Supplementary Material for PCCP
This journal is © The Owner Societies 2010

Spectral shifts of matrix isolated species as criteria for
acid-base interactions with solid Xe

M. Rozenberg” and A. Loewenschuss®", C.J. Nielsen”
“ Institute of Chemistry, The Hebrew University, Jerusalem 91904, Israel.

b Centre for Theoretical and Computational Chemistry, Department of Chemistry, University
of Oslo, Blindern, N-0315 Oslo, Norway

Electronic Supplementary Information

Table S1. Calculated vibrational wavenumbers (/cm™') and infrared intensities (/km mol™) of

H,O0.
Harmonic Anharmonic
Calculation Vi (Al) V2 (Al) V3 (Bz) Vi (Al) V2 (Al) V3 (Bz)
B3LYP/DZ* 3752 (3)> 1659 (55) 3853 (20) 3571 1601 3664
B3LYP/aDZ 3795(4) 1619 (71) 3904 (60) 3620 1568 3717
B3LYP/TZ 3800 (3) 1639 (70) 3901 (41) 3635 1588 3721
B3LYP/aTZ 3796 (5) 1627 (76) 3899 (63) 3634 1575 3722
B3LYP/QZ 3806 (4) 1635(73) 3906 (52) 3640 1583 3726
B3LYP/aQZ 3804 (5) 1629 (76) 3906 (63) 3639 1577 3727
B3LYP/5Z 3808 (5) 1630 (75) 3909 (60) 3641 1578 3729
B3LYP/a5Z 3807 (5) 1629 (76) 3908 (63) 3640 1577 3728
MP2/DZ 3852 (7) 1678 (57) 3971 (33) 3672 1625 3786
MP2/aDZ 3803 (4) 1622 (67) 3938 (67) 3622 1573 3745
MP2/TZ 3855 (6) 1652 (65) 3976 (55) 3686 1602 3794
MP2/aTZ 3818 (6) 1628 (72) 3945 (75) 3654 1578 3768
MP2/QZ 3855(7) 1643 (69) 3978 (68) 3683 1589 3794
MP2/aQZ 3840 (6) 1632 (73) 3966 (78) 3668 1580 3782
MP2/57Z 3849 (7) 1637 (72) 3974 (76) 3676 1583 3789
Experimental gas phase values ° 3657 1595 3756

“Basis set abbreviations: a, aug-; DZ, cc-pVDZ; TZ, cc-pVTZ; QZ, cc-pVQZ; 5Z, cc-pV5Z.
®Infrared intensities in brackets.

¢ HITRAN database: Journal of Quantitative Spectroscopy and Radiative Transfer, 2009, 110,
533-572.
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Table S4. Calculated vibrational wavenumbers (/cm™)
and infrared intensities (/km mol™) of

(H2S04),

B3LYP/aDZ* B3LYP/aTZ MP2/aDZ
vi(Ag) 3734 3746 3722
Va(Ag) 3154 3155 3202
vi(Ag) 1391 1425 1413
va(Ag) 1268 1295 1293
vs(Ag) 1159 1168 1175
Ve(Ag) 1069 1128 1103
V(A 854 901 868
vs(Ag) 768 811 784
vo(Ag) 729 741 744
Vio(Ag) 501 539 514
vii(Ag) 493 532 501
Via(Ay) 456 491 459
vi3(Ag) 386 416 391
Via(Ag) 340 370 351
Vis(Ag) 239 256 250
Vis(Ag) 150 152 163
Vi7(Ay) 123 126 110
Vis(Ag) 51 53 49
vio(Ay) 3733 (255)° 3746 (268) 3721 (263)
vap(Ay)  3235(3037) 3236 (3050) 3277 (2752)
vai(Ay) 1353 (550) 1398 (830) 1378 (693)
va(Ay)  1273(279) 1287 (110) 1298 (181)
va3(Ay)  1159(112) 1192 (242) 1179 (116)
vaa(Ay) 1109 (388) 1147 (279) 1139 (378)
vas(Ay) 858 (515)  905(552) 875 (494)
Vas(Ay) 773 (275)  812(303) 795 (297)
V27(Ay) 748 (6) 765 (48) 752 (7)
vag(Ay) 509 (87) 549 (92) 514 (81)
Va29(Ay) 494 (35) 533 (41) 504 (33)
Vv30(Ay) 476 (32) 512(27) 478 (41)
v31(Ay) 381 (62) 410 (58) 386 (67)
v32(Ay) 355 (17) 379 (13) 377 (25)
v33(Ay) 234 (123)  252(139) 245(113)
via(Ay) 177 (55) 184 (61) 179 (48)
v3s(Au) 42 (5) 42 (5) 40 (5)
V36(Au) 26 (2) 31 (3) 21(2)

“Basis set abbreviations: aDZ, aug-cc-pVDZ; aTZ,
aug-cc-pVTZ.
¢ Infrared intensities in brackets.
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Table S6. Calculated vibrational wavenumbers (/cm™) and
infrared intensities (/km mol™) in various
H,0-Xe aggregates.

