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SUPPORTING INFORMATION

A periodic mixed gaussians-plane waves DFT study on simple thiols on Au(111): adsorbate species, surface reconstruction, and
different thiols functionalization.

Gopalan Rajaraman, Andrea Caneschi, Dante Gatteschi and Federico Totti*

Dipartimento di Chimica, Polo Scientifico, INSTM

Universita degli Studi di Firenze, via della Lastruccia 3, 50019 Sesto fiorentino, Italy

Table S1. A summary of calculated and experimental energetics and geometrical parameters of Me-SH, Me-S"and Me-S« on Au(111). D
is for S-Au(111) distance; Au-S is for the S distances from the closest Au atoms; ¢ is for the complementary angle of C-S-Au(111)
angle.

Experimental/ Attack Site D, A Au-S, A ¢, degree  AFE, keal/mol Ref.

Species Calculated

Me-Se PD Atop 2.42(3) 2.42(3) ~50 32
Me-S- BLYP Fcc-bridge 2.09 2.56 46.97 73
Me-Se PW91/PBE Fcc-bridge 2.07 -39.66/-29.58 74
Me-Se HREELS not reported -11.6/-13.9 75
Me-Se HREELS/PBE  Fcc-bridge 2.05 2.50 52.7 26
Me-S- NIXSW ontop 2.50(5)  2.50(5) 76
Me-Se MP2 hollow 1.936 76 22
Me-Se PWO91/PBE Fcc-bridge 58.5 -38.5/-26.0 29
Me-Se PWOI1 Fcc-bridge 2.05 2.49 -21.8 27
Me-Se BLYP Fcc-bridge 2.68&2.85 65.8 -39.9 77
Me-Se PWOI1 Fcc-bridge 2.510 unrelaxed 56.4 -42.36 unrelaxed 78

2.370 relaxed 62.7 -52.99 relaxed

Me-Se TDS and high- -34 79

resolution soft X-
ray photoelectron

spectroscopy.
Me-Se STM/PW91 Fcc-bridge 2.452 52.9 -43.4 34
2.467
Me-Se PWI1 Fcc-bridge 2.52/2.49 34
Me-Se Functional not  Fcc 1.788 24
reported
Me-Se NIXSW On-top/adatom 33
Me-Se PBE Fcc-bridge 2.49 56 -35.6 37
Me-Se PBE on-top/adatom 2.30 72 -47.3 37
Me-Se PBE on-top/chain 2.44 46 -56.0 37
Me-Se PBE fec-bridge 2.04 2.49 54.3 -38.0 80
Me-Se Functional not 53-61 -37.1 81
reported
MeSH PBE ontop 2.812 -10.1 (layers relaxed) 78
MeSH STM/PW91 on-top 2.668 72 -8.6 34
Et-Se B3LYP fce-bridge - 2.634 67.1 -24.5 (cluster model) 83
Et-Se PBE - 53-61 -37.5 82
Et-SH PBE atop 2.799 - -11.1 (layer relaxed) 78
Ph-Se PBE fec-hollow 2.509 60.95 -31.6 84
Ph-Se HF - 2.500 37 2.3 85
Ph-CH,-Se PBE fec-bridge 2.1 2.530 80 - 86
Ph-SH HF - - - - -1.6 85
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Table S2. The NBO second order perturbation theory estimate of
the Au-S bond strengths in different computed species and

models.

Models/Species Interaction

Energy (Kcal/mol)

Au36

Au37

Au38

Au37

MeSH

MeS”

MeSe

MeSH

MeS”

MeS-

Au,g-MeSH-Auyy

Auad—MeS'—Auad

Auad—MeS°—Auad

MeSH-Auad-
MeSH

MeS™-Au,-MeS”

MeSe-Au,-MeSe

3pAS)-6s(Au)
35(S)-6s(Au)
3p(S)-65(Au)
35(S)-6s(Au)
35(S)-6p,(Au)
3p.(S)-65(Au)

3p.(S)-65(Au)
35(S)-6s(Au)

35(5)-6 p,(Au)
3px(S)-6s(Au)

3pu(S)-6s(Au)
35(S)-6s(Au)

3p.(S)-6s(Au)
3s(S)-6s(Au)

3p.(S)-65(Au)
35(S)-6s(Au)

3s(S)-6s(Au)
3p«(S)-6s(Au)

3pu(S)-6s(Au)
35(S)-6s(Au)
3px(S)-6s(Au)

3pAS)-6s(Au)
3s(S)-6s(Au)
3p«(S)-6s(Au)
3s(S)-6s(Au)
3p«(S)-6s(Au)

35(S)-6s(Au)*
3p«(S)-6s(Au)*
3p,(S)-65(Au)*

35(S)-6s(Au)°
3p«(S)-65(Au)®
3p«(S)-6px(Au)®
3pu(S)-6d,(Au)°
3px(S)-6d,y(Au)®

35(S)-6s(Au)*
3p«(S)-6s(Au)*
3p,(S)-65(Au)*

35(S)-6s(Au)°
3px(S)-6s(Au)®
3pAS)-6s(Au)®
3p.(S)-6px(Au)”
3px(s)_6dxz(Au)b
3px(S)-6d,(Au)®

19.7
4.8

14.8;16.2
4.8;2.9
3.1;2.5
3.1,2.3

17.8;17.9
52;33
4.1; 2.8
3.0;3.1
36.5

2.7

102.0
6.5

105.6
73

9.7, 8.4
4.7;7.8

20.1; 33.6
3.6;3.7
22.8;7.0

26.9;29.6
4.1;3.8
19.3;13.5
22;24
21.1;21.0

4.7;39
2.6;44
104 ;7.4

5.0;4.8
84.7; 80.0
4.1;3.7
34:;3.0
42;3.9

6.2;43
58;52
15.0; 8.6

6.2;5.0
73.1;70.3
25;09
39,34
3.0;2.8
39;3.7

a) bond corresponds to that of sulphur gold atom in the Au(111)

b) bond corresponds to S-Au,qg atom.
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Table S3. The experimental from ref 105 and B3LYP/LACV3P**++ computed bond dissociation energy (in vacuum and in kcal/mol) of
different sulphur compounds studied here.

Species Experimental BDE cal. BDE
MeS-H 92+1.5 82.5
MeS-Me 77+£1.5 54.5
EtS-Et T4+2 49.8
PhS-Ph - 542
PhS-Me 67.4+1.5 443
MeS-Ph 89.2+2 62.2

Table S4. DFT Computed energetics and structural information for the substituted long alkylthiols on Au(111). D is for S-Au(111)
distance; Au-S is for the S distances from the closest Au atoms; { is for the complementary angle of C-S-Au(111) angle.

Species Attack site D (A) Au-S, A ¢, degree AE, kcal/mol
Ause-Au,sMeSH (hep) atop 2.44 2.44 107.1 -42.7
Ause-AuygMeS (hep) atop 2.35 2.35 103.3 -52.1
Ause-AuygMeSe(hep) atop 2.31 231 105.0 =224
Auzs-MeSH-Au,-MeSH atop 2.56 2.56,2.56 76.7,77.4 -17.2
Auze-MeS -Au,-MeS” atop- atop 2.71;2.78 2.36,2.71;2.36,2.78 76.3,78.5 -7.3
Auzg-MeSe-Auyg-MeSe atop- atop 256 ;2.58 2.36,2.56;2.35,2.58 72.6,73.0 -47.2
Auszg-Augg-MeSH-Au,q Bridge 1.95 2.52,2.54 645 233
Auzg-Augg-MeS-Auyg Bridge 1.95 2.46,2.47 54.7 -65.9
Auszg-Augg-MeSe-Au,g Bridge 1.87 242,242 69.1 -70.0
Auz-MeSMe quasi-atop 2.76 2.84 81.3,75.6 -33
Auzs-Au,i-MeSMe quasi-atop 2.43 2.43 68.9, 76.0 -23.4
Au;-EtSEt quasi-atop 2.78 2.81 80.9,73.4 -12.9
Auszg-Au,g-EtSEt quasi-atop 2.43 2.43 67.7,77.1 -24.6
Ause-EtSe fce-bridge 2.07 2.54,2.52 64.2 -38.1
Auzg-Augg-EtSe quasi-atop 2.31 2.31 71.5 -43.0
Ause-EtSe-Au,y-EtSe atop-atop 2.55;2.59 2.36,2.55;2.36,2.59 72.5;73.2 -47.8
Auzs-PhSPh quasi-atop 2.8 2.88 78.7,45.3 -7.8
Auy-PhSe fec-bridge 2.13 2.59,2.56 48.5 -26.2
Ausg-Au,g-PhSPh quasi-atop 2.48 2.48 69.4, 65.6 -19.7
Ausg-Augg-PhSe quasi-atop 2.30 2.30 72.1 -20.6
Auzg-PhSe-Auyy-PhSe atop- atop 2.63;2.63 2.36,2.63;2.37,2.63 102.9;110.5 -38.5
Aus-PhSMe fec-bridge 2.48 2.88,2.87 75.5 (Me), 16.2 (Ph) -5.9
Auzs-Auyg-PhSMe quasi-atop 2.44 2.44 89.5 (Me), 62.5 (Ph) -20.8
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Figure S1. The DFT computed formation energies of the three different species on the Au(111) using TPSS and BLYP functionals. The optimized
structures are of TPSS functional.
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Figure S2. The DOS plot for selected electronic states of the three species. The origin of the energy scale is set at the system Fermi level.
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a) b)

Figure $3. The (V3 x V3)R30° surface structure of MeSe species on a clean (a) and reconstructed (1:1 ratio model) (b) Au(111) surface. Gold
adatoms are dark-yellow coloured
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Figure S4. The formation energies of the substituted alkylthiols on the Au(111).

S1




<<
  /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 1.4
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /MyriadPro-Regular
  ]
  /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 ()
  /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 <>
    /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.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


