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A B S T R A C T

Although lithium sulfur batteries made a lot of progress over decades, they are still faced with low energy and
fragile stability. Herein, we report a new strategy to achieve extremely high energy lithium sulfur battery with
dimethyl polysulfide intermediates, which can greatly increase the specific capacity to 1497.3 mAh g�1 at 0.1C,
and dendrite–free lithium anode so as to ensure a long lifespan with 500 cycles. The brilliant performance is
attributed to the radical exchange between sulfur and dimethyl polysulfide intermediates rather than lithium
polysufides. Density functional theory calculations and nuclear magnetic resonance spectroscopy verify the ex-
istence of dimethyl polysulfide intermediates and in–situ UV/Vis spectroscopy confirms that mechanism for ex-
change reaction of radicals can boost the capacity of sulfur cathodes by eliminating complications, such as shuttle
effect associated with formation and transformation of lithium polysulfides in the electrolyte. This study develops
a new avenue for the innovative discharge intermediate design that helps increase capacity and stability for the
practical application of lithium sulfur batteries.
1. Introduction

Although lithium sulfur (Li–S) batteries, which use elemental sulfur
abundantly in nature as the cathode material, have garnered a great deal
of attention attributed to their unique advantages in gravimetric energy
density (2600W h kg�1) compared to conventional lithium batteries and
gradually help human beings to get rid of the dependence on traditional
energy, they still can’t accommodate the practical applications as energy
storage devices [1–7]. The common Li–S batteries have complex redox
reactions involving multiple electrons accompanying morphology and
phase transitions upon cycling [8–10]. Moy et al. deduced a theoretical
model to analyze the multistep discharge mechanism of Li–S cell [8,11].
The conversion process from sulfur to long–chain polysulfides corre-
sponds to the higher plateau (2.15–2.4 V) in the voltage profile of con-
ventional Li–S batteries, and the lower plateau at ~ 2.1 V attributes to the
formation of insoluble Li2S2 and Li2S [3,12,13]. These complex reactions
lead to a low Coulombic efficiency and the fading of capacity since Sx2�

(4� x� 8) is soluble in the organic liquid electrolyte and can gradually
diffuse out of the cathode region (shuttle effect). Other impediments,
such as inherent non–conduction character of sulfur and lithium sulfide
and the remarkable volumetric expansion (over 80% from S to Li2S)
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during lithiation, are also urgent to be solved [3,14–16].
Recently, we have witnessed Li–S batteries with partly improved

capacity enabled by modified electrodes [17–21], but the issue that
maintains stability, especially at high capacity, has still not been resolved
yet. Several efficient approaches have been presented to improve the
cycle performance, including the encapsulation of sulfur with various
carbon matrixes [22–24] and adsorbing the soluble polysulfides on the
surface of electrode [25–27], but the weak absorption just restrained the
diffusion of long–chain polysulfides (Li2Sx, 4� x� 8) in a short period of
time and the polysulfides may eventually diffuse to the anode since
conventional strategies failed to figure out the fundamental issue on the
generation of polysulfides. It is a tough assignment to maintain an
excellent stability with a high capacity in Li–S battery.

