Electronic Supplementary Material for PCCP

This journal is © The Owner Societies 2008
Supplementary data

Table S1. Cartesian coordinates (in A ) of all the atoms in the CASPT2(11,12) optimized geometries for the ground (1B,) and

first excited (1%4,) states of the o-benzyne radical cation ( for notations, see Figure 1), together with the CASSCF(7,8)
frequencies (in cm™ ) (at the CASSCF(7,8) optimized geometries ).

0-CeHy" 1B, 1°4,
X Y Z X Y Z
C, 0.0000 0.6424 -1.2007 0.0000 0.6256 -1.2705
C, 0.0000 1.4990 -0.1356 0.0000 1.4453 -0.1394
Cs 0.0000 0.7314 1.0422 0.0000 0.6864 1.0900
C, 0.0000 -0.7314 1.0422 0.0000 -0.6864 1.0900
Cs 0.0000 -1.4990 -0.1356 0.0000 -1.4453 -0.1394
Cs 0.0000 -0.6424 -1.2007 0.0000 -0.6256 -1.2705
H, 0.0000 2.5707 -0.1435 0.0000 2.5206 -0.1371
H, 0.0000 1.2226 2.0014 0.0000 1.2251 2.0207
H; 0.0000 -1.2226 2.0014 0.0000 -1.2251 2.0207
H, 0.0000 -2.5707 -0.1435 0.0000 -2.5206 -0.1371
0-CeH," Symmetry Freq.
1°B, a, 633.5 968.9 1092.7 12529 1441.4 1549.9
1900.1 3359.9 3403.2
a 407.1 570.7 922.1 1036.5
by i875.16 632.5 971.1 1230.3 1393.2 1559.6
3348.5 3400.6
b 363.8 740.9 998.3
1°4, a 624.6 1024.9 1098.7 1276.4 1464.1 1640.4
2010.0 3369.9 3384.5
a 361.6 480.6 918.2 1054.6
by 454.9 862.1 1031.2 1195.7 1427.5 1515.5
3356.2 3378.4
b 320.6 799.5 1017.1
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Table S2. Cartesian coordinates ( in A ) of all the atoms in the CASPT2(11,12) optimized geometries for the ground (1%4,) and

first excited (1%4,) states of the m-benzyne radical cation ( for notations, see Figure 1), together with the CASSCF(7,8)
frequencies (in cm™ ) (at the CASSCF(7,8) optimized geometries ).

m-CeHy" 1°4, 1%4,
X Y Z X Y Z
C, 0.0000 0.0000 1.8143 0.0000 0.0000 1.6473
C, 0.7094 0.0000 0.6618 0.9620 0.0000 0.6923
Cs 1.1595 0.0000 -0.6969 1.1991 0.0000 -0.6346
C, 0.0000 0.0000 -1.4935 0.0000 0.0000 -1.3721
Cs -1.1595 0.0000 -0.6969 -1.1991 0.0000 -0.6346
Cs -0.7094 0.0000 0.6618 -0.9620 0.0000 0.6923
H, 0.0000 0.0000 2.8873 0.0000 0.0000 2.7202
H, 2.1790 0.0000 -1.0299 2.1783 0.0000 -1.0761
H; 0.0000 0.0000 -2.5678 0.0000 0.0000 -2.4484
H, -2.1790 0.0000 -1.0299 -2.1783 0.0000 -1.0761
m-CeHy" Symmetry Freq.
1°4, a, 569.1 898.1 1087.1 11329 1502.9 1786.1
3360.7 3386.0 3408.5
a, 581.2 1818.6
b, 243.1 920.7 1139.7 1181.2 1302.3 1383.2
1587.4 3381.3
b, 194.4 264.5 546.9 773.3 1008.2
1°4, a 852.9 910.9 1052.5 1142.8 1502.2 1863.7
3381.1 3416.1 3420.2
a 551.5 824.3
b, 572.7 877.6 1066.4 1187.7 1351.6 1451.7
1558.0 3412.3
by 284.8 522.1 788.9 883.4 1006.8
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Table S3. Cartesian coordinates ( in A ) of all the atoms in the CASPT2(7,8) optimized geometry for the ground ( 1°B,,) state of
the p-benzyne radical cation ( for notations, see Figure 1), together with the CASSCF(7,8) frequencies (in cm™ ) ( at the
CASSCEF(7,8) optimized geometry ).

