Wi 4
2023 4 8 H

oA s Mo (RS0
NEW CARBON MATERIALS

Vol. 38 No. 4
Aug. 2023

Fabrication of vulcanized cross-linked polystyrene grafted on carbon
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Abstract:
vanced three-dimensional Li host. First, polystyrene was grafted from Br-modified CNTs to form brush-like structure by surface-ini-

We report the fabrication of vulcanized cross-linked polystyrene grafted on carbon nanotubes (CNTs) for use as an ad-

tiated atom-transfer radical polymerization. Polystyrene grafted on carbon nanotubes was then cross-linked using a Friedel-Crafts re-
action and finally vulcanized with sulfur. Vulcanized cross-linked polystyrene grafted on carbon nanotubes was used as a support for
the Li metal, and its macro-, meso- and microporous structure increased Li ion transport, buffered the volume changes of the Li an-
ode, and provided a high specific surface area to reduce local current density, which assisted rapid and uniform Li plating/stripping.
At the same time, the homogenously distributed sulfur in the support reacted with Li to produce a Li,S-containing SEI layer, while
the CNTs provided conductive pathways for the rapid transmission of electrons. As a result, a Li|Li symmetric cell using this anode
material and a Cu current collector had a stable cycling performance of more than 500 h at a current density of 1 mA cm™>. When
LiFePO, was used as the cathode, a full cell had a high discharge capacity of 101 mAh g™' with a capacity retention of 77% after 600
cyclesat 1 C.

Key words: Vulcanized hypercrosslinked polystyrene brushes; Carbon nanotube substrates; Advanced lithium hosts; Li,S-contain-

ing SEI; Lithium metal batteries

1 Introduction

The rapid development of wearable electronics,
smart grid systems and electric vehicles has put for-
ward increasing demand for high-energy-density elec-
trochemical energy storage devices. Lithium (Li) met-
al is regarded as the most promising anode material
toward next-generation batteries due to its highest the-
oretical specific capacity (3 860 mAh g™') and lowest
redox potential (—3.04 V vs. standard hydrogen elec-
trode)!". Nevertheless, the commercialization of Li
metal batteries (LMBs) is seriously plagued by the
growth of dendrites, the formation of fragile solid
electrolyte interphases (SEI), and the serious volume
fluctuation of Li metals”!. Specifically, inhomogen-
eous Li deposition and continuous electrolyte con-
sumption would cause erratic anode/electrolyte inter-
face, leading to low coulombic efficiency and rapid
capacity decay of LMBs*’. What’s worse, the
volume fluctuation of Li anodes accompanied by the
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growth of dendrites could cause penetration of separ-
ators, giving rise to battery failure and even safety is-
sues'**7. Therefore, the development of dendrite-free
and interface-stable Li anodes is of great significance
for the practical application of LMBs.
Three-dimensional (3D) nanostructured hosts
have attracted increasing research interest to address
these issues associated with Li anodes because of the
largely reduced local current density and relieved
volume fluctuation during Li plating/stripping™”.
Porous carbons are employed as ideal Li hosts due to
their relatively chemical stability and high electronic
conductivity, whereas the lithiophobic property could

101 Despite

result in large Li deposition barriers
modification of 3D Li hosts with lithiophilic compon-
ents is proved to homogenize Li ion flux and facilit-

ate Li nucleation effectively!'”"'"!

, many lithiophilic
components attached into these 3D Li hosts usually
exist in the form of large particles. Recently, porous

polymers with inherent lithiophilic properties (e.g.,
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poly-melamine-formaldehyde' ™, polyaniline and
polypyrrole!™) are used as fascinating hosts to ensure
smooth and reversible Li plating/stripping. However,
porous polymer hosts often possess poor ability to
conduct electrons”'"!. Furthermore, most of the 3D Li
hosts mainly focus on retarding the growth of Li
dendrites and alleviating the volume fluctuation of an-
odes, while the problem of unstable anode/electrolyte
interface triggered by fragile SEI also requires suffi-
cient attention!"™. Therefore, it is highly competitive
yet remains a considerable challenge to simultan-
eously construct a high-lithiophilic host as well as ro-
bust SEI layer for dendrite-free and anode/electrolyte
interface-stable LMB.

