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Supporting information

STable 1. Method and basis effect on the geometry optimization of CH3-C(()=O.

	Method
	Bond length (Å)
	Bond angle (deg.)

	
	C-C
	C=O
	C-H
	C-C=O
	O-C-H

	CH3-CO-H

	UB3LYP
	
	
	
	
	

	6-31g*
	1.508 
	1.211 
	1.114 
	124.71 
	120.50 

	6-311++g**
	1.504 
	1.206 
	1.112 
	124.80 
	120.05 

	6-311++g(3d,3p)
	1.503 
	1.204 
	1.110 
	124.76 
	120.07 

	Aug-cc-pvdz
	1.505 
	1.211 
	1.118 
	124.70 
	119.97 

	
	
	
	
	
	

	ROMP2
	
	
	
	
	

	6-31g*
	1.503 
	1.223 
	1.109 
	124.36 
	120.34 

	6-311++g**
	1.505 
	1.215 
	1.110 
	124.66 
	120.15 

	6-311++g(3d,3p)
	1.502 
	1.214 
	1.106 
	124.65 
	120.22 

	
	
	
	
	
	

	UQCISD(T)
	
	
	
	
	

	6-31g*
	1.509 
	1.223 
	1.113 
	124.20 
	120.36 

	6-311++g**
	1.508
	1.211
	1.114
	124.71
	120.50

	
	
	
	
	
	

	UCCSD(T)
	
	
	
	
	

	6-31g*
	1.509 
	1.223 
	1.112 
	124.18 
	120.34 

	6-311++g**
	1.510
	1.210
	1.110
	124.50
	120.27

	
	
	
	
	
	

	CH3-C(()=O

	UB3LYP
	
	
	
	
	

	6-31g*
	1.517 
	1.189 
	-
	127.92 
	-

	6-311++g**
	1.510 
	1.180 
	-
	128.97 
	-

	6-311++g(3d,3p)
	1.509 
	1.178 
	-
	128.86 
	-

	Aug-cc-pvdz
	1.511 
	1.186 
	-
	128.83 
	-

	
	
	
	
	
	

	ROMP2
	
	
	
	
	

	6-31g*
	1.515 
	1.199 
	-
	127.43 
	-

	6-311++g**
	1.516 
	1.187 
	-
	128.14 
	-

	6-311++g(3d,3p)
	1.513 
	1.186 
	-
	128.02 
	-

	
	
	
	
	
	

	UQCISD(T)
	
	
	
	
	

	6-31g*
	1.523 
	1.200 
	-
	127.36 
	-

	6-311++g**
	1.526
	1.189
	-
	127.89
	-

	
	
	
	
	
	

	UCCSD(T)
	
	
	
	
	

	6-31g*
	1.522 
	1.198 
	-
	127.38 
	-

	6-311++g**
	1.525
	1.188
	-
	128.00
	-


STable 2. Method and basis set effect on BDE (kcal/mol) calculations.

	Method
	HCO-H
	CH3CO-H
	CH3CH2CO-H

	UB3LYP
	
	
	

	6-31g*
	87.0
	87.9
	88.0

	6-311++g**
	85.9
	86.7
	86.8

	6-311++g(3d,3p)
	86.0
	86.8
	87.0

	Aug-cc-pvdz
	85.1
	86.1
	86.3

	
	
	
	

	ROMP2
	
	
	

	6-31g*
	77.3
	79.3
	79.6

	6-311++g**
	81.4
	83.1
	83.4

	6-311++g(3d,3p)
	82.7
	84.4
	84.7

	
	
	
	

	UQCISD(T)
	
	
	

	6-31g*
	79.8
	81.3
	81.5

	6-311++g**
	84.1
	85.1
	85.2

	
	
	
	

	UCCSD(T)
	
	
	

	6-31g*
	80.0
	81.5
	81.7

	6-311++g**
	84.3
	85.3
	85.5

	
	
	
	

	CBS-4M
	89.2
	89.8
	89.7

	
	
	
	

	CBS-Q
	88.5
	89.4
	89.5

	
	
	
	

	G3
	88.4
	89.4
	89.6

	
	
	
	

	Exp.
	-
	89.3
	89.5


a. Except for the composite ab initio methods (i.e. CBS-4M, CBS-Q, and G3), all the geometry optimizations were done using UB3LYP/6-31g(d).

STable 3. Two structures of CH2=CH-C(()=O radical.
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Structure 2
	
	Structure 1
	Structure 2

	UB3LYP/6-31g* Bond length (C=O) (Å)
	1.194
	1.174

	UB3LYP/6-31g* Bond angle(C-C=O) (degree)
	127.83
	179.00

	UB3LYP/6-31g* Frequency (C=O) (cm-1)
	1903.5953
	2189.0275

	UB3LYP/6-31g*//UB3LYP/6-31g* (au)
	-191.2598250
	-191.2609312

	UB3LYP/6-311++g(2df,p)//UB3LYP/6-31g* (au)
	-191.3312401
	-191.3339507

	ROMP2/6-311++g(d,p)//UB3LYP/6-31g* (au)
	-190.7826011
	-190.7792206

	UCCSD(T)/6-31+g(d)//UB3LYP/6-31g* (au)
	-190.7367690
	-190.7285389


STable 4. Bond orders in H-CO-X from NBO analyses using HF/6-31g(d) method
	X
	C-H
	C=O
	C-X

	H
	0.977
	2.000
	0.977

	F
	0.971
	1.955
	0.947

	Cl
	0.970
	1.958
	0.938

	OH
	0.968
	1.931
	0.963

	SCH3
	0.970
	1.930
	0.955

	CH3
	0.971
	1.978
	0.980

	NH2
	0.967
	1.902
	0.974

	CN
	0.971
	1.969
	0.967


STable 5. The spins of the acyl radicals calculated using UB3LYP/6-31g(d) method.

	Radical
	<S2>

	H-C(()=O
	0.750004

	CH3-C(()=O
	0.752253

	CH2=CH-C(()=O
	0.750072

	Ph-C(()=O
	0.752758

	4-NH2-C6H4-C(()=O
	0.752948

	4-OH-C6H4-C(()=O
	0.752854

	4-CH3-C6H4-C(()=O
	0.752793

	4-F-C6H4-C(()=O
	0.752787

	4-HOOC-C6H4-C(()=O
	0.752783

	4-CF3-C6H4-C(()=O
	0.750005

	4-NC-C6H4-C(()=O
	0.750006

	4-NO2-C6H4-C(()=O
	0.752774


STable 6. Optimized C=O and C-H bond lengths of H-CO-F under different conditions of hyperconjugation using NBO analyses (HF/6-31g(d)).
	Condition
	C=O bond length (Å)

	All hyperconjugation interaction included
	1.1639

	C=O anti-( bond orbital removed
	1.1531

	C-F anti-( bond orbital removed
	1.2205
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