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Lithium sulfur batteries (LSBs) have good potential for next-
generation energy storage. However, the practical applications of
LSBs are restricted by the shuttle effect of lithium polysulfides (LiPS)
and uncontrollable Li deposition. Here, potassium selenocyanate
(KSeCN) is proposed as a bifunctional electrolyte additive that can
synergistically regulate both the cathode and anode electrode/
electrolyte interfaces due to its optimum orbital energy levels.
KSeCN promotes the formation of a hybrid organic—inorganic
cathode electrolyte interface (CEl) that inhibits the shuttle effect
and boosts the conversion kinetics of LiPS by incorporating con-
ductive Se into the cathode. In addition, KSeCN facilitates an
inorganic-rich solid electrolyte interface (SEl), promoting homo-
geneous Li* deposition and suppressing Li dendrite growth. Corre-
spondingly, LSBs with the KSeCN additive achieve a low capacity
decay rate of 0.05% per cycle over 1000 cycles with excellent
stability, while Li-S pouch cells operate stably for ~140 cycles.
Li|Li symmetric cells exhibit a reduced hysteresis voltage and
extended cycling lifetimes exceeding 1000 h. This work demon-
strates a promising additive design strategy for high-performance
LSBs through interfacial chemistry engineering.

1. Introduction

The increasing demand for sustainable energy has accelerated
the development of advanced lithium-ion batteries. Lithium-
sulfur batteries (LSBs) are considered as one of the key candi-
dates for next-generation energy storage devices, having a high
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New concepts

This work proposes a bifunctional electrolyte additive, potassium sele-
nocyanate (KSeCN), to synergistically boost the redox kinetics of lithium
polysulfides (LiPS) and the cycling stability of the Li anode through
interfacial chemical engineering. The electrolyte/electrode interphases
are simultaneously regulated due to the optimal molecular orbital energy
levels of KSeCN. A Se-induced hybrid organic-inorganic cathode electro-
lyte interface (CEI) is formed, thereby facilitating the conversion kinetics
of LiPS and inhibiting the shuttle effect. Moreover, the presence of KSeCN
also promotes the formation of a multicomponent hybrid solid electrolyte
interface (SEI) enriched with LiF and Li;N, which is beneficial for uniform
Li* deposition, and suppressing the growth of Li dendrites. Consequently,
in situ EIS investigations along with electrochemical measurements
demonstrate the enhanced redox reactions of LiPS and extended opera-
tional lifetime in pouch cells. The concept of interfacial engineering
through an electrolyte additive offers new insights for the construction of
high-performance lithium sulfur batteries.

theoretical specific capacity (1675 mAh g~ ') and energy density
(2500 Wh kg™')."™* Furthermore, the natural abundance and
environmental friendliness of sulfur further enhance the appeal
of LSBs. However, significant challenges impede the commercial
viability of LSBs. A primary limitation is the shuttle effect,
originating from soluble lithium polysulfides (LiPS), which
causes irreversible loss of active materials and consequently
limits cycling stability. Simultaneously, the uneven deposition
of Li" on lithium metal anodes promotes lithium dendrite
growth, severely degrading the cycling performance and hinder-
ing the practical realization of the potential of LSBs.>™®

To solve the above issues, many studies have be done in
terms of advanced electrodes, separators and electrolytes.”™*?
Regulating the electrode/electrolyte interphases is a common
and effective method to achieve high-performance LSBs among
the various strategies for modifying the electrolyte. The inter-
phases, including the cathode electrolyte interphase (CEI) and
solid electrolyte interphase (SEI) layers, which form during
initial charge-discharge cycling, are critical for LSB operation.
Soluble LiPS diffuse into the electrolyte through the CEI layer,
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leading to the shuttle effect."* Moreover, the CEI is also where
the deposition of solid-state products (Li,S,/Li,S) occurs, which
have a huge impact on the capacity of LSBs.">” Thus, establish-
ing a functional CEI is beneficial for optimizing sulfur cathode
performance. An efficient strategy demonstrated the in situ con-
struction of a thin and compact CEI through chemical reactions
involving LiPS, bis(trifluoromethane)sulfonimide ions and viny-
lene carbonate. This CEI effectively suppressed LiPS shuttling
and maintained high sulfur utilization during cycling."®'® On
the anode side, the SEI is formed between highly reactive Li
metal and the electrolyte, initially preventing further parasitic
reactions. However, prolonged cycling promotes inhomogeneity
and mechanical fragility within the SEI, leading to the formation
of a passivation layer and uneven Li" precipitation channels. This
not only leads to the continuous consumption of electrolyte, but
also worsens the deposition behavior of Li', leading to uncon-
trolled dendrite growth.”®>" These issues can be solved by
increasing the proportion of specific inorganic components in
the SEI. A functional-derivative-controlled liquid electrolyte con-
taining 1,1,2,2,3,3-hexafluoropropane-1,3disulfonimide potas-
sium (KHFDF) salt was employed in LSBs. The preferential
passivation of the lithium anode by the KHFDF salt yielded a
hierarchical SEI structure rich in inorganic components (KF and
LiF), which induced dendrite-free lithium deposition.*” Accord-
ingly, synergistic regulation of the CEI and SEI layers through
interfacial engineering presents a viable strategy to simulta-
neously mitigate polysulfide shuttling and protect the lithium
metal anode. Achieving such control is paramount for construct-
ing high-performance LSBs and boosting their commercial
applications.

In this work, we proposed potassium selenocyanate (KSeCN)
as a bifunctional additive to enhance the performance of LSBs
(as shown in Fig. 1). In-depth analysis reveals that KSeCN, with
its optimal orbital energy levels, synergistically regulates both
the cathode and anode electrode/electrolyte interfaces. At the
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conductive Se into sulfur chains and promotes the formation
of an organic-inorganic hybrid CEI layer. This modified CEI
significantly boosts the redox reaction kinetics of LiPS and
effectively inhibits the shuttle effect. At the anode, KSeCN
promotes the generation of a multi-component hybrid SEI layer
enriched with inorganic LiF and Li;N. The inorganic-rich SEI
homogenizes Li* deposition across the lithium metal surface
and mitigates corrosion reactions between the Li anode and
electrolyte, thereby suppressing dendrite formation. Conse-
quently, KSeCN-containing cells exhibit an ultralow capacity
decay rate of 0.05% per cycle over 1000 cycles at 1C (1C =
1675 mA g '). Li||Li symmetrical cells demonstrate stable
operation for over 1000 h with a minimal polarization voltage
(0.5 mA cm 2, 0.5 mAh ecm™ % ~22 mV). Moreover, KSeCN-
enabled Li-S pouch cells achieve extended cycling stability beyond
140 cycles. The good electrochemical results underscore the
significant potential of the KSeCN-based additive and interfacial
engineering for constructing high-performance LSBs.

2. Results and discussion

Molecular orbital energy levels (highest occupied molecular
orbital: HOMO; lowest unoccupied molecular orbital: LUMO)
are commonly used to determine the oxidation/reduction abil-
ity. The components have the potential to synergistically reg-
ulate electrolyte/electrode interfaces if they have orbitals with
appropriate energy levels. Accordingly, density functional the-
ory (DFT) calculations of molecular orbitals were performed to
elucidate the working mechanism of KSeCN for interphase
formation. As shown in Fig. 2a, KSeCN showed the highest
HOMO and the lowest

LUMO energy levels among all electrolyte components,
indicating its tendency to undergo preferential decomposition
at both the cathode and anode.**** Such electronic-structure
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Fig. 1 A schematic diagram of the effect of KSeCN on the electrodes.
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(a) A comparison of molecular orbital energy levels for all components in the electrolyte. (b) Raman spectra of LiTFSI, KSeCN and LiTFSI with KSeCN in

DME. (c) Raman spectra of the cathode from a cycled Li—S cell with KSeCN. (d) Se 3d, (e) S 2p and (f) C 1s XPS results from the cycled cathode with KSeCN.

contribute to the synergistic regulation of the cathode-electro-
lyte interphase (CEI) and solid-electrolyte interphase (SEI)
through the optimized molecular orbital energy levels. To
further understand its behavior in solution, the solvation
structure of KSeCN in electrolyte was investigated. Raman
measurements were performed to probe the coordination
environment in various electrolytes. As depicted in Fig. 2b,
the Raman spectra show the solvation structures of both the
lithium salt and KSeCN in ether-based solvent. The addition of
lithium bis(trifluoromethanesulphonyl)imide (LiTFSI) caused a
blue shift in the Raman signal corresponding to the Se-CN
vibration of KSeCN in 1,2-dimethoxyethane (DME), indicating a
reduction in K' coordination with SeCN~, resulting in an
upshift in the C=N stretching frequency. This shift suggests
that KSeCN is more likely to decompose molecularly.”® Addi-
tionally, “Li nuclear magnetic resonance (NMR) spectroscopy
was employed to examine the solvation of Li*. As shown in Fig.
Sia, the “Li signal moved downfield in the KSeCN-containing
electrolyte, which can be attributed to a deshielding effect. A
corresponding decrease in relaxation time was also observed

This journal is © The Royal Society of Chemistry 2025

(Fig. S1b), indicating the interactions of Li" anions in the
KSeCN-modified electrolyte are stronger than in the control
one. In addition, ab initio molecular dynamics (AIMD) simula-
tions were further conducted to clarify the impact of KSeCN on
the solvation structures of Li" at a molecular level. As shown in
Fig. S2, radial distribution function (RDF) analysis reveals a
pronounced peak corresponding to SeCN™ in the inner solva-
tion shell (Fig. S2a). The coordination number (CN) of Li* with
SeCN™~ remained stable within the first solvation shell, con-
firming the exclusive presence of SeCN™ in this region (Fig.
S2b). This solvation structure facilitates the preferential decom-
position of anionic SeCN™~ during interfacial processes. The
spectral results along with theoretical calculations revealed that
KSeCN has the potential to synergistically improve the CEI and
SEI, thereby boosting the performance of Li-S cells through
regulating the electrode/electrolyte interphases.

Furthermore, the chemical bonding environment and com-
ponents of the CEI layer were investigated to elucidate the
influence of KSeCN on the cathode. Fig. 2c shows the Raman
spectrum of a cycled cathode from a KSeCN-containing cell.

Mater. Horiz.
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The presence of a Se-S peak (located at 382 cm™ ") indicated the
involvement of KSeCN in CEI formation and the successful
incorporation of Se into the cathode. Time-of-flight secondary
ion mass spectrometry (TOF-SIMS) depth profiling (Fig. S3)
further confirms the incorporation of Se into the cathode
surface layer. Strong Se®~ signals remained in the KSeCN-
containing cell, while only background levels are detected in
the KSeCN-free cell. Elemental distribution analysis of the
cycled cathodes further confirmed the uniform dispersion of
Se (Fig. S4). Given that selenium exhibits higher electrical
conductivity than sulfur, the introduction of Se is beneficial
for enhancing the reaction kinetics of polysulfides, leading to
improved battery performance.”® The CEI layer was further
examined via X-ray photoelectron spectroscopy (XPS). The XPS
results (Fig. S5) also verified the presence of Se. Fig. 2d and e
displays the deconvoluted Se 3d and S 2p spectra of the cycled
cathode. The peaks at 56.1 eV and 55.3 eV in Fig. 2d are
assigned to Se-S bonds, while those peaks at 164.5 eV and
163.3 eV in Fig. 2e correspond to S-S/S-Se bonds, consistent
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with the Raman findings.>” Moreover, the appearance of new
peaks in the S 2s XPS results (Fig. S6) also indicated the
participation of Se in sulfur evolution. Notably, in addition to
the characteristic C-C peak (284.8 eV) in the C 1s spectrum
(Fig. 2f and Fig. S7), several other peaks associated with carbon-
containing bonds were observed, indicating the formation of
an organic-inorganic hybrid CEI layer. TEM combined with
EDS mapping (Fig. S8) visually demonstrates a uniform CEI
layer on cycled S/C particles, with Se homogeneously distrib-
uted alongside C and S, confirming the integration of Se into
the CEI Since polysulfide diffusion initiates at the electrode/
electrolyte interface, such a functional organic-inorganic
hybrid CEI is expected to effectively suppress the shuttle effect
of LiPS.

The conversion kinetics of polysulfides were subsequently
studied to elucidate the positive effect of the KSeCN additive on
the performance of Li-S cells. First, the ionic conductivity of
electrolytes was investigated using stainless-steel symmetrical
cells. As shown in Fig. 3a, the electrolyte containing KSeCN
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Fig. 3 (a) lonic conductivities of electrolytes with and without KSeCN. (b) CV
cells without KSeCN at different scan rates. (d) The fitted Li*

curves of Li-S cells with KSeCN at different scan rates. (c) CV curves of Li-S
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displayed higher ionic conductivity (1.35 mS cm™") compared
with the control electrolyte (0.83 mS cm '), which indicated the
improved migration of Li*. To further investigate the conver-
sion kinetics and Li" transport, variable-speed cyclic voltam-
metry (CV) was carried out with a scan rate range of 0.1-
0.5 mV s~ . Three distinct redox peaks are observed, attributed
to different reaction stages in the Li-S system. The two cathodic
peaks, designated as Peak I and Peak II, are associated with the
reduction processes of Sg to soluble Li,S, (n = 8, 6, or 4) and
subsequent conversion to Li,S,/Li,S, respectively. The anodic
peak, Peak III, corresponds to the oxidation of Li,S back to
Ss.>®* Upon increasing the scan rate, all peak currents were
raised and the polarization became more pronounced, consis-
tent with fundamental electrochemical principles. Notably, the
cells with KSeCN showed higher peak currents and reduced
voltage polarization, suggesting that it facilitated the conver-
sion of lithium polysulfides and enhanced the reaction
kinetics. The lithium-ion diffusion coefficient (Dy;.) values were
derived from the CV data based on the linear relationship
between the peak current (I,) and the square root of the scan
rate (v*°), in accordance with the following Randles-Sevcik
equation:

I, = 2.69 x 10°n"°ADy;>*v"°Cy;

where n is the number of transferred electrons, A is the
electrode area, and Cy; is the concentration of Li*.>**! As shown
in Fig. 3d and Fig. S9, Dy;, values for Peaks I, IT and III in cells
with KSeCN were calculated to be 4.51 x 10~ %, 8.18 x 10~ %, and
9.72 x 10~ % em” 57", respectively, which are significantly higher
than those of control cells (2.93 x 107%,3.91 x 10~ % and 4.10 x
10~® em® s7'). These results confirm that the incorporation of
KSeCN facilitates faster and more-efficient Li* diffusion during
charge/discharge processes, thereby corroborating its benefi-
cial role in improving the LiPS conversion kinetics.

To better understand the redox conversion kinetics of poly-
sulfides during cycling, galvanostatic intermittent titration
technique (GITT) measurements were performed at 0.2C to
access the internal resistance associated with Li,S nucleation
and activation. As revealed in Fig. S10, the cells containing
KSeCN exhibited smaller voltage hysteresis during Li,S nuclea-
tion and activation, indicating reduced polarization and
improved polysulfide kinetics. This enhancement is attributed
to the incorporation of highly conductive Se and the formation
of a robust CEI resulting from the decomposition of KSeCN.
In situ XRD measurements were then conducted to directly
monitor the phase evolution of sulfur during cycling. As shown
in Fig. S11, crystalline a-Sg (~23°) was detected in both cells
and disappeared when ~20% depth of discharge (DOD) was
achieved, corresponding to conversion from Sg to LiPS. A peak
appearing at ~27° between 40% DOD and 60% DOD is
associated with crystalline cubic Li,S. The cells with KSeCN
exhibited a broader Li,S peak width than the cells without
KSeCN, indicating significantly promoted Li,S nucleation
kinetics. The nucleation behavior of Li,S was further investi-
gated to evaluate its deposition kinetics. As shown in Fig. S12a
and S12b, a higher current response was observed in cells with

This journal is © The Royal Society of Chemistry 2025
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KSeCN, suggesting improved conversion efficiency from soluble
LiPS to solid Li,S. In addition, the current-time curve was
derived from the nucleation curve, as presented in Fig. S12e.
The nucleation and growth processes of Li,S in KSeCN-
containing cells closely follow the three-dimensional progres-
sive (3DP) model, indicating a higher deposition capacity and
delayed passivation layer formation. Scanning electron micro-
scope (SEM) images (Fig. S12c and S12d) showing the Li,S
growth morphology further confirmed the 3D pattern of
nucleated Li,S, which is expected to improve sulfur utilization
and enhance the overall electrochemical performance.*

Fig. 3e shows the electrochemical impedance spectroscopy
(EIS) results from cells obtained at the open circuit voltage
(OCV). The overall impedance of a cell with KSeCN was lower
than that of a cell without the additive, indicating accelerated
reaction kinetics. Furthermore, in situ EIS measurements were
also carried out during the first charge/discharge cycle to
monitor the evolution of the electrode kinetics. The EIS data
was further analyzed using the distribution of relaxation time
(DRT) method to quantify the time constants and correlate
them with specific electrochemical processes. During cycling,
four distinct peaks were identified in the DRT curves (Fig. 3f):
D1 (107> to 107 %), D2 (10™* to 10?), D3 (10> to 10~ ?), and D4
(1072 to 1). The D1 peak is related to sulfide grain boundary
resistance, which reflects contact resistance at the collector/
electrode interfaces and between electrode particles. The D2
and D3 peaks correspond to ion transport across the anode and
cathode interfaces, respectively. The D4 peak, which has the
largest time constant (a frequency below 0.1 Hz), is related to
solid-state diffusion and charge transfer at the sulfur cathode.
In the cells with KSeCN, all DRT peak intensities remained
relatively low during cycling. The D4 peak intensity increased
between 2.1 V and 2.05 V during discharge, which can be
attributed to the nucleation of insulating Li,S, reducing charge
transfer.**®* In contrast, during charging, the D4 peak inten-
sity gradually decreased, especially above 2.25 V, corresponding
to the oxidation of Li,S to LiPS and finally to Sg, which is
beneficial for charge transfer (Fig. 3g). By comparison, the cells
without KSeCN exhibited significantly higher DRT intensities
throughout cycling, with pronounced increases in the D3 and
D4 peaks (Fig. S13). These results further demonstrate the
beneficial role of KSeCN in interfacial modification: the intro-
duced conductive Se and the formation of a high-quality
organic-inorganic hybrid CEI layer boosted the redox reaction
kinetics of polysulfides.

Due to the preferential characteristics of KSeCN for decom-
position on the electrode surface, which is likely to alter the
chemical composition of the interface layers, the influence of
KSeCN on Li" plating/stripping behavior was further investi-
gated using electrochemical and interfacial analytical methods.
Li|Li symmetric cells were first assembled to evaluate the
cycling performance. As shown in Fig. 4a and b, the cell without
KSeCN showed intense voltage fluctuations and high overpo-
tentials, especially after cycling for ~200 h. These phenomena
can be attributed to the fracturing of the unstable SEI, which
exposed the Li anode to electrolyte, ultimately resulting in the
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(a) Galvanostatic curves of Li—Li cells with and without KSeCN. (b) A localized magnified image of overpotential. SEM images of cycled Li metal in

Li—Li cells (c) with and (d) without KSeCN. (e) F 1s spectra of the cycled Li anode surface at different depths in KSeCN-containing cells. (f) N 1s spectra of

the cycled Li anode surface at different depths in KSeCN-containing cells.

