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Soluble inverse-vulcanized hyperbanched polymers (SIVHPs) were synthesized via radical ring-opening
polymerization (RROP) of sulfur (Sg) with 1,3-diisopropenylbenzene (DIB) in solution. Benefited from
their branched molecular architecture and crosslinking-free merit, SIVHPs presented excellent solubility
in polar organic solvents with an ultrahigh concentration of 400 mg mL™. After end-capping by
sequential click chemistry of thiol-ene and Menschutkin-quaternization reactions, we obtained water
soluble SIVHPs for the first time. The sulfur-rich SIVHPs were employed as solution processible
cathode-active materials for Li-S batteries, by facile fluid infiltration into conductive frameworks of
graphene-based ultralight aerogels (GUAs). The SIVHPs-based cells showed high initial specific
capacities of 1247.6 mA h g, good cyclability of 694.0 mA h g* after 90 cycles. The cells also
demonstrated an excellent rate capability and a considerable depression of shuttle effect with stable
coulombic efficiency of around 100%. The electrochemical performance of SIVHP in Li-S batteries
overwhelmed the case of neat sulfur, due to the chemical fixation of sulfur. The combination of high
solubility, structure flexibility, and superior electrochemical performance opens a door for the promising
application of SIVHPs.

1

15}

1

@

2

S

when using these copolymers as cathode-active materials in Li-S
Introduction battery.® However, gelation usually occurs in the bulk
polymerization of such a “A, + B,” system, leading to hard
processibility below the thermal decomposition temperature of
these polymers. Therefore, polymers with high sulfur content and
high solubility are eagerly expected.

Herein, we synthesized a kind of SIVHPs via RROP of Sg with
DIB in solution. These SIVHPs possess relatively high molecular
weights and excellent solubility in organic solvents (up to 400 mg
ss mL™). When modified via sequential thiol-ene and Menschutkin
click reactions, SIVHPs were endowed with water solubility for
the first time. The solution of SIVHPs in CHCI; was absorbed
into GUAs’ and used as cathode-active materials in Li-S batteries.
The Li-S batteries showed high coulombic efficiency (~100%),
superior cycling performance and good rate capability.

Hyperbranched polymers (HPs) have attracted wide attention due
to their distinctive chemical and physical properties, which are
derived from their unique three-dimensional dendritic molecular
architecture with high content of functional groups, low viscosity
and high solubility. HPs have been applied in some fields
including coatings, processing additives and electrolytes in
lithium ion batteries.> However, HPs have never been used as
electrode materials probably due to the difficulty in the design of
desired molecular structures.

On the other hand, Li-S battery is emerging as a new kind of
lithium ion battery. Organosulfur compounds and sulfurized
carbons are being explored to be used as cathode materials in
lithium ion batteries, aimed at exceeding the performance of
marketable products like LiCoO, and LiMnO,.2 However, the
energy density of such kind of Li-S batteries was hard to be
improved since it was fairly difficult to obtain organosulfur Materials
compounds and sulfurized carbons with sulfur content over 50
wt %.% Additionally, sulfurized carbons usually need tedious
thermal treatments above 250 °C, due to their poor solubility.®
Recently, Pyun and co-workers addressed such a challenge via
bulk inverse vulcanization, which was copolymerization of a
large percentage of sulfur (50-99 wt %) and a modest amount of
s DIB (1-50 wt %). It exhibited high specific capacity and stability
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Experimental

DIB, 2,2-dimethoxy-2-phenyl-acetophenone (DMPA) were
purchased from TCl  Shanghai. 3-(Dimethylamino)-1-
propanethiol was acquired from Atomax Chem Co. Ltd.
Sublimed sulfur, chloroform (CHCI;), dimethylformamide
(DMF), tetrahydrofuran (THF), toluene, 1,4-dioxane, anisole, N-
methyl-2-pyrrolidone (NMP) and other organic solvents were
purchased from Sinopharm Chemical Reagent Co. Ltd. DIB was
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Polymer Chemistry

passed through a column of basic alumina before use and all the
other materials were used as received.

