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a b s t r a c t

Integration of redox ability and conductivity in binder is highly desirable to maximize their functions

for high-performance battery requirements. Here, a novel redox covalent organic polymer binder (TTF-

COP) has been developed by in-situ polymerizing redox/conductive tetrathiafulvalene unit and adhesive

thiourea unit. TTF-COP can achieve one-pot cathode fabrication and simultaneously provide strong inter-

actions with cathodic materials, showing significantly enhanced mechanical strength of the electrode, ac-

celerated capture/conversion of lithium polysulfides (LiPSs), about 10,000 times higher viscosity (at shear

rates of 0.1–1 s-1), and about 200 times enhanced electrical conductivity than that of PVDF. TTF-COP based

cells exhibit high initial capacity (1126mAh/g at 0.5 C, 928mAh/g at 1 C, 611mAh/g at 5 C, respectively)

and excellent cycling stability over 800 cycles at 5 C (0.089% decay per cycle). Moreover, the cell shows

an excellent specific capacity of 5.1 mAh/cm2 under a high sulfur loading of 7.1mg/cm2 and low E/S ratio

of 10.7 μL/mg. This work provides a new reference for designing multifunctional binders, hoping to enrich

the binding chemistry for sustainable battery targets.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Lithium-sulfur batteries (LSBs) have been considered as the

next generation rechargeable batteries used in practical applica-

tions owing to its large theoretical specific energy (2567Wh/kg)

and capacity (1675mAh/g) [1,2]. In addition, the low cost

(<$200 ton−1), the abundant source and the friendly environ-

mental impact of sulfur endow LSBs with more commercial

competitiveness [3–5]. However, LSBs still face several challenges,

such as the shedding of active material during cycling, the shuttle

effect of lithium polysulfides (LiPSs), and the slow deposition

and dissolution of Li2S, which result in unmet performances for

potential commercialization [6,7]. To address these critical issues,

many works focused on the optimizing key components of LSBs

like host materials, electrolytes, separators and binders [8–11]. The

binder, although accounting for <10wt% in LSBs, has garnered

significant attention over the past few decades [12,13]. It not only

provides the essential function of adhesion but also plays a crucial

role in various aspects, such as maintaining the integrity of elec-

trode structure, adsorbing and catalyzing LiPSs, and facilitating Li+
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hoping and transfer [14–16]. In general, poly(vinylidene fluoride)

PVDF is considered as the most mature and commercialized binder

due to its affordability, moderate mechanical stability and electro-

chemical stability, while it still exhibits poor electric conductivity,

as well as inadequate viscosity and mechanical strength for high

performance batteries due to its semicrystalline polymeric nature

[17–19]. To date, some advanced functions have been introduced

into polymer binders, including mechanical property (e.g., FBCP

binder and PLG binder) [20,21], conductivity (e.g., LVCA binder

and FNA binder) [22,23] and LiPSs regulation ability (e.g., ZIP

binder and iPANI binder) [24,25]. However, there are still some

challenges for the reported binders, such as: (1) Sluggish kinetics

in redox process; (2) lacked in physical space confinement and

chemical adsorption for suppressing LiPSs migration and (3) the

balance between electric conductivity and mechanical properties.

Therefore, it would be much desired to design novel binders with

advanced functions to meet the sustainable battery requirements.

In view of these challenges, tetrathiafulvalene (TTF), a sulfur-

rich conjugated organic molecule with 14 π electrons that has

stimulated intensive interest owing to its excellent redox proper-

ties, comes to our mind as an alternative construction unit for

binder design [26–29]. In this context, we have considered the de-
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Scheme 1. The schematic illustration of advantages of TTF-COP as binder in Li-S

battery.

sign of functional binder based on the combination of TTF and

thiourea units based on the following considerations: (1) As an im-

portant redox radical molecule with 14 π electrons, TTF unit can

serve as a π-electron donor unit in catalyzing and adsorbing LiPSs

to address the slow reaction kinetics of LiPSs [30–32]; (2) as a

conjugated organic molecule, TTF unit demonstrates good electro-

chemical stability and high electrical conductivity [27,33] and (3)

thiourea unit has been proven to be ideal adhesive unit in enhanc-

ing the binding ability of binders [11,34]. Thus, the combination of

TTF unit with thiourea unit might result in binder with high vis-

cosity, robust mechanical strength, strong LiPSs adsorptive/catalytic

capabilities, and high electrical conductivity, while it is still rare in

designing such interesting binders as far as we knew.