The development of new cathodes attracts most attentions but few
realize that the electrolytes, a much higher proportion than cathode and
anode materials in weight, can be utilized to improve the overall capacity
and cycle performance. In order to drive Li–S battery research to practical
applications, some other strategies should be proposed to integrate with
the currently developed Li–S systems. Herein, we realized a bran–new
concept aimed to increase the cell capacity and cycle performance by
forming dimethyl polysulfide rather than lithium polysulfides as
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discharging intermediates. According to density functional theory (DFT)
calculations of Gibbs free energy, dimethyl trisulfide (DMTS) is the most
stable form in dimethyl thioether system. During cycling, DMTS occurs as
radical CH3SS� and CH3S� in the electrolyte system and the sulfur existed
in radicals participated in the radical exchange reaction to form dimethyl
polysulfide intermediates. Quite different from the conventional Li–S
battery, the as–prepared cell in new electrolyte shows only one discharge
plateau at ~2.06 V as seen in the voltage profiles, indicating the absence
of soluble lithium polysulfides during battery cycling [12,13]. Moreover,
the well–assembled battery presents an ultrahigh specific capacity of
1497.3 mAh g�1 at 0.1C (1C¼ 1675mA g�1, based on sulfur weight),
and the dendrite–free lithium deposition guarantees excellent capacity
retention over 84.1 % after 500 cycles. In–situ UV/Vis spectroscopy and
1H nuclear magnetic resonance spectroscopy (1H NMR) are used to
validate the reduction pathway and possible mechanism for lithiation
and delithiation processes in the novel system, and the results are well
consistent with electrochemical results, which provide a logical theo-
retical explanation on the increase of capacity retention.

2. Experimental section

2.1. Electrolyte preparation and cell fabrication

The conventional electrolyte was prepared by dissolving 1M lithium
bis(trifluoromethanesulfonyl) imide (LiTFSI) into 1,2–dimethoxyethane
(DME) and 1,3–dioxolane (DOL) (v/v, 1:1). The DMTS modified elec-
trolytes were prepared similarly except altering the ratio of DMTS in
DME/DOL from 10 to 40 vol%. Besides, to improve the cycling efficiency,
1% LiNO3 additive was added to all the electrolytes.

2.2. Preparation of S/C composites

The composites of S/C were manufactured by the direct impregnation
of sulfur into the carbon frameworks. Briefly, 150mg sulfur and 50mg
carbon was ball–milled at 800 rpm for 4 h. The mixture was transferred
into a 10mL PTFE reaction kettle and sealed in argon atmosphere. After
160 �C for 10 h, the obtained products were collected.

2.3. Characterization

The in–situ UV/Vis Spectroscopy was operated on a UV Lambda 750
UV/Vis/NIR spectrometer. Punching a 10mm hole at the central of
lithium wafer and cathode, the well–designed cell was encapsulated like
other tested cells except replacing the Celgard 2400 separators with
Whatman Glass–Fiber separators. Notably, the punched cathode should
be sealed by an optical glass cover to form a window, which was no effect
on the transmitting of light. The 1H NMR was carried on a 300MHz
superconducting nuclear magnetic resonance spectrometer (1H NMR,
NMRststem, USA). We encapsulated five batteries in an Ar–filled glove
box and kept the assembly conditions as same as possible. Cycling these
cells in the glove box and disassembling the cell in sequence when it
discharged to designated potential. All the separators picked from dis-
assembled cells discharged to different potentials were immersed in 700
μl CDCl3. Both the cells for NMR and UV/Vis spectroscopy analysis were
cycled in 30 vol% DMTS modified electrolyte rate with 3.0–4.0mg cm�2

of sulfur loading.

2.4. Electrochemical characterization

Electrochemical characterization of S/C in different electrolytes was
performed in 2025 coin–type cells. The working electrodes were pre-
pared by dispersing 85wt% active materials, 5 wt% acetylene black, and
10wt% polyvinylidene difluoride in NMP and thoroughly mixing. The
mixed slurry was casted onto Al–foil current collector by a doctor–blade
method. After vacuum drying at 60 �C for 24 h, the electrodes were
punched into discs (Φ¼ 12mm, 1.13 cm2). The sulfur loading in every
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electrode was about 1.0 mg. The electrodes were assembled in an
Ar–filled glove box with pure Li foil as the counter, where conventional
electrolyte and DMTS–containing electrolytes in different proportion
were respectively used as the electrolyte. All the cells contained a same
content of electrolyte (25 μL). The charge–discharge properties and cyclic
voltammetric were tested on the CT2001A cell test instrument (Wuhan
LAND Electronic Co., Ltd) and CHI660E (Shanghai Chenhua instrument
Co., Ltd) electrochemical workstation, respectively. The specific capac-
ities were based on the mass of sulfur powder in cathode electrodes and
removed the contribution of DMTS, which were calculated by the for-
mula: C ¼ (The overall capacity – The capacity contributed by DMTS)/
the mass of sulfur powder.

