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Fig.1 (a) The orbital charge distribution diagram between [BPY]" (Frag.1) and [HSO,] (Frag.2),

(b) LUMO of [BPY][HSO.], and (c) HOMO of [BPY][HSO4]
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Fig.2 (a) The orbital charge distribution diagram between [BPY][HSO4] (Frag.1) and TS (Frag.2),
(b) LUMO of [BPY][HSO4]-TS, (¢) HOMO of [BPY][HSO4]-TS and (d) HOMO-1 of
[BPY][HSO4]-TS



0.00 -
~1.00 1
~2.00 -
~3.00 ll
~4.00 1
~5.00

—6.00 4

Orbital energy (eV)

—=7.00 4

—8.00 1

—9.00 4

—10.00 -

Fragl Complex Frag.2

(a)
Fig.3 (a) The orbital charge distribution diagram between [BPY][HSO4] (Frag.1) and TSO2
(Frag.2), (b) LUMO of [BPY][HSO4]-TSO2, (¢) HOMO of [BPY][HSO4]-TSO2 and (d)
HOMO-1 of [BPY][HSO4]-TSO2
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Fig.4 (a) The orbital charge distribution diagram between [BPY][HSO4] (Frag.1) and DBT
(Frag.2), (b) LUMO of [BPY][HSO4]-DBT, and (¢) HOMO of [BPY][HSO4]-DBT
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Fig.5 (a) The orbital charge distribution diagram between [BPY][HSO4] (Frag.1) and DBTO2
(Frag.2), (b) LUMO of [BPY][HSO4]-DBTO2, (c) HOMO of [BPY][HSO4]-DBTO2 and (d)
HOMO-1 of [BPY][HSO4]-DBTO2
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Suppl. Fig. 6 Total, partial and overlap density-of-state (TDOS, PDOS and OPDOS) graphs of (a)
[BPY][HSO4] (b) [BPY][HSO4]-TS (c) [BPY][HSO4]-TSO2 (d) [BPY][HSO4]-DBT (e)
[BPY][HSO4]-DBTO2
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Suppl. Fig. 7 The criterion for color filling
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Suppl. Fig. 8 The interactions of [BPY][HSO4]
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Suppl. Fig. 9 The interactions of [BPY][HSO4]-TS
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may due to the
vdW interaction delocalized electrons
H--H in C25-C26
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Suppl. Fig. 10 The interactions of [BPY][HSO4]-TSO2
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may due to delocalized
electrons in C36-C37 and

C43-C42

interaction

Suppl. Fig. 11 The interactions of [BPY][HSO4]-DBT
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Suppl. Fig. 12 The optimized structures (a) [BPY]" cation, (b) [HSO4], (c) TS, (d) TSO2, (¢) DBT,

and (f) DBTO2
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Suppl. Fig. 13 Average local ionization curves of S-O bond in (a) TSO2 and (b) DBTO2

Suppl. Table 1 Topological, electronic and structural based aromaticity indices of the rings in

[BPY][HSO.]-TS, [BPY][HSO4]-TSO2, [BPY][HSO4]-DBT and [BPY][HSO,]-DBTO2

[BPY][
HSO4]-
TS

[BPY][
HSO4]-
TSO2

Ring

PY
ring
TS

ring

PY

ring

Descriptors at ring critical points (au)

SA

0.1045

A3 Vz P

0.1040 0.1775

59 67

0.1449 0.1634 0.2716 0.0592

64 08

80 75

0.1777  0.0348

W(r) E(r)

-0.025 0.0096 0.0000
142 25 55
-0.050 0.0086 0.0180
587 58 22

-0.025 0.0095 0.0000
260 92 64




[BPY][
HSO4]-
DBT

[BPY][

HSO,]-

DBTO
2

[BPY][
HSO4]-
TS

[BPY][
HSO,]-
TSO2
[BPY][
HSO,]-
DBT

PY

ring

PY

ring

Ring

PY
ring
TS

ring

PY

ring

PY

ring

0.0219
30
0.0209
50
0.0208
39
0.0353
06
0.0219
98
0.0214
42
0.0213
94
0.0330
44

MCDI

0.0019
26
0.0015
27

0.0056
40

0.0020
17

N NN17

-0.018
339
-0.016
299
-0.016
253
-0.033
295
-0.018
289
-0.017
001
-0.017
010
-0.0311
73

