides,
the as-prepared cell has a high specific capacity (147 mAh/g) at 50 C, and ultralong
cycling performance (20000 cycles) with better capacity retention. This work

introduces an effective and commercial material that enables bringing aqueous

rechargeable zinc iodine batteries to the practical energy market.
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Aqueous zinc batteries have emerged as highly attractive energy storage
candidates due to their confluence of desirable features,!"”” which are abundant and
inexpensive metallic zinc resources, low fabrication costs, and favorable
electrochemical properties.> 813 Among various cathode materials of zinc batteries,
iodine offers a compelling combination of properties for rechargeable zinc-iodine
battery (Zn-I,), which boasts a high theoretical specific capacity of 211 mAh/g, a
favorable discharge potential plateau of 1.38 V versus Zn/Zn?", and readily available
resources with estimated concentrations of 55 ug/L in seawater.!0-12 14

Despite their promise for aqueous energy storage,!>!8 current Zn-I, batteries face
several significant challenges. On the anode side, zinc metal suffers from both dendrite
growth and thermodynamically favored hydrogen evolution reaction.!®2! At the
cathode, high concentrations of polyiodide intermediate compounds are generated
during the electrochemical redox reaction of iodines, and this leads to detrimental
"shuttle" effects.!!- 12 These shuttling effects cause irreversible loss of active materials,
corrosion, and consumption of the zinc anode. The use of electrocatalysts to accelerate
the iodine reaction kinetics and regulate the zinc dendrite growth has shown promise, !4
which is attractive due to its ease of implementation and cost-effectiveness. Especially,
the intrinsically weak van der Waals interactions holding iodine molecules together
within their crystalline structure pose a significant challenge for the practical
implementation of iodine-based batteries.!>> 20 22 These weak forces facilitate

spontaneous sublimation and compromise the thermal stability of iodine under ambient

Published on 03 June 2024. Downloaded by University of East Anglia Library on 6/12/2024 11:04:34 AM.

conditions. This translates to a gradual loss of active material of cathodes, leading to
capacity fade and diminished cycle life in full batteries. Addressing this fundamental
limitation through material design modifications or structural engineering will be
crucial for unlocking the full potential of iodine-based energy storage systems.?3->3
Extensive research has explored various electrolyte modifications, such as
incorporating additives, increasing electrolyte concentration, employing polymer gel
electrolytes, and inducing the functional N atoms of molecules.” !> Those electrolyte
optimizations show the potential of carefully selected electrolyte additives to
simultaneously interact with iodine species and mitigate key side reactions in zinc-
iodine batteries,?6-2® which opens exciting avenues for further exploration of nitrogen-
containing molecular and functional nitrogen sites of the interface as promising

additives to optimize Zn-I, battery performance.” ¢ 7. 29 While certain electrolyte
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formulations have demonstrated improvements in electrochemical performangg, these . aoom50;
advancements often come at the expense of economic viability. Notably, the
solid/quasi-solid and concentrated electrolytes employed in these cases significantly
inflate material costs compared to conventional dilute aqueous electrolytes. This
discrepancy necessitates further investigation into optimizing performance within cost-
effective constraints, a crucial step for the translation of high-performing Zn-I,
batteries.!0-12, 20,21

Despite ongoing efforts to address the drawbacks of Zn-I, batteries, translating
laboratory advancements into practical applications confronts significant hurdles.® 13- 17
Existing mitigation strategies often face scalability challenges of material preparation,
with intricate manufacturing processes escalating fabrication costs and complexity.
Moreover, dependence on materials lacking commercial availability introduces
uncertainties regarding long-term supply and cost competitiveness. Consequently, the
critical path forward lies in the development of cost-effective and commercially
available strategies-based materials that leverage readily available materials and
integrate seamlessly with existing production lines.!6: 1739 1t is, therefore, attractive to
develop a strategy allowing the usage of commercially available electrocatalytic
materials, which can possess high electrical conductivity to compensate the electrons
for electrochemical reactions in addition to the catalytic activity.?-28

