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Table S1  Selected geometric parameters for CH3F as a function of 

correlation level and basis seta

Level of theory

r(C—F)
r(C—H)
<HCF

Basis set effects

HF/6-31G(d) 


1.365

1.082

109.1




HF/6-311G(d,p)

1.363

1.083

108.9

MP2/6-31G(d)

1.392

1.092

109.1



MP2/6-311G(d)

1.384

1.091

108.9



MP2/6-311G(d,p)

1.382

1.092

109.2

MP2/6-311+G(d,p)

1.388

1.091

108.7

MP2/6-311+G(df,p)

1.374

1.092

109.1

MP2/6-311+G(2df,p)

1.384

1.090

108.8

MP2/6-311++G(3df,3pd)
1.383

1.086

108.7

B3-LYP/6-31G(d)

1.383

1.096

109.6



B3-LYP/6-311G(d)

1.387

1.093

109.1




B3-LYP/6-311G(d,p)

1.389

1.093

109.1

B3-LYP/6-311+G(d,p)
1.396

1.092

108.6

QCISD/6-31G(d)

1.392

1.095

109.1

QCISD/6-311G(d,p)

1.381

1.094

109.2

QCISD(T)/6-31G(d)

1.394

1.097

109.1


QCISD(T)/6-311G(d,p)
1.384

1.096

109.2


Correlation effects

HF/6-311G(d,p)

1.363

1.083

108.9




MP2/6-311G(d,p)

1.382

1.092

109.2



B3-LYP/6-311G(d,p)

1.389

1.093

109.1



QCISD/6-311G(d,p)

1.381

1.094

109.2



QCISD(T)/6-311G(d,p)
1.384

1.096

109.2

Experimentb,c


1.383

1.086

108.8





(0.001)
(0.002)
(0.3)

a Bond lengths in Å, bond angles in degrees. b The experimental 

geometry is taken from ref. 1. c The figures in parentheses are 

experimental uncertainties.

Table S2  Selected geometric parameters for CH3CN as a function of correlation level and basis seta

Level of theory

r(CN)
r(C—C)
r(H—C)
<HCC
Basis set effects

HF/6-31G(d) 


1.135

1.468

1.082

109.8


HF/6-311G(d,p)

1.129

1.465

1.082

109.7

MP2/6-31G(d)

1.180

1.463

1.092

110.1


MP2/6-311G(d)

1.173

1.462

1.091

110.1


MP2/6-311G(d,p)

1.173

1.463

1.092

109.9

MP2/6-311+G(d,p)

1.174

1.463

1.092

109.9

MP2/6-311+G(df,p)

1.170

1.459

1.091

109.9

MP2/6-311+G(2df,p)

1.168

1.455

1.090

110.0

MP2/6-311++G(3df,3pd)
1.168

1.457

1.087

110.0

B3-LYP/6-31G(d)

1.160

1.461

1.095

110.3

B3-LYP/6-311G(d)

1.152

1.457

1.092

110.4

B3-LYP/6-311G(d,p)

1.152

1.457

1.092

110.2

B3-LYP/6-311+G(d,p)
1.153

1.457

1.092

110.2

QCISD/6-31G(d)

1.168

1.470

1.095

110.0

QCISD/6-311G(d,p)

1.160

1.471

1.094

109.8

QCISD(T)/6-31G(d)

1.173

1.472

1.096

110.0


QCISD(T)/6-311G(d,p)
1.167

1.472

1.095

109.8


Correlation effects

HF/6-311G(d,p)

1.129

1.465

1.082

109.7


MP2/6-311G(d,p)

1.173

1.463

1.092

109.9

B3-LYP/6-311G(d,p)

1.152

1.457

1.092

110.2


QCISD/6-311G(d,p)

1.160

1.471

1.094

109.8


QCISD(T)/6-311G(d,p)
1.167

1.472

1.095

109.8

Experimentb,c


1.156

1.457

1.087

110.0





(0.002)
(0.002)
(0.003)
(0.3)

a Bond lengths in Å, bond angles in degrees. b The experimental geometry is 

taken from ref. 2. c The figures in parentheses are experimental uncertainties.