Herein, we have successfully developed a novel
class of vulcanized cross-linked polystyrene grafted
on carbon nanotubes (CNT-g-sxPS) which are util-
ized as advanced 3D Li hosts through the combina-
tion of surface-initiated atom transfer radical polymer-
ization (SI-ATRP), Friedel-Crafts cross-linking chem-
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istry and vulcanization reaction. As-obtained CNT-g-
sxPS possess sulfur-abundant hierarchical porous nan-
onetworks, where macro/mesopores are derived from
the interbrush cross-linking while abundant micro-
pores come from the intrabrush cross-linking of poly-
styrene. On the one hand, the hierarchical macro-,
meso- and microporous structure can accelerate Li ion
transport, buffer volume fluctuation of the Li anode,
and provide high specific surface area to reduce the
local current density, which is beneficial for rapid and
uniform Li plating/stripping. On the other hand, ho-
mogenously distributed sulfur groups in porous skelet-
on can react with Li to in-situ generate Li,S-contain-
ing SEI layer, contributing to a stable anode/electro-
Iyte interface (Fig. la). Moreover, carbon nanotube
substrates act as rapid electron transmission pathways.
As a result, the Li|Li symmetric cell with the CNT-g-
sxPS@Cu/Li anode exhibits stable cycle performance
of more than 500 h at 1 mA cm>. When paired with
LFP cathode, the full cell with the CNT-g-
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Fig. 1 (a) Schematic illustration of Li plating/stripping behavior on CNT-g-sxPS@Cu. (b) Synthetic route for the preparation of CNT-g-sxPS
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sxPS@Cu/Li delivers a high discharge capacity of 101
mAh g with a capacity retention of 77% after 600
cycles at 1 C.

2 Experimental

2.1 Materials

Styrene (Tianjin Yongda Chemical Reagent Co.,
LTD.) was purified by passing through a basic alu-
mina column before use. Cuprous bromide (Aladdin,
99.99%), carbon nanotube (7011, Guangdong Canrd
New Energy Technology), N, N-dimethylformamide
(Aladdin, AR), thionyl chloride (Aladdin, AR), glycol
(Aladdin, HPLC), trichloromethane (Aladdin, AR), 4-
dimethylaminopyridine (Aladdin, AR), tetrahydrofur-
an (Aladdin, AR), triethylamine (Aladdin, AR), car-
bon tetrachloride (Macklin, AR), anhydrous alumin-
um chloride (Macklin, AR), elemental sulfur (Mack-
lin, GR), carbon disulfide (Aladdin, AR) and others
were used as received.
2.2 Preparation of CNT-g-sxPS

CNT-g-xPS were prepared according to previous
literature"”. CNT-g-xPS and elemental sulfur (1 : 4)
were thoroughly mixed and put into a porcelain boat
wrapped with aluminum foil. After that, the mixture
was annealed at 200 °C for 2 h and 280 °C for anoth-
er 4 h under N, atmosphere. CNT-g-sxPS were collec-
ted after washing with carbon disulfide for 3 times,
followed by vacuum drying at 40 °C overnight.
2.3 Preparation of CNT-g-sxPS@Cu

CNT-g-sxPS and polyvinylidene fluoride (9 : 1)
were dispersed into N-methyl-2-pyrrolidone, and the
slurry was blade-coated onto one side of the commer-
cial Cu foil. After vacuum drying at 70 °C overnight,
CNT-g-sxPS@Cu were obtained by punching into
disks with a diameter of 14 mm. The mass loading of
the CNT-g-sxPS is 3.4 mg cm .
2.4 Material characterization

Scanning electron microscopy (SEM, Hitachi S-
4800) was used to characterize the morphologies and
structures of the samples. Elemental mappings were
investigated by Energy dispersive X-ray spectroscopy
attached to SEM instrument. Thermogravimetric ana-
lysis (TGA) was conducted under N, atmosphere on a
NETZSCH TG 209F1 Libra instrument (30-800 °C,

10 °C min"). The X-ray diffraction (XRD) patterns
were measured by a D-MAX 2200 VPC diffractomet-
er with Cu-Ko radiation at a scanning rate of 10°
min"' from 10° to 80°. Fourier transform infrared
(FTIR) spectra were recorded at room temperature on
a Bruker Equinox 55. X-ray photoelectron spectro-
scopy (XPS) measurements were carried out on an
ESCALAB Xi+ spectrometer (Thermo Fisher) using
250 W monochromatized Al Ka radiation. N, adsorp-
tion-desorption isotherms were deterrmined by the
Micromeritics ASAP 2020 analyzer at 77 K. The BET
surface area (Sy;;) was analyzed by the Brunauer-Em-
mett-Teller (BET) theory. The pore size distribution
was obtained by performing analysis of the N, adsorp-
tion-desorption isotherms based on local isotherms
generated using density functional theory (DFT).

