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Supplementary Information 
Correlation with crystal structure

To further validate the theoretical results, the bond lengths and angles of VIO were compared to the known crystal structure (B.M. Craven and Y. Mascarenhas, Acta Cryst. 1964, 17, 407. and B.M. Craven and W.J. Takei Acta Cryst. 1964, 17, 415.) as shown in figure S1.
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Figure S1.  The crystal structure (top) and theoretical (bottom) bond lengths (Å) to the right and angles (˚) to the left.

The total root mean square (rms) error was calculated for the deviations: They are 0.019 Å for the bond lengths and 1.8˚ for the angles.  A possible source for this difference is that the VIO crystal contains one water molecule per VIO, which forms hydrogen bonds with the oxime and carboxylic moieties whereas the calculations are performed in vacuum.  The reported estimated deviation is 0.008 Å and 0.6˚ for the crystal structure, which also affects the correlation between experiment and theory.  The term accurate structure has been coined to designate geometries known in detail, i.e., within a degree or two in angles and 0.02 Å in bond lengths.(A. Domeniciano and I. Hargittai. Accurate Molecular Structures - Their Determination, Importance.; Oxford University Press: Oxford, 1992.)  According to this definition, the VIO structures reach accuracy in respect to each other.
Energy values
The expectation values (<S2>) for the doublet systems lie between 0.7514 and 0.7792 for both the optimization and energy calculations. This is somewhat above 0.75, which is the value expected for a radical system with no spin-contamination. It has been argued that spin-contamination is not well defined for the DFT approach and that <S2> should not be equal to SZ(SZ+1) (J.A. Pople, P.M.W. Gill and N.C. Handy, Int. J. Quantum Chem. 1995, 56, 303.).

Table S1 The single point and zero point vibrational energies (ZPE) of the optimized mediators, single and hydrogen bonded to IM in hartrees (a.u.). The molecular structures are shown in Scheme 3. The energies of IM are also given.

	Mediators
	Energy / a.u.
	ZPE / a.u.
	BSSE/kcal mol-1

	HBT
	-471.0702
	0.1103
	x

	HBT•+(adi.)
	-470.7616
	0.1075
	x

	HBT•+(vert.)
	-470.7548
	0.1103
	x

	HBT-IM
	-697.3136
	0.1828
	0.5

	HBT•+-IM(adi.)
	-697.0610
	0.1832
	0.8

	HBT•+-IM(vert.)
	-697.0226
	0.1828
	x

	NHA
	-515.4352
	0.1591
	x

	NHA•+(adi.)
	-515.1513
	0.1589
	x

	NHA•+(vert.)
	-515.1390
	0.1591
	x

	NHA-IM
	-780.9708
	0.2596
	0.5

	NHA•+-IM(adi.)
	-780.7486
	0.2607
	0.8

	NHA•+-IM(vert.)
	-780.6977
	0.2596
	x

	VIO
	-619.4767
	0.0894
	x

	VIO•+ (adi.)
	-619.1299
	0.0864
	x

	VIO•+ (vert.)
	-619.1210
	0.0894
	x

	VIO-IM
	-885.0259
	0.1899
	0.4

	VIO•+-IM(adi.)
	-884.7794
	0.1909
	0.7

	VIO•+-IM(vert.)
	-884.7165
	0.1899
	x

	2AP
	-467.3531
	0.1121
	x

	2AP•+ (adi.)
	-467.0710
	0.1122
	x

	2AP•+ (vert.)
	-467.0617
	0.1121
	x

	2AP-IM
	-693.5847
	0.1847
	1.1

	2AP•+-IM(adi.)
	-693.3308
	0.1846
	1.1

	2AP•+-IM(vert.)
	-693.3162
	0.1847
	x

	Imidazole (IM)
	-265.5240
	0.0991
	x

	IM(-Me)
	-226.2194
	0.0713
	x

	IM(-Me)•+ (adi.)
	-225.9026
	0.0702
	x

	IM(-Me)•+ (vert.)
	-226.5824
	0.0854
	x


x: Not relevant

Table S2 The single point and zero point vibrational energies (ZPE) of the optimized BA-derivatives, single and hydrogen bonded to IM in hartrees (a.u.). The molecular structures are shown in Scheme 2.