In this work, the commercialized 1,2-dimethyl-3-propylimidazolium iodide
(DMPII) with activated N sites of multiple-functional properties are proposed as the
catholyte additive, offering stable electrochemical reactions in aqueous Zn-I, batteries.
As prepared DMPII-based Zn-I, cells show the effective restrain the undesired shuttle
effect, in which long-chain organic matrix with the N-sites offer physical confinement
by the van der Waals forces and steric hindrance, and chemical interactions by the N-I
bonds of polyiodide anions. More importantly, the congruent molecular orbitals of
DMPII hinder the coordination reaction between I3~ and I by competitive adsorption,
suppress the shuttling effect, and attribute to a high Coulombic efficiency. As a result,
the DMPII-based Zn-I, cell exhibits a stable specific capacity of 147 mAh/g and 99 %
Coulombic efficiency at 50 C (10 A/g), and reaches a 70 % capacity retention rate
following 20000 cycles. The presented strategy for designing electrodes utilizes
commercially available materials, which alignment with existing manufacturing
infrastructure and readily available resources hold immense potential for accelerating

the development and commercialization of high-performance Zn-I, batteries.
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Results and Discussion

The wunique structural and electronic properties of 1,3-dimethyl-2-
phosphinoimidazole (DMPII) hold promise for mitigating polyiodide shuttling, a major
bottleneck in Zn-I, batteries. As depicted in Fig. 1, the iodophilic N sites within DMPII
generate sufficient polarity to capture polyiodides within the cell, while its well-suited
molecular orbitals facilitate rapid electron transport. This combination promotes
efficient polyiodide conversion and enhances iodine utilization, leading to superior
performance compared to conventional I, cathodes where polyiodide shuttling to the
zinc anode compromises Coulombic efficiency and cycling stability.!l> 12 24 To
elucidate the impact of DMPII on Lil+I, cathode crystallization, X-ray diffraction
(XRD) analysis is conducted (Fig. 2a-b). The peaks at approximately 24° and 29°
correspond to the (111) (200) and (121) planes of standard iodine material (JCPDS No.
35-1385), respectively.3! Notably, the (200) peak intensity significantly increases for
DMPII-modified cathodes, signifying enhanced crystallinity and potentially a more
stable interface. Furthermore, a slight shift in the diffraction peak towards higher angles
(Fig. 2b) suggests modulation of the crystal lattice spacing by DMPII. %32 This enlarged
interlayer within the DMPII/Lil+], composite likely offers two crucial advantages:
improved ionic conductivity for enhanced electrotransport and simultaneous polyiodide
immobilization, ultimately leading to an accelerated conversion process and promising
performance improvements.!#16 To further probe the interfacial influence of DMPII on

the cathode interface of Lil+1,, scanning electron microscopy (SEM) and atomic force
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microscopy (AFM) are employed to analyze the cathode films. The SEM image of the
pure Lil+I, cathode reveals a rough morphology with small grains, likely arising from
the fast crystallization rate and anisotropic crystallization direction (Fig. 2c). With the
introduction of DMPII, the cathode film shows a smooth interface with a more compact
morphology (Fig. 2e). This can be attributed to the slowed crystal growth rate of Lil+I,
cathode films induced by the Lewis acid-base interaction between DMPII and Lil+1,.2”
2% The corresponding AFM images (Fig. 2d and f) suggest that the addition of DMPII
can greatly decrease the surface roughness of Lil+I, films, which changes from 2 to 0.6
um. High-quality cathode films can enhance the electrochemical reaction kinetics and
benefit interfacial charge transfer.?3- 2433