2.5 Electrochemical test

All electrochemical measurements were conduc-
ted using CR2032-type coin cells. Li|Cu half-cells
were assembled using CNT-g-sxPS@Cu (or bare Cu)
and metallic Li (11 mm in diameter) as the working
and counter electrodes, respectively. The electrolyte
used for Li|Cu half-cells was 1.0 mol L' lithium
bis(trifluoromethanesulfonyl)imide (LiTFSI) in a mix-
ture of 1,3-dioxolane and 1,2-dimethoxyethane (1 : 1
by volume) with 1% (mass fraction) LiNO, as addit-
ive. Before cycling test, Li|Cu half-cells were activ-
ated for 5 cycles between 0 and 1 V (vs. Li"/Li) at
50 pA. Average coulombic efficiency was investig-
ated in Li|Cu half-cells using standard Aurbach pro-
tocol*”. In detail, CNT-g-sxPS@Cu was precondi-
tioned with a single Li deposition/stripping cycle at
1 mA cm”® and 10 mAh cm™ Subsequently,
10 mAh cm ™ Li was plated on CNT-g-sxPS@Cu at
1 mA cm™ Finally, 1 mAh cm” Li was stripped/
plated repeatedly for 20 cycles at 1 mA cm >, fol-
lowed by stripping out all Li until 1 V.

Li|Li symmetric cells were assembled using Li
foils (11 mm in diameter) as the counter electrodes
and CNT-g-sxPS@Cu/Li (or bare Cu/Li) as the work-
ing electrodes. Notably, CNT-g-sxPS@Cu/Li (or bare
Cu/Li) were fabricated by depositing 10 mAh cm™ Li
on CNT-g-sxPS@Cu (or bare Cu) substrates. Li|LFP
full cells were assembled with CNT-g-sxPS@Cu/Li
(or bare Cu/Li) anodes and LiFePO, cathodes (load-
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ing = 2 mg cm ), and the electrolyte was 1 mol L™
LiPF, in a mixture of ethylene carbonate/diethyl car-
bonate (1 : 1 by volume). LiNCM622 full cells were
assembled with CNT-g-sxPS@Cu/Li anodes and
LiNi, (Co,,Mn,,0, cathodes, and the electrolyte was
1.0 mol L™" LiPF, in ethylene carbonate/diethyl car-
bonate/ethyl methyl carbonate (1 : 1 : 1 by volume).
Unless otherwise specified, the loading of NCM622
cathode material is controlled at 1.5 mg cm . The
voltage windows of Li|LFP and LiINCM622 full cells
were set to 2.0-4.0 and 3.0-4.3 V, respectively. Elec-
trochemical impedance spectra (EIS) were performed
by applying alternating-current amplitude of 5 mV
over the frequency range from 1 MHz to 0.1 Hz on an
electrochemistry workstation.

3 Results and discussion

The synthetic route for CNT-g-sxPSis illus-
trated in Fig. 1b. Polystyrene (PS) brushes with car-
bon nanotube substrates (CNT-g-PS) were obtained
by grafting PS side-chains from the surface-modified
carbon nanotubes via the SI-ATRP strategy. SEM im-
ages indicate that as-obtained CNT-g-PS brushes pos-
sess well-defined 1D structure with increased diamet-
ers (Fig. 2a and b). According to FTIR spectra
(Fig. S1), four characteristic peaks of benzene ring
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o