Herein, we report a novel redox covalent organic polymer

binder (tetrathiafulvalene covalent organic polymer, TTF-COP) by

in-situ polymerizing redox/conductive tetrathiafulvalene unit and

adhesive thiourea unit (Scheme 1). TTF-COP can achieve one-pot

cathode fabrication and simultaneously provide strong interactions

with cathodic materials, showing significantly enhanced mechan-

ical strength of the electrode, accelerated capture/conversion of

LiPSs, ∼104 times higher viscosity (at shear rates of 0.1–1 s-1) and

∼200 times enhanced electrical conductivity than that of PVDF

[35–38]. The TTF-COP based battery delivers initial specific capac-

ities of 1126, 928, 611mAh/g at 0.5, 1 and 5 C, respectively, and

excellent cycling stability over 800 cycles at 5 C (0.089% decay

per cycle and the Coulombic efficiency is nearly 100%). Specifically,

it also delivers outstanding cycling performance (5.1 mAh/cm2 at

0.1 C) under high sulfur-loading (7.1mg/cm2) and a low E/S ratio

(10.2 μL/mg). Validated by the theoretical calculation, the vital roles

of TTF and thiourea units in facilitating the capture/conversion of

LiPSs have been intensively studied by the density functional the-

ory (DFT) calculation and sufficient characterizations.

TTF-COP was prepared by a facile thermal polymerization reac-

tion through the assembly of tetrathiafulvalene tetraphenylamine

(TTF-NH2) and 1,4-diisocyanate (PDI) (Fig. 1a, details see Sup-

porting information). Interestingly, the obtained TTF-COP can be

processed in the forms of gel, powder and film (Fig. 1b and Fig. S1

in Supporting information). As illustrated in Fig. 1b, the image of

TTF-COP film reveals a self-supporting and homogeneous morphol-

ogy over a large surface area. The powder X-ray diffraction (PXRD)

pattern of TTF-COP exhibits amorphous characteristic without any

detectable crystalline phase, validating its amorphous polymeric

nature (Fig. 1c). In addition, Fourier transform infrared (FTIR)

spectroscopy confirms the formation of thiourea bond in TTF-

COP (νthiourea at 1500 cm-1) and disappearance of isothiocyanate

in PDI (ν isothiocyanate at 2000–2200 cm-1) and N–H in TTF-NH2

(3350 cm-1), indicating the combination of two components

(Fig. 1d) [11,39]. Furthermore, the solid-state 13C NMR spectrum

of TTF-COP is assigned to the relative carbon atoms in TTF unit

(a, b, c, d and e), thiourea unit (f) and PDI unit (g) (Fig. 1e). It

displays a characteristic peak (175ppm) of C=S for thiourea unit,

which also proves the covalent bonding between TTF-NH2 and PDI,

consistent with above FTIR results [28,40,41]. In addition, X-ray

photoelectron spectroscopy (XPS) was applied to investigate the

elemental valence states and chemical composition of TTF-COP.

Three major peaks of 284.6, 400.0 and 162.8 eV are assigned to

C1s, N1s, and S 2p, respectively (Figs. S2 and S3 in Supporting

information) [42]. The C1s signals (i.e., C=C, C–N, and C=S peaks

at 284.8, 285.9 and 287.7 eV, respectively) of PDI and TTF-NH2

monomers are observed in TTF-COP, which further reveal the pres-

ence of two monomers [11,40]. In addition, the elemental mapping

images of TTF-COP demonstrate evenly distribution of C, S and

N elements (Fig. S4 in Supporting information). To highlight the

redox/conductive properties of TTF units in covalent organic poly-

mer binders, TPA-COP (phenyltetraphenylamine covalent organic

polymer) was synthesized by replacing the TTF units with TPA

units and characterized (Figs. S5-S9 in Supporting information).