Species Calculation v; (H,O)

\'%) (HQO)

V3 (HzO)

H,0-Xe MP2/aDZ
MP2/aTZ
MP2/aQZ

H,0-Xe, MP2/aDZ
MP2/aTZ
MP2/aQZ

H,O-Xe; MP2/aDZ
MP2/aTZ

H,O-Xes; MP2/aDZ
MP2/aTZ

H,O0-Xes MP2/aDZ

3798 (20)°
3810 (36)
3827 (42)

3795 (10)
3804 (19)
3819 (58)

3795 (10)
3802 (14)

3791 (22)
3802 (36)

3791 (20)

1622 (42)
1623 (40)
1628 (40)

1619 (23)
1617 (20)
1631 (30)

1616 (61)
1611 (60)

1623 (76)
1629 (78)

1622 (40)

3932 (129)
3936 (158)
3953 (167)

3928 (222)
3926 (311)
3934 (285)

3923 (185)
3920 (249)

3916 (78)
3914 (98)

3916 (142)

" Basis set abbreviations: a, aug-; DZ, cc-pVDZ; TZ, cc-

EVTZ; QZ, cc-pVQZ; 5Z, cc-pVS5Z.

Infrared intensities in brackets.
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Table S7. Calculated vibrational wavenumbers (/cm™) and infrared intensities (/km mol™) in
the (H,0),Xes; aggregate.

Calculation vi(H0), v, (H0), v3;(H,O), v4 (H,0), vs(H,O), vo (H,0),

MP2/aDZ 3895 (192)° 3782(27) 3681(209) 1635 (24) 1628 (70) 3904 (103)

*Basis set abbreviations: a, aug-; DZ, cc-pVDZ; TZ, cc-pVTZ; QZ, cc-pVQZ; 5Z, cc-pV5Z.
®Infrared intensities in brackets.

Table S8. Calculated vibrational wavenumbers (/cm™)
and infrared intensities (/km mol™) in the
H,SO4 Xe, aggregate.

Calculation MP2/aDZ?® MP2/aTZ

Vi 3687 (166)° 3678 (204)
Vv 1152 (177) 1221 (139)
V3 1185(0) 1182 (42)
Va4 762 (107) 823 (101)
Vs 492 (28) 533 (25)
Ve 432 (33) 479 (26)
vy 353 (1) 389 (1)
Vg 264 (38) 311 (28)
Vo 3680 (426) 3670 (726)
Vio 1398 (297) 1463 (316)
Vi 1186 (67) 1193 (62)
Viz 808 (234) 870 (259)
Vi3 502 (19) 541 (25)
Vig 452 (48) 494 (53)
Vis 354 (39) 415 (25)

“Basis set abbreviations: a, aug-; DZ, cc-pVDZ; TZ,
cc-pVTZ; QZ, cc-pVQZ; 5Z, cc-pV5Z.
®Infrared intensities in brackets.
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Table S9. Calculated vibrational wavenumbers (/cm™) and infrared intensities (/km mol™) in the
(H2S04),-Xe, aggregate. Results from MP2/aug-cc-pVDZ calculation.

Vi(Ag) Va(Ag) vi(Ag) va(Ag) Vs(Ag) Ve(Ag) Vi(Ag) Vs(Ag) Vo(Ag) Vie(Ag) Vii(Ag) Via(Ag)

3670 3183 1411 1294 1190 1100 863 786 760 516 500 460

Vi3(Ag) Via(Ag) vis(Ag) Vie(Ag) Vir(Ag) Vis(Ag) Vie(Ag) Vao(Ag) vai(Ag)
403 365 284 167 114 74 45 26 11

v2(Ay) v23(Ay) v24(Ay) V2s5(Au) Vas(Au) Vo7(Aw)  vag(Aw)  vao(Au)

3670 (673) 3259 (2933) 1375 (708) 1300 (192) 1194 (119) 1137 (369) 871 (442) 801 (282)

V30(Au) v31(Ay) vi2(Ay) v33(Ay) va4(Ay) v3s(Au) V3e(Au) v37(Au)

761(7) 513(79) 503(31) 480(33) 409(59) 383(38) 282(60) 182(51)

V3g(Au) V39(Au) Vao(Au) Va1(Au) Var(Aw)
72(6) 46(2) 31(1) 8(0) 6(0)
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Table $10. Calculated vibrational wavenumbers (/cm™)
and infrared intensities (/km mol™) in the
H,S04-H,0-Xe, aggregate.

MP2/aDZ  MP2/aTZ
3878 (117) 3883 (124)
3721 (67) 3733 (77)
3694 (211) 3685 (332)
3148 (1070) 3123 (1146)
1621 (44) 1630 (42)
1441 (202) 1468 (294)
1325 (146) 1358 (75)
1182 (35) 1212 (160)
1139 (208) 1182 (94)
878 (193) 917 (242)
842 (139) 896 (110)
767 (110) 826 (102)
527 (247) 550 (122)
508 (15)  541(37)
500 (35)  533(143)
472 (8) 509 (23)
406 (53) 446 (49)
358 (14) 397 (20)
333(114) 341 (95)
270 (41) 301 (55)
234(82) 242 (72)
229 (2) 237 (3)
133(14) 133 (15)

64 (2) 87 (5)
59 (5) 62 (3)
46 (1) 51 (1)
36 (3) 41 (4)
28 (1) 32 (0)
20 (0) 22 (0)

15 (1) 17 (1)
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Figure Captions (ESI):
Figure S1:
Configuration of the H,O

Figure S2:
Configuration of the H,O

Figure S3:
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Figure SS5:

Configuration of the (H,0), - Xes aggregate

- Xey aggregate

Xe /

\ 4

a0 T

{/\__,____...» -

Figure 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 1.4
  /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 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 ()
  /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