(1486, 1446, 748 and 694 cm™') and two methylene
adsorption peaks (3 020 and 2910 cm ') can be ob-
served in CNT-g-PS in comparsion with Br-modified
CNT (CNT-Br), further demonstrating the existence
of PSP, The mass content of PS is calculated to be
20.5% (mass fraction) from the TGA curves of CNT-
g-PS, CNT-Br and PS (Fig. S2). Cross-linked CNT-g-
PS (CNT-g-xPS) were prepared via Friedel-Crafts re-
action between phenyl rings in PS side-chains and car-
bon tetrachloride"”*”. As shown in Fig. 2c, CNT-g-
xPS display a similar interconnected 3D nanonetwork
to CNT-g-PS, suggesting outstanding nanostructural
inheritability. N, adsorption-desorption isotherm and
DFT pore size distribution curve demonstrate a hier-
archical porous structure of CNT-g-xPS (Fig. S3). An
uptake at low relative pressures in CNT-g-xPS sug-
gests the presence of micropores, which are derived
from cross-linked PS side-chains. A hysteresis loop at
medium relative pressures and a gradual increase of
the adsorption amount at high relative pressures indic-
ate the existence of meso- and macropores, respect-
ively, which may be derived from the compact and
loose covalent aggregation of CNT-g-xPS.
Vulcanization reaction was proceeded in the mix-
ture of CNT-g-xPS and elemental sulfur with a two-
step heating treatment process. As shown in Fig. 2d,
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Fig.2 SEM images of (a) CNT, (b) CNT-g-PS, (c) CNT-g-xPS and (d) CNT-g-sxPS. (¢) N, adsorption-desorption isotherm
and (f) pore size distribution curve of CNT-g-sxPS
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the as-obtained CNT-g-sxPS still retain a 3D nanonet-
work structure without any obvious sulfur aggrega-
tion. The mass contents of vulcanized hypercross-
linked PS (sxPS) and carbon nanotube substrates are
calculated to be 46.4% and 53.6% (mass fraction),
respectively, from the TGA curves of CNT-Br
(Fig. S2), CNT-g-sxPS, and sxPS (Fig. S4)*!. The
elemental mapping analysis further demonstrates the
homogeneous distribution of sulfur element in CNT-
g-sxPS (Fig. S5). As shown in Fig. S6, there is no
sharp peaks identical to elemental sulfur in the XRD
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pattern of CNT-g-sxPS, demonstrating the chemical
bonding of sulfur into CNT-g-sxPS skeletons during
vulcanization. N, adsorption-desorption isotherm
shows hierarchical micro-, meso- and macropores in
CNT-g-sxPS with a Sy, of 178 m* g' (Fig. 2e). Ac-
cording to the DFT pore size distribution curve, the
micropores in CNT-g-sxPS are centered at 1.3 nm
while the meso/macropores range from 2 to 400 nm
with a maximum at 50 nm (Fig. 2f). XPS measure-
ments were carried out to further clarify the chemical
states of sulfur. As shown in Fig. 3a, C—S (161.9 eV)
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—

Fig.3 (a) S 2p and (b) C 1s high-resolution XPS spectra of CNT-g-sxPS. (c) Top-view SEM image of CNT-g-sxPS@Cu. (d-f) Cross-section SEM image and
corresponding elemental mapping images of CNT-g-sxPS@Cu
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and R—S—C (164.2 eV) can be fitted in high-resolu-
tion S 2p spectrum, and the peaks at 163.8 and 165.2
eV are attributed to S—S bonds™ %, In high-resolu-
tion C 1s spectrum, the peak at 285.2 eV also con-
firms the presence of C—S bonds (Fig. 3b), revealing
chemical bonds between sulfur and CNT-g-sxPS skel-
etons”’. Benefiting from the good combination of li-
thiophilic sulfur groups with a hierarchical porous
structure, CNT-g-sxPS would demonstrate great ad-
vantages to regulate Li nucleation and growth proper-
ties.

CNT-g-sxPS blade-coated on Cu foil (denoted as
CNT-g-sxPS@Cu) were obtained to validate the feas-
ibility of CNT-g-sxPS as 3D Li hosts. As shown in
Fig. 3c, the top-view SEM image indicates CNT-g-sx-
PS are uniformly coated onto Cu foil. The cross-sec-
tion SEM image and corresponding elemental map-
ping analysis display a 21 pm-thickness of CNT-g-sx-
PS with homogeneously distributed sulfur element
(Fig. 3d-f). In order to clarify the effect of CNT-g-sx-
PS in regulating Li plating/stripping behavior, Li|Cu
half-cells were assembled. The voltage-areal capacity
curves are used to determine the Li deposition overpo-
tential which can be divided to nucleation overpoten-

tial (u,,.) and mass transfer-controlled plateau poten-

tial (,upla)[‘”. As shown in Fig. S7, both u,,, and w, of
CNT-g-sxPS@Cu are lower than those of bare Cu,
demonstrating that lithiophilic skeletons in CNT-g-sx-
PS can significantly reduce nucleation barrier and en-
hance Li transport kinetics™.