The electrochemical kinetics is further investigated through the cyclic
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voltammetry (CV) curves of Zn-I, cells in the voltage range of 0.6-1.6 V (Eig.,32)s bia0555,
which expands significantly after adding DMPII to the Lil+I; catholyte (DMPII/Lil+I5).
The corresponding pairs of redox peaks (approximately 1.4 and 1.3 V) in the aqueous
electrolyte are indexed to the I,/I" processes during the cycles.!* 3% 35 The shifting
reversible redox peak with the largest area is related to the enhanced electrochemical
reactivity of the battery with the DMPII activator, where the obvious potential
difference between the redox peaks suggests the exceptional reversibility of zinc
plating/stripping coupled with a rapid iodine conversion process.!® 17-36.37 This efficient
electrochemical reaction kinetics can be ascribed to the dominant activated N sites of
molecules arising from the fast reaction kinetics facilitated by DMPII. To elucidate the
effect of DMPII on reaction kinetics and catalytic activity, Tafel slopes are extracted
from the corresponding CV curves (Fig. 3b-c).!6 23 35 Strikingly, DMPII-modified
Lil+I;, electrodes exhibit significantly lower Tafel slopes of 130 and 112 mV/dec for
the reduction and oxidation processes, respectively, compared to 190 and 226 mV/dec
observed for the pure Lil+I, electrode.!’ > This remarkable decrease signifies
substantially enhanced electrocatalytic activity and much faster kinetic processes
within the DMPII-activated Zn-I, battery system. Meanwhile, the corresponding
current of redox peaks is higher than that of the pure Lil+I; electrode (Fig. 3d), which
exhibits better electrochemical reaction kinetics and iodine utilization in the DMPII-
modified Lil+I, catholyte.” 3! Then, electrochemical impedance spectroscopy (EIS) is
used to analyze the resistance of the electrode interface. The Nyquist plots (Fig. 3e) of
the DMPII-modified Lil+I, cell show much smaller interface resistance than that of the
pure Lil+I, electrolyte.® 23 24 3% This remarkable decrease suggests that DMPII
effectively enhances ionic conductivity and diffusion coefficient, further confirming
the advantageous effect of the activated N sites in boosting the performance of the
iodine redox reaction.3% 3% 3% Furthermore, the CV is performed at both constant and
rated scan rates to comprehensively assess the electrocatalytic activity of DMPII-
modified Lil+I, catholyte. At a scan rate of 0.8 mV/s (Fig. 3f), the nearly overlapping
redox potential curves (Fig. 3g) demonstrate minimal polarization during the
polyiodide reaction, highlighting efficient redox kinetics and rapid electron transfer.
Increasing the scan rate from 0.4 to 1.0 mV/s (Fig. 3h) reveals a linear relationship
between peak current density (I, and I¢) and the square root of the scan rate (Fig. 31),

suggesting highly ordered Zn?" diffusion. These combined results showcase the
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profound impact of DMPII: efficient facilitation of polyiodide redox kinetics, ands . maoses0;
enhanced Zn™" transport within the electrolyte system.? 40

To elucidate the fundamental role of DMPII in polyiodide redox reactions,
monitoring the absorbance of I” solutions (approximately 3.0 x 10-3 mol/L of I'), and
Ultraviolet-visible (UV-vis) spectroscopy are employed to investigate the anchoring
capability of DMPII-modified Lil+I, electrodes, where the current collector is carbon
paper (CP). After 20 h, the absorbance of I” solutions progressively diminishes,
transitioning from an initial detectable state to complete transparency (Fig. 4a). This
dramatic decrease suggests efficient anchoring and immobilization of I3~ on the current
collector by DMPII. Further corroborating this, the characteristic I3~ UV-vis peaks at
approximately 285 and 350 nm steadily decline in intensity (Fig. 4b).?> These combined
observations provide compelling evidence for the exceptional performance of DMPII-
activated Lil+l, electrodes, likely arising from highly reversible electrochemical
reactions facilitated by DMPIL!® ' Chronoamperometry reveals the superior
performance of the DMPII-modified Lil+I;, cell compared to its unmodified counterpart
(Fig. 4c). The DMPII-modified cell consistently maintains a higher current response,
highlighting its enhanced electrocatalytic activity. Further elucidating the underlying
mechanism, Cottrell plots unveil diffusion limitations at the electrode interface during
the redox process. Notably, the current response estimates from Cottrell polts, which is
significantly higher for the DMPII-modified cell (30 mA/cm? versus 16 mA/cm? for the
unmodified cell), indicating accelerated mass transport of iodine species facilitated by

DMPIL#! Next, the CV curves are performed on symmetrical cells (Fig. 4d). the

Published on 03 June 2024. Downloaded by University of East Anglia Library on 6/12/2024 11:04:34 AM.

