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SI-1. General Methods

Solvents and reagents were obtained from commercial sources and used as received. 'H
NMR spectra were recorded in CDCl; and de-DMSO on 400 MHz or 300MHz NMR
spectrometer. The chemical shifts (8) were described in parts per million (ppm) downfield

from tetramethylsilane (TMS, 0.00 ppm) as an internal standard.

All reagents of commercial quality were from freshly opened containers or were purified
according to the standard methods before use. Reagent grade acetonitrile was refluxed over
KMnO; and K,COs for several hours and was distilled over P,Os under argon twice before use.

The commercial tetrabutylammonium hexafluorophosphate (BusNPFs, Aldrich) was

recrystallized from CH,Cl,/Et,0 and dried in vacuo at 110 °C overnight before preparation of a

supporting electrolyte solution.

Acetonitrile containing 0.1 M tetra-n-butylammonium hexafluorophosphate (TBAPF¢) was
used as solvent in electrochemical measurements. Ferrocene/ferrocenium redox couple
(Fc/Fc™) was used as an internal reference for all measurements. All electrochemical
measurements were performed under dry nitrogen atmosphere using 0.1 V/s scan rate, unless

otherwise specified, the concentration of samples was 10~ M.

SI-2. Synthetic Route of 1H ™'

NH ,\fC
2
_HCOOH \> _NaOH _ 2y _NaBH; _ ><H
NH mﬂux CHjl N CH30H H
\
CH

1H

2.7 g (0.025 mol) of p-phenylenediamine was placed in a 50 mL round bottomed flask and
90% of formic acid (1.6 mL, 0.034 mol) was added. The mixture was heated at 1000C in oil
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bath for 2 h. After cooled to room temperature, 10% sodium hydroxide aqueous solution was
slowly added till the mixture can make litmus appear just alkaline. The crude benzimidazole
was filtrated and washed with ice-cold water, drained well and washed again with 10 mL cold
water. Dissolved the crude product in 50mL boiling water, 0.2 g active carbon was added and

boiled for 15 min. The mixture was filtered rapidly through a preheated buchner funnel and

flask. After the filtration was cooled to about 100C, the benzimidazole was separated and

washed with 10 mL cooled water. The obtained white solid was dried at 100 "C and then

treated with methyl iodide in 10 mL methanol containing 0.1 g NaOH. The mixture was
refluxed for 10 h, and then the solvent was removed under reduced pressure. The crude
product was recrystallized with absolute ethanol to give pure product 1'T.  To the solution of
1'T in 10mL methanol was slowly added appropriate amount of NaBH,. The mixture was
stirred for 30 min under N, atmosphere then compound 1H was obtained by silica-gel
chromatography (yield, 65%). 'HNMR (CDCls 400 M): §6.69 (dd, 2H), 6.43 (dd, 2H), 4.33
(s, 2H), 2.74 (s, 6H); ESI-MS/M" = 148.16; Anal. Calcd for CoH,N; (148.2): C, 72.94; H, 8.16;
N, 18.9. Found: C, 72.99; H, 8.14; N, 18.85.

SI-3. Synthetic Route of 2H **

ot ot
C[NO2 benzaldehyde N N N\>_Ph NaOH _ @[®N\>_Ph NaBH, @[NXH
L~ N CHal 2N G N Ph

CHj CHs

M 2+ 2H

Preparation of 7 or 8 substituted-2-phenyl benzoimdazole (M). A solution of substituted
o-nitroaniline (2.0 mmol) and benzaldehyde (2.0 mmol) in ethanol (10 mL) was treated with
1M NaS,04 (3.0 mmol, 6mL). The reaction mixture was heated for 5-7 h, cooled to room
temperature and then treated dropwise with SN aqg NH4OH (4 mL), and precipitation was
immediately formed which was then filtered, washed with water and dried under reduced

pressure to afford the desired product in satisfactory purity.

Preparation of N, N’-dimethyl-7 or 8 substituted-2-phenyl benzo[d]imidazolium iodide

-S3-



(2'T). To the methanol solution of substituted-2-phenyl-benzoimdazole (M), methyl iodide

and appropriate amount of NaOH in 10 mL methanol was added, the mixture was heated at 120

°C for 12 h in a sealed tube to give a faint yellow solid. The crude product was washed with a

small amount of acetone and recrystallized from absolute ethanol to give yellow crystalline

solid. The yield is over 80%.

Preparation of 2H. A solution (20 mL) of compound 3 (leq.) in methanol (25 mL) was
reduced by NaBH, (1.5eq.) to give a white solid. The white solid was recrystallized from

ethanol-H,O (2:1, v/v) to give a colorless crystalline product. The yield is over 65%.

CHs
HgCO N y
<
CHs
'H NMR (CDCls, 400 M): 57.56 (d, 2H), 7.41 (m, 3H), 6.33 (d, 1H), 6.21 (d, 1H), 6.12 (s,

1H), 4.77 (s, 1H), 3.76(s, 3H), 2.53 (s, 6H); ESI-MS/M" = 254.15; Anal. Calcd for C;¢H;sN,O
(254.3): C,75.56; H, 7.13; N, 11.01; Found: C, 75.52; H, 7.14; N, 11.05.