PDI

0.0900
93

0.0905
57

0.0891
49

N NRLNO

0.0919
64
0.0864
91
0.0856
50
0.1213
96
0.0919
16
0.0857
96
0.0847
50
0.1231
81

FLU

0.0053
59
0.0051
11

0.0056
40

0.0056
21

AWATAYNw i

0.1039
43
0.0934
00
0.0937
54
0.1510
15
0.1038
44
0.0985
12
0.0992
17
0.1396
30

MMC
BO

0.0401
104817
0.0607
093171

0.0563
364355

0.0627
826344

N NL1N

0.1775
69
0.1635
92
0.1631
52
0.2391
16
0.1774
72
0.1673
07256
0.1669
57371
0.2316
38486

PLR

0.3016
39

0.3023
84

0.2980
93

N NOLQ

0.0347
43
0.0320
45
0.0319
10
0.0515
65
0.0347
83
0.0328
78
0.0327
87
0.0492
71

HOMA

0.9851
38
0.7685
37

0.9814
62

0.9850
08

AW A YAOXN

-0.025
094
-0.023
191
-0.023
033
-0.043
351
-0.025
198
-0.023
930
-0.023
835
-0.040
633

Bird

77.571
191
58.827
552

77.222
425

77.634
111

04 Q&8 A

0.0096
489
0.0088
53
0.0088
78
0.0082
14
0.0095
85
0.0089
49
0.0089
52
0.0086
38
NICS(
0)
(ppm)
-8.884

-13.38
66

-7.943

-8.937

[AWAYAYAY

0.0000
53
0.0000
50
0.0000
59
0.0
18384
0.1638
129125
0.0000
096386
0.0000
063686
0.0154
004390

NICS(1

)(ppm)

-11.214
8
-11.795

-10.357

-10.852

1N Q12




69 75 90 182774 39 50 492 4 1
0.0017 0.0878 0.0056 0.0464 0.3001 0.9680 94.709 -8.583 -10.136

B
93 08 81 780090 40 66 277 5 1
0.0005 0.0285 0.0880 0.4654 58.786 -7.120
C - - -6.1787
68 32 147700 91 925 3

PY 0.0020 0.0909 0.0054 0.0615 0.3041 0.9838 77.253 -8.882 -11.162

ring 31 35 03 567219 31 30 707 2 0
[BPY][ 0.0017 0.0904 0.0044 0.0751 0.3095 0.9869 96.043 -8.237
A -9.8383
HSO4]- 72 01 11 991190 93 42 815 0
DBTO 0.0018 0.0917 0.0041 0.0723 0.3145 0.9869 96.169 -8.376 -10.116
B
2 &9 33 08 581724 65 72 905 3 3
0.0002 0.1011  0.0262 0.1318 43914
C - - 1.4989 -0.3641
02 &9 019180 77 837

Suppl. Table 2 Some donor-acceptor interactions in [BPY][HSO4], [BPY][HSO4]-TS,
[BPY][HSO4]-TSO2, [BPY][HSO4]-DBT, [BPY][HSO4]-DBTO2 and their second order

perturbation stabilization energies £(2) (kcal/mol)

Species Donor Acceptor EQ2) Donor Acceptor EQ2)

cC2-H12 c* S25-026 0.07 cC10-H24 c* S25-026 0.23

cC10-H24  o* S25-028 0.05 6525-028 c* C2-H12 0.06

0S25-029 o* C2-H12 0.19 LP O27 o* C10-H24 1.45
LP O27 o* C2-H12 0.07 LP O27 o* C8-C9 0.05
LP O27 o*N3-C10 0.07 LP O28 n* C2-N3 3.08
[BPY] [HSO4]
LP O28 o* C10-H24 2.27 LP O28 o* C2-H12 0.11
LP 028 o* C2-N3 0.09 LP O28 o*N3-C10 0.07
Core 029 o* C2-H12 0.25 LP 029 o* C2-H12 17.81
LP 029 o* C9-H21 2.00 LP 029 o* C2-N3 0.05

LP 029 c* C1-C2 0.06 LP 029 c* C10-H24 0.07




[BPY][HSO4]-TS

[BPY][HSO.]-TSO2

cC2-H12
nC1-C6
nC4-C5
cC7-H18
cC8-H20
Core 027
LP O27
LP O27
LP O27
LP O27
LP O28
LP O28
LP O28
LP 029
LP O28
LP 029
nC31-C32
LP S35
nCI1-C2
oC8-H19
cC4-H13
nC25-C26
LP O30
LP O30
LP O30
Core 040
LP O38
LP 039
LP 039