uncontrolled growth of lithium dendrites. In contrast, cells
containing KSeCN maintained a low hysteresis voltage of only
22 mV and remained stable for over 1000 h. The improved
performance is primarily owing to the formation of a robust
SEI, which promotes homogeneous Li" plating/stripping and
reduces hysteresis polarization. To further investigate the Li*
deposition behavior, the morphologies of cycled Li anodes were
further examined using SEM. As shown in Fig. 4c, the surface of
Li metal in the cell with KSeCN remained uniform and com-
pact. In addition, no lithium dendrites were observed, which
suggested uniform Li' deposition. On the other hand, the
lithium surface in the KSeCN-free cell (Fig. 4d) exhibited
numerous cracks and considerable roughness, indicating
uneven Li" precipitation.

To elucidate the origin of the improved Li* deposition
behavior in cells with KSeCN, the chemical composition of
the SEI on the lithium metal surface was analyzed via XPS. Fig.
S14 shows the atomic profiles in SEI layers with and without
KSeCN. The proportions of F and N atoms were rather higher in
the presence of KSeCN, indicating the formation of an
inorganic-rich SEI layer in KSeCN-containing cells. This type
of SEI is beneficial for Li" deposition owing to its high ionic
conductivity. To identify the specific chemical species, the F 1s
and N 1s spectra were further deconvoluted. In the F 1s

Mater. Horiz.

spectrum (Fig. 4e), two distinct peaks were observed at
684.8 eV and 688.7 eV, corresponding to LiF and C-F,
respectively.*® LiF primarily originated from the decomposition
of LiTFSI, and the content increased with sputtering time.
Moreover, the LiF content was considerably higher in cells with
KSeCN than in the control cells (Fig. S15). After 40 s of XPS
depth profiling, the LiF content in the cell with KSeCN
increased to 2.1 times the initial surface value, compared to
1.7 times in the KSeCN-free cell, confirming the formation of a
more inorganic-rich SEI in the former case. LiF has high
interfacial energy, high ionic conductivity and is a good elec-
trical insulator, all of which facilitate Li" plating/stripping and
suppress lithium dendrite growth. In addition, as shown in
Fig. 4f, the N 1s spectrum revealed the presence of various
nitrogen-containing species, including Li;N (398.8 eV), which is
formed through a decomposition reaction between KSeCN and
Li salts (like LiNO;).>>*” The XPS results collectively indicate
that the incorporation of KSeCN promotes the formation of an
inorganic-rich SEI layer on the lithium metal surface, which
homogenized Li" deposition and inhibited dendrite growth.
Owing to the cooperative effect of KSeCN on the stabilization
of both the SEI and CEI layers, Li-S cells incorporating KSeCN
as an additive exhibit significantly enhanced electrochemical
performance. As illustrated in Fig. 5a, the cycling performance

This journal is © The Royal Society of Chemistry 2025
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Fig. 5 (a) The long-term cycling performance of Li-S cells with and without KSeCN at 0.5C. (b) The charge—discharge curves of Li-S cells with and
without KSeCN at 0.2C. (c) The CV curves of cells with and without KSeCN at 0.1 mV s™. (d) The rate performance of Li-S cells with and without KSeCN.
(e) A comparison of specific capacity at different current densities. (f) The cycling performance of a cell with KSeCN at 1C. (g) The cycling performance of

Li—S pouch cell with KSeCN.

was evaluated at 0.5C. The cell with KSeCN maintained a high
reversible capacity retention of 82.6% after 200 cycles, which
means the effective suppression of the polysulfide shuttle effect
due to the formation of an organic-inorganic hybrid CEI layer.
The corresponding charge-discharge profiles in Fig. 5b further
revealed the reduced polarization voltage in the KSeCN-
containing cells, indicating improved LiPS conversion kinetics.
Fig. 5c depicts the CV curves of cells with different electrolytes,
scanned at 0.1 mV s . The redox peaks of the KSeCN-
containing cell showed higher current responses compared
with those without KSeCN. Furthermore, the reduction peaks
are positively shifted, indicating reduced polarization and
enhanced redox kinetics in cells with the KSeCN additive. The
rate capability was further investigated at various current
densities from 0.2C to 1C (Fig. 5d). The KSeCN-containing cell
delivered superior rate capacities of 1213.6, 907.2 and
827.7 mAh g~ at 0.2C, 0.5C and 1C, respectively, outperform-
ing the control cell, which exhibited capacities of 1080.2, 773.8,
691.5 mAh g~ . These results underscore the accelerated poly-
sulfide conversion kinetics. The charge-discharge curves in Fig.

