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colorless to nearly black, attributed to the oxidation of iodide
ions to iodine, whereas after discharging, the organic phase
restores its transparency. Notably, the aqueous phase in the
bottom section remains colorless throughout the cycling, indi-
cative of the effective mitigation of polyiodide shuttling in the
1T-7A3B/2Z0.5M-W system. The galvanostatic charge-discharge
(GCD) curve of the 1T-7A3B/2Z0.5M-W system is depicted in
Fig. 3c, with the primary redox process occurring between 1.1
and 1.3 V corresponding to the 171} “tlansition. Additionally,
the 1T-7A3B/2Z0.5M-W system exhibits further redox behavior
at an elevated plateau of ~1.5 V, potentially attributed to the
I, 7f: —onversion process. These outcomes align with the
cyclic voltammetry (CV) curve of the 1T-7A3B/2Z0.5M-W system
in Fig. S7 (ESIT), corroborating the iodine conversion pathway
in organic electrolytes.”” Additionally, Fig. S8 (ESIt) presents
the electrochemical impedance spectroscopy of 1T-7A3B/
270.5M-W system, which exhibits a charge transfer resistance
of approximately 12 O, highlighting the rapid reaction kinetics
within the system.

The rate capability of the 1T-7A3B/2Z0.5M-W system is
further elucidated with an iodine loading of 88.8 mg (equiva-
lent to 1 mL of 1T-7A3B), as illustrated in Fig. 3d. Specifically, at
a current density of 0.1C (1C = 211 mA g "Hodine), the 1T-7A3B/
270.5M-W system exhibits an initial discharge specific capacity
of 169.1 mA h g™ 'with the increase of current densities to
0.2, 0.5, 1.0, and 2.0C, the specific capacities of the battery
can be preserved at 97.4, 94.2, 91.3, and 59.4%, respectively.
Upon returning to current densities of 0.1, 0.2, and 0.5C, the
reversible discharge capacities recover to 165.7, 164.2, and
158.7 mA h g " respectively, showcasing a recovery rate exceed-
ing 98%. This underscores the exceptional reliability and rate
performance of the 1T-7A3B/2Z0.5M-W system. On the other
hand, the 1T-7A3B/2Z0.5M-W system also demonstrates nearly
100% Coulombic efficiency (CE) at low current densities of
0.1C, signifying the dramatic elimination of the shuttle effect.
The corresponding GCD profiles at various current densities
are provided in Fig. 3e. The polarization voltages exhibit
gradual increments with current density from 0.1 to 1C, fol-
lowed by a sharp rise at 2C. Additionally, the energy efficiencies
at diverse current densities are computed based on the GCD
curves (Fig. S9, ESIT). Despite the energy efficiency being
relatively lower at 2C (58.6%), it reaches 95.0%, 90.5%,
83.2%, and 71.9% at current densities of 0.1, 0.2, 0.5, and
1C, respectively, meeting the requisites for grid-scale EESs.*®
Notably, the substitution of TBAI with equimolar solid iodine
(0.35 M) will result in a rapid decline in battery rate perfor-
mance, yielding a specific capacity of only 128.6 mA h g™ht
0.1C (Fig. S10, ESIt). Furthermore, significant fluctuations in
battery capacity are observed, with a discharge specific capacity
of 84.5 mA h g™ Wwhen the current density increases to 2C.
These findings underscore the crucial role of TBAI in achieving
high iodine utilization and enhanced rate performance in the
1T-7A3B/2Z0.5M-W system.

The cycling stability of the 1T-7A3B/2Z0.5M-W system is also
assessed and presented in Fig. 3f. Despite the substantial
iodine loading of 88.8 mg (areal loading: 22.2 mg cm ")} the
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1T-7A3B/2Z0.5M-W system demonstrates exceptional stability
with a reversible specific capacity of 127.5 mA h g™ after
700 cycles. It is noteworthy that the declining capacity can be
restored through the replenishment of AN. This may arise from
the leakage of a small amount of AN during cycling, resulting in
the precipitation of active substances (Fig. S11, ESIT). As a
result, the 1T-7A3B/2Z0.5M-W system can realize a reversible
specific capacity of 125.1 mA h g ™After 1300 cycles at 1C. This
associates to a capacity retention of 83.1% and an impressive
average CE of 4 99.9%, clearly affirming its reliability. The GCD
profiles of the 1T-7A3B/2Z0.5M-W system for varying cycle
numbers are depicted in Fig. S12 (ESIT), showcasing distinct
discharge plateaus (from 1.2 to 1.0 V) across all instances. Even
at a current density of 2C, the 1T-7A3B/2Z0.5M-W system
exhibits outstanding stability, retaining 82.0% of its specific
capacity after 600 cycles (Fig. S13, ESIT). Notably, minimal
polyiodide signals can be detected in the aqueous phase post-
cycling (Fig. S14, ESIT), validating the efficacy of the 1T-7A3B/
270.5M-W system in effectively mitigating polyiodide shuttling,
a persistent challenge in ARZIBs. Besides, after resting periods
of 0.5, 1, 2, 4, 8, and 30 days, a fully charged 1T-7A3B/2Z0.5M-W
system exhibits remarkable capacity retention values of 99.7%,
99.1%, 98.8%, 98.4%, 97.6%, and 96.6%, respectively (Fig. 3g).
This exceptional low self-discharge performance surpasses
existing literature benchmarks (Table S1, ESIt), as well as
commercial Ni-MH (20 to 30% per month) and lead-acid
batteries (5 to 20% per month),*® underscoring the unparal-
leled effectiveness of the 1T-7A3B/2Z0.5M-W system in suppres-
sing polyiodide shuttling. Furthermore, no significant capacity
degradation is observed during the forty-five-day self-discharge
assessment. Based on these findings, we can assert that the 1T-
7A3B/2Z0.5M-W system possesses a high degree of reliability
and applicability for GLEESs.

Investigation into the operational mechanism of 1T-7A3B/
2Z0.5M-W system

In situ UV-vis spectroscopy was employed to monitor the varia-
tions in polyiodide levels within the aqueous phase of the 1T-
7A3B/2Z0.5M-W system throughout the charge and discharge
processes. The experimental device is shown in Fig. S15a (ESIt).
As depicted in Fig. 4a, the absence of detectable polyiodide
signals in the aqueous phase throughout battery cycling sug-
gests the completely suppressed shuttle effect in the 1T-7A3B/
270.5M-W system. Furthermore, the conversion of iodine spe-
cies within the organic phase was scrutinized via in situ Raman
spectroscopy, with the experimental device illustrated in
Fig. S15b (ESIT). During the charging process, the emergence
of I; —peaks within the 110-120 cm “tange, attributed to the
oxidation of 15 is observed (Fig. 4b). Subsequently, as the
charging voltage nears 1.6 V, signals corresponding to I3zt
155-165 cm “Hre detected, indicative of further oxidation from
I; 3 1, =**” Upon discharge, the intensities of the I, —ahd 1;—
peaks diminish over time, indicating their gradual conversion
back to I “species. These findings align with the CV curve of the
battery as shown in Fig. S7 (ESIT). Consequently, we can infer
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