Table S3  Selected geometric parameters for CH3CH=CH2 as a function of 

correlation level and basis seta
Level of theory


r(C—C)
r(C=C)

<CCC


Basis set effects

HF/6-31G(d) 



1.503

1.318

125.3



HF/6-311G(d,p)


1.502

1.317

125.2



MP2/6-31G(d)


1.499

1.338

124.6



MP2/6-311G(d)


1.501

1.339

124.6

MP2/6-311G(d,p)


1.502

1.339

124.4

MP2/6-311+G(d,p)


1.502

1.341

124.4


MP2/6-311+G(df,p)


1.497

1.336

124.3


MP2/6-311+G(2df,p)


1.495

1.333

124.5


MP2/6-311++G(3df,3pd)

1.495

1.334

124.5


B3-LYP/6-31G(d)


1.502

1.333

125.3


B3-LYP/6-311G(d)


1.500

1.329

125.4


B3-LYP/6-311G(d,p)


1.500

1.329

125.3


B3-LYP/6-311+G(d,p)

1.500

1.331

125.4


QCISD/6-31G(d)


1.504

1.339

124.7


QCISD/6-311G(d,p)


1.508

1.339

124.6


QCISD(T)/6-31G(d)


1.506

1.344

124.6



QCISD(T)/6-311G(d,p)




Correlation effects

HF/6-31G(d)



1.503

1.318

125.3



MP2/6-31G(d)


1.499

1.338

124.6



B3-LYP/6-31G(d)


1.502

1.333

125.3


QCISD/6-31G(d)


1.504

1.339

124.7

QCISD(T)/6-31G(d)


1.506

1.344

124.6

Experimentb,c



1.501

1.336

124.3






(0.004)
(0.004)
(0.3)

a Bond lengths in Å, bond angles in degrees. b The experimental geometry 

is taken from ref. 3. c The figures in parentheses are experimental uncertainties.

Table S4  Selected geometric parameters for CH3CHO as a function of 

correlation level and basis seta
Level of theory


r(C—C)
r(C=O)

<HCO


Basis set effects

HF/6-31G(d) 



1.504

1.188

120.3



HF/6-311G(d,p)


1.503

1.182

120.2



MP2/6-31G(d)


1.503

1.224

120.3



MP2/6-311G(d)


1.506

1.214

120.1

MP2/6-311G(d,p)


1.507

1.213

120.6

MP2/6-311+G(d,p)


1.505

1.215

120.2


MP2/6-311+G(df,p)


1.501

1.211

120.2


MP2/6-311+G(2df,p)


1.497

1.213

120.0


MP2/6-311++G(3df,3pd)

1.497

1.212

120.1


B3-LYP/6-31G(d)


1.508

1.211

120.5


B3-LYP/6-311G(d)


1.507

1.204

120.2


B3-LYP/6-311G(d,p)


1.507

1.204

120.5


B3-LYP/6-311+G(d,p)

1.504

1.206

120.1


QCISD/6-31G(d)


1.508

1.219

120.3


QCISD/6-311G(d,p)


1.513

1.208

120.6


QCISD(T)/6-31G(d)


1.510

1.223

120.3



QCISD(T)/6-311G(d,p)




Correlation effects

HF/6-31G(d)



1.504

1.188

120.3



MP2/6-31G(d)


1.503

1.224

120.3



B3-LYP/6-31G(d)


1.508

1.211

120.5


QCISD/6-31G(d)


1.508

1.219

120.3


QCISD(T)/6-31G(d)


1.510

1.223

120.3

Experimentb,c



1.501

1.216

118.6






(0.005)
(0.005)
(1.3)

a Bond lengths in Å, bond angles in degrees. b The experimental geometry 

is taken from ref. 3. c The figures in parentheses are experimental uncertainties.

Table S5  Selected geometric parameters for CH2=CH2 as a function of 

correlation level and basis seta
Level of theory


r(C—H)
r(C=C)

<HCC


Basis set effects

HF/6-31G(d) 



1.076

1.317

121.8



HF/6-311G(d,p)


1.077

1.316

121.7



MP2/6-31G(d)


1.085

1.336

121.7



MP2/6-311G(d)


1.085

1.337

121.6



MP2/6-311G(d,p)


1.085

1.337

121.5



MP2/6-311+G(d,p)


1.085

1.339

121.4


MP2/6-311+G(df,p)


1.085

1.334

121.4


MP2/6-311+G(2df,p)


1.083

1.331

121.4


MP2/6-311++G(3df,3pd)

1.081

1.332

121.4


B3-LYP/6-31G(d)


1.088

1.331

121.9


B3-LYP/6-311G(d)


1.086

1.327

121.8


B3-LYP/6-311G(d,p)


1.085

1.327

121.8


B3-LYP/6-311+G(d,p)

1.085

1.329

121.7


QCISD/6-31G(d)


1.088

1.338

121.8


QCISD/6-311G(d,p)


1.087

1.339

121.6


QCISD(T)/6-31G(d)


1.090

1.343

121.8



QCISD(T)/6-311G(d,p)

1.089

1.344

121.5


Correlation effects

HF/6-311G(d,p)


1.077

1.316

121.7



MP2/6-311G(d,p)


1.085

1.337

121.5



B3-LYP/6-311G(d,p)


1.085

1.327

121.8


QCISD/6-311G(d,p)


1.087

1.339

121.6


QCISD(T)/6-311G(d,p)

1.089

1.344

121.5

Experimentb,c



1.087

1.339

121.3






(0.001)
(0.001)
(0.1)

a Bond lengths in Å, bond angles in degrees. b The experimental geometry 

is taken from ref. 4. c The figures in parentheses are experimental uncertainties.

Table S6  Selected geometric parameters for CH2=CHF as a function of correlation level and basis seta

Level of theory

r(C—F)
r(C=C)

r(H—C)b
<FCC


Basis set effects

HF/6-31G(d) 


1.329

1.308

1.074

122.4


HF/6-311G(d,p)

1.325

1.307

1.074

122.3

MP2/6-31G(d)

1.355

1.329

1.083

122.0


MP2/6-311G(d)

1.345

1.329

1.083

122.3


MP2/6-311G(d,p)

1.343

1.329

1.082

122.2

MP2/6-311+G(d,p)

1.348

1.330

1.083

121.8

MP2/6-311+G(df,p)

1.335

1.327

1.083

122.1


MP2/6-311+G(2df,p)

1.343

1.332

1.081

122.1


MP2/6-311++G(3df,3pd)
1.341

1.323

1.078

122.1


B3-LYP/6-31G(d)

1.348

1.325

1.085

122.5

B3-LYP/6-311G(d)

1.348

1.320

1.083

122.5

B3-LYP/6-311G(d,p)

1.349

1.320

1.082

122.3

B3-LYP/6-311+G(d,p)
1.353

1.320

1.082

122.0

QCISD/6-31G(d)

1.357

1.329

1.086

121.8

QCISD/6-311G(d,p)

1.345

1.330

1.084

122.0

Correlation effects

HF/6-31G(d) 


1.329

1.308

1.074

122.4

MP2/6-31G(d)

1.355

1.329

1.083

122.0

B3-LYP/6-31G(d)

1.348

1.325

1.085

122.5

QCISD/6-31G(d)

1.357

1.329

1.086

121.8

QCISD(T)/6-31G(d)

1.359

1.334

1.087

121.8

Experimentc,d


1.342

1.327

1.085

121.7





(0.004)
(0.002)
(0.001)
(0.8)

a Bond lengths in Å, bond angles in degrees. b The CH bond is syn to the fluorine atom. c The experimental geometry is taken from ref. 2. d The figures in parentheses are experimental uncertainties.

Table S7  Selected geometric parameters for CH2=CHCN as a function of correlation level and basis seta

Level of theory

r(CN)
r(C—CN)
r(C=C)

<CCC

Basis set effects

HF/6-31G(d) 


1.136

1.443

1.320

122.2


HF/6-311G(d,p)

1.130

1.441

1.319

122.3

MP2/6-31G(d)

1.183

1.434

1.342

122.1


MP2/6-311G(d)

1.176

1.434

1.343

122.2


MP2/6-311G(d,p)

1.176

1.434

1.343

122.2

MP2/6-311+G(d,p)

1.177

1.435

1.344

122.1

MP2/6-311+G(df,p)

1.174

1.431

1.340

122.0


MP2/6-311+G(2df,p)

1.172

1.427

1.337

122.2


MP2/6-311++G(3df,3pd)
1.172

1.429

1.337

122.2


B3-LYP/6-31G(d)

1.164

1.431

1.339

122.9

B3-LYP/6-311G(d)

1.155

1.428

1.334

123.2


B3-LYP/6-311G(d,p)

1.155

1.427

1.334

123.1

B3-LYP/6-311+G(d,p)
1.156

1.428

1.335

123.1

QCISD/6-31G(d)

1.170

1.445

1.342

122.0

QCISD/6-311G(d,p)

1.163

1.445

1.342

122.1


Correlation effects

HF/6-31G(d) 


1.136

1.443

1.320

122.2

MP2/6-31G(d)

1.183

1.434

1.342

122.1

B3-LYP/6-31G(d)

1.164

1.431

1.339

122.9

QCISD/6-31G(d)

1.170

1.445

1.342

122.0

QCISD(T)/6-31G(d)

1.176

1.444

1.348

122.0

Experimentb,c


1.164

1.426

1.339

122.6





(0.003)
(0.003)
(0.003)
(0.3)

a Bond lengths in Å, bond angles in degrees. b The experimental geometry is taken from ref. 3. c The figures in parentheses are experimental uncertainties.

