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Abstract
The Lithium—Sulfur battery is a promising high performance battery candidate for large-scale
application on account of its high theoretical specific capacity. However, it has come up short
on delivering long cycle life mainly due to the formation of soluble polysulfides, which results
in the loss of active material during redox processes. In this study, we prepared three different
graphene oxide based carbon hosts — graphene oxide (GO), thermally reduced GO (t-rGO) and
dopamine-assisted chemically reduced GO (c-rGO) — and investigated their physical and
electrochemical properties as a sulfur cathode. We found significant absorbance of polysulfides
on the c-rGO host, which provided stable discharge capacity of 601 mAh g at 0.5 C for up to
300 cycles. This stable cycling behaviour is further identified by in-situ UV-Vis spectroscopy
and ex-situ X-ray photoelectron spectroscopy, confirming the minimization of polysulfide

dissolution toward the electrolyte through the adsorption of polydopamine coating.
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UV-Vis after 10 cycles

Catecholamine rGO — Polysulfide Interaction
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1. Introduction

The demands for storing renewable energy and fuel for electric vehicles are growing rapidly,
and the developing advanced energy storage devices are important scientific challenges.
Among the current battery technologies, the Lithium-Sulfur (Li-S) battery has been considered
as one of the promising candidates on account of its exceptionally high theoretical specific
capacity of 1675 mAh g as well as its power density of 2500 Wh kg™, compared with the
lithium-ion battery system [1];[2]. Furthermore, elemental sulfur’s high abundance, low
toxicity and cost ($30 / ton) are other advantages for designing large-scale energy storage for
electrical vehicles [3]; [4]; [5]. Nonetheless, the Li—S battery system needs to overcome a low
cycle life problem in order to satisfy the state of art energy storage applications. A major reason
for the low cyclability of the Li—S battery is that the formation of lithium polysulfides (Li2Sx,
2 < x < 8) during electrochemical cycling causes dissolution of the active material in the sulfur
cathode over the cycles [6]; [7]; [8]. Moreover, the low electronic conductivity of sulfur (5x10°
305 cm) as well as the large volume expansion during cell cycling (~ 80%) are other important

issues to consider when designing long cycle life sulfur composite electrodes [9]; [10].



Recently, significant efforts have been directed toward encapsulation of polysulfides from the
electrode and increase in the electronic conductivity using various carbon templates, for
example, incorporating nanostructured carbon frameworks such as micro/mesoporous carbon
[11] graphene oxide (GO) / graphene sheets [12]; [13]; [14], carbon nanofibers/nanotubes [15];
[16], three dimensional carbon and metal foams, to simultaneously provide better electron
transport through a sulfur cathode[17]; [18]. In many cases, however, the polysulfides diffuse
out from the carbon framework during extended battery cycling because of the different nature
of surface polarity [19]. This mismatch in surface properties has been addressed by introducing
polar frameworks or polymer coating in the cathode [20]; [21]; [22]; [23]; [24]; [25]. A
downside of using polar oxides or polymeric materials is the insulating properties of these
additives that decrease the overall electronic conductivity of the cathode components.
Therefore, it is important to have a functionalised framework which prevents dissolution of

polysulfides and maintains electrical conductivity.

Among many carbon hosts, graphene offers high mechanical and superior electrochemical
stability along with improved ionic and electronic transport through a shorter diffusion
pathways [26]. In addition to graphene having better electronic transport, polar interactions
with lithium polysulfides have been reported in a graphene oxide (GO)-sulfur composite. The
interaction between hydroxyl and epoxide functionalities with soluble polysulfides has been
reported to depreciate the polysulfide dissolution into the electrolyte [27]. However, GO has
numerous functional groups ( hydroxyl, epoxide, carbonyl and carboxylic) on its surface which
lowers its electronic conductivity [28]. To address this issue, various reduced graphene oxide
(rGO) and/or graphene-sulfur composites have been proposed [29]. However rGO and/or
graphene do not have any significant functional groups on its surface to chemically interact
with polysulfides and prevent them from dissolution. Various strategies, such as using

hydroxylated graphene-sulfur and amino functionalised reduced graphene oxides-sulfur



composites have been proposed where the hydroxyl and amino groups bind the polysulfides
while the graphene backbone is effective in improving electronic conductivity. However, these
impressive studies achieved a sulfur content of not more than 70 wt. % thus limiting the
practical applicability for the Li-S battery. Moreover, the use of hydrothermal processes and
the toxic chemicals like ethylene diamine (EDA) is also a hindrance in scaling-up the process
for commercialisation of Li-S batteries [30]; [31]. Undoubtedly, still much work has to be done
to develop and explore environmental friendly approaches to reduce graphene oxide with
tailored properties targeting polysulfide entrapment at the cathode site. We suggest that the
conductivity issue can be resolved using functionalised carbon framework which can provide
better electrical conductivity as well as polysulfide entrapment through functional groups

attached to the carbon host.

It has been previously reported that dopamine, a mussel inspired biomolecule having both
adhesive and hydrophilic characteristics can simultaneously reduce and functionalise GO [32];
[33]. Upon the reaction of dopamine with GO under weak alkaline conditions and in the
presence of dissolved O., dopamine undergoes oxidative polymerization and can self-
polymerize to polydopamine (PDA), thus modifying the GO surface with catechol and amine
functionalities. Besides facile preparation and functionalisation, dopamine can reduce GO to
rGO since polydopamine (PDA) is a semiconductor which can repair rGO defects and thus
enhance its electrical conductivity by = - 7 stacking [34]; [35]. Previously, a few reports that
achieved better cyclic performance and DFT calculations suggested the possibility of
polysulfide interaction with polydopamine [36]; [37]. This inspired us to use polydopamine
functionalities and specifically tailor the properties of GO, to take advantage of the benefit of

both better electrical conductivity and catecholamine-polysulfide interaction.

Here, we report a simple and environmental friendly approach to preparing a reduced
graphene-sulfur composite electrode with hydrophilic surface properties. For this experiment,
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we used 3,4-dihydroxyphenethylamine — also known as dopamine — as a reducing agent and
monomer unit for polydopamine coating. The synthesised dopamine based sulfur (c-rGOS)
composite demonstrated superior discharge capacity as well as cyclability compared to the
graphene oxide-sulfur composite (GOS) and thermally reduced graphene oxide-sulfur
composite (t-rGOS). In addition, the improved cyclability of c-rGOS was further supported by
in-situ UV-Vis spectroscopy. Our results highlight the importance of designing the surface of

sulfur composites.

The synthesised dopamine based sulfur composite (c-rGOS) had a stable discharge capacity of
601 mAh g after 300 cycles at a current rate of 0.5 C, as compared to the poor cyclability of
the graphene oxide-sulfur composite (GOS) and the thermally reduced graphene oxide-sulfur
composite (t-rGOS). The catecholamine-polysulfide binding effect by carrying out in-situ UV-
Vis spectroscopy explained the c-rGOS composite’s stable discharge capacity as compared to

the poor cyclic performance of GOS and t-rGOS.
2. Results and Discussion
2.1. Microstructural Analysis

Fig. 1 focuses on the synthesis route of c-rGO and summarizes the possible interaction of
polysulfides with GO, t-rGO and c-rGO carbon hosts. The c-rGO carbon host was synthesized
using a one-step chemical reduction process. Briefly, dopamine hydrochloride and Tris buffer
solution (pH = 8.5) was added to the GO solution followed by vigorously stirring at 80 °C for
24 h yielding a black solution of c-rGO. The c-rGO solution was filtered and freeze-dried
followed by sulfur infiltration at 155 °C for 12 h in an Ar gas sealed container. Unlike the
hydrothermal process previously used to synthesis functionalised graphene, the current route
is simple and scalable since the c-rGO synthesis involves stirring in air only [30]. Additionally,

