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Figure S1. (a) Photographs showing the dispersion stability of ce-MoS2 in polar solvents after 1 

week. (b) Boiling point and surface tension data of polar solvents used in this study 

 

 

 
1T-MoS

2
 

(water) 

Ethylene  
glycol 
(EG) 

Formamide 
(FA) 

Propylene  
carbonate 

(PC) 
NMP DMSO TGDE HMPA 

b.p 100 ℃ 197.3 ℃ 210 ℃ 240 ℃ 202 ℃ 189 ℃ 275 ℃ 232.5 ℃ 

Surface tension 
[dyne/cm] 

72.3 43.4 57.0 40 40.9 42.9 34.3 30.1 

Solubility O O O O O O X X 

 



 

S3

Table S1. The molar ratio of 1T-MoS2, 2H-MoS2, and MoO3 calculated from the Mo 3d and S 

2p XPS. 

 

 

Solvent 
 

 

 

 

 

 

1T-MoS2 
(water) 

Ethylene  
glycol 

Formamide NMP 
Propylene  
carbonate 

DMSO 

Mo+4 (1T) 62.38 % 17.91 % 19.11 % 17.62 % 16.80 % 19.05 % 

Mo+4 (2H) 26.27 % 70.61 % 68.04 % 75.18 % 71.98 % 72.02 % 

Mo+6 
(MoO3) 

11.35 % 11.47 % 12.85 % 7.20 % 11.22 % 8.93 

2H/(1T+2H) 
- Mo base 

29.63 79.76 78.07 81.01 67.96 69.01 

S-2 (1T) 78.75 % 14.96 % 14.34 % 12.88 % 15.44 % 13.85 % 

S-2 (2H) 21.25 % 85.04 % 85.66 % 87.12% 84.56 % 86.15 % 
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Figure S2. High-resolution O 1s XPS spectra for ce-MoS2, MoS2-NMP, MoS2-PC, MoS2-FA, 

MoS2-EG, and MoS2-DMSO. 
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Figure S3. (a) S 2p XPS spectra of as-prepared ce-MoS2 and after solvent thermal treatment in 

polar solvents at 180℃ for 5h. Red and blue lines represent the 2H-MoS2 and 1T-MoS2, 

respectively. (b) Calculated fraction of 2H phase after solvent thermal treatment in each polar 

solvent from the S 2p XPS analysis. The calculated phase transition yield is about 85%.  
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Figure S4. Raman spectra for (a) ce-MoS2 and (b) MoS2-NMP on Si substrate. 
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Table S2. Positions of A and B exciton peaks in the optical absorption spectra of 2H-MoS2 after 

solvent thermal treatment. (In monolayer MoS2, A exciton – 1.887 eV (657.01nm), B exciton – 

2.042 eV (607.77nm) 

 

Solvent 
A exciton 
[nm] 

B exciton 
[nm] 

 A exciton 
(based on NMP) 

1T - - - 

EG 660.2 611.6 +3.2 

FA 659 611.2 +2 

PC 658 609.4 +1 

DMSO 659.8 610.6 +2.8 

NMP 657 607.4 - 
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Figure S5. (a) AFM height topography of MoS2-NMP flakes on Si substrate. (b) Height profile 

along the black and green lines in Figure S5a. (c) Height histogram and (d) diameter histogram 

of 50 different MoS2-NMP flakes. 
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Figure S6. (a) AFM height topography of MoS2-NMP flakes on Si substrate, which were stored 

for 10 months. (b) Diameter histogram of 50 different MoS2-NMP flakes stored for 10 months. 
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Figure S7. Photographs of pristine NMP and solvent-thermal-treated NMP at 180℃ for 5h.  
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Figure S8. High-resolution C 1s XPS spectra for ce-MoS2, MoS2-NMP, MoS2-PC, MoS2-FA, 

MoS2-EG, and MoS2-DMSO. 
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Figure S9. FT-IR spectra of the ce-MoS2, MoS2-NMP, and pure acetamide. 
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Figure S10. (a) Lambert-Beer plots to obtain the extinction coefficient value. (b) The extracted 

extinction coefficient values of as-prepared ce-MoS2 and 2H-MoS2 samples obtained by solvent 

thermal treatment (c) Concentration of 2H-MoS2 in the supernatant of each dispersion as a function 

of storage time. 

 
  



 

S14

Table S3. Calculated concentration of MoS2 in the supernatant of the aqueous dispersion as 

prepared and after 50 days. 

 

 Concentration(mg/ml) 

 0 days After 50 days 

NMP 0.74219 0.47871 

PC 0.74642 0.02966 

FA 0.75070 0.03722 

EG 0.78816 0.04874 

DMSO 0.70338 0.04584 

1T 0.72256 0.02731 
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Table S4. Zeta potential values of pristine 2H-MoS2, exfoliated 1T-MoS2 and functionalized MoS2 

(NMP)  

 

Entry 
Zeta potential 

(mV) 

2H-MoS2 (bulk) -20.2±0.48 

1T-MoS2 (Exfoliated MoS2) -43.1±0.64 

MoS2-NMP -41.2±0.72 
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Figure S11. (a) Photographs of water contact angle taken after 2 s after dropping 1.5 ul water on 

prepared MoS2 thin films. (b) Sensitivity of humidity sensor based on ce-MoS2, MoS2-EG, and 

MoS2-NMP at 80 relative humidity (RH) % 

 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