6*S25-026
n*C31-C32
n*C33-C34
c*C34-H39
n*C33-C34
c*C2-H12
c*C2-H12
c*C10-H24
c*CI1-C2
c*C10-H23
n*C1-C6
o*Cl1-H11
n*C2-N3
c*C9-H21
n*C33-C34
c*C34-H39
n*C4-C5
c*C8-H20
n*C25-C26
c*C26-H33
6*S36-037
c*C8-H20
c*CI1-C2
c*C5-C6
c*C6-H15
c*C4-H13
c*C8-H19
c*C4-H13
n*N3-C4

0.15
0.14
0.10
0.10
0.07
0.13
11.98
0.16
0.11
0.06
0.31
0.12
0.44
6.31
0.07
3.16
0.07
0.65
0.08
0.05
0.09
0.39
0.13
0.23
0.26
0.08
4.09
0.51
0.78

cC2-H12
nC1-C6
cC6-HI15
cC8-H20
6525-027
LP 026
LP 027
LP 027
LP 027
LP 028
LP 028
LP 028
LP 028
LP 028
LP 029
nC31-C32
nC33-C34
LP S35
nC5-C6
cC8-H20
cC10-H23
cC25-H32
LP O30
LP O30
6536-040
Core 040
LP 039
LP 039
LP 039

6*S25-027
n*C33-C34
n*C31-C32
c*C31-S35
c*C2-H12
n*C2-N3
c*C9-H21
c*C8-C9
n*C2-N3
c*C1-C6
c*C2-N3
c*C2-H12
c*C9-H21
c*C33-H38
c*C34-S35
n*C1-C6
c*C8-H20
n*C4-C5
n*C27-C28
c*C26-C27
6*S36-040
c*C8-H20
n*C1-C2
n*C5-C6
c*C4-H13
c*C10-H23
6*N3-C4
c*C5-C6
n*C5-C6

0.07
0.48
0.06
0.10
0.12
0.07
0.51
0.06
0.32
0.17
0.31
0.18
0.07
2.81
0.38
0.79
0.07
0.26
0.09
0.07
0.05
0.06
0.52
1.00
0.08
0.05
0.33
0.12
0.14




[BPY][HSO4]-DBT

LP 040
LP 040
LP 040
LP 038
LP 039
LP 039
nC2-N3
LPC1
nC4-C5
6S25-028
LP 027
LP 027
LP 028
LP 029
LP 029
LP 029
LP 029
LP 028
LP 028
LP 029
LP 029
nC31-C32
nC34-C35
nC34-C35
cC35-C43
nC36-C37
nC40-C41
nC42-C43
LP S33

c*C4-H13
n*N3-C4
c*C10-H24
c*C25-C26
c*C27-C28
c*C27-H34
6*S25-026
0*S25-028
n*C36-C37
c*C9-H21
c*C2-H12
LPC1
LPC1
c*C8-H19
c*C9-H21
c*C9-H22
n*C2-N3
c*C42-H50
c*C43-H51
c*C36-H44
n*C42-C43
n*C4-C5
LPC1
c*C1-C6
LP* Co6
c*C8-H20
c*C6-H15
LP* Co6
c*C5-H14

8.42
0.29
0.05
0.06
0.25
2.45
0.05
0.05
0.06
0.06
3.60
0.13
0.87
0.23
0.38
0.08
0.53
0.13
0.38
2.45
0.17
0.42
0.12
0.06
0.07
0.98
0.65
1.89
0.37

LP 040
LP 040
LP O38
LP O38
LP 039
LP 039
LPCl1
nC4-C5
oC7-H16
LP O27
LP O27
LP O27
LP O28
LP 029
LP 029
LP O29
LP O28
LP O28
LP 029
LP O29
nC31-C32
nC31-C32
nC34-C35
nC34-C35
nC36-C37
cC36-H44
nC42-C43
nC42-C43
cC36-H44

c*C10-H23
c*C4-C5
c*C26-H33
n*C25-C26
n*C27-C28
n*C25-C26
6*S25-026
n*C31-C32
c*C37-H45
n*C2-N3
c*C9-H21
c*C2-N3
o*Cl1-H11
c*C8-H20
c*C7-H18
LPC1
c*C41-C42
c*C35-C43
n*C36-C37
c*C43-H51
LP* C6
c*C5-H14
LP* C6
n*C4-C5
n*C4-C5
c*C8-H20
LPC1
n*C2-N3
6*S25-029

6.55
0.10
7.46
0.06
0.41
0.05
0.16
0.17
0.16
1.50
4.09
0.05
0.16
0.63
0.46
0.05
0.14
0.10
0.07
2.64
0.07
0.15
1.15
0.20
0.05
0.15
0.17
0.05
0.07