dopamine is a non-toxic organic compound, thus its use to reduce GO is non-hazardous, which



is unlike many other toxic reducing agents, such as hydrazine and ethylene diamine (EDA)
[31]; [38]. Though GOS has functional groups like hydroxyl and epoxide functionalities which
assist in polysulfide adsorption, the lower electronic conductivity of oxidized species lessens
the active material utilisation and thus has a poor capacity [27]. For comparison, the t-rGO
carbon host with almost no surface functional groups was also synthesized to highlight that
providing only better electronic conductivity to a sulfur cathode cannot guarantee stable
discharge capacity unless polysulfide adsorption groups are present on the t-rGO surface [39].
The ¢-rGO carbon host, upon chemical reduction provides improved electronic conductivity
and addition of effective catecholamine functional groups which helps in providing better
active material utilization as well as polysulfide entrapment; thus, the c-rGO carbon host
delivers a stable discharge capacity as compared to the GO and t-rGO hosts when in a sulfur

cathode composite for Li-S battery.

The thermal and chemical reductions of GO were confirmed through XRD analysis and are
summarized in Fig. S1 (a). The GO reference peak at 11° shifts to ~25° for t-rGO and c-rGO
carbon hosts, which correspond a decrease in d-spacing from GO (0.79 nm) to c-rGO (0.32
nm), and suggests the successful removal of oxygen functionalities from the GO surface. The
broad nature of peaks in t-rGO and c-rGO carbon host shows that the typical n-n stacking of
graphene sheets is prevented after both thermal and chemical reduction [40]. After sulfur
infiltration, the XRD analysis (Fig. 2 (a)) shows diffraction peaks corresponding to the sulfur
orthorhombic phase (JCPDS no. 08-0247) and confirming the presence of crystallized sulfur

in all three composites, GOS, t-rGOS and c-rGOS.

The various functional groups present on GO, t-rGO and ¢c-rGO carbon hosts were investigated
by using XPS and FTIR analysis. The XPS analysis highlights the presence of functional
groups before and after GO reduction process. The GO high resolution C 1s spectra (Fig. S1
(c)) show peaks corresponding to C-C/C=C, C=0 and O-C=0 groups while the t-rGO C 1s
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spectra (Fig. S1 (d)) verifies the removal of oxygen functionalities by showing significant
decrease in C-O, C=0 and O-C=0 peak intensities. After chemical reduction by dopamine, the
¢-rGO high resolution C 1s spectra (Fig. 2 (b)) shows a significant reduction in C-O, C=0 and
0O-C=0 peak intensity, whereas a new peak corresponding to a C-N/C-OH species appears at
285.8 eV, thus confirming the successful reduction of GO to ¢c-rGO with further addition of
polydopamine on the c-rGO surface [41]. The XPS results of the GO, t-rGO and c-rGO
composites are well supported by the FTIR results presented in Fig. S1 (b). Even after sulfur
infiltration, the amino functionalities are well present in the c-rGOS composite as evident by
the C 1s spectra of the c-rGOS composite presented in Fig. 2 (c). The corresponding N 1s and
S 2p spectra of the c-rGOS composite (Fig. S2 (a) and (b)) show pyrrolic N (~399.5 eV) and
elemental sulfur (163.7 eV — 165 eV) in the final c-rGOS cathode composite. The material
characterization done by XRD, XPS and FTIR suggests successful synthesis of reduced

graphene oxide by chemical and thermal reduction methods along with their sulfur composites.