DMPII/Lil+I; electrode exhibits significantly higher current responses compared to the
pure Lil+I, electrode, demonstrating its superior electrochemical activity during
polyiodide redox reactions. These observations provide strong evidence for the
beneficial role of DMPII in facilitating electron transfer. To delve deeper into the
reaction kinetics, Tafel plots are constructed based on the redox peaks observed in the
CV curves (Fig. 4e-f). In the oxidation process, the Tafel slopes for DMPII/Lil+I, and
pure Lil+I, electrodes are estimated at 193 and 340 mV/dec (Fig. 4e), respectively.
Similarly, for the reduction peak, the corresponding values are 101 and 342 mV/dec
(Fig. 4f), respectively.” 1> More importantly, the slower slopes reveal the DMPII-
modified electrode signifies faster reaction kinetics, highlighting its catalytic prowess.

This enhanced performance can be attributed to the functional active N sites within
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DMPII, further supporting its role as a potent activator for polyiodide redox reagtiQns,2s o a0255,
15 In situ Raman spectroscopy unveils complete polyiodide conversion in the Zn-I; cells:
To directly observe the dynamic changing/discharging during cell operation, in situ
Raman spectroscopy detect DMPII-modified DMPII/Lil+I, and pure Lil+I, cathodes
in Zn-I, batteries. The corresponding DMPII-modified cathode exhibits a
fundamentally efficient polyiodide conversion pathway compared to its unmodified
counterpart. During charge in the DMPII-modified cell, the intensity of the
characteristic I3~ peak at approximately 110-120 cm!' steadily increases (Fig. 4g),
indicating the intermediate formation of this species. The DMPII-modified cathode
showcases complete conversion, where the I3~ peak progressively weakens in the later
stages of charge and ultimately disappears entirely, signifying full transformation into
lower-order iodide species. This complete conversion is mirrored during discharging,
with the I3~ peak reappearing and then vanishing again. Importantly, this disappearance
following charge and discharge confirms the entire cycle path in the DMPII-modified
cell. In stark contrast, the pure Lil+I, cathode exhibits incomplete conversion in the
Zn-I;, battery. The I3~ peak remains prominent throughout both discharge and charge
(Fig. 4h), revealing persistent intermediate accumulation. This dominance of I3~
prevents complete utilization of the active species, leading to gradual capacity fade and
ultimately shorter cycle life for the Zn-I, battery with the unmodified cathode.!!- 151
The impact of DMPII on performance is strikingly evident in cycling tests. First
of all, the cycle performances of DMPII with other concentrations show capacities of
approximately 93, 104, and 87 mAh/g, and retain approximately 88, 95, and 80 mAh/g
after 50 cycles under the 5 A/g, which is 0.4, 0.6, and 0.8 M DMPII, respectively (Fig.
S1a). The corresponding galvanostatic charge/discharge profiles show that both Zn-I,
batteries exhibit a typical charge/discharge platform at a current of 25 C, where the
potential difference (AV) between the oxidation and reduction plateaus at 50 mAh/g of
capacity is indicative of the polarization associated with the redox reaction (Fig. S1b).
Comparing the different DMPII contents (Fig. Slc), 0.6 M DMPII cell exhibits the
lowest polarization potential of approximately 0.138 V, which was significantly lower
than those of both 0.4 and 0.8 M DMPII cell (approximately 0.168 and 0.221 V). This
finding suggests that DMPII-based cells with suitable contents of DMPII can enhance
the redox reaction kinetics of polyiodides. Secondly, the performance of different