[BPY][HSO4]-DBTO2

nC2-N3
cC2-H12
cC7-H18
cC4-H13
LPC1
6S25-029
LP O27
LP O27
LP O28
LP O28
LP 029
LP 029
LP 029
LP O27
LP O27
LP O27
LP O28
LP O28
nC34-C40
nC35-C43
nC37-C38
nC41-C42
LP O44
LP O44
LP O44

6*S25-026
6*S25-029
c*C37-H47
c*C8-H20
n*C35-C43
c*C2-H12
LPC1
o*C2-N3
c*C9-H21
c*C2-H12
c*C10-H24
c*C9-H21
n*C2-N3
c*C35-C43
n*C41-C42
c*C42-H52
c*C36-H46
n*C31-C36
LP* Co6
LPC1
c*C8-H20
LPC1
c*C1-C6
c*C5-H14
LP* Co6

0.06
0.06
0.19
0.09
0.18
0.09
0.07
0.15
5.20
0.06
0.96
0.28
0.22
0.18
0.05
0.09
3.03
0.06
0.91
1.58
0.62
0.18
0.25
0.61
0.16

cC2-H12
cC7-H17
cC8-H20
LPC1
LP O27
LP O27
LP O27
LP O28
LP 029
LP 029
LP 029
LP 029
LP O27
LP O27
LP O27
LP O28
nC32-C39
nC34-C40
nC35-C43
c*C37-H47
nC41-C42
LP O44
LP O44
LP O44
cC36-H46

6*S25-026
c*C37-H47
n*C37-C38
n*C41-C42
c*C2-H12
c*C1-C6
n*C2-N3
n*C2-N3
c*C2-H12
c*C8-C9
c*CI1-C2
c*C10-H23
c*C41-C42
n*C35-C43
c*C43-H53
c*C43-H53
n*C4-C5
c*C6-H15
LP* C6
c*C7-H17
o*Cl1-H11
c*C4-C5
c*C6-H15
n*C4-C5
6*S25-028

0.22
0.11
0.23
0.05
0.38
0.05
0.19
0.09
6.90
0.14
0.13
0.15
0.15
0.26
0.34
4.05
0.09
0.29
0.57
0.06
0.22
0.23
0.50
0.17
0.07

Suppl. Table 3 Topological properties of some BCPs in [BPY][HSO4], [BPY][HSO4]-TS,

[BPY][HSO,]-TSO2, [BPY][HSO:]-DBT and [BPY][HSO,]-DBTO2



Bondin  Distanc
p A A A3 Vip G(r) V() E(r)
g e(A)
[BPY] [HSOs]

029--H 0.02870 -0.0372 -0.0354 0.15242 0.07979 0.02087 -0.0208 -0.0009
12 1933 8 20 06 1 5 4 74 25
029--H 0.00994 -0.0092 -0.0081 0.04965 0.03229 0.00738 -0.0066 0.00069
21 210 4 29 32 3 2 2 90 1
028--H 0.01334 -0.0122 -0.0105 0.06610 0.04336 0.01013 -0.0094 0.00070
24 2376 5 14 25 2 3 2 23 9
[BPY][HSO4]-TS
027--H 0.02475 -0.0299 -0.0283 0.12874 0.07051 0.01829 -0.0189 -0.0006
12 2023 2 02 38 3 5 5 64 68
028--H 0.01086 -0.0112 -0.0100 0.05655 0.03533 0.00824 -0.0076 0.00059
38 241 1 23 02 3 1 2 51 1
029--H 0.01598 -0.0173 -0.0164 0.07951 0.04568 0.01166 -0.0116 -0.0002
21 223 7 72 77 6 7 6 66 46
029--H 0.01271 -0.0126 -0.0121 0.06765 0.04282 0.00999 -0.0092 0.00071
39 237 0 45 91 6 9 4 84 0
$35.-H 0.00569 -0.0039 -0.0019 0.02511 0.01916 0.00371 -0.0026 0.00263
20 e 3 92 61 7 2 4 37 7
H18--H 0.00310 -0.0020 -0.0003 0.01430 0.00886 0.00221 -0.0014 0.00075
39 2380 3 62 43 6 7 7 58 8
[BPY][HSO4]-TSO2
038--H 0.01298 -0.0137 -0.0126 0.06590 0.03955 0.00963 -0.0093 0.00025
19 2334 3 02 51 8 0 5 82 3
038--H 0.01787 -0.0204 -0.0193 0.09220 0.05242 0.00025 -0.0135 -0.0001
33 2152 5 41 34 7 1 3 05 99
039--H 2340 001266 -0.0131 -0.0111 0.06786 0.04355 0.00999 -0.0091 0.00089