The morphological study of the carbon hosts and their respective sulfur infiltrated cathode
composites was carried out using transmission electron microscopy (TEM). The TEM images
of GO, t-rGO and c-rGO carbon hosts (Fig. S3 (a) - (c)) reveal the presence of several
micrometer long sheets of crumpled and wrinkled graphene. After sulfur infiltration, the c-
rGOS, GOS and t-rGOS TEM analysis reveals a similar crumpled morphology (Fig. 2 (a) &
Fig. S4 (a-b)) as found in its carbon host. The TEM elemental mapping of the c-rGOS
composite (Fig. 2 (b)) confirms uniform distribution of sulfur on the c-rGO sheet suggesting
that sulfur has been uniformly coated on the graphene sheets using a melt diffusion method.
Not only sulfur but N and O elements coming from catecholamine group in polydopamine are
also well distributed on the c-rGO sheet, which additionally confirms the prior uniform
functionalisation of polydopamine on the c-rGO carbon host. The elemental analysis results

presented in Table 1 (See Supplementary data) suggests a sulfur content of ~74 wt.% in all



three cathode composites. Due to the presence of polydopamine in c-rGOS, the wt.% of O and
N elements is highest in c-rGOS contrary to the negligible amount of such elements (especially

N) present in the other two sulfur composites (GOS and t-rGOS).

2.2.Electrochemical performance

With an aim of understanding the influence of catecholamine functionalised rGO (c-rGO) in
trapping polysulfides, the electrochemical performance was measured. For comparison, GOS
and t-rGOS composites were also tested to verify the important role of the c-rGO carbon host

in the sulfur composite. For standardization of the electrochemical characterization, ~ 40 ul

electrolyte was used while making cell. The average sulfur loading in the composite electrode

is ~ 1 mg cm™. The specific capacity and C-rates are calculated based on the weight of sulfur

in the cathode (1C = 1675 mAh g?). The electrochemical cycling performance of all three

composites cycled between 1.0 V to 3.0 V at 0.5C is shown in Fig. 3 (a). After pre-cycling at
0.1C for two cycles, the GOS and t-rGOS composites showed a discharge capacity of 595 mAh
gt and 676 mAh g* whereas the c-rGOS composite showed a discharge capacity of 629 mAh
g after the 1% cycle at 0.5C. The coulombic efficiency of c-rGOS after the first cycle at 0.5C
is 100%, whereas the coulombic efficiency in GOS and t-rGOS is as low as 87.3% and 86.5%,
respectively. This suggests that both GOS and t-rGOS have done little to trap the polysulfides
within its carbon host structure, whereas the high coulombic efficiency obtained in the c-rGOS
composite suggests excellent polysulfide adsorption within the catecholamine functionalised

c-rGO carbon host.

After long cycling of 300 cycles, the c-rGOS showed a very stable discharge capacity of 601
mAh g with an excellent capacity retention of 95.4% and a coulombic efficiency of 94.7%.
The stable discharge capacity in c-rGOS is also reflected in its voltage-capacity profile (Fig. 3

(d)) that shows a very stable two-voltage plateau, whereas GOS and t-rGOS composite



displayed a severe capacity fading down to 87 mAh g and 211 mAh g respectively after 300
cycles. The voltage-capacity profile of GOS (Fig. 3 (b)) shows high polarization and severe
capacity drop during the 300 cycles. The t-rGOS voltage-capacity profile (Fig. 3 (c)) shows
slightly better performance compared to GOS but still the capacity drop even in the initial 50
cycles is considerably high compared to the c-rGOS composite. Unlike the c-rGOS voltage
capacity profile, the prolonged charging evident in both the GOS and t-rGOS charge profiles
suggests shuttle phenomena taking place due to the severe polysulfide dissolution. The high

electrochemical stability of the c-rGOS composite is also evident in the CV analysis (Fig. S5).