Instrumentation

Gel permeation chromatography (GPC) was recorded on a Perkin
Elmer HP 1100, using THF as the eluent at a flow rate of 1 mL
min™, RI-WAT 150 CVt+ as the detector and linear polystyrene
for calibration at 40 °C for characterization of apparent molecular
weights. 'H NMR (400 MHz) spectroscopy measurements were
carried out on a Varian Mercury plus 400 NMR spectrometer. °C
NMR (500 MHz) measurements were carried out on an Avance
111 500 NMR spectrometer. Fourier transform infrared (FTIR)
spectra were recorded on a PE Paragon 1000 spectrometer (film
or KBr disk). UV-visible spectra were obtained by using a Varian
Cary 300 Bio UV-visible spectrophotometer. Thermogravimetric
analysis (TGA) was carried out on a Perkin-Elmer Pyris 6 TGA
instrument under nitrogen with a heating rate of 10 °C min™.
SEM images were obtained by a Hitachi S4800 field-emission
SEM system. The cells were discharged and charged on a LAND
electrochemical station (Wuhan) from 1.0 to 3.0 V at a current
density of 100 mA g* sulfur to test the cycle life. Cyclic
voltammograms (CV) were recorded on a CHI604c
electrochemical workstation (Shanghai Chenhua) between 1.0
and 3.0 V to characterize the redox behavior and the kinetic
reversibility of the cell.

Synthesis of soluble inverse-vulcanized hyperbranched
polymers with Sg and DIB

Sg and DIB were mixed in CHCI; with feed molar ratios of Sg to
DIB from 2 to 8. The reaction was taken in an autoclave under N,

atmosphere followed by heating to 150 °C~180 °C for 0.5-7 hours.

After cooling down to room temperature, the solution was
precipitated with n-hexane. After being dried, the orange-red
product was achieved (Yield: 35%-80%). *H NMR (400 MHz,
CDCl3), 8 (ppm): 7.32 (CgH,), 5.63-4.94 (C=CH,), 4.26-2.48
(S,-CH,-C), 2.37-0.44 (C-CHj). **C NMR (500 MHz, CDCls), &
(ppm): 146.5-137.1, 129.9-120.5, 117.6, 112.8, 59.4-41.5, 33.7-
11.6. FTIR: 2967.24 (C-H), 1598.24 (C=C), 1537.32-1340.99 (C-
H), 1213.91 (C-C), 855.08-650.48 (C-H), 486.50 (C-S) cm™.

Synthesis of quaternary ammonium SIVHPs

SIVHPs (0.04 g, 1 mmol), 3-(dimethylamino)-1-propanethiol
(DPT) (0.60 g, 5 mmol) and DMPA (21 mg, 0.08 mmol) were
added into dried toluene (2 mL) in a 25 mL round-bottom flask.
After being sealed, the mixture was bubbled with N, for 15 min
to eliminate oxygen. Then, the reaction was triggered by UV-
irradiation at 365 nm for 4 hours under stirring at room
temperature. The solution was subsequently diluted with 8 mL
dried DMF and cooled down to 0 °C. Another DMF (3 mL)
solution of 3-bromo-1-propyne (14 mg, 1.2 mmol) was added
into the DMF solution above dropwise under vigorous stirring.
The mixture was further stirred overnight and added into diethyl
ether solution dropwise for precipitation at 0 °C to afford orange
precipitates. After being dried in vacuum at room temperature,
quaternary ammonium SIVHPs were achieved. 'H NMR (400
MHz, DMSO), & (ppm): 7.94-7.24 (CgH,), 4.00-3.73 (2H, CH,-
C=CH), 3.60-3.39 (2H, CgH,4-CH,-CH,-CH,-N"), 3.24-3.00 (7H,
C=CH, N*(CHs),), 3.00-2.92 (2H, C4H,-CH-CH,-S), 2.85-2.73
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(2H, S-CH,-CHy-CH,-N"), 2.25-1.96 (4H, CgH,4-CH,-CH,-S, S-
CH,-CH,-CH,-N%). *C NMR (500 MHz, DMSO), & (ppm):
145.3-121.7, 82.8, 72.0, 61.7, 53.3, 49.8, 34.5, 33.7, 21.6-21.3.

Preparation of GUASs via the “sol-cryo” method

Graphene oxide was prepared by chemical exfoliation of graphite
according to the previous protocol.® Typically, the aqueous
graphene oxide and CNTs with the same concentration of 6.0 mg
mL* were mixed and stirred with a magnetic bar for 1.5 h, and
then poured into a mold followed by freeze-drying for 2 days.
The as-prepared GO/CNTs foam with a known density of 6.0 mg
mL™. After being chemically reduced by hydrazine vapor at 90
°C for 24 h and then vacuum-dried at 90 °C for 24 h, GUASs were
achieved.”

