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Supplementary data
Supplementary Table 1. The C-S bond lengths (Å) of the para substituted thiophenol and thiophenol radicals optimized by the UB3LYP/6-31g(d) method. 

	X
	Thiophenol 
	Thiophenol radical
	(p+ a
	(JJ b

	H
	1.78912
	1.72772
	0.00
	0.00

	CH3
	1.78948
	1.72460
	-0.31
	0.15

	N(CH3)2
	1.79936
	1.71650
	-1.70
	1.00

	NH2
	1.80026
	1.71718
	-1.30
	--

	OCH3
	1.79139
	1.72063
	-0.78
	0.23

	OH
	1.79127
	1.72069
	-0.92
	--

	SCH3
	1.78438
	1.71963
	-0.60
	0.62

	F
	1.78975
	1.72493
	-0.07
	-0.02

	Cl
	1.78668
	1.72473
	0.11
	0.22

	CN
	1.78019
	1.72586
	0.66
	0.42

	COCH3
	1.78152
	1.72565
	0.50
	0.54

	SOCH3
	1.78525
	1.72662
	--
	0.50

	COOH
	1.78139
	1.72691
	0.42
	0.38

	NO2
	1.77775
	1.72803
	0.79
	0.36

	CF3
	1.78338
	1.72866
	0.61
	-0.01


a: taken from ref. 1. b: taken from ref. 1.

Supplementary Table 2. The Mulliken charge and spin density at the carbon and sulfur atoms in the C-S bonds of thiophenols and thiophenol radicals calculated by the ROMP2/6-311++g(d,p) method. (e) 

	X
	Thiophenol
	Thiophenol radical

	
	Charge on C
	Charge on S
	Charge on C
	Charge on S
	Spin on S

	H
	-0.055961
	-0.027464
	-0.083570
	-0.068336
	0.791827

	CH3
	-0.060188
	-0.031082
	-0.069663
	-0.104776
	0.718342

	N(CH3)2
	-0.107804
	-0.099091
	-0.045807
	-0.168428
	0.642195

	NH2
	-0.063181
	-0.039459
	-0.073577
	-0.130903
	0.713895

	OCH3
	-0.053592
	-0.028570
	-0.068072
	-0.102798
	0.740169

	OH
	-0.052278
	-0.040226
	-0.074270
	-0.111111
	0.725050

	SCH3
	-0.066318
	-0.031152
	-0.081706
	-0.102417
	0.738188

	F
	-0.077190
	-0.040496
	-0.080947
	-0.068231
	0.778721

	Cl
	-0.049111
	-0.010026
	-0.072149
	-0.058493 
	0.779216

	CN
	-0.068156
	-0.053730
	-0.076370
	-0.032942
	0.787555

	COCH3
	-0.046516
	-0.002739
	-0.080672 
	-0.048102
	0.788221

	SOCH3
	-0.049323
	-0.001913
	-0.083586
	-0.054904
	0.788184

	COOH
	-0.044564
	-0.000920
	-0.079229
	-0.043378
	0.793514

	NO2
	-0.044010
	-0.011174
	-0.068327
	-0.031244
	0.755645

	CF3
	-0.044391
	-0.002923
	-0.072409
	-0.037483
	0.801784


Supplementary Table 3. The vibration frequencies of the C-S and S-H bond in the substituted thiophenols calculated by the UB3LYP/6-31g(d) method. (cm-1)

	X
	Thiophenol
	Thiophenol radical

	
	(S-H
	(C-S
	(C-S

	H
	2703.0
	1121.9
	1085.7

	CH3
	2700.4
	1120.5
	1085.9

	N(CH3)2
	2632.2
	1126.0
	1106.9

	NH2
	2636.6
	1119.3
	1101.1

	OCH3
	2701.6
	1123.9
	1096.1

	OH
	2698.8
	1120.4
	1092.4

	SCH3
	2701.0
	1132.5
	1075.6

	F
	2703.1
	1115.2
	1083.8

	Cl
	2699.8
	1122.2
	1075.2

	CN
	2703.0
	1119.5
	1069.4

	COCH3
	2699.1
	1124.3
	1065.0

	SOCH3
	2691.2
	1120.4
	1081.2

	COOH
	2702.6
	1124.3
	1069.8

	NO2
	2704.1
	1117.9
	1067.5

	CF3
	2703.0
	1122.6
	1067.2
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