After 10 mAh cm > Li was plated on CNT-g-sx-
PS@Cu (or bare Cu), as-obtained CNT-g-sxPS@Cu/
Li anode demonstrates a smooth and compact surface
in comparison with bare Cu/Li anode (Fig. S8). To
further investigate the compositions and states of SEI
in detail, XPS measurements were conducted on the
surfaces of CNT-g-sxPS@Cu/Li and bare Cu/Li. As
shown in Fig. 4a-c for bare Cu/Li, the signals of
C=0, C—0, C—C/C=C, LiTFSI and SO;*" are de-
rived from the electrolyte, while LiF (56.2 eV) and
Li,CO, (55.1 eV) peaks are attributed to classical SEI
29391 In terms of CNT-g-sxPS@Cu/Li,

the reduced peak intensities for electrolyte and the

components

emergency of C-S signal (285.2 eV) suggest that
CNT-g-sxPS participate in the construction of SEI and
effectively alleviate the decomposition of electrolyte
(Fig. 4d). Notably, the peaks at 162.3 eV in S 2p spec-
trum and the signal of 54.6 eV in Li 1s spectrum con-
firm Li,S is included in SEI components (Fig. 4e and

)23 According to the above analysis, Li,S-con-
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Fig.4 (a) C Is, (b) Li Is and (c) S 2p high-resolution XPS spectra on the surface of bare Cu/Li. (d) C 1s, (e) Li Is and (f) S 2p
high-resolution XPS spectra on the surface of CNT-g-sxPS@Cu/Li
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taining SEI is in-situ generated between Li and CNT-
g-sxPS, which is beneficial for rapid Li flux and ro-
bust anode/electrolyte interface.

The Li|Cu half-cell displays a high average cou-
lombic efficiency of 99.6% at 1 mA cm > and 1
mAh cm, demonstrating the advantages of CNT-g-
sxPS host in regulating Li nucleation and growth
properties (Fig. S9). Symmetric Li|Li cells were fab-
ricated to investigate the cycling stability of the CNT-
2-sxPS@Cu/Li anodes. Nyquist plots of the cell with
the CNT-g-sxPS@Cu/Li demonstrates enhanced Li

ion transport kinetics in comparison with bare Cu/Li

(Fig. 5a), which can be also reflected in the improved
rate performance at all current densities of galvano-
static cycling test (Fig. 5b). The Li|Li symmetric cell
with the CNT-g-sxPS@Cu/Li anode presents a critic-
al current density of 14 mA cm°, which is higher than
that of the cell with bare Cu/Li anode (11 mA cm %
Fig. S10). The cell with the CNT-g-sxPS@Cu/Li
shows stable voltage profiles of more than 500 h with
a small overpotential of 21 mV at 1 mA cm” and 1
mAh cm ,which performs much better than the cell
with bare Cu/Li (Fig. 5c). Their significant discrep-
ancy in Li plating/stripping behaviors can be attrib-
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Fig. 5 (a) Nyquist plots of Li|Li symmetric cells with CNT-g-sxPS@Cu/Li and bare Cu/Li anodes. (b) Voltage profiles of symmetric Li[Li cells with CNT-g-

s¥PS@Cu/Li and bare Cu/Li anodes at various current densities with a fixed capacity of 1 mAh cm™ (c) Voltage profiles of Li|Li symmetric cells with CNT-g-
sxPS@Cu/Li and bare Cu/Li anodes at 1 mA cm > and 1 mAh cm >, Cross-section SEM images of (d) bare Cu/Li and (¢) CNT-g-sxPS@Cu/Li anodes after Li|Li

symmetric cell tests for 50 cycles at 1 mA cm * and 1 mAh cm
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uted to the hierarchical porous structure and robust
Li,S-containing SEI. To the best of our knowledge,
this performance compares favorably with those of
many reported carbon-based Li hosts (Table SI1).
After cycling test, Li|Li symmetric cells were disas-
sembled to further investigate the nanomorphologies
of anodes. The top-view and cross-section SEM im-
ages show a highly porous structure with obvious
dendrites in the cell with bare Cu/Li (Fig. S1la and
Fig. 5d). As for the CNT-g-sxPS@Cu/Li, a flat and

dense structure can be observed (Fig. S11b and
Fig. Se). These results demonstrate that the porous
CNT-g-sxPS with uniformly distributed sulfur groups
can effectively suppress Li dendrites and alleviate an-
ode volume fluctuation.