Evidence of the better electronic conductivity of the c-rGOS cathode composite was gathered
by performing EIS analysis (Fig. S6) on the fresh Li-S cells. As expected, GOS has the highest
Rt value (~165 Q) suggesting poor electronic conductivity of the GO carbon host. However in
c-rGOS, the Rt value (~108 Q) has decreased suggesting better electronic conductivity than
GOS in the fresh cell. It is understandable that the t-rGOS (Rt ~62 Q) composite shows highest
conductivity in the fresh cell owing to the absence of most of the functional groups from its
surface, which restores a better electronic structure than the chemically reduced rGO [29]. Until
now the c-rGOS composite has shown exceptionally stable cyclic performance at 0.5 C as
compared to the GOS and t-rGOS composites. However, the electrochemical stability of the c-
rGOS composite is necessary to show its robust performance at higher C-rates. Thus as
depicted in Fig. 3 (e) and (f), the rate performance test was conducted at various C rates (0.2 C
— 2 C) to evaluate the electrochemical stability of c-rGOS composite. The c-rGOS composite
displayed 995 mAh g1, 654 mAh g, 399 mAh g* and 267 mAh g'at0.2C,05C,1Cand 2
C respectively. After switching again to lower C-rates, the discharge capacity obtained at 0.5
C turns out to be 610 mAh g with a capacity retention of 93.3 % at 0.5 C. Such high capacity
retention proves the robust electrochemical stability of c-rGOS composite at various C-rates

even with a high sulfur content of ~74 wt. %.



According to our hypothesis, the stable electrochemical performance in the c-rGOS composite
is due to the catecholamine group (in polydopamine), which adsorbs the lithium polysulfides
formed during the discharge reaction. To elucidate this point, XPS analysis before and after
the first discharge of the c-rGOS composite Li-S cell was taken and analyzed. As emphasized
in Fig. 4 (a), the possible polysulfide interaction is with secondary amino as well as with the
catechol group. The Li 1s high resolution spectra (Fig. 4 (b)), obtained after 1%t discharge
suggests the presence of two peaks which can be fitted to Li-S bond at 55.6 eV and Li-N/Li-O
bond at 54.7 eV [42]; [43]. The presence of the Li-N / Li-O peak reflects that the catecholamine
group in PDA has a strong interaction with the lithium polysulfides formed during the
discharge stage. The N 1s spectra (Fig. 4 (c)) after the first discharge shows a shift in the
binding energy to lower value as compared to the N 1s binding energy before the first
discharge, probably due to the interaction between Li polysulfides and amino functionalities
present in polydopamine. Moreover, the S 2p spectra (Fig. 4 (d)) after the first discharge
confirms complete conversion of elemental sulfur to lithium sulfides as a shift in binding
energy can be noticed from 163.7-165 eV (elemental sulfur) to 161.5-162.7 eV (lithium
sulfides) [31]; [44]. The presence of a sulfate peak in the S 2p spectrum might be due to the
interaction of Li>Sx with air while sample handling. Until now it is been claimed that the c-
rGOS has a highly stable discharge capacity owing to the polydopamine (catecholamine
functionalities) assisted polysulfide adsorption in the c-rGOS composite. However, the only
evidence provided is either through electrochemical data or through ex-situ XPS analysis. Since
XPS is often performed ex-situ, it cannot be a true representation of in-operando operations of

a Li-S cell.
2.3. In-situ UV-Vis analysis of c-rGOS, t-rGOS and c-rGOS L.i-S cell

At this point it becomes desirable to show better polysulfide adsorption by the ¢c-rGO carbon
host through an in-situ characterization technique. We designed an in-situ cuvette based UV-
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Vis Li-S cell such that the polysulfide dissolution can be monitored during the galvanostatic
charge-discharge test. The schematic illustration of the designed in-situ cell is shown in Fig. 5
(a). The quartz cuvette based cell fabricated and sealed in an Ar filled glove box comprises Li
metal as the anode, composite slurry (GOS, t-rGOS and c-rGOS) as the cathode and 1 M
LiTFSI salt in DOL: DME solvent as the electrolyte. The UV-Vis spectrum is obtained in the
transmittance mode and the peak positions are determined by taking the derivative of
transmittance graphs. Initially the UV-Vis spectrum is obtained for the fresh cell after which
the cell is discharged at several points in relation to the discharge-charge curve of a typical Li-

S cell (Fig. S7 ().