2.5. Computational methods

The rb3lyp density functional method was employed in this work to
carry out all the computations. The 6–31G(d þ p) basis set was used for
all the atoms in the geometry optimizations. Vibrational frequency ana-
lyses at the same level of theory were performed on all optimized
structures to characterize stationary points as local minima or transition
states. The Gaussian 09 suite of programs was used throughout.

3. Results and discussion

We started from DFT calculations to design the experiments, and
CH3SnCH3 (2� n� 7) and sulfur radicals were taken as the model system
to evaluate the stability of CH3SnCH3 where n was in different values
(Fig. 1a). According to the Gibbs free energy in following reactions
(vacuum conditions),

CH3SSCH3 þ S ⇌ CH3SSSCH3, ΔG1¼�3.93 J/mol (1)

CH3SSSCH3 þ S ⇌ CH3SSSSCH3, ΔG2¼ 4.23 J/mol (2)

ΔG1< 0 and ΔG2> 0 indicated that CH3SSSCH3 would exist in a
stable state in the system. Similarly,

CH3S4CH3 þ S ⇌ CH3S5CH3, ΔG3¼ 2.57 J/mol (3)

CH3S5CH3 þ S ⇌ CH3S6CH3, ΔG4¼ 3.73 J/mol (4)

and the results of ΔG3 and ΔG4 suggested that the generation of
CH3S5CH3 and CH3S6CH3 were even harder. The same conclusion can be
obtained when setting DOL and DME as the solvents to simulate the
organic electrolyte environment, respectively (Table S1). We chose
DMTS as an additive to complete a reversible electrochemical reaction as
DMTS was the most stable form. DMTS had a unique thioether structure
featured with multielectron reduction reactions during cycling, which
made great contribution to the increase of cell capacity. Simply, the
additional capacity of 851 mAh g�1 can be attributed to the following
reaction:

CH3SSSCH3 þ 4Liþ þ 4e– ⇌ 2CH3SLi þ Li2S (5)

The differences of electrochemical behaviors between conventional
DME/DOL electrolytes and DMTS modified electrolytes are shown in
Fig. 2. As shown in galvanostatic discharge/charge voltage profiles in
Fig. 2a, the S/C cathode in traditional electrolyte shows two typical
discharge plateaus (~2.32 V and 2.10 V), which are associated with
sulfur reduction to long–chain polysulfides and a further conversion to
short–chain sulfides, respectively [3,13]. However, only one plateau, at
~2.08 V, is prominent in the cell based on DMTS additive electrolyte. It
means that in this system, DMTS plays a part in preventing sulfur active
materials from achieving its routine, forming Li2Sx (4� x� 8) at the final
discharge state. Moreover, a small gap between discharge and charge
curves illustrates that the DMTS system exhibits faster redox kinetics than
that in the conventional electrolyte [28]. The similar conclusion can also
be drawn from the comparison of cyclic voltammogram (CV) curves of
two different cells, which are measured in the voltage range of



Fig. 1. (a) Gibbs free energy in chain extension reactions of CH3SnCH3 (2� n� 6) from DFT calculations, which demonstrates that DMTS existed in the most stable
state in dimethyl thioether system. (b) In DMTS modified cell, the lithium surface exhibits uniform morphology without the indication of lithium dendrites after 500
cycles, contrasting to intricate lithium dendrites and cracks in (c) conventional DME/DOL cell. Scale bar, 50 μm.
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1.6–2.8 V at a scan rate of 0.1 mV s�1 (Fig. 2b). Considering that the
activation phenomenon always appears in the first cycle, the curves of
the second cycle of these two cells are chosen to compare the different
potentials where the redox reaction occurs [29,30]. There is only one
cathodic peak at 2.06 V in the cell with DMTS modified electrolyte, as
compared to the two peaks at 2.35 V and 2.06 V in the pure DME/DOL
system, which correspond to the two–step reduction process of element
sulfur in cyclic form [15,29]. A tremendous difference in specific capacity
and cycle performance between DMTS modified and conventional Li–S
batteries can be seen in Fig. 2c. Specifically, the initial discharge capacity
of 1497.3 mAh g�1 in 30 vol% DMTSmodified electrolyte is obtained at a
rate of 0.1C, which is much higher than the capacity of 949.6 mAh g�1