Mechanical strength is an important parameter for evaluating

the adhesive ability to suppress the volume change of electrode

Fig. 1. Structure and characterization of TTF-COP. (a) The synthesis process of TTF-COP. (b) The photograph of TTF-COP film. (c) The PXRD patterns of TTF-COP, PDI and

TTF-NH2. (d) The FTIR spectra of TTF-COP, TTF-NH2 and PDI. (e) Solid-state 13C CP/MAS NMR spectrum of TTF-COP.
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Fig. 2. Mechanical strength characterizations of different binders. (a) Stress-strain

curves of TTF-COP and PVDF. (b) Elastic modulus of TTF-COP and PVDF. (c) Viscosity

as a function of shear rate for TTF-COP and PVDF. (d) Shearing adhesion strength of

TTF-COP and PVDF. (e) Peel-off strength profiles of TTF-COP/CNT/S and PVDF/CNT/S

electrodes. (f) Swelling ratios of TTF-COP/CNT/S, TPA-COP/CNT/S and PVDF/CNT/S

electrodes.

during cycling. The stress-strain results reveal the maximum

tensile stress of TTF-COP is 33.81MPa (strain=5.8%), which is

slightly higher than that of PVDF (stress, 32.97MPa; strain, 10.7 %)

(Fig. 2a). Although the elongation at break (5.8 %) of TTF-COP is

inferior to that of PVDF, the elastic modulus of TTF-COP (1.30GPa)

is nearly twice higher than that of PVDF (0.76GPa) (Fig. 2b), indi-

cating the notable comprehensive mechanical capacity of TTF-COP

[43,44]. Moreover, the dynamic shear rheological characteristic of

binder plays a crucial role in resisting the volumetric deformation

of cathode and maintaining structural stability in LSBs. The results

show that TTF-COP has noticeably superior viscosity of 104 Pa s at

shear rates of 0.1–1 s-1, which is approximately 104 times higher

than that of PVDF (Fig. 2c). Among the same shear rate range, its

shear strength is about 104 Pa, approximately 104 times higher

than that of PVDF (Fig. 2d) [45,46]. Furthermore, TPA-COP also

exhibits superior mechanical strength compared to PVDF (Figs. S10

and S11 in Supporting information). Besides, the folding tests

demonstrate the macroscopic adhesion of TTF-COP, during which

no material detached from the electrode and no visible creases

are observed, validating better adhesiveness and dynamic stable

characteristics compared to PVDF (Figs. S12 and S13 in Supporting

information). Moreover, other properties of TTF-COP, as a novel

binder of LSBs, are further explored. The adhesiveness of TTF-COP

has been assessed, using 180° peeling tests at a stretching velocity

of 0.17mm/s, with PVDF as a contrast (Fig. 2e) [47,48]. It is found

that, for a given same displacement, the TTF-COP/CNT/S electrode

requires a greater force. The strong adhesion of TTF-COP can ef-

fectively prevent the peeling and falling of the electrode materials.

The stability of the binder after immersion in the electrolyte

is also a key factor for long-term cycling. During this process,

moderate electrode swelling would prevent excessive electrolyte

absorption and simultaneously maintain the good wettability of

the electrolyte [13]. The electrodes, assembled with TTF-COP and

PVDF, were soaked in the electrolyte for 24h to test their swelling

resistance. The results reveal that the electrode with PVDF (37.5%)

was prone to swelling compared to others (TTF-COP, 23.5 % and

TPA-COP, 26.1 %) (Fig. 2f). To further determine their mechanical

strength and adhesion properties, nano-indentation tests of TTF-

COP/CNT/S and PVDF/CNT/S electrodes were then studied. When

the indentation depth is 2000nm, the TTF-COP/CNT/S electrode

requires a higher applied force, indicating the increased hardness,

which allows it to withstand greater external pressure without

deformation. Additionally, the TTF-COP/CNT/S electrode (0.49GPa)

exhibits higher elastic modulus than that of PVDF/CNT/S (0.36GPa)

(Fig. S14 in Supporting information) [49].

Based on the above-mentioned results, TTF-COP can serve as

both a binding agent for cathode and redox-active agent for the

adsorption/conversion of LiPSs. To prove it, the adsorption tests

were conducted by adding the same amount of TTF-COP and PVDF

into Li2S6 solution. After 24h, the transparent solution was ob-

served by TTF-COP, signifying the adsorption capacity of TTF-COP

for LiPSs (Fig. 3a) [50,51]. The intensity of UV–vis absorption spec-

trum in the range of 250–300nm witnesses extreme decline for

the Li2S6 solution, further confirming above results (Fig. 3a). Fur-

thermore, the XPS test was conducted to confirm the chemical in-

teraction between TTF-COP and LiPSs during the adsorption tests.