The superiority of CNT-g-sxPS@Cu/Li anodes
were further certified in full cell configurations.
Nyquist plot of Li|LFP cell with CNT-g-sxPS@Cu/Li
shows smaller semicircle at the high frequency region
than the cell with bare Cu/Li (Fig. 6a), indicating the
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Fig. 6 (a) Nyquist plots of Li|LFP full cells with CNT-g-sxPS@Cu/Li and bare Cu/Li anodes. (b) Rate performance of Li|LFP full cells with CNT-g-
sxPS@Cu/Li and bare Cu/Li anodes. (c) Cycling performance of Li|LFP full cells with CNT-g-sxPS@Cu/Li and bare Cu/Li anodes at 1 C. Galvanostatic

charge-discharge profiles of Li|LFP cells with

(d) CNT-g-sxPS@Cu/Li and (e) bare Cu/Li anodes
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reduced interfacial impedance and enhanced Li ion
transport kinetics. In terms of rate performance, the
cell with CNT-g-sxPS@Cu/Li delivers average capa-
cities of 153, 146 and 134 mAh g ' under current
densities of 0.2, 0.5 and 1 C, respectively. Even at a
high current density of 5 C, a superior discharge capa-
city of 94 mAh g can still be achieved, whereas
severe capacity decay and even cell failure are ob-
served in the cell with bare Cu/Li (Fig. 6b). The cell
with CNT-g-sxPS@Cu/Li anode delivers a high dis-
charge capacity of 101 mAh g with a capacity reten-
tion of 77% after 600 cycles at 1 C (Fig. 6¢). In sharp
contrast, the cell with bare Cu/Li anode shows severe
capacity decay with only 57 mAh g™ after 600 cycles
at 1 C, as evidenced by the voltage-capacity profiles
in Fig. 6d, e. The remarkable performance difference
can be further verified in full cell configuration evalu-
ation with NCM622 cathodes. The cell with CNT-g-
sxPS@Cu/Li anode displays excellent rate perform-
ance, with average capacities of 166, 159 and 152
mAh g under current densities of 0.2, 0.5 and
1 C, respectively (Fig. S12a). Even at a high current
density of 5 C, the cell with CNT-g-sxPS@Cu/Li an-
ode still delivers a high average capacity of 127 mAh
g '. As the current density returns back to 0.2 C, the
cell with CNT-g-sxPS@Cu/Li anode resumes an aver-
age capacity of 164 mAh g '. In sharp contrast, the
cell with bare Cu/Li anode shows significantly inferi-
or rate performance with rapidly attenuated average
capacities at 1 C (108 mAh g') and 2 C (71
mAh g '), and comes into failure at 5 C. Even when
paired with high-loading NCM622 cathodes (21.6
mg cm >, ~4 mAh cm?), the full cell with CNT-g-sx-
PS@Cu/Li also delivers a high initial discharge capa-
city of 169 mAh g ' at 0.1 C and retains an excellent
capacity retention ratio of 98% for 30 cycles
(Fig. S12b).

4 Conclusion

In summary, we have successfully developed a
novel class of vulcanized cross-linked polystyrene
grafted on carbon nanotubes (CNT-g-sxPS)as ad-

vanced Li hosts. On the one hand, the hierarchical

macro-, meso- and microporous structure of CNT-g-
sxPS can accelerate Li ion transport, alleviate volume
changes of Li anode and reduce local current density,
which is conductive to rapid and homogeneous Li
plating/stripping. On the other hand, uniformly dis-
tributed sulfur groups in porous skeleton can react
with Li to in-situ generate a Li,S-containing SEI layer,
contributing to a robust anode/electrolyte interface.
Moreover, carbon nanotube substrates enable rapid
transmission of electrons. As a result, Li|Li symmet-
ric cell with CNT-g-sxPS@Cu/Li anode exhibits
stable cycling performance of more than 500 h at a
current density of 1 mA cm™ and 1 mAh cm™. When
paired with LFP cathode, the full cell with CNT-g-sx-
PS@Cu/Li delivers a high discharge capacity of 101
mAh g with a capacity retention ratio of 77% after
600 cycles at 1 C. Our work demonstrates a unique
molecular topological engineering design to simultan-
eously construct high-lithiophilicity host as well as ro-
bust SEI layer, which is expected to shed light on the
construction of multifunctional Li hosts for dendrite-
free and interface-stable LMBs.
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