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Supplementary data.

Table 1. Optimized structures of the Y-shaped X'XO2 isomer (X' = H, F, Cl, Br and I, X = Cl, Br and I).


Bond Lengths (Å)
Bond Angles (º)

X'XO2
X'-X
X-O
(X'-X-O
(X'-(XO2)







HClO2
1.42
1.53
102
122

FClO2
1.82
1.49
103
120

ClClO2
2.37
1.51
105
122

BrClO2
2.53
1.51
106
123

IClO2
2.79
1.52
106
123

HBrO2
1.57
1.69
101
119

FBrO2
1.97
1.66
107
118

ClBrO2
2.39
1.67
105
120

BrBrO2
2.54
1.68
105
120

IBrO2
2.80
1.68
104
120

HIO2
1.76
1.85
100
115

FIO2
2.02
1.82
102
111

ClIO2
2.50
1.83
104
112

BrIO2
2.66
1.83
105
112

IIO2
2.92
1.84
105
112

Table 2. Optimized structures of the 'head-to-tail' X'OXO isomer (X' = H, F, Cl, Br and I, X = Cl, Br and I). 


Bond Lengths (Å)
Bond Angles (º)

X'OXO
X'-O
O-X
X-O
(X'-O-X
(O-X-O
twista









HOClO
0.98
1.81
1.56
103
115
81

FOClO
1.64
1.63
1.53
112
119
89

ClOClO
1.74
1.86
1.56
115
116
80

BrOClO
1.93
1.78
1.56
117
116
83

IOClO
2.08
1.80
1.56
119
116
78

HOBrO
0.98
1.92
1.71
103
113
78

FOBrO
1.49
1.89
1.70
110
114
88

ClOBrO
1.73
2.00
1.71
116
115
81

BrOBrO
1.89
1.95
1.71
118
115
85

IOBrO
2.06
1.94
1.71
119
114
74

HOIO
0.98
2.06
1.86
106
111
85

FOIO
1.53
2.02
1.85
111
111
84

ClOIO
1.77
2.07
1.86
118
109
82

BrOIO
1.92
2.05
1.86
119
109
81

IOIO
2.08
2.05
1.86
122
109
79

a the twist angle is the torsional angle between the X'OX and OXO planes.

Table 3. Optimized structures of the XO2 molecules (X = Cl, Br and I).

XO2
Bond length(Å)
Bond angle (º)


X-O






ClO2
1.55
119

BrO2
1.71
116

IO2
1.88
117

Table 4. Optimized structures of the X'OX molecules (X', X = H, F, Cl, Br and I).


Bond length (Å)
Bond angle (º)

X'OX
X'-O
O-X
(X'-O-X






HOCl
0.98
1.74
102

FOCl
1.47
1.72
108

ClOCl
1.75
1.76
113

BrOCl
1.90
1.74
114

IOCl
2.07
1.75
116

HOBr
0.98
1.88
102

FOBr
1.47
1.86
107

BrOBr
1.89
1.89
115

IOBr
2.06
1.89
117

HOI
0.98
2.05
104

FOI
1.48
2.04
109

IOI
2.06
2.06
119

Table 5. Optimized structures of X'XO molecules (X' = H, F, Cl, Br and I, X = Cl, Br and I).


Bond length(Å)
Bond angle (º)

X'XO
X'-X
X-O
(X'-O-X






HClO
1.36
1.62
110

FClO
1.79
1.54
113

ClClO
2.24
1.57
115

BrClO
2.39
1.57
115

IClO
2.64
1.53
115

HBrO
1.51
1.75
108

FBrO
1.93
1.70
114

ClBrO
2.33
1.71
113

BrBrO
2.48
1.72
113

IBrO
2.70
1.73
112

HIO
1.71
1.90
108

FIO
2.02
1.86
106

ClIO
2.48
1.87
111

BrIO
2.63
1.88
112

IIO
2.87 
1.89
112

Table 6. Optimized structures of XO molecules (X = H, F, Cl, Br and I).

XO
Bond length(Å)




HO
0.99

FO
1.38

ClO
1.63

BrO
1.77

IO
1.94