obtained with pure DME/DOL system.
We systematically studied the effect of the electrolyte volume in

conventional Li–S electrolyte on capacity and Coulombic efficiency, and
25 μL turned out to be the optimal quantity (Fig. S1). In addition, the
effect of the different additive proportions of DMTS on cycle performance
was compared. Using the same amount of electrolyte (25 μL), the S/C
cathodes tested in DMTS modified electrolytes show high initial specific
discharge capacities (based on the weight of sulfur) of 1131.4, 1297.9,
1493.5, and 1361.1 mAh g�1 with various DMTS contents of 10, 20, 30
and 40 vol%, respectively, contrasting to 1018.6 mAh g�1 in pure DME/
DOL cell at 0.1C (Fig. S2). Moreover, the rate performances of the S/C
cathodes in conventional electrolyte and DMTS modified electrolytes
were studied. Similarly, the optimal rate performance was also obtained
with 30 vol% DMTS (Fig. S3). Control experiment was carried out as the
identical condition using the conventional electrolyte, exhibiting a
greatly decreased capacity values under 0.1C (1039.5 mAh g�1), 1C
(629.9 mAh g�1) and 4C (250.0 mAh g�1), analogous to most DME/DOL
system. The enhanced capacity can be attributed to the high–efficiency
utilization of active material because the sulfur occurred as radicals and
reacted in DMTS electrolyte, facilitating the kinetically conversion of
sulfur, which would be supported more fully in the sections to follow.
Generally, higher DMTS ratio would result in more efficient utilization of
active material and also higher capacity, which however, lead to worse
ionic conductivity as shown in Fig. S4. By comparing the performances in
different electrolytes with various DMTS contents, we can conclude that
after increasing the DMTS ratio to 30 vol%, the impact on cell
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performance depends on ionic conductivity more significantly rather
than kinetic conversion of sulfur. A further increase in DMTS content to
40 vol% resulted in a decrease in the discharge capacity and rate per-
formance. The electrochemical impedance spectra (EIS) of cells assem-
bled by different electrolyte showed very closed ohmic resistance (RS)
and interfacial charge transfer resistance (RCT) except the one in 40 vol%
DMTS (Fig. S5). The better stability of battery with the DMTS–containing
electrolyte rather than with the conventional electrolyte was observed at
the rate of 0.1C as shown in Fig. S6. All the cells assembled with DMTS
additive electrolyte presented better stability than that without DMTS. It
was further confirmed that the cell had the optimized cycling perfor-
mance with 30 vol% DMTS, maintaining an extremely high discharge
capacity of ~1074.2 mAh g�1 after 150 cycles, which was over twice the
stable capacity of ~481.9 mAh g�1 in the conventional electrolyte.
Comparing the performance of different DMTS contents, the optimal
ratio of 30 vol% was studied further. The discharge/charge profiles were
shown in Fig. S7 with 50 cycles, exhibiting a long discharge platform and
great stability, which was consistent well with cyclic voltammetry ex-
periments. Extended cycling at 2C rate was also conducted, illustrating
the long–term cycle life over 838.8 mAh g�1 (Fig. 2d) and excellent
Coulombic efficiency over 500 cycling periods. After cycling, the S/C
cathode and Li anode were retrieved from the cell to investigate the
morphology changes. The S/C cathode is integrity with negligible
morphology evolution (Figs. S8a and S8b), and Li anode generally keeps
smooth surface without obvious bumps and cracks (Fig. 1b), indicating
the beneficial effect of DMTS additive on suppressing shuttle effect. As
contrast, the cell cycled in pure DME/DOL electrolyte was disassembled
and the original intact and uniform surface of S/C cathode changed into
roughness (Fig. S8c). The cracks and bulk sulfur, accumulated aggregates
of solid sulfur species, can be found everywhere, which is attributed to
the dissolution and loss of sulfur. Meanwhile, Li surface is covered with
mossy and bushy dendrites (Fig. 1c), which accelerates the failure of
batteries.