p-CeHy I’B,

X Y Z

C 0.0000 0.0000 1.2373

G, 0.0000 1.2343 0.7343

Cs 0.0000 1.2343 -0.7343

Cy 0.0000 0.0000 -1.2373

Cs 0.0000 -1.2343 -0.7343

Cs 0.0000 -1.2343 0.7343

H, 0.0000 2.1911 1.2246

H, 0.0000 2.1911 -1.2246

H; 0.0000 -2.1911 -1.2246

Hy 0.0000 -2.1911 1.2246

p-CeHy" Symmetry Freq.
1°By, ag 765.5 1045.9 1181.9 1389.6 3388.7

ay, 443.0 944.7
big 1900.8
by i2123.25 900.2
b3, 530.0 1330.2 1787.8 3371.4
b 1089.4 1476.6 1807.8 3374.9
bau 967.6 1156.2 1500.1 3385.3

b3, 221.5 760.2
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Table S4. The important configurations * in the CASSCF(7,8) wavefunctions for the ground and excited states of the o-, m-, and
p-benzyne radical cations calculated at the CASPT2(7,8) optimized geometries. The important configurations in the
CASSCF(8,8) wavefunctions® for the ground states (S,) of the o-, m-, and p-benzynes are also given in the table.

State

Important configurations ( coefficients )

0-CeHy™ ( Cay) 1'A; (S, 0-CeHa)

124,

124,

m-CeHy™ ( Coy
)

llAl(SO> m-CgHy)
124,
1’4,(X)
1°B,
1°B,
p-CeHy™ (Do

1'4,(So, p-CeHa)

14,
1°4,

1’By,

1’B1(X)

1’By,

1 ZBZU

1°Bs,

12331:

(1) (10a)*(1a2)*(2b,)? (0.90)
(16X (10a)°(1a2)*(2b,)X(8b,)*  (0.25)
(167 (10a)) (1a)*(2b,)? (0.93)
(167104, (1ay)' (2b,)° (0.91)
(16)°(10a)°(1a2)' (26,2 (8by)*  (0.26)
(16’ (10a)’(1a2)* (21! (0.90)

(167 (10a)°(1a2)*(2b1) (8b2)*  (0.27)
(167 (10a))°(1a2)*(2b,)2(8by)" (0.86)
(161)°(10a1)*(1a2)*(2b1)"(82)' 0.27)

(16)2(10a) (1a2)*(261)' (852)°(2az)'  (0.21)

(16 2b)Y (1ax)*(11ay)? (0.88)
(16261 (1a2)*(11a,)°(7by)* (0.32)
(1620 (1ax)*(11ay)! (0.93)
(1625 (1ay)' (11ay)? (0.94)
(16020 (ax)* (11ay)? (0.85)
(16)°(25)) (1ax)*(11a,)°(7b,)* (0.39)
(1625 (1a2)°(11a)*(7h,)' 0.91)
(1b3, Y (152" (1510)(5b1,)° (0.75)
(163, (1b2g) (11)*(5b1,) (6a5) (0.54)
(1B3, (1b2Y(151)*(5b1,) (6a,)' (0.92)

(163, (152" (1b10)°(5b1,) " (6ag)" (0.81)
(163, (152" (1b10)(5b1,) (6ag)" (0.47)

(1b3, (152" (1b1) ' (5b1,)° (0.75)
(163, (1520)’(1b1)' (5b1,)(6ag) (0.52)
(1b3, (152" (1b1)(5b1,)! (0.92)
(153, (1529) (1610)(5b1,)° (0.73)

(13,2 (1b50) (11,*(5b1,) (6a,)* (0.58)
(153, (1b20)" (161 (5b1,) (6 a,)’ (0.76)
(163,)"(152)2(1b10)°(5b1,)*(6ag)" (0.35)
(163, (1b30) " (1610)°(5b1,) " (6ag) (0.29)
(163,) (1b2g) " (1510) (5b1.) (6a,)" (0.62)
(1532 (1b2g) (151" (5b1.)(6a,)" (0.59)
(153,)" (1b2gY*(151)"(5b1.) (6 a,)? (0.30)
(163, (1520) (1510)(5b1,,) " (6ay)" (0.81)
(163, (162) (1510 (5b1,) (6aa)" (0.46)

 The configurations with coefficients ( absolute values ) larger than 0.20.

b Ref.13.
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Table S5. Mulliken spin ( S ) and LoProp charge ( Q ) populations in the 12B, (X) and 174, states of the o-benzyne radical cation
obtained in the CASSCF(11,12)//CASPT2(11,12) calculations. In Table we also give the charge populations in the ground state
(So) of the o-benzyne molecule obtained in the CASSCF(12,12)//CASPT2(12,12) calculations.