volumes of ZnSO, + Li,SO, electrolyte are also analyzed., which is 80, 100, and 120
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mL electrolyte. The performances of the different electrolyte contents-based Zn ¢ells . a05555,
show capacities of approximately 96, 102, and 90 mAh/g with 1 mg/cm? I, mass loading,
and retain approximately 91, 99, 85 mAh/g after 50 cycles under the 1A/g, which is 90,
100 and 120 mL of ZnSO, + Li,SO,4 electrolyte, respectively (Fig. S2). After
comparison, it appears that the influence of varying electrolyte contents on battery
performance is not particularly significant, which characteristic can increase the overall
energy density of the battery by reducing the electrolyte content. Next, the
DMPII/Lil+I; cells (0.6 M DMPII) deliver impressive capacities of approximately 100
and 95 mAh/g at 0.6-1.6 V, and remarkably retain approximately 86 and 80 mAh/g
after 9000 cycles at high current densities (5 and 7 A/g), corresponding to 25 and 35 C
rates, respectively (Fig. 5a-b). In stark contrast, pristine Lil+I, cells exhibit
significantly lower capacities (68 and 68 mAh/g at 5 and 7 A/g, respectively) and
demonstrate faster capacity fade. Moreover, Coulombic efficiencies exceeding 99 % in
DMPII-modified cells highlight their exceptional reversibility compared to the
approximately 95 % achieved by pure Lil+I, cells. These remarkable results underscore
the transformative potential of DMPII in unlocking superior cycling performance and
stability for Zn-I, batteries. Beyond impressive capacity and cycle stability, DMPII
unlocks remarkable rate performance in Zn-I, batteries. The DMPII/Lil+I; cell delivers
exceptional capacities of approximately 200, 195, 185, 175, and 145 mAh/g at current
densities ranging from 1 to 10 A/g (1, 2, 3, 4, and 10 A/g), effortlessly returning to 199
mAh/g upon reverting to 1 A/g (Fig. 5¢). The Lil+I,-based Zn-I, cell shows 125, 118,
107, 97, 72, and 118 mAh/g at the same current densities Meanwhile, this superior

Published on 03 June 2024. Downloaded by University of East Anglia Library on 6/12/2024 11:04:34 AM.

performance is further corroborated by the stable charge-discharge curves of the
DMPII-modified cell across various rates (Fig. 5d). These remarkable observations can
be attributed to DMPII's ability to accelerate conversion reactions between iodine
species while mitigating solution and shuttle processes. This enhanced kinetic control
results in superior electrochemical reaction kinetics and a thermodynamically favorable
conversion between I, and I, ultimately leading to the observed improvements in both
capacity retention and rate capability.?>->> To definitively elucidate the role of DMPII
in mitigating the detrimental shuttle effect, the self-discharge behavior of both
unmodified and DMPII-modified cells is tracked. After a 12-hour rest period, the
DMPII-modified cell retains an impressive 85.9 % of its initial capacity, while the

unmodified cell plummets to a mere 34.3 % (Fig. Se). This stark difference shows
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DMPII's remarkable ability to suppress iodine migration within the battery, a griticals, 555555,
factor in achieving long-term stability and improved cyclability. Distinguished cycling
stability is also achieved at a higher current density of 10 A/g (50 C). The DMPII/Lil+I,
cell delivers an initial specific capacity of 147 mAh/g, and ultralong cycling
performance of over 20000 cycles is achieved with a capacity retention of 70 % (Fig.
5%), where the corresponding charge and discharge curves show the characteristics of
typical redox process of iodine (Fig. 5g). More importantly, there is no significant
difference in polarization voltage of DMPII/Lil+]; cell (Fig. 5h). By comparison with
some representative reports in the literature, the DMPII/Lil+I, battery delivers an
outstanding cycling life and competitive capacity (Fig. 51). These results indicate that
the strong structure confinement of polyiodide in DMPII materials enables a high-

performance and long-life Zn-I, battery.