	BA-derivatives
	Energy / a.u.
	ZPE / a.u.
	BSSE/kcal mol-1

	BA
	-346.7529
	0.1332
	x

	BA•+ (adiabatic)
	-346.4447
	0.1307
	x

	BA•+ (vertical)
	-346.4356
	0.1332
	x

	BA-IM
	-612.2923
	0.2345
	1.5

	BA•+-IM (adiabatic)
	-612.0143
	0.2304
	2.2

	BA•+-IM (vertical)
	-611.9993
	0.2345
	x

	p-(amino) BA
	-402.1142
	0.1502
	x

	p-(amino) BA•+ (adi.)
	-401.8524
	0.1500
	x

	p-(amino) BA•+ (vert.)
	-401.8346
	0.1502
	x

	p-(amino) BA-IM
	-667.6509
	0.2511
	1.6

	p-(amino) BA•+-IM(adi.)
	-667.4092
	0.2498
	0.4

	p-(amino) BA•+-IM(vert.)
	-667.3864
	0.2511
	x

	p-chloro- BA
	-806.3910
	0.1240
	x

	p-chloro- BA•+(adi.)
	-806.0844
	0.1221
	x

	p-chloro- BA•+ (vert.)
	-806.0704
	0.1240
	x

	p-chloro- BA-IM
	-1071.9297
	0.2249
	1.7

	p-chloro- BA•+ -IM(adi.)
	-1071.6507
	0.2217
	2.4

	p-chloro- BA•+ -IM(vert.)
	-1071.6355
	0.2249
	x

	p-(cyano) BA
	-439.0261
	0.1316
	x

	p-(cyano) BA•+ (adi.)
	-438.7020
	0.1294
	x

	p-(cyano) BA•+ (vert.)
	-438.6953
	0.1316
	x

	p-(cyano) BA-IM
	-704.5665
	0.2330
	2.3

	p-(cyano) BA•+ -IM(adi.)
	-704.2748
	0.2296
	1.4

	p-(cyano) BA•+ -IM(vert.)
	-704.2618
	0.2330
	x

	p-(hydroxyl) BA
	-421.9980
	0.1378
	x

	p-(hydroxyl) BA•+ (adi.)
	-421.7117
	0.1368
	x

	p-(hydroxyl) BA•+ (vert.)
	-421.6976
	0.1378
	x

	p-(hydroxyl) BA-IM
	-687.5352
	0.2386
	1.6

	p-(hydroxyl)BA•+-IM(adi.)
	-687.2738
	0.2359
	0.1

	p-(hydroxyl)BA•+-IM(vert.)
	-687.2554
	0.2386
	x

	p-(methyl) BA
	-386.0570
	0.1610
	x

	p-(methyl) BA•+(adi.)
	-385.7601
	0.1584
	x

	p-(methyl) BA•+(vert.)
	-385.7457
	0.1610
	x

	p-(methyl) BA-IM
	-651.5943
	0.2618
	1.6

	p-(methyl) BA•+-IM(adi.)
	-651.3246
	0.2578
	0.0

	p-(methyl) BA•+-IM(vert.)
	-651.3087
	0.2618
	x

	p-(methoxy) BA
	-461.2832
	0.1663
	x

	p-(methoxy) BA•+(adi.)
	-461.0044
	0.1650
	x

	p-(methoxy) BA+(vert.)
	-460.9897
	0.1663
	x

	p-(methoxy) BA-IM
	-726.8202
	0.2671
	1.6

	p-(methoxy) BA•+-IM(adi.)
	-726.5642
	0.2642
	0.2

	p-(methoxy) BA•+-IM(vert.)
	-726.5446
	0.2671
	x

	m-(methoxy) BA
	-461.2840
	0.1663
	x

	m-(methoxy) BA•+(adi.)
	-461.0023
	0.1651
	x

	m-(methoxy) BA•+(vert.)
	-460.9870
	0.1663
	x

	m-(methoxy) BA-IM
	-726.8219
	0.2671
	1.7

	m-(methoxy) BA•+-IM(adi.)
	-726.5614
	0.2647
	0.4

	m-(methoxy) BA•+-IM(vert.)
	-726.5441
	0.2671
	x

	m,p-(dimethoxy) BA
	-575.8037
	0.1984
	x

	m,p-(dimethoxy) BA•+(adi.)
	-575.5454
	0.1983
	x

	m,p-(dimethoxy) BA•+(vert.)
	-575.5352
	0.1984
	x

	m,p-(dimethoxy) BA-IM
	-841.3438
	0.2997
	3.9

	m,p-(dimethoxy)BA•+-IM(adi.)
	-841.1036
	0.2986
	2.3

	m,p-(dimethoxy)BA•+-IM(vert.)
	-841.0825
	0.2997
	x

	p-(nitro) BA
	-551.3215
	0.1362
	x

	p-(nitro) BA•+ (adi.)
	-550.9901
	0.1325
	x

	p-(nitro) BA•+(vert.)
	-550.9703
	0.1362
	x

	p-(nitro) BA-IM
	-816.8616
	0.2370
	1.7

	p-(nitro) BA•+-IM(adi.)
	-816.5631
	0.2331
	1.0

	p-(nitro) BA•+-IM(vert.)
	-816.5511
	0.2370
	x


x: Not relevant
Table S3 The single point and zero point vibrational energies (ZPE) of the optimized BA-derivatives C(-centered radicals and the neutral radical mediators in hartrees (a.u.).