Fabrication of Li-S batteries and electrochemical

measurements

SIVHP (0.85 g) in CHCI; were added into GUAs (0.15 @)
dropwise. The as-made materials were dried in a vacuum oven at
30 °C for 12 h to remove the solvent. The SIVHP-GUAs was
mixed with poly (vinylidene fluoride) (PVDF 900), acetylene
black (AB), and N-methyl-2-pyrrolidinone (NMP, anhydrous) to
form a cathode slurry. The ratio of SIVHP-GUAs: AB: PVDF
was 7.5: 1: 1.5 by weight. After mixing homogeneously overnight
by magnetic stirring, the slurry was cast onto an aluminium
current collector using a doctor blade. The control sulfur-GUAs
cathode containing 60 wt % sulfur-GUAs, 20 wt % AB and 20
wt % PVDF binder was prepared in the same way. The coated
electrodes were dried in a vacuum oven at 60 °C for 48 h.
Subsequently, the electrode was cut into disks with a diameter of
11 mm. Coin-type (CR2025) cells were assembled in an argon-
filled glove box to avoid contamination of moisture and oxygen.
The electrolyte used in this work was 1 mol L™ LiTFSI in a
solvent mixture of 1,3-dioxolane (DOL) and dimethoxymethane
(DME) (1:1 vIv).

Results and discussion

Synthesis and characterization of SIVHPs via RROP of Sg
and DIB in solution

In the RROP to synthesize SIVHPs, Sg and DIB were chosen as
A, and B, monomers. The diradical moiety from thermal fracture
of Sgcould react with C=C bonds of DIB via efficient RROP, as
shown in Scheme 1.° S-S bonds were subjected to reversible
rupture and formation during the reaction processes. Along with
the increasing of viscosity during polymerization, the movements
of free radicals were obstructed, and the main trend of chain
growth was gradually replaced by chain rupture.® We can infer
that low viscosity together with relatively strong free radical
activity afforded large molecular weights and high degree of
branching. This was why polymerization in solution environment
was preferred over bulk polymerization. Meanwhile, the
branching molecular architecture without gelation should endow

HPs with better solubility than copolymers by bulk
polymerization.
After the polymerization, SIVHPs with relatively high

molecular weight were obtained. Polymerization data were gains
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Scheme 1 Synthesis of SIVHPs via RROP and subsequent functionalization by thiol-ene and Menschutkin click chemistry.

s via GPC (see Table 1), and feed molar ratio-, reaction time-, and
temperature-dependent GPC curves were presented in Fig. 1,
showing the influence of reaction parameters. The polymerization
in solution afforded the SIVHPs with the largest M, of 5400 g
mol™and M, of 2 3500 g mol™ when the reaction parameters

10 were set as 180 °C, 0.5 hour, and 4 as the feed molar ratio of Sg to
DIB. In comparison, the highest M, achieved by bulk
polymerization was only 1260 g mol™.® When the temperature
and reaction time increased, molecular weight increased at the
beginning and then decreased (Fig. 1a, 1b, 1d and 1e) likely due

15 to the rupture of S-S bonds. We also found that the polydispersity
index (PDI) increased together with the molecular weight (Table
1), which indirectly proved the hyperbranched polymerization of
SIVHPs.!! All above demonstrated the obvious advantage of
solution polymerization over bulk polymerization in the synthesis

20 0f SIVHPs.

The structure of the resulting SIVHPs was characterized via *H
NMR and **C NMR spectroscopy shown in Fig. 2a and 2b. In the

'H NMR spectrum (Fig. 2a), the proton signal of the methylene
group (labelled as “a”) was observed at 2.48-4.26 ppm, which
25 was influenced by lengths of the linear polysulfane chains linked
up with methylene group. It indicated that C-S bonds were
successfully formed.*? In the *C NMR spectrum (Fig. 2b), the
methylene carbon signal (labelled as “a and c¢”) which was
located at 41.54-59.42 ppm implied the existence of C-S bonds.
30 Notably, the signal split into two at around 44.25 ppm and 54.65
ppm, maybe due to the electron withdrawing effect of linear
polysulfane with different lengths. FTIR spectra of monomer and
SIVHP are also presented in Fig. S1f, in which the signal at
486.50 cm™ belonged to C-S bonds.™ In addition, UV-vis spectra
s of DIB and SIVHPs are shown in Fig. 3a for comparison.
Compared with the pure DIB peak at 246 nm, the wider peak at
240 nm resulted from the reduced conjugated structure originated
from the polymerization process. Notably, a blue-shifted wide
shoulder peak at around 290 nm was observed, which could be
w0 assigned to the R- S, -R groups.**  SIVHP -1 and SIVHP -2

This journal is © The Royal Society of Chemistry [year]
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Table 1. Reaction conditions and selected results for the synthesis of SIVHPs via RROP of Sg and DIB in CHCls.