The overall capacity of S/C cathode in 30 vol% DMTS modified
electrolyte reaches up to 3.12 mAh when the sulfur loading was about
1.0 mg cm�2, which is almost four times the capacity of DME/DOL sys-
tem (Fig. S10) with the same volume of electrolyte (25 μL). Based on the
mass of sulfur, the capacities of DMTS containing cells are 1.07, 1.26,



Fig. 2. (a) Comparsion of discharge/charge
voltage profiles between conventional DME/DOL
electrolyte and DMTS modified electrolytes with
the same amount of electrolyte (25 μL). The
2.32 V discharge plateau, which should have
corresponded to the conversion from solid S8 to
soluble polysulfide lithium (Li2Sx, 4� x� 8) in
conventional Li–S system, is not observed for the
cells using DMTS modified electrolytes and
instead it emerges a much longer plateau at
~2.08 V. (b) Cyclic voltammogram curves of two
different cells, which is measured in a voltage
range of 1.6–2.8 V at a scan rate of 0.1mV s�1. (c)
The cell with 30 vol% DMTS additive electrolyte
exhibits a much higher capacity than pure DME/
DOL system. (d) Cycle life and coulombic effi-
ciency of the cell with DMTS at 2C for long cycles.
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1.42 and 1.29 mAh, respectively, with different DMTS contents of 10, 20,
30 and 40 vol%. Generally higher energy in DMTS modified cells than
conventional DME/DOL cell is due to the radical exchange reaction,
which stimulates the effective utilization of sulfur. The overall capacity
was even up to 5.01, 7.62 and 8.67 mAh corresponding to high sulfur
loading of 3.02, 5.88 and 8.12mg cm�2, respectively (Fig. 3a). The
Fig. 3. (a) Cycle performance of the cells in 30 vol% DMTS modified electrolyte as th
5.01, 7.62 and 8.67 mAh, respectively. (b) Comparison of overall capacity and sulfu
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previous results of Li–S batteries [6,9,12,14,17,28–32] were shown for
reference, and we calculated that the areal capacities based on the
electrochemical data in Fig. 3a with respect to the mass of sulfur
(Fig. 3b). Most reports showed a specific capacity of ~1 Ah g�1 while the
sulfur loading was less than 4mg cm�2. Obviously, the capacity output of
the S/C cathode in DMTS modified electrolyte was considerably higher
e sulfur loading is 3.02, 5.88 and 8.12mg cm�2 and the overall capacity is up to
r loading on the cathode with some previously reported Li–S cathodes.
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than that in most previous reports. When the sulfur loading was up to
3.02mg cm�2, the discharge capacity of 1213.3 mAh g�1 can be still
maintained after 150 cycles (Fig. S11), demonstrating that the cathodes
exhibited great performance with high sulfur loading, which reveals
potential application in future batteries.