Fig. 3b shows the S 2p XPS results of TTF-COP before and after

Li2S6 adsorption. The S 2p XPS of TTF-COP before Li2S6 adsorp-

tion at 161.9 eV is attributed to the thiourea group [11,52]. In con-

trast, After adsorption, terminal sulfur (ST
-1) and bridging sulfur

(SB
0) of LiPSs also appear at 161.9 and 163.1 eV, overlapping with

the original peaks [53,54]. And the appearance of Li 1s XPS in TTF-

COP/Li2S6 composites was also detected, ascribed to the strong ad-

sorption between TTF-COP and LiPSs (Figs. S15 and S16 in Sup-

porting information). To investigate the interfacial charge trans-

fer kinetics, the electrochemical impedance spectroscopy (EIS) was

studied. The TTF-COP/CNT/S electrode presents the smallest charge

transfer resistance (Rct) before cycling, indicating better ion con-

ductivity and faster electrochemical reactions within the battery,

thereby enhancing the overall performance (Figs. S17 and S18 in

Supporting information).

With the above considerations, DFT calculation has been per-

formed to understand the crucial role of TTF-COP during the bat-

tery performance (Figs. S19-S22 in Supporting information). The Li

atoms in Li2S are in close proximity to the sulfur atoms in TTF,

which significantly activates the Li-S bonds to promote the adsorp-

tion and conversion of Li2S (Fig. 3c). The higher binding energy

of LiPSs on TTF-COP compared to TPA-COP and PVDF, demonstrat-

ing a stronger affinity of LiPSs towards TTF-COP (Fig. 3f). In the

reversible conversion between S8 and Li2S, a more negative Gibbs

free energy is a higher likelihood of spontaneous reaction proceed-

ing [16]. By comparison, the Li2S2 → Li2S reaction has the highest

positive Gibbs free energy, indicating that this is the rate determin-

ing step (Fig. 3e). Therefore, Fig. 3d calculates the more negative

�Gmax value for TTF-COP in the key reaction (Li2S2 → Li2S), indi-

cating that TTF-COP significantly promotes the catalytic conversion

of LiPSs than PVDF in the reaction process. Furthermore, the sul-

fur conversion process during the discharge of Li-S batteries is di-

vided into five stages, the more negative reaction energy value in-

dicates the easier chemical reaction. It proves that the introduction

of TTF-COP is able to lower the energies required for various sul-

fur conversion reactions and especially promote the rate-limiting

liquid–solid conversion reactions (entries R4 and R5, Fig. S23 and

Table S1 in Supporting information) [55,56]. Above all, TTF-COP

not only enhances the adsorption of Li2S but also promotes the

rapid catalytic conversion of LiPSs in the DFT calculation, which

is consistent with the previously mentioned experimental results

[26,29–32]. Furthermore, the redox kinetics of LiPSs plays a sig-
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Fig. 3. Adsorption and conversion reactions of LiPSs and DFT calculation of differ-

ent binders. (a) Images and UV–vis spectra of Li2S6 adsorption on PVDF and TTF-

COP in DOL/DME solution. (b) S 2p XPS spectra of TTF-COP before and after Li2S6
adsorption. (c) The collective results of bond length of S-Li between the adsorbed

Li2S and TTF-COP. (d) The �Gmax values for the highest positive Gibbs free energy

(Li2S2 → Li2S) on TTF-COP and PVDF. (e) The reaction free energy diagrams. (f) The

binding energy of S8 and Li2Sx (1≤ x≤8) on TTF-COP and PVDF.

nificant role in high performance LSBs. Thus, the redox kinetics of

LiPSs were studied by Li2S nucleation tests. The calculated capaci-

ties of Li2S with the TTF-COP, and PVDF are 253.4 and 116.0mAh/g,

respectively, verifying that the TTF-COP binder facilitates the fast

Li2S nucleation and deposition. In addition, the TTF-COP binder

exhibits higher current intensity and earlier time of Li2S nucle-

ation than PVDF binder, indicating its faster conversion redox ki-

netics (Fig. S24 in Supporting information) [57–61]. Interestingly,

the electrical conductivity of TTF-COP and PVDF in the form of film

was also conducted by a three-electrode system. The conductivity

of TTF-COP (2.5×10–6 S/cm) exhibits about 200 times higher than

that of PVDF (1.3×10–8 S/cm), supporting the superior role of TTF

unit in enhancing the battery performance (Fig. S25 in Supporting

information) [17,62].