Entry y 2 Temperature/°C Time/h M (@mol™) M, (@mol™) M, (gmol™)  PDI°
1 4:1 150 0.5 1300 2100 1200 1.62
2 4:1 160 0.5 1400 2400 1200 1.71
3 4:1 170 0.5 1500 2400 1400 1.60
4 4:1 180 0.5 5400 23500 6200 4.35
5 4:1 190 0.5 2900 5100 2800 1.76
6 4:1 200 0.5 2600 6300 3000 2.42
7 4:1 180 0.25 1600 6500 1900 4.06
8 4:1 180 0.75 4200 18200 5000 4.33
9 4:1 180 1 2800 7000 2800 2.50
10 4:1 180 2 2200 6200 2700 2.82
11 4:1 180 3 1900 3900 2400 2.05
12 4:1 180 5 1300 2500 1800 1.92
13 4:1 180 7 1100 2200 1600 2.00
14 8:1 180 0.5 2600 5300 2400 2.04
15 8:3 180 0.5 3000 5800 3100 1.93
16 8:4 180 0.5 2900 4300 3000 1.48
17 8.5 180 0.5 2700 3600 2900 1.33

3 Feed molar ratios (v ) of Sg to DIB.® Number-averaged molecular weight (My,), weight-averaged molecular weight (M,,),

peak value of M, (M) and polydispersity index (PDI) determined by GPC.
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s Fig. 1. Dependence of M, on (a) temperature (150-200 °C), (b) time (0.25-7 h) and (c) feed molar ratios (y =8/5, 2, 8/3, 4, 8) of Sg to DIB. GPC peak
evolution depending on (d) temperature (150-200 °C), (e) time (0.25-7 h) and (f) feed molar ratios (y =8/5, 2, 8/3, 4, 8) of Sg to DIB.

possess different feed molar ratios of Sg to DIB with 8 and 2,
respectively. UV-vis spectra of them showed different intensities

10 because of their different amount of R-S,-R groups.

We further investigated thermal properties of SIVHPs. Curves
of differential scanning calorimetry (DSC) are shown in Fig. 3b
with different feed molar ratios (y ) of Sg to DIB with 8, 4, 8/3
and 2. The corresponding glass transition temperatures (Tg) were 2
15 24.1°C, 16.3 °C, 4.4 °C, and -0.5 °C, respectively. The T, data of
SIVHPs revealed that higher content of the utilized DIB led to
lower T4 When a higher feed molar ratio (y ) of Sg to DIB was
used, both of the C=C bonds in DIB would probably participate

in the polymerization, introducing more rigid benzene rings into
20 the molecular chain, thus higher T, was obtained. On the contrary,

smaller feed molar ratio led to less benzene rings in the molecular

chains and lower T, TGA curves show that SIVHPs and neat
sulfur started to decompose at 170 °C (Fig. S27), which made
them difficult to be melting processed.
In general, we observed that SIVHPs were orange-red
intrinsically (Fig. 4b), which were originated from yellow-
coloured sulfur (Fig. 4a). SIVHPs were dissolved in CHCI; (Fig.
4c) with the utmost concentration of 400 mg mL™ at room
temperature, and did not undergo any precipitation after settling

4|Journal Name, [year], [vol], 00-00
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Fig. 2 (a) "H NMR spectrum of SIVHP in CDCls. (b) **C NMR spectrum of SIVHP in CDCls. (c) *H NMR spectrum of quaternary ammonium SIVHP in
DMSO. (d) **C NMR spectrum of quaternary ammonium SIVHP in DMSO.
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Fig. 3 (a) UV-Vis spectra of DIB and SIVHP-1 (feed molar ratio of Sg to DIB was 8) and SIVHP-2 (feed molar ratio of Sg to DIB was 2). (b) DSC of

SIVHPs with feed molar ratios (y =8/5, 2, 8/3, 4, 8) of Sg to DIB from 2 to 8, indicating the T4 of 24.1 °C, 16.3 °C, 4.4 °C, -0.5 °C, respectively.