The structural evolution of Zn anodes in DMPII is investigated by multiple
characterizations. The scanning electron microscopy (SEM) is used to monitor the
morphology of the charged zinc anodes, and the SEM image of pure Zn represents a
comparison (Fig. S3a). In zinc cells, the electrode often exhibits randomly oriented
plate-like zinc deposits. This irregular deposition behavior promotes the formation of
zinc dendrite and induces dendrite growth through the “tip effect”, which significantly
reduces the battery's cycling lifespan. Conversely, DMPII-modified Lil+I, electrodes
show more uniform zinc ion deposition (Fig. S3b) at the anode interface compared to
Lil+I,-based electrodes (Fig. S3¢). The latter displays a rough surface, indicating poor
resistance to side reactions. Considering the inevitable diffusion of DMPII in the Zn-I,
cells, the 0.03 M DMPII materials are added to the symmetric Zn//Cu cells with the
electrolyte (0.5 M ZnSO, and Li,SO,4 aqueous solution) to analyze the influence of
DMPII materials on zinc anodes.’> To ascertain the electrochemical performance of the
DMPII additive, the plating/stripping experiments are performed in both symmetric and
asymmetric Zn ion battery configurations.* > 7 The symmetric cells facilitated the
assessment of Zn deposition and dissolution, while the asymmetric cells provided
insights into the overall electrochemical stability and reversibility of the Zn ion cell
system. The Coulombic efficiency of Zn//Cu cells of Zn with DMPII modification can
stably cycle for 100 cycles with a high average Coulombic efficiency of 98 %, whereas

the control pure Zn cell shows obvious fluctuations of Coulombic efficiency after 25
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plating/stripping cycles (Fig. S4a). The corresponding overlapped voltage profiles,off /. nsen;
Zn with DMPII modification cell verify that the DMPII plays a crucial role in
improving the reversibility and stability of the Zn electrode, where Zn with DMPII
modification cell and pure Zn cell are 125 and 162 mV (Fig. S4b-¢).5 7 The nucleation
overpotential is the specific electrochemical potential at which the reduction of zinc
ions initiates on the electrodes, which is observed while sweeping the potential from -
0.2 V10 2.0 Vin the CV curves of Zn//Ti cells. The potential is located at the crossover
point A (crossover potential), and Zn ions start to be reduced on the electrode at point
B, where nucleation overpotential is a potential disparity between A and B. The
nucleation overpotential of Zn with DMPII modification, and pure Zn cells is 0.065,
and 0.053 V, which the larger the nucleation overpotential indicates the smaller the
radius of the nucleated Zn particles, leading to a dense and homogeneous deposition of
Zn ions (Fig. S4d-e).!% ! Chronoamperometry (CA) measurements reveal the Zn>* ion
diffusion behavior on the surface of the Zn anode in the Zn//Zn cells,?® which are
performed at -150 mV. After approximately 100 s in the Zn//Zn cells, the Zn with
DMPII modification cell stabilizes at approximately - 5 mA, which exposes a short two-
dimensional (2D) diffusion of Zn ions. Instead, the pure Zn cell shows rapid decay in
the current curve between 1 and 150 s, indicating a disordered diffusion process of Zn
ions which correlates with the uneven nucleation and 3D dendritic growth (Fig. S4f).%
7. 29 In what follows, the long-term cycling stability of zinc anodes in electrolytes
containing DMPII has been assessed using Zn//Zn symmetric cells. This investigation

aims to evaluate the efficacy of DMPII as an additive in inhibiting dendrite formation,
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a critical factor in the safety of zinc-based cells. Under the current density of 2
mA/cm? and capacity of 2 mAh/cm?, the cell employing a DMPII-based
electrolyte demonstrates enhanced longevity, achieving a stable lifespan of up to
500 hours without any significant deviations in voltage, indicative of its superior
performance and reliability in zinc-based energy storage systems (Fig. S5a-b).%
> The following analysis, the electrochemical impedance spectroscopy (EIS) curves
render sections as internal resistance of the electrolyte, interfacial resistance (R;), and
Warburg impedance.?* 25 The alterations in interfacial resistance observed in Zn//Zn
symmetric cells provide an indirect measure of the accumulation of electrochemically
inert by-products on the surface of metallic zinc electrodes during the battery's cycling
(Fig. S6a). These changes in impedance are indicative of the interfacial processes that