Subsequently, TTF-COP based electrode was prepared by one-

pot fabrication of cathode via in-situ polymerization of TTF-COP

monomers to combine S and CNT (details see Supporting infor-

mation). Thermogravimetric analysis determines the S content in

the electrode is approximately 49wt% (Fig. S26 in Supporting in-

Fig. 4. Electrochemical performances of LSBs with different binders. (a) CV curves

of TTF-COP/CNT/S, TPA-COP/CNT/S and PVDF/CNT/S at a scanning rate of 0.1mV/s

in the voltage range of 1.6–2.8V. (b) Charge–discharge curves of TTF-COP/CNT/S,

TPA-COP/CNT/S and PVDF/CNT/S at 0.5 C. (c) Rate performances of LSBs with

TTF-COP/CNT/S, TPA-COP/CNT/S and PVDF/CNT/S. (d) Cycling performances of TTF-

COP/CNT/S, TPA-COP/CNT/S and PVDF/CNT/S at 0.5 C. (e) Cycling performance of

TTF-COP/CNT/S at 5 C.

formation). The electrochemical performance of cathodes based on

TTF-COP, TPA-COP and PVDF were compared through control ex-

periments. For TTF-COP based cathode, CV curves display two typ-

ical reduction peaks at 2.31 and 1.97V with a scan rate of 0.1mV/s,

representing the transitions from solid-state S8 to soluble LiPSs and

from LiPSs to insoluble Li2S2/Li2S, respectively. Besides, two ox-

idizing peaks at 2.41V and 2.48V, corresponding to the reverse

process of LiPSs back to S are observed (Fig. 4a). The oxidation

peak at 2.41V corresponds to the transformation of Li2S into Li2Sn
(n=2–8) and the oxidation peak at 2.48V is ascribed to the trans-

formation of Li2Sn (n=2–8) into S8 [3,63–65]. The higher inten-

sity of TTF-COP/CNT/S in CV curves manifests more favorable reac-

tion kinetics than TPA-COP and PVDF (Figs. S27-S29 in Supporting

information). Corresponding to the CV results, the constant cur-

rent charge-discharge curves of the cells based on these binders

consist of two clear discharging platforms and one charging plat-

form (Figs. S30-S32 in Supporting information). In addition, TTF-

COP/CNT/S has a small overpotential for the conversion from long

chain LiPSs to insoluble Li2S2/Li2S (Fig. 4b).

Besides, The rate capabilities of LSBs are investigated at various

rates ranging from 0.1 C to 2 C, and back to 0.2 C (Fig. 4c).

TTF-COP/CNT/S presents stable rate capability of 1173.7, 857.0,

775.7, 720.1, 649.8, 600.0, 558.2mAh/g at 0.1, 0.2, 0.3, 0.5, 1, 1.5

and 2 C, respectively, which is better than PVDF/CNT/S (1049.7,

588.2, 497.7, 446.3, 388.5, 341.9 and 308.8mAh/g, respectively).

In addition, when the current density of TTF-COP/CNT/S is di-

rectly decreased back to 0.2 C, its capacity retains at 727.2mAh/g,

indicating its superior high-rate performance. As comparison,

TPA-COP/CNT/S and PVDF/CNT/S shows lower capacity than that of

TTF-COP/CNT/S under different current densities. As presented in

Fig. 4d, good cycling stability can be achieved by TTF-COP/CNT/S

with initial discharge specific capacity of 1125.7mAh/g at 0.5 C.
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In contrast, TPA-COP/CNT/S and PVDF/CNT/S exhibit lower initial

discharge specific capacity of 920.2 and 728mAh/g, respectively.