Before discussing the results, we considered it best to describe the range in which a possible
response by the dissolved polysulfides can be detected in the UV-Vis spectrum. Usually the
existence of the mixture of various chain-length polysulfides (Ss? ,S6% ,S4> & 256> > Sg% +
S4%) in DME: DOL solvent shows a UV-Vis response ranging between 400 — 500 nm. This
range also depends on the concentration of polysulfides present in the solvent [45]; [46]; [47].
The results for GOS composite in-situ cell are shown in Fig. 5 (b). Initially, at OCV there is no
change in the transmittance range known for polysulfide presence in the DOL: DME solvent.
As the cell is discharged, it reveals that the transmittance value decreases in the wavelength
range of 400-550 nm, which shows that the polysulfides are dissolving in the electrolyte. This
change increases and becomes significant once the voltage sweeps towards 1.0 V, showing that
the amount of polysulfide dissolution in the electrolyte increases significantly even during the
first discharge. When the cell is charged to 3.0 V (Fig. S7 (b)), most of the polysulfides still
remain in the electrolyte suggesting that the dissolved polysulfides irreversibly remains in the
electrolyte and cause shuttle effect, which is responsible for the severe capacity decay in GOS
cathode based Li-S cells. When the cell is further discharged to the 5™ and 10" cycles, the

amount of polysulfide concentration still increases as shown in Fig. 5 (b). A similar trend is
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seen in the t-rGOS composite (Fig. 5 (c)), where the polysulfide dissolution significantly
increases as the cell is progressively discharged to 1.0 V. Once charged to 3.0 V (Fig. S7 (c)),
the t-rGOS composite shows an increase in the transmittance value, thus indicating the
polysulfides converting to sulfur on the cathode site. However, large amount of polysulfides
still remains in the solution since 100% transmittance has not been achieved upon complete
charge. In t-rGOS after the 5" and 10" cycles, the polysulfide dissolution increases as
evidenced by the decrease in the transmittance value shown in Fig. 5 (c). A peak centered
around 620 nm appearing in both the GOS and t-rGOS discharge profiles suggests the presence
of the Ss™ radical which forms due to the dissociation of Se? polysulfide species (Se> > S3™)

[46]; [48].

Until now both GOS and t-rGOS in-situ cells have shown significant dissolution of
polysulfides even in the first cycle, which can be ascribed as a reason for severe capacity
fading. However, when the c-rGOS composite based in-situ cell (Fig. 5 (d)) is discharged up
to 1.0 V, little polysulfide dissolution is observed in comparison to the large polysulfide
dissolution in the GOS and t-rGOS composites. A S3* presence is not detected in c-rGOS due
to the absence of peaks at 620 nm suggesting that higher order polysulfides, especially S¢?, is
not dissolved in the electrolyte and has been effectively trapped on the cathode site. When
charged to 3.0 V (Fig. S7 (d)), the c-rGOS composite shows complete restoration of the
transmittance profile suggesting that the small amount of polysulfides dissolved during
discharge have demonstrated reversibility. When discharged to the 5" and 10" cycles, the c-
rGOS composite showed a decrease in the transmittance value as compared to its first cycle,
but the degree of dissolution is still not significant after the 5" and 10" cycles (Fig. 5 (d))

compared to the GOS and t-rGOS cells.