C, G, Cs H, H,
1’B, S 0.261 -0.080 0.315 -0.001 0.005
Q 0.171 -0.081 0.037 0.190 0.183
1°4, S 0.035 0.426 0.031 0.007 0.001
Q 0.068 0.105 -0.049 0.196 0.180
So Q -0.019 -0.115 -0.131 0.136 0.128

Table S6. Mulliken spin ( S ) and LoProp charge ( Q ) populations in the 14, (X) and 174, states of the m-benzyne radical cation
obtained in the CASSCF(11,12)//CASPT2(11,12) calculations. In Table we also give the charge populations in the ground state
(So) of the m-benzyne molecule obtained in the CASSCF(12,12)//CASPT2(12,12) calculations.

C C, C; Cy H, H, H;
1°4, S -0.016 0.122 0.448 -0.141 0.000 0.008 0.000
Q 0.076 0.138 -0.035 -0.050 0.215 0.190 0.175
14, S -0.003 0.479 -0.033 0.073 0.009 0.005 0.020
Q -0.065 0.247 -0.113 -0.020 0.227 0.206 0.178
So Q -0.123 -0.014 -0.158 -0.090 0.152 0.142 0.123
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Table S7. Mulliken spin ( S ) and LoProp charge ( Q ) populations in the 12B;, (X) state of the p-benzyne radical cation obtained in
the CASSCF(7,8)//CASPT2(7,8) calculations. In Table we also give the charge populations in the ground state (S,) of the
p-benzyne molecule obtained in the CASSCF(8,8)//CASPT2(8,8) calculations.

C C, H,
1°By, S 0.458 0.019 0.002
Q 0.242 -0.086 0.215
So Q -0.007 -0.138 0.142

Table S 8. Isotropic "*C hyperfine coupling constants ( a(C;), in Gauss ) in the ground (X) and first excited states of the o- and
m-benzyne radical cations and in the ground (X) state of the p-benzyne radical cation, obtained in the UB3LYP calculations®
with the 6-31G(d,p) ( B1 ) and 6-311G(d,p) ( B2 ) basis sets ( for atom lablels, see Figure 1 ). The <S>> values in the UB3LYP
calculations are also given in the table.

State Basis a(C)  a(C)  a(Cy)  a(Cy <S>

0-CeH," 1B, (X) Bl 9.4 7.9 133 13.3 0.767
B2 3.6 1.4 5.2 5.2 0.767

1%4, Bl 5.8 20.0 -1.6 -1.6 0.765

B2 8.0 9.4 3.4 3.4 0.764

m-CeH," 124, (X) Bl 33 1.5 21.1 -12.4 0.769
B2 35 3.8 11.0 -11.7 0.768

14, Bl -12.4 70.9 5.3 40.7 0.765

B2 9.6 71.8 4.2 43.7 0.764

p-CeHy" 1°B1,(X) B1 61.3 29.9 29.9 61.3 0.773
B2 60.4 34.8 34.8 60.4 0.772

* The UB3LYP calculations were performed at the CASPT2(11,12) optimized geometries for the ground and first excited states

of the o- and m-CgH," cations and at the CASPT2(7,8) optimized geometry for the ground state of the p-CsH," cation.




Electronic Supplementary Material for PCCP
This journal is © The Owner Societies 2008

Table S9. The NICS ( nucleus-independent chemical shift ) values in the ground (X) and first excited states of the o- and
m-benzyne radical cations and in the ground (X) state of the p-benzyne radical cation, obtained in the UB3LYP calculations®

with the 6-31G(d,p) and 6-311G(d,p) basis sets

Molecule State UB3LYP/ 6-31G(d,p) UB3LYP/6-311G(d,p)
0-CHyt 1°B,(X) 8.3 9.2
0-CeHyt 1°A, 26.0 24.6
m-CeHyt 12Ay(X) 0.1 -0.1
m-CeHyt 1°A, -22.0 215
p-CeHyt 1’B1u(X) -28.4 -27.8

# The UB3LYP calculations were performed at the CASPT2(11,12) optimized geometries for the ground and first excited states

of the o- and m-C¢H," cations and at the CASPT2(7,8) optimized geometry for the ground state of the p-CsH;" cation. The

NICS values were calculated at the central points of the carbon-frameworks.
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1. The drawings of the 1a, and 2b, orbitals of the o-benzyne molecule:

@» s

13.2 2bl

2. The drawings of the 1a, and 11a, orbitals of the m-benzyne molecule:

gn %o

132 1131

3. The drawing of the 5b,, orbital of the p-benzyne molecule:

5blu




<<
  /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