34
039--H
13
040--H
13
040--H
23

029--H
51
029--H
44
029--H
20
029--H
18
029--H
21
027--H
12
027--H
21
028--H
50
028--H
51
029--H
51
H16-H

2.521

2.103

2.186

2.641

2.348

2.563

2.710

2.642

2.249

2.362

2.844

2.641

2.369

2.463

2
0.01066
9
0.02127
0
0.01696
1

0.01245
0
0.01099
1
0.00874
7
0.00668
7
0.00820
9
0.01673
8
0.01267
6
0.00485
3
0.00770
7
0.01245
4
0.00412

76
-0.0080
07
-0.0244
53
-0.0185
93

-0.0125
20
-0.0103
01
-0.0070
12
-0.0055
95
-0.0066
62
-0.0173
63
-0.0129
45
-0.0033
46
-0.0061
85
-0.0125
29
-0.0035

45
-0.0032
19
-0.0228
02
-0.0172
51

[BPY][HSO4]-DBT

-0.0117
21
-0.0100
90
-0.0056
13
-0.0042
93
-0.0042
47
-0.0150
94
-0.0122
92
-0.0008

-0.0040
10
-0.0117
21
-0.0026

1
0.05454
4
0.10922
2
0.08693
5

0.06338
1
0.05907
2
0.04529
7
0.03483
3
0.04139
4
0.08829
5
0.06314
6
0.02406
7
0.03967
6
0.06338
1
0.02108

3
0.04333
7
0.06197
5
0.05109
4

0.03914
1
0.03869
3
0.03267
4
0.02495
7
0.03049
7
0.05584
9
0.03797
6
0.01985
2
0.02948
5
0.03914
0
0.01101

4
0.00918
0
0.01592
3
0.01279
0

0.00939
6
0.00880
4
0.00705
5
0.00524
0
0.00658
0
0.01305
2
0.00930
0
0.00394
8
0.00625
9
0.00939
6
0.00275

02
-0.0075
29
-0.0163
52
-0.0128
07

-0.0090
06
-0.0079
35
-0.0059
43
-0.0042
43
-0.0055
37
-0.0121
44
-0.0091
07
-0.0029
33
-0.0051
48
-0.0090
06
-0.0017

3
0.00165
1
-0.0004
29
0.00001
7

0.00039
0
0.00086
8
0.00111
20
0.00099
7
0.00104
3
0.00090
8
0.00019
3
0.00101
5
0.00111
10
0.00039
0
0.00096




45

028--H
53
028--H
46
028--H
21
027--H
53
029--H
12
029--H
21
029--H
24
044--H
14
044--H
15
H18--H
47
H13-H
20

2.586

2.294

2.293

2.586

2.153

2.655

2.484

2.605

2.637

2.407

2.366

0.01377
1
0.01181
5
0.01413
2
0.00888
7
0.01956
5
0.00805
4
0.01017
5
0.00802
3
0.00798
2
0.00597
3
0.00815
5

51

-0.0143
86
-0.0114
91
-0.0150
60
-0.0074
60
-0.0211
85
-0.0063
52
-0.0083
13
-0.0070
83
-0.0064
81
-0.0041
97
-0.0048
23

83

[BPY][HSO4]-DBTO2

2

-0.0136  0.06947 0.04145

42
-0.0112
03
-0.0141
97
-0.0047
60
-0.0203
91
-0.0037
53
-0.0078
47
-0.0045
56
-0.0044
36
-0.0027
19
-0.0032
53

8
0.06427
9
0.07088
2
0.04610
2
0.09918
1
0.04037
3
0.05280
7
0.04302
4
0.04159
5
0.02924
0
0.04067
9

1
0.04158
4
0.04163
2
0.03388
7
0.05761
5
0.03027
8
0.03665
2
0.03138
4
0.03068
1
0.02232
5
0.03260
2

0.01026
8
0.00956
2
0.01040
7
0.00724
9
0.01456
9
0.00647
6
0.00808
3
0.00652
1
0.00639
9
0.00422
0
0.00609
3

93

-0.0101
73
-0.0087
29
-0.0104
06
-0.0060
29
-0.0147
35
-0.0053
86
-0.0070
04
-0.0051
96
-0.0051
27
-0.0028
59
-0.0040
35

0.00009
5
0.00083
3
0.00007
9
0.00122
1
-0.0001
66
0.00109
0
0.00107
9
0.00132
5
0.00127
2
0.00136
1
0.00205
8