To clearly identify the regions for the polysulfide dissolution, the derivative of transmittance
graphs during the first discharge of GOS, t-rGOS and c-rGOS were obtained and are shown in
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Fig. S8. The derivative of transmittance graphs shows the highest dissolution of polysulfides
in GOS followed by t-rGOS and the least dissolution is observed in c-rGOS. Moreover, the
presence of broad peaks in all three composites suggests the co-existence of various polysulfide
species, such as Ss%, Se> and S4% by creating an equilibrium between them (S¢? > S42 + Sg%).
It is worth mentioning here that the UV-Vis spectroscopy technique for in-situ measurements
in the Li-S cell provides more qualitative evidence for identifying the presence of polysulfides
dissolution because the disproportionation reactions in polysulfides results in chain growth or
shortening depending upon its changing concentration in the electrolyte [49]. The evidence for
polysulfide dissolution in all three composites after the 10" discharge cycle is shown in Fig. 6.
In comparison to the fresh cell shown in Fig. 6 (a), the GOS and t-rGOS cells (Fig. 6 (b) and
(c)) show severe polysulfide dissolution, whereas the c-rGOS cell (Fig. 6 (d)) shows minimal
polysulfide dissolution even after 10 cycles. The highly oxidized form of GO with the presence
of many undesirable functional groups (such as carboxyl groups) on the GO surface has done
little to adsorb polysulfides, thus causing leaching into the electrolyte. Though t-rGO has a
much higher electronic conductivity compared to GO and c-rGO, the absence of any
polysulfide adsorption group (hydroxyl and/or amino groups) on the t-rGO surface caused
severe polysulfide dissolution. However, the catecholamine group in the polydopamine
functionalised c-rGO has chemically adsorbed the polysulfides, thus largely inhibiting
polysulfide dissolution into the electrolyte. This may be a major reason for the high and stable
discharge capacity obtained in the c-rGOS composite compared to the GOS and t-rGOS

composites.
3. Conclusions

We demonstrated a scalable and eco-friendly approach to synthesizing a catecholamine
functionalized rGO based sulfur cathode for Li-S batteries. High electrochemical stability was
obtained in c-rGOS composite as an electrode material in the Li-S battery. Using the c-rGOS
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composite as a cathode, we were able to obtain a stable discharge capacity of 601 mAh g* at
0.5 C with a capacity retention of ~94.7% after 300 cycles. We presented evidence on the
polydopamine-polysulfide interaction using ex-situ XPS analysis and in-situ UV-Vis
spectroscopy using a specially designed in-situ UV-Vis cell in our laboratory. The in-situ UV-
Vis spectroscopy data reveals almost no polysulfide dissolution in the c-rGOS cell compared
to GOS and t-rGOS cells. Based on our experimental results, we strongly believe that the
functionalized carbon framework holds a great potential in enhancing the current avenues of

capacity stabilization in Li-S batteries.
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Fig. 1. Schematic illustration of the synthesis route of c-rGO carbon host along with the
possible advantages of ¢c-rGO carbon host over GO and t-rGO for polysulfide adsorption.
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Fig. 2. (a) XRD analysis of GOS, t-rGOS and c-rGOS sulfur composites. (b, c) XPS
deconvolution data of C 1s spectra of c-rGO and ¢-rGOS. (d, €) TEM and elemental mapping
of c-rGOS composite. (The white bar in inset represents 200 nm scale)
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Fig. 3. (a) Cyclic performance of GOS, t-rGOS and c-rGOS at 0.5 C cycled between 3.0 V to
1.0 V upto 300 cycles. Corresponding voltage-capacity profile of (b) GOS, (c) t-rGOS and (d)
c-rGOS at various cycles. (e) Rate capability of c-rGOS cycled between 0.2 C - 2 C (f)
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Fig. 4. (a) Schematic illustration of possible interaction between polysulfides & polydopamine
functional groups. XPS spectra of (b) Li Is after 1% discharge, (¢) N Is and (d) S 2p spectra

before and after 1% discharge.
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Fig. 5. (a) Schematic illustration of in-situ UV-Vis cuvette cell. Transmittance profile of (b)
GOS, (c) t-rGOS and (d) c-rGOS in-situ cell during 1%, after 5™ and 10™ discharge at 0.05C.
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Fig. 6. (a) In-situ UV-Vis cell before 1% discharge. In-situ cell showing polysulfide dissolution
in (a) GOS, (b) t-GOS and (c) c-rGOS in-situ cell after 10" discharge at 0.05 C. Minimal
polysulfide dissolution can be seen in c-rGOS as compared to GOS and t-rGOS in-situ cell.
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