occur as a result of the formation and deposition of such by-products, which can impact
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the overall performance and stability of zinc-iodine cells. Cells modified with, DMPIL, 5050505
demonstrate the lowest charge transfer resistance among symmetric cells (Fig. S6b).
This finding suggests that the incorporation of the DMPII-based electrolyte effectively
mitigates the formation of electrochemically inert by-products during the zinc plating
and stripping processes, thereby enhancing the electrochemical performance of zinc-
iodine batteries.*’

According to frontier molecular orbital theory, electron affinity, and electron
donating capability are simulated by the density functional theory (DFT) calculations,
which are respectively dependent on the energy levels of the lowest unoccupied
molecular orbital (LUMO) and the highest occupied molecular orbital (HOMO).38.42-45
The I, I, I5-, DMP*-I-, and DMP*-I5- have the LUMO energy level (-4.93, 17.09, 0.03,
-0.839, and -3.06 eV, respectively), and the corresponding HOMO energy level are -
7.50, -0.22, -2.68, -4.22, and -5.77 eV, respectively (Fig. 6a). The anchoring structure
of DMP*-I- and DMP*-I5- shows the similar LUMO-HOMO gap with that of I5-, which
is 3.38 and 2.71 eV (2.65 eV for I5).!® Furthermore, the molecular configuration is very
similar to each other, where the bond length of N-I is 0.380, and 0.377 nm for DMP*-
I and DMP*-15-, and the bond angle of N-I are 32.1°, and 29.8° for DMP*-I- and DMP*-
Iy, respectively (Fig. 6b-c). Therefore, DMPII molecular can accelerate the
coordination reaction of I and I5 to further prefer to form the large groups of DMP*-I-,
and DMP*-I5- structure, suppressing the shuttling effect of I3~ and attribute to high
Coulombic efficiency. More briefly, the N sites (Lewis acids) of DMPII molecular are
capable of accepting an electron pair from a Lewis base (polyiodide ions) to form a
Lewis adduct, which also is revealed by the Lewis acids and bases (Fig. 6d).2° As such,
the N sites of DMPII molecular facilitates the conversion of polyiodides and enhance

the reaction kinetics in the Zn-I, batteries.

Conclusions

In summary, a facile in-situ strategy for constructing high-performance Zn-I,
batteries is delivered by leveraging a commercially available DMPII activator. The
composite cathodes significantly suppress the shuttle effect of triiodide and show a high
specific capacity of 147 mAh/g, and ultralong cycling performance of over 20000
cycles is achieved with a capacity retention of 70 %. Notably, the N-functionalization

in DMPII plays a pivotal role: electrostatic interactions between positively charged N*
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and negatively charged I5™ significantly reduce triiodide diffusion, as confirmed by, 1855541402555,
situ Raman, DFT calculations, and electrochemical analysis. The above-mentioned
investigations reveal faster reaction kinetics and enhanced confinement within the
DMPII-based cathodes during redox processes. Furthermore, this work provides the
potential of commercially available functional materials through scientific investigation,

paving the way for advancements in metal-iodine batteries.
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Fig. 1. Schematic illustration of polyiodide diffusion in the pure electrolyte (a) and
DMPII molecule-based electrolyte (b).
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pure catholyte with DMPII (e, f).
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Fig. 3. The CV curves (a) of pure Lil+], catholyte, Lil+], catholyte with DMPII, and
pure DMPII with the corresponding Tafel slopes (b, ¢) and peak current(d). Nyquist
plots (e) of pure Lil+l, catholyte, and Lil+l, catholyte with DMPII. Stabilized CV
curves (f) of the DMPII-based cell with the corresponding redox peak potentials (g),
and the rated CV curves (h) of the DMPII-based cell with the corresponding redox peak

of currents from the square root of the scan rate (i).
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