Table S8  Selected geometric parameters for •CH2CH=CH2 as a function of 

correlation level and basis seta
Level of theory


r(C—C)
r(C—H)b
<CCC


Basis set effects

HF/6-31G(d) 



1.391

1.078

124.6



HF/6-311G(d,p)


1.389

1.079

124.5



MP2/6-31G(d)


1.378

1.088

124.4



MP2/6-311G(d)


1.379

1.088

124.4

MP2/6-311G(d,p)


1.379

1.088

124.3

MP2/6-311+G(d,p)


1.380

1.088

124.3


MP2/6-311+G(df,p)


1.375

1.088

124.2


MP2/6-311+G(2df,p)


1.372

1.086

124.3


MP2/6-311++G(3df,3pd)

1.373

1.083

124.4


B3-LYP/6-31G(d)


1.386

1.091

125.1


B3-LYP/6-311G(d)


1.383

1.089

125.2


B3-LYP/6-311G(d,p)


1.383

1.088

125.1


B3-LYP/6-311+G(d,p)

1.384

1.088

125.1


QCISD/6-31G(d)


1.391

1.092

124.4


QCISD/6-311G(d,p)


1.392

1.090

124.3


QCISD(T)/6-31G(d)


1.393

1.093

124.3



QCISD(T)/6-311G(d,p)




Correlation effects

HF/6-31G(d)



1.391

1.078

124.6


MP2/6-31G(d)


1.378

1.088

124.4

RMP2/6-31G(d)


1.387

1.089

124.6

B3-LYP/6-31G(d)


1.386

1.091

125.1

QCISD/6-31G(d)


1.391

1.092

124.4


QCISD(T)/6-31G(d)


1.393

1.093

124.3

Experimentc,d



1.428



124.6

(0.13)


           (0.34)


a Bond lengths in Å, bond angles in degrees. b The carbon atom in the bond is 

the central carbon atom. c The experimental geometry is taken from ref. 1. d The 

figures in parentheses are experimental uncertainties.

Table S9  Selected geometric parameters for •CH2CHO as a function of 

correlation level and basis seta
Level of theory


r(C—C)
r(C=O)

<HCO


Basis set effects

HF/6-31G(d) 



1.414

1.237

119.4

HF/6-311G(d,p)


1.415

1.231

119.5


MP2/6-31G(d)


1.459

1.200

121.6



MP2/6-311G(d)




MP2/6-311G(d,p)


1.466

1.191

121.8

MP2/6-311+G(d,p)





MP2/6-311+G(df,p)


1.462

1.189

121.4


MP2/6-311+G(2df,p)




MP2/6-311++G(3df,3pd)

1.459

1.189

121.4


B3-LYP/6-31G(d)


1.426

1.239

120.3


B3-LYP/6-311G(d)





B3-LYP/6-311G(d,p)


1.424

1.233

120.3


B3-LYP/6-311+G(d,p)




QCISD/6-31G(d)


1.435

1.242

120.2


QCISD/6-311G(d,p)


1.440

1.231

120.5


QCISD(T)/6-31G(d)


1.437

1.245

120.3

QCISD(T)/6-311G(d,p)




Correlation effects

HF/6-31G(d)



1.414

1.237

119.4


MP2/6-31G(d)


1.459

1.200

121.6



RMP2/6-31G(d)


1.434

1.242

120.4

B3-LYP/6-31G(d)


1.426

1.239

120.3

QCISD/6-31G(d)


1.435

1.242

120.2

QCISD(T)/6-31G(d)


1.437

1.245

120.3

Experimentb,c



1.408

1.261








(0.010)
(0.011)

a Bond lengths in Å, bond angles in degrees. b The experimental geometry 

is taken from ref. 1. c The figures in parentheses are experimental uncertainties.
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