The introduction of TTF unit increases the initial discharge ca-

pacity of TTF-COP/CNT/S from 920.2mAh/g to 1125.7mAh/g when

compared to TPA unit. Notably, the TTF-COP/CNT/S can light up

an LED panel (Fig. 4e). TTF-COP/CNT/S exhibits excellent initial

discharge capacities of 927.6 and 717.4mAh/g at 1 and 2C with the

capacity decay of 0.126% and 0.076% per cycle after 200 cycles,

respectively (Figs. S33 and S34 in Supporting information). It is

worth mentioning that TTF-COP/CNT/S can deliver a discharge

capacity of 572.1mAh/g at 5 C and the Coulombic efficiency is

nearly 100% (Fig. 4e). At 6 C, TTF-COP/CNT/S can still exhibit

moderate discharge performance with a 52.6% capacity retention

after 100 cycles (Fig. S35 in Supporting information). We have

further performed the galvanostatic intermittent titration tech-

nique (GITT) discharge process tests, and the results show that

the sulfur utilization of the TTF-COP/CNT/S (71.2%) is higher than

that of PVDF/CNT/S (55.6%) (Fig. S36 in Supporting information).

High sulfur loading and E/S ratio have become critical indicators

for evaluating the practical application of LSBs. Based on this, TTF-

COP/CNT/S with a comparatively high sulfur loading of 4.2mg/cm2

and a low E/S ratio (12.1 μL/mg) exhibits a high specific capacity of

3.7 mAh/cm2, which could further be stabilized at 2.1 mAh/cm2 af-

ter 150 cycles (Fig. S37 in Supporting information). When the sul-

fur loading is 5.9mg/cm2, and the E/S ratio is as low as 8.6 μL/mg,

it can still deliver an outstanding capacity of 3.9 mAh/cm2 and

can be kept at 2.7 mAh/cm2 after 40 cycles (Fig. S38 in Supporting

information). Furthermore, even when the sulfur loading is as high

as 7.1mg/cm2, it still demonstrates an excellent capacity of 5.1

mAh/cm2 and can be maintained at 3.9 mAh/cm2 after 25 cycles

(Fig. S39 in Supporting information). Notably, the TTF-COP/CNT/S

exhibits excellent performance to the most of reported binders

used as LSBs (Tables S2 and S3 in Supporting information).

In addition, different contents (5–20wt%) of binders have also

been studied to explore the optimal specific gravity of 10wt%

binder in the cathode (Figs. S40 and S41 in Supporting informa-

tion). The batteries using these conventional polymer binders (such

as sodium alginate and sodium carboxymethylcellulose) exhibit

significant capacity decay after 200 cycles at 0.5 C, further demon-

strating the advantage of TTF-COP in stabilizing electrochemical

performance (Fig. S42 in Supporting information). Additionally,

SEM images reveal that the surfaces of cycled TPA-COP/CNT/S and

PVDF/CNT/S become rough with apparent cracks. Notably, the sur-

face of TTF-COP/CNT/S remains uniform and smooth, which indi-

cates that the high mechanical strength of TTF-COP significantly

contributes to the stability of electrode (Figs. S43 and S44 in

Supporting information). Furthermore, the SEM cross-section im-

ages confirm that TTF-COP/CNT/S buffers volume changes of the

sulfur active material during the cycling process, compared with

PVDF/CNT/S (Figs. S45 and S46 in Supporting information). In

short, the TTF-COP as a multifunctional binder, not only maintains

excellent cycling stability due to enhanced mechanical strength but

also achieves the adsorption and conversion of LiPSs by redox-

active center of TTF.

In summary, we have designed a kind of redox and conductive

binder (TTF-COP) by in-situ polymerization of redox/conductive

tetrathiafulvalene unit and adhesive thiourea unit. TTF-COP can

achieve one-pot cathode fabrication and simultaneously provide

strong interactions with cathodic materials, showing significantly

enhanced mechanical strength of the electrode, accelerating cap-

ture/conversion of LiPSs, about 104 times higher viscosity (at shear

rates of 0.1–1 s-1), and about 200 times enhanced electrical con-

ductivity than that of PVDF. The battery based on TTF-COP/CNT/S

delivers initial specific capacities of 1126, 928, 611mAh/g at 0.5,

1 and 5 C, respectively, and excellent cycling stability with over

800 cycles at 5 C (0.089% decay per cycle and the Coulombic ef-

ficiency is nearly 100%). Moreover, the cell shows an excellent

specific capacity of 5.1 mAh/cm2 under a high sulfur loading of

7.1mg/cm2 and low E/S ratio of 10.7 μL/mg. Besides, theoretical cal-

culation reveals the vital roles of tetrathiafulvalene and thiourea

units in enhancing the battery-performance. The research might

provide a new reference for the development of powerful binders

for portable electronic devices.
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