To accurately evaluate the influence of DMTS on the electrochemical
behavior of S/C electrode, NMR characterization at different states was
carried out to monitor the intermediate process. Dimethyl thioether
species were able to be identified by investigating 1H NMR chemical
shifts. Methyl proton resonances at δ¼ 2.48 ppm for DMTS was clearly
recognized by contrasting to the 1H NMR signals of conventional elec-
trolyte, where only constant peaks from DOL and DME can be observed
as demonstrated in Fig. 4a. No extra peaks in the range of 2.4–2.7 ppm
were observed after dissolving elemental sulfur into 30 vol% DMTS
modified electrolyte, suggesting dimethyl polysulfides was not formed
simply by dissolving elemental sulfur into DMTS, according with the
results presented by DFT calculations (Fig. 1a). The 1H NMR at different
discharging states was used to validate the reduction pathway and re-
action mechanism of DMTS modified electrolyte during cycling. Fig. 4c
showed the spectra recorded at different depths of discharge, corre-
sponding to the locations marked in Fig. 4b. During the initial discharge
to 2.39 V, the peak strength of DMTS became weaker and the resonance
peak at δ¼ 2.23 ppm corresponding to the methyl group of DMDS
appeared. At the same time, several peaks as the methyl group of
dimethyl polysulfides (δ¼ 2.62 ppm for CH3S4CH3, δ¼ 2.70 ppm for
CH3S5CH3, δ¼ 2.73 ppm for CH3S6CH3 and δ¼ 2.75 ppm for CH3S7CH3)
arose [28], although keeping weaker signals compared to DMTS and
DMDS. After further discharging, all these peaks became stronger and
reached their maximum size at 2.10 V except DMTS. Subsequently, these
peak intensities decreased simultaneously till the end of discharge,
indicating gradually reduced concentrations of dimethyl thioether. In
addition, the peaks between δ¼ 1.78 ppm and 1.89 ppm were related to
CH3SLi, and the slight shift was supposed to the impact of complexation
between the lone–pair electrons donated by the sulfur atom in CH3SLi
and the less electronegative lithium resulted from gradually increased
Li2S, with a binding energy of 0.49 eV according to DFT calculations.
Herein, the mechanism for exchange reaction of radicals was proposed
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(Fig. S13a). The study on 1H NMR convinced us that DMTS will cleave
S–S bond, existing in CH3SS� and CH3S� radical forms during dis-
charging process, which caused an obvious decrease at δ¼ 2.48 ppm for
DMTS. Although it was normally a non–spontaneous reaction to form
dimethyl polysulfides according to the Gibbs free energy calculations,
lithium–ion deriving from the cycle process of cells activated the radi-
cals and resulted in the couple reaction of radical CH3S� as certified by
the appearance of DMDS. The exchange reaction between such activated
radicals and DMTS caused the formation of dimethyl polysulfides as
shown in 1H NMR spectroscopy [33,34]. Before reaching at 2.10 V, the
unreacted sulfur radicals involved in the radical reactions results in
gradual increase in peak intensity for dimethyl thioether. Since active
material was constantly reduced, thioether failed to recover efficiently,
which caused a significant decrease in the concentration of DMTS and
dimethyl polysulfides.

The intermediate discharged products are colored and can be detec-
ted by UV/Vis spectroscopy based on the principle of Beer–Lambert’s law
[35]. The general interaction between UV/Vis electromagnetic radiation
and molecules of products can give absorption or reflection information
of intermediates [35]. We applied in–situ UV/Vis spectroscopy to verify
the discharge productions and the mechanism of sulfur reduction by
monitoring the change of intermediates. A well–designed button cell,
covered by the thin optical quartz glass, was built. The cathode and
lithium plate were punched to make sure the signal reflected from
separator can be recorded (seen in Fig. 5a). We studied in–situ UV/Vis
spectra of cells in two different electrolytes with and without DMTS
during discharge process. The absorption curves of S/C cathode in DMTS
modified electrolyte and conventional Li–S electrolyte were revealed in
Fig. 5b and d, respectively. The significant differences shown in two
figures indicated different discharge mechanisms. In order to investigate
the distinctions of discharged products more clearly, we respectively
constructed their first–order derivatives of UV/Vis spectra and focused
on their variations of peaks at different discharge voltage. The derivatives
for DMTS free cell as shown in Fig. 5e exhibited a series of typical peaks
and their shifts between 480 nm and 570 nm, which were attributed to
the constant conversion from solid S8 into high–order polysulfides then
to low–order polysufides. Differ from that, the derivatives of S/C cell in
Fig. 4. (a) 1H NMR spectra of DMTS modified elec-
trolyte and a saturated mixture by dissolving suffi-
cient elemental sulfur in the electrolyte at various
discharge states. The major peaks at (A) 4.80 ppm
and (B) 3.78 ppm attributes to DOL. (C) 3.48 ppm
and (D) 3.29 ppm attributes to DME, DMTS modified
electrolyte shows a major peak at (E) 2.48 ppm cor-
responding to DMTS. (b) Discharge profile of S/C cell
in 30 vol% DMTS modified electrolyte cycled at 0.3C,
corresponding to (c) The in operando 1H NMR
spectra at different discharge states.