	C(-radicals
	Energy / a.u.
	ZPE / a.u.

	BA
	-346.1289
	0.1199

	p-(amino)BA
	-401.4879
	0.1362

	p--chloro-BA
	-805.7663
	0.1103

	p-(cyano)BA
	-438.4047
	0.1189

	p-(hydroxyl)BA
	-421.3719
	0.1238

	p-(methyl)BA
	-385.4313
	0.1472

	p-(methoxy)BA
	-460.6569
	0.1524

	m-(methoxy)BA
	-460.6583
	0.1525

	m,p-(dimethoxy)BA
	-575.1797
	0.1849

	p-(nitro)BA
	-550.7005
	0.1231

	Mediators
	 
	 

	HBT(-H)·
	-470.4459
	0.0973

	HBT(-H)-
	-470.5479
	0.0971

	NHA(-H)·
	-514.8107
	0.1466

	NHA(-H)-
	-514.8596
	0.1450

	VIO(-H)·
	-618.8669
	0.0770

	VIO(-H)-
	-618.9616
	0.0754

	VIO2(-H)·
	-618.9616
	0.0754

	VIO2(-H)-
	-618.3358
	0.0630

	2AP(-H)·
	-466.6966
	0.0983

	2AP(-H)-
	-467.0710
	0.1122


Table S4 The single point and zero point vibrational energies (ZPE) of the optimized model compounds to check the validity of the calculated BDE’s, i.e., methanol, methylamine and ethane.
	Models
	Energy / a.u.
	ZPE / a.u.

	Methanol
	-115.7121
	0.0514

	Methanol(-H)·
	-115.0553
	0.0366

	Methylamine
	-95.8290
	0.0642

	Methylamine(-H)·
	-95.1771
	0.0489

	Ethane
	-79.7854
	0.0749

	Ethane(-H)·
	-79.1282
	0.0594


Table S5 The total energies corrected for their ZPE and ZPE (not corrected) of the structures of benzene and its substituted derivatives.

	Anisole
	Energy /a.u.
	ZPE /a.u.
	Nitrobenzene
	Energy /a.u.
	ZPE /a.u.
	Benzene
	Energy /a.u.
	ZPE /a.u.

	Parent
	-346.7508
	0.1333
	Parent
	-436.7886
	0.1034
	Parent
	-232.2221
	0.1006

	Vertical
	-346.4514
	0.1333
	Vertical
	-436.4246
	0.1034
	Vertical
	-231.8841
	0.1006

	Adiabatic
	-346.4592
	0.1328
	Adiabatic
	-436.4368
	0.1004
	Adiabatic
	-231.8916
	0.0979

	Chlorobenzene
	
	
	Dimethoxy b.
	 
	
	Phenol
	
	

	Parent
	-691.8588
	0.0911
	Parent
	-461.2736
	0.1659
	Parent
	-307.4659
	0.1048

	Vertical
	-691.5279
	0.0911
	Vertical
	-460.9966
	0.1659
	Vertical
	-307.1579
	0.1048

	Adiabatic
	-691.5349
	0.0902
	Adiabatic
	-461.0059
	0.1662
	Adiabatic
	-307.1647
	0.1048

	Benzonitrile
	
	
	Aniline
	
	
	Toluene
	
	

	Parent
	-324.4939
	0.0993
	Parent
	-287.5818
	0.1172
	Parent
	-271.5246
	0.1280

	Vertical
	-324.1433
	0.0993
	Vertical
	-287.2974
	0.1172
	Vertical
	-271.2033
	0.1280

	Adiabatic
	-324.1280
	0.1072
	Adiabatic
	-287.3091
	0.1178
	Adiabatic
	-271.2108
	0.1260


Table S6 The total energies corrected for their ZPE and ZPE (not corrected) of the structures of benzene and its substituted derivatives for BDE calcualtions.

	Benzene
	Energy /a.u.
	ZPE /a.u.
	Aniline
	Energy /a.u.
	ZPE /a.u.
	Phenol
	Energy /a.u.
	ZPE /a.u.

	Parent
	-232.2221
	0.1006
	Parent
	-287.5818
	0.1172
	Parent
	-307.4659
	0.1048

	Radical
	-231.5462
	0.0875
	Radical
	-286.9415
	0.1039
	Radical
	-306.8334
	0.0916

	Toluene
	
	

	Parent
	-271.5246
	0.1280

	Radical
	-270.8858
	0.1148


