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Table S1. Geometrical parameters of the aldehyde molecules (CF3CHO, CF2ClCHO, CFCl2CHO, and CCl3CHO), the product radicals and the transition states for the reactions from (R1) to (R4) optimized at the (U)MP2=full/6-311G(d,p) level [see Figures 1 and 2 for the definition of atoms]. Bond lengths and angles are given in Å and degrees, respectively.

Parameter
CF3CHO
CF2ClCHO
CFCl2CHO
CCl3CHO

R(C1-C2)
1.532
1.533
1.536
1.545

R(C2-X3)
1.324
1.766
1.339
1.748

R(C2-X4)
1.341
1.347
1.767
1.774

R(C2-X5)
1.341
1.330
1.767
1.774

R(C1-O6)
1.204
1.203
1.202
1.199

R(C1-H7)
1.104
1.104
1.104
1.105

((C1-C2-X3)
112.3
108.2
110.4
111.6

((C1-C2-X4)
109.2
108.7
107.9
105.9

((C1-C2-X5)
109.2
111.5
107.9
105.9

((C2-C1-O6)
122.6
122.4
122.0
124.3

((C2-C1-H7)
113.3
113.0
113.3
111.5

((X3-C2-C1-O6)
0.0
110.9
0.0
0.0

((X3-C2-C1-H7)
180.0
-68.7
180.0
180.0

Parameter
CF3CO
CF2ClCO
CFCl2CO
CCl3CO

R(C1-C2)
1.557
1.556
1.557
1.556

R(C2-X3)
1.332
1.756
1.343
1.767

R(C2-X4)
1.330
1.334
1.761
1.765

R(C2-X5)
1.330
1.338
1.760
1.765

R(C1-O6)
1.177
1.177
1.175
1.173

((C1-C2-X3)
112.5
107.8
108.3
111.9

((C1-C2-X4)
108.6
109.3
107.4
105.9

((C1-C2-X5)
108.6
110.8
110.6
105.9

((C2-C1-O6)
124.2
123.9
126.7
127.7

((X3-C2-C1-O6)
0.0
90.0
168.3
0.0

Parameter
(R1)-TS
(R2)-TS 
 (R3)-TS
(R4)-TS

R(C1-C2)
1.545
1.544
1.544
1.550

R(C2-X3)
1.325
1.758
1.341
1.752

R(C2-X4)
1.334
1.340
1.759
1.768

R(C2-X5)
1.334
1.332
1.759
1.768

R(C1-O6)
1.180
1.182
1.183
1.183

R(C1-H7)
1.200
1.199
1.199
1.199

R(H7-O8)
1.330
1.333
1.332
1.333

((C2-C1-O6)
124.7
124.6
124.3
126.5

((C2-C1-H7)
110.6
110.4
110.7
109.3

((C1-H7-O8)
167.7
167.1
168.8
167.0

((H7-O8-H9)
96.3
96.3
96.2
96.4

((O6-C1-H7-O8)
0.0
-23.2
2.9
0.0

((C1-H7-O8-H9)
0.0
17.7
-2.1
0.0

Table S2. The unscaled harmonic vibrational frequencies calculated at the (U)MP2=full/6-311G(d,p) level for  the haloacetaldehyde molecules, radicals, and the TS’s involved in hydrogen abstraction reactions from (R1) to (R4)

System
( in cm-1

CF3CHO

CF2ClCHO

CFCl2CHO

CCl3CHO

CF3CO

CF2ClCO

CFCl2CO

CCl3CO

(R1)-TS

(R2)-TS

(R3)-TS

(R4)-TS


75, 260, 322, 440, 539, 541, 717, 862, 995, 1224, 1243, 1355, 1429, 1808, 3040

86, 258, 280, 360, 438, 468, 624, 799, 945, 1068, 1192, 1294, 1417, 1805, 3038

89,242, 289,295, 385, 407, 487, 804, 830, 1015, 1051, 1234, 1422, 1803, 3038

84, 212, 266, 287, 332, 344, 459, 651, 788, 896, 1040, 1068, 1419, 1807, 3034

50, 244, 411, 424, 549, 557, 683, 811, 1214, 1249, 1265, 2125

77, 242, 295, 361, 449, 481, 631, 722, 959, 1166, 1222, 2047

46, 202, 248, 296, 407, 421, 569, 588, 865, 929, 1156, 2056

46, 194, 276, 279, 329, 402, 455, 599, 830, 864, 875, 2049

2073i, 33, 80, 86, 154, 259, 342, 413, 438, 541, 579, 756, 837, 952, 1000, 1248, 1273, 1330, 1518, 2544, 3839

2028i, 31, 70, 99, 145, 260, 292, 352, 407, 456, 517, 647, 834, 880, 959, 1105, 1214, 1263, 1508, 2404, 3839

2009i, 21, 70, 75, 132, 244, 289, 314, 371, 410, 440, 540, 833, 844, 875, 1039, 1056, 1202, 1511, 2276, 3839

1960i, 23, 56, 76, 131, 214, 274, 286, 321, 357, 423, 464, 788, 800, 835, 897, 1019, 1063, 1516, 2194, 3838

Table S3. Total energies (in a.u.) at the (U)MP2 and QCISD(T) level with the 6-311G(d,p) basis set. The zero point energies (ZPE in kcal/mol), entropies ( S in cal/mol-K) were calculated at the (U)MP2/6-311G(d,p) level and the frequencies were scaled by a factor of 0.9496.a

System
(U)MP2
PMP2
QCISD(T)
ZPE
S

CF3CHO

CF2ClCHO

CFCl2CHO

CCl3CHO

CF3CO

CF2ClCO

CFCl2CO

CCl3CO

H2O

OH

(R1)-TS

(R2)-TS

(R3)-TS

(R4)-TS
-450.785305

-810.779355

-1170.781162

-1530.789181

-450.136559

-810.129906

-1170.131184

-1530.137232

-76.282896

-75.591398

-526.364371

-886.358956

-1246.360984

-1606.369438
-450.139406

-810.132704

-1170.133991

-1530.139928

-75.592894

-526.369733

-886.364124

-1246.366006

-1606.374365


-450.717290

-810.691297

-1170.672026

-1530.657894

-450.066894

-810.040406

-1170.021186

-1530.005363

-76.276328

-75.589244

-526.301916

-886.276207

-1246.256885

-1606.242733
20.16

19.10

18.18

17.22

13.01

11.75

10.57

9.77

13.02

5.24

24.74

23.46

22.24

21.15


76.18

78.52

80.85

83.30

77.93

79.94

83.86

85.75

45.08

42.54

92.78

95.28

98.85

101.26