Fig. 5. (a) The model of well–designed cell used for in–situ UV/Vis spectra measurements. In–situ UV/Vis spectra of S/C cathode cycled in (b) 30 vol% DMTS modified
and (d) conventional electrolyte during discharging process. First–order derivatives of in–situ UV/Vis spectra of S/C cathode cycled in (c) 30 vol% DMTS modified and
(e) conventional electrolyte during discharging process.
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DMTS modified electrolyte revealed six peaks labeled at ~455 nm,
490 nm, 560 nm, 602 nm, 645 nm and 675 nm, corresponding to
Li2S2,CH3SLi,CH3S2Li,CH3S3Li,CH3S4Li and CH3S5Li, respectively
(Fig. 5a and c). The peaks exhibited the increase in intensities without
location shifts during discharge. Furthermore, no evidence of long chain
polysulfide lithium (Li2Sx, 3� x� 8) was obtained according to the re-
sults in discharge intermediates. In addition, the weak peak of CH3S3Li,
CH3S4Li and CH3S5Li ascribed to the small quantity of radical CH3Sn�
(3� n� 5), which was well consistent with 1H NMR spectroscopy and
DFT calculations. Accordingly, we concluded that the radical CH3Sn�
(1� n� 3) can react with Liþ to form CH3SnLi (1� n� 3), which
transfers to CH3SLi step by step without the formation of long–chain
lithium polysulfides during the whole discharge process [15,36]. The
charge process of the cell based on DMTS modified electrolyte was also
recorded in Fig. S12. All peaks show gradually decrease in intensity
during the cell charging, indicating the rapid disappear of dimethyl
polysulfides, further demonstrating the reversible conversion of dimethyl
sulfide intermediates upon delithiation, which also can be verified by the
cell stable cycle performance with high capacity during repeated char-
ging/discharging process. The general charge/discharge reaction mech-
anism during cycling is illustrated in Fig. S13b.
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4. Conclusions

In summary, we have demonstrated a new strategy of using DMTS to
realize dimethyl polysulfide intermediates, which are significant to in-
crease the cell capacity and eliminate the shuttle effect efficiently. The
cell delivered an initial specific capacity of 1497.3 mAh g�1, and the
overall capacity can even reach 8.67 mAh when the sulfur loading was
increased to 8.12mg cm�2. Importantly, the as–prepared cell shows an
excellent cycle performance with the capacity retention of 84.1% based
on 500 cycles at the current rate of 2C. The result of DFT calculations
demonstrates that DMTS exists in the most stable state in dimethyl thi-
oether system. The sulfur on cathode electrode participated in the radical
exchange reaction, preventing sulfur from routine reduction to lithium
polysulfides, which was evidenced by NMR characterization at different
discharge states and in–situ UV/Vis spectroscopy analysis. This work not
only provides a strategy for enhancing the practical energy density of
Li–S batteries, but also boosted the performance of sulfur cathodes by
restricting the formation of soluble lithium polysulfides. The new reac-
tion mechanism and prominent electrochemical performance set new
trends and provided ideas for further research to advance high capacity
Li–S battery technologies.
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