CHs
F%C\I:::I:N><H
N Ph
CHjy
'"H NMR (CDCl3, 400 M): 6 7.56 (d, 2H), 7.41 (m, 3H), 6.33 (d, 1H), 6.21 (d, 1H), 6.12 (s,

1H), 4.77 (s, 1H), 3.76(s, 3H), 2.53 (s, 6H); ESI-MS/M" = 238.15; Anal. Calcd for C;sH;sN,
(238.3): C, 80.63; H, 7.61; N, 11.75. Found: C, 80.62; H, 7.59; N, 11.73.

£l
cl N
s,
CH
'"H NMR (CDCls, 400 M): & 7.58 (m, 2H), 7.41 (m, 3H), 6.72 (dd, 2H), 6.43 (dd, 2H), 4.87 (s,
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1H), 2.56 (s, 6H); ESI-MS/M" = 258.07; Anal. Calcd for C;sH;5sN,Cl (258.8): C, 69.63; H, 5.84;
N, 10.83. Found: C, 69.59; H, 5.86; N, 10.80.

'H NMR (CDCls, 400 M): & 7.53 (m, 2H), 7.42 (m, 3H), 6.97 (d, 1H), 6.50 (s, 1H), 6.33 (d,
1H), 5.17 (s, 1H), 2.59 (s, 6H); ESI-MS/M* = 292.13; Anal. Calcd for C;6H;sNoFs (292.3): C,
65.74; H, 5.17; N, 9.58; F, 19.50. Found: C, 65.76; H, 5.19; N, 9.54; F, 19.58.

CH,
O
HyC N Ph

CH
1H NMR (CDCls, 400 M): 6 7.56 (d, 2H), 7.40 (d, 2H), 6.29 (s, 2H), 4.66 (s, 1H), 2.52 (s, 6H),

2.18 (s, 6H); ESI-MS/M* = 252.16; Anal. Calcd for C;7HN, (252.4): C, 80.91; H, 7.99; N,
11.10. Found: C, 80.89; H, 7.97; N, 11.13.

SI-4. Synthetic Route of ZH (3H, 4H and 5H) %

CHs
NH H T ll\l T H
Ol Ol s O 2= % @cw@
NH, pyridine H_TS Me,SO, ll\l—Ts CH3
(Ts = p-toluenesulfonyl) CH,
M1 M2 M3 ZH (3H, 4H and 5H)

Preparation of N, N’-di (p-toluenesulufonyl)-o-phenylenediamine (M1). A solution of
o-phenylenediamine (50 mmol) in dry pyridine (50 mL) was added to a solution of
p-toluenesulfonyl chloride (100 mmol) in dry pyridine (40 mL). The resulted mixture was

stirred at room temperature for 18 h. By slow addition of 15% aqueous HCI, a precipitate was
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formed. The solid were dissolved in EtOH (140 mL) and refluxed for 4 h, and then stored in a

refrigerator for  crystallization. After filtration, N,N’-di(p-toluenesulufonyl)-o-

phenylene-diamine (M1) was obtained as faint solid (36 mmol, 70%), mp. 201.5~203.0 °C.

Preparation of N,N’-dimethyl-V,N’-di(p-toluenesulufonyl)-o-phenylenediamine (M2).
N,N’-di(p-toluenesulufonyl)-o-phenylenediamine (20 g) was boiled in aqueous solution of
sodium hydroxide (4N, 25 mL). Dimethyl sulfate (10mL) was added to the cooled
suspension and the mixture was gently boiled for 5 min. After cooled to room temperature,
the suspension was stirred well and 4N NaOH (25 mL) and dimethyl sulfate (10mL) were
added again, and then the mixture was boiled for Smin. After two treatments, the educt was

filtered from the hot mixture and boiled with 0.75N NaOH (400 mL), the insoluble part was

crystallized from ethanol to give colorless crystals in good yields. Mp. 180.0~185.0 °C.

Preparation of N,N’-dimethyl-o-phenylenediamine (M3). N,N’-dimethyl-N,N’-
di(p-toluenesulufonyl)-o-phenylenediamine (M2) (22g) was heated in conc. sulfuric acid
(20mL) on a stream bath for 4 h, the mixture was poured into the crushed ice (200 g) and
neutralized with 4N NaOH aqueous solution. The residue was extracted with ether. The
ether layer was washed with water and brine, respectively, and dried over Na;SOu,
concentrated then dried to give crude product M3. This crude product was used for the

following reactions without further purification.

General procedure for preparation of 3H, 4H and SH. To the solution of substituted N,
N’-dimethyl-o-phenylenediamine (M3) (0.01mol) in minimum quantity of methanol was
added appropriate amount of aromatic aldehyde (0.01mol) with vigorously shaking at room
temperature, and then a drop of glacial acetic acid was added. After 15-45 min, the crude
product was separated from the reaction mixture by filtration, and then washed with cold
methanol and recrystallized from petroleum ether to give the corