Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

Electronic Supplementary Information

High-capacity Li,S—graphene oxide composite cathodes

with stable cycling performance

Zhi Wei Seh, Haotian Wang, Nian Liu, Guangyuan Zheng,
Weiyang Li, Hongbin Yao, Yi Cui"

* Correspondence should be addressed to Y.C. (Email: yicui@stanford.edu)

Experimental Methods

Materials synthesis. Mildly-oxidized graphene oxide (GO) was synthesized using the
modified Hummer’s method' (Fig. S1) and re-dispersed into anhydrous ethyl acetate.
Commercial Li,S particles was then added (Li,S: GO = 75: 25 by weight), followed by
ultrasonication for 10 min and stirring in an argon-filled glove box. The as-synthesized Li»S—

GO composite was collected by centrifugation and allowed to dry in the glove box.

Characterization. To prevent moisture contamination of Li,S, special precautions were
taken during characterization. Scanning electron microscopy (SEM) and energy-dispersive X-
ray spectroscopy (EDX) were performed using a FEI XL30 Sirion SEM. X-ray photoelectron
spectroscopy (XPS) was carried out using a PHI 5000 VersaProbe. For SEM, EDX and XPS,
the samples were first tightly sealed in foil/poly bags before being transferred into the
chamber via an argon-filled glove bag. Raman spectra were obtained using a WITEC Raman

spectrometer (531 nm excitation laser) after the samples were tightly sealed in a glass holder.
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Electrochemical measurements. Due to the sensitivity of Li,S to moisture, all the electrode
preparation and cell assembly procedures were carried out in an argon-filled glove box with
moisture and oxygen levels below 0.5 ppm. The Li,S—GO composites were ground with
conductive carbon black (Super P) and polyvinylidene fluoride (PVDF) binder in a weight
ratio of 70: 25: 5 using a mortar and pestle, followed by dispersion in N-methyl-2-
pyrrolidinone (NMP) to form a slurry. After overnight stirring, the slurry was then coated
onto aluminum foil (carbon-coated; Exopack) using doctor blade and dried at 60°C to form
the working electrode. For comparison, pristine Li,S cathodes were also prepared in the same
way by mixing Li»S with Super P and PVDF binder in a weight ratio 70: 25: 5. 2032-type
coin cells were assembled using lithium foil as the counter electrode. The electrolyte used
was a freshly-prepared solution of lithium bis(trifluoromethanesulfonyl)imide (LiTFSI, 1 M)
in 1:1 v/v 1,2-dimethoxyethane (DME) and 1,3-dioxolane (DOL) containing LiNO3 additive
(1 wt%). Galvanostatic cycling was carried out using a 96-channel (Arbin Instruments) or a
8-channel (MTI Corporation) battery tester. The cathodes were first activated at C/20 (1C =
1,166 mA g) by charging to a high cutoff voltage of 3.8 V vs. Li'/Li to overcome the initial
potential barrier (Fig. $3),? followed by discharge to 1.8 V. Galvanostatic cycling was then
carried out from 1.8 - 2.6 V vs. Li’/Li. The typical mass loading of Li,S was ~1 mg cm™ and

specific capacity values were calculated based on the mass of Li,S.
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Electrolyte testing. For analysis of sulfur content in the electrolyte, a sulfur-free lithium salt
of LiClO4 (1 M) in 1:1 v/v DME/DOL solution with LiNO; (1 wt%) was used as the
electrolyte (25 pL in each cell). All other cell assembly procedures are the same as that
described above. The cells were disassembled at various points during a discharge/charge
cycle, after which the contents (cathode, anode and electrolyte-soaked separator) were
washed with DOL solution. This polysulfide-containing solution was then oxidized with
concentrated HNO3 and diluted with deionized water for analysis of sulfur content using
inductively coupled plasma-optical emission spectroscopy (ICP-OES; Thermo Scientific

ICAP 6300 Duo View Spectrometer).’
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Fig. S1 (a) SEM image and (b) X-ray diffraction (XRD) pattern of as-synthesized mildly-
oxidized GO, showing the characteristic peaks of GO.* XRD was performed using a
PANalytical X Pert Diffractometer using Cu Ka radiation.

Fig. S2 Low-magnification SEM image of the as-synthesized Li, S—GO composites.
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Li S C 0]
at% (measured) - 47.5 38.2 14.3
wt% (calculated) 23.0 53.0 16.0 8.0
Composition 76.0 wt% Li,S 24.0 wt% GO

Table S1. Elemental composition of the Li,S—GO composites determined using large-area
EDX analysis, showing the measured at% of the various elements (except Li which cannot be
measured by EDX). The wt% of Li was calculated from the at% of S based on the empirical
formula Li,S. From the results, we can determine the overall Li,S content in the Li,S—GO
composites to be ~76 wt%. This is consistent with the relative amounts of Li,S and GO

added during the synthesis process (75: 25 by weight).
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Fig. S3 Typical activation charge profile of the Li,S—-GO composite cathodes. A high cutoff

voltage of 3.8 V vs. Li'/Li was used to overcome the initial potential barrier associated with

micron-sized Li,S particles as described in previous work.”
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Fig. S4 Morphology of the Li,S—GO composite cathodes after 150 cycles at 0.2C. The cell
was disassembled in the discharged state after the voltage was maintained at 1.8 V vs. Li'/Li

for over 20 h.

S6




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.6

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJDFFile false

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends false

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage false

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile (Color Management Off)

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 150

  /ColorImageDepth 8

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /FlateEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth 8

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /FlateEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /FlateEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /PTB <>

    /SUO <>

    /SVE <>

    /ENG ()

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.276 779.528]

>> setpagedevice