This journal is © The Royal Society of Chemistry 2025

S16 also exhibited longer capacity platforms (denoted as Q1 for
Ss — Li,S, and Q2 for Li,S,, — Li,S,/Li,S) along with lower
polarization voltages.*®*® In addition, KSeCN-containing cells
exhibit higher Q2/Q1 ratios (Fig. 5e), which are associated with
improved reaction kinetics and higher sulfur utilization. EIS
analysis was performed after cycling to elucidate the reaction
kinetics. The Nyquist plots in Fig. S17 showed two depressed
semicircles in the high- and medium-frequency regions accom-
panied by a sloping line in the lower-frequency region, which
can be fitted to give the bulk resistance (Ry,), surface resistance
(Rs), and charge-transfer resistance (R.), respectively.’®*" The
reduced R values of KSeCN-containing cells prove the
enhanced reaction kinetics of LiPS. In addition, the lower R
value suggests less accumulation of irreversible dead sulfur,
thereby improving sulfur utilization.*?

To further explore the cycling advantages of KSeCN-
containing cells, Fig. 5f depicts the long-term cycling perfor-
mance of the KSeCN-containing cell at 1C. The cell exhibited an
initial capacity of 823.3 mAh g ! and retained 404.7 mAh g '
after 1000 cycles, corresponding to a low decay rate of 0.05%
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per cycle and an average Coulombic efficiency of approximately
99%. The excellent long-term cycling performance indicates
that the polysulfide shuttle effect is effectively suppressed via
the formation of a stable organic-inorganic hybrid CEI layer.
Fig. 518 further presents the cycling performance at high sulfur
loading of 5.8 mg cm ™. The KSeCN-containing cell retained a
capacity of 533.1 mAh g " after 90 cycles. Additionally, pouch
cells were evaluated to assess the practical applicability. As
shown in Fig. 5g, a pouch cell with a total sulfur loading of
208 mg maintained 65.4% of its initial capacity after 140 cycles,
demonstrating the potential of KSeCN for practical applica-
tions. The comparison of KSeCN with other Se-based additives
shown in Table S1 also illustrated the obtained improvements
in both the cathodic redox kinetics and anodic cycling stability.

The fundamental findings in this work provide new insights
into design strategies for functional electrolyte additives for use
in LSBs. The regulation of SEI and CEI layers through an
interfacial engineering method involving the preferential
decomposition of KSeCN synergistically improved both the
cathodic and anodic cycling performance, which is significant
for the practical application of LSBs.

3. Conclusions

In summary, this study demonstrates the potential of inter-
facial engineering for constructing high-performance LSBs
through the use of KSeCN as an electrolyte additive. The
synergistic preferential decomposition of KSeCN on both elec-
trodes simultaneously regulates the CEI and SEI layers. On the
cathode side, highly conductive Se is incorporated, forming an
organic-inorganic hybrid CEI that enhances the kinetics of
LiPS conversion and suppresses the shuttle effect. On the
anode side, the formation of an inorganic-rich SEI optimizes
the Li" deposition behavior, leading to more uniform lithium
plating and inhibited dendrite growth. Consequently, the
KSeCN-modified electrolyte exhibits good electrochemical per-
formance for extending the cycling life and stability of LSBs.
This work underscores the critical role of KSeCN for enhancing
interfacial chemistry and boosting battery performance, offer-
ing new insights into additive design for the practical commer-
cial application of LSBs.
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