for one month, superior to the limited solubility of bulk with the same sulfur content of 70 wt % in polymers. The
10 copolymers. As shown in Fig. 4h and 4i, 15 mg SIVHP could be described SIVHPs presented good solubility in various organic

be dissolved in 2 mL CHCI; within 5 minutes, while bulk s solvents, such as toluene, CHCI;, DMF, 1,4-dioxane, THF and

copolymers of Sg and DIB presented weaker and slower solubility anisole (Fig. 4j). In Fig. 4e, SIVHPs were spin-coated on the

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00-00 |5
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Fig. 4 Digital photographs of (a) sulfur, (b) SIVHP, (c) 800 mg SIVHP (left) and bulk polymer of S and DIB (right) with 70 wt % sulfur content
immersed in 2 mL chloroform at room temperature, (d) SIVHP (left) and quaternary ammonium SIVHP (right) immersed in water at room temperature,
(e) film spin-coated with SIVHP solution on PET, (f) diverse-sized GUAs, (g) a Li-S battery we fabricated. Dissolution process of (h) SIVHP and (i)
bulk polymer with the same feed molar ratios (y ) of Sg to DIB within 5 min. (j) SIVHP dissolved in toluene, chloroform, DMF, 1,4-dioxane, THF and

anisole.

transparent substrate to form transparent films, which further
elucidated their fine solution processibility.

Synthesis and characterization of quaternary ammonium
SIVHPs

SIVHPs presented excellent solubility in organic solvents but not
in water. In order to expand their applications, the functionalized
quaternary ammonium SIVHPs were synthesized via thiol-ene
and Menschutkin reactions. SIVHPs were modified with
sulfydryl through thiol-ene click chemistry of thiols and C=C
bonds under UV initiation, followed by Menschutkin click
reaction with propargyl bromide. The reaction mechanism is
shown in Scheme 1.%°

Different from SIVHPs, the quaternary ammonium SIVHPs
showed superior solubility in water, which directly demonstrated
the chemical conversion from SIVHPs to quaternary ammonium
SIVHPs (Fig. 4d). The structure of quaternary ammonium
SIVHPs were characterized via 'H NMR and *C NMR
spectroscopy shown in Fig. 2c and 2d. In the *H NMR spectrum
(Fig. 2c), the disappearance of vinyl protons and the proton signal
of alkynyl protons proved that functionalization was successfully
completed. In the *C NMR spectrum (Fig. 2d), the alkynyl
carbon signal labelled as “r” located at 71.97 ppm also implied
the successful modification. In short, SIVHPs had the capacity to
be modified, and offered a larger range of solution processibility
and new opportunities to fabricate water-soluble, amphiphilic
sulfur-rich species.

Electrochemical measurements

Li-S battery is receiving interest for their outstanding merits such
as the ultrahigh theoretical energy capacity of 1672 mA h g, the
high theoretical specific energy of 2600 W h kg and
environmentally friendly operation.’* However, intermediate
40 lithium polysulfides, which generated from stepwise reduction

o

a

a

reactions during the discharge processes, would dissolve in the
liquid electrolytes and shuttle between the anode and cathode.?’
The shuttle effect, along with the raised resistance of sulfur,
intensively degraded the stability and increased pointless cost of
sulfur-active materials.®® Due to all these problems, a big gap
existed between practical performance and theoretical expectation
upon cycle life, specific capacity and energy efficiency of Li-S
batteries.'®

In view of the excellent solution processibility of the SIVHPs,
they were assembled into conductive frameworks of GUAs by
facile fluid infiltration, playing the role of cathode-active
materials in Li-S batteries. The GUAs previously reported by our
group were constructed with cell walls of giant graphene sheets
and CNTs ribs, which possessed superior electroconductivity,
large surface area (~272 m? g™), and super-high absorption
capacities for organic solvents.” In order to achieve strong
skeleton and dense holes, we fabricated GUAs with a density of
6.0 mg mL? (Fig. 4f). Element mapping images and energy-
dispersive X-ray (EDX) analysis further illuminated the
homogeneous and abundant distribution of sulfur element in
GUAs (Fig. 5), indicating effective infiltration of SIVHPs along
the walls of aerogels. Efficient connected network would improve
the electrical conductivity of cathode materials, and thus improve
the charge-discharge efficiency.?

Coin cells (2025, Fig. 4g) consisting of Li-foil anodes and
SIVHPs-GUAs composite cathodes were tested to examine the
electrochemical performance. An initial specific discharge
capacity of 1247.6 mA h g™ with long-term cycle stability of
694.0 mA h g after 90 cycles are shown in Fig. 6c at a rate of

720 0.1C (1C = 1672 mA g™, which outdistanced the performance of

pure sulfur (449.9 mA h g™ after 90 cycles). The content of sulfur
in SIVHPs was determined to be ~75 wt % by TGA (Fig. 5f).
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Fig. 5 (@) SEM image of GUAs (p = 6 mg mL™), (b) SEM image of SIVHPs-GUAs composite. (c) EDX spectrum of SIVHPs-GUAs composite. (d)
Elemental mapping of sulfur. (e) Elemental mapping of carbon. (f) TGA curves measured for sulfur and SIVHP. Scale bars are 50 ym (a) and 10 ym
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Fig. 6 Electrochemical measurements of SIVHPs-GUAs as Li-S battery cathode materials. (a) Cyclic voltammetry of SIVHPs-GUAs at 0.1 mV s*ina
potential window from 1.0 to 3.0 V vs Li*/Li. (b) Charge/discharge profiles of the SIVHPs-GUAs cathode at a current rate of 0.2C. (c) Coulombic

efficiency of sulfur and SIVHPs-GUAs at 0.1 C for 90 cycles, and inset for galvanic charge—discharge performance of SIVHPs-GUAs at 0.1 C for 90
10 cycles. (d) Rate capabilities of SIVHPs-GUAs and S-GUAs composite cathodes.

In order to explore the mechanism, CV of the cells were tested

with a scan rate of 0.1 mV s between 1.0 and 3.0 V versus
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Li/Li*, which were made with SIVHPs-GUAs as the cathode-
active materials (Fig. 6a). The reduction peaks at potentials of 2.3
V and 2.0 V were respectively corresponded to the formation of
long-chain Li,S, (4< n < 8) and lower-order Li,S, (2< n < 4).
The broad reduction current peak at ~1.5 V suggested a solid-to-
solid phase transition (from SIVHP to Li,S). In the anodic scan,
only one oxidation peak at 2.5 V was observed, which was
related to the conversion of Li,S and/or short-chain polysulfides
to long-chain polysulfides.?! Fig. 6b showed the galvanostatic
charge/discharge curves in the 1st, 2nd, 50th, and 90th cycles at a
current rate of 0.1C. Corresponding to the CV profiles, two
plateaus were assigned to the formation of long-chain
polysulfides (high plateau at 2.3 V) and lower-order Li,S, (low
plateau at 2.0 V) during the discharge process.

Notably, the coulombic efficiency of SIVHPs-GUAs at 0.1 C
was all around 100% during 90 cycles (Fig. 6c, inset). In contrast,
sulfur-GUAs exhibited decreasing coulombic efficiency from
94.8 to 69.6%, which was caused by a serious shuttle effect due
to the lack of chemical fixation of neat sulfur.?? Galvanic current
measurements were taken to evaluate the rate performance of the
SIVHPs-GUAs and sulfur-GUAs composite electrode (Fig. 6d).
SIVHPs-GUAs showed capacities of 1217, 796, 685, 583, 482,
and 255 mA h g at the current rates of 0.1, 0.3, 0.5, 1, 2 and 5C
after 10 cycles, respectively. In addition, after the rate test for 60
cycles, a reversible discharge capacity of 800 mA h g* was
maintained when it returned to 0.1 C. By contrast, neat sulfur-
GUA s exhibited a rapid and massive loss of capacities (1192, 506,
348, 284, 196 and 27 mA h g’1 at the current rates of 0.1, 0.3, 0.5,
1, 2 and 5C respectively after 10 cycles). We proposed that the
good performance of the SIVHPs-GUAs composite electrode was
attributed to the chemical fixation of sulfur via hyperbranched
polymerization.

Conclusions

In this work, we prepared soluble inverse-vulcanized
hyperbanched polymers via facile RROP of Sg and DIB in
solution. Modification via thiol-ene and Menschutkin reactions
endowed the sulfur-rich polymers with water-solubility. The
hyperbanched polymers were proved to be solution processible
and possessed good electrochemical performance exceeding neat
sulfur. In view of the attributes of large surface area and
electroconductibility, we introduced graphene-CNTs aerogels to
support the hyperbanched polymers as new cathode-active
materials in Li-S batteries. Due to their high solubility, excellent
solution processibility, clickable multifunctional groups, and
superior  electrochemical  performance, the  sulfur-rich
hyperbranched polymers are promising in many applications such
as Li-S batteries, host-guest encapsulation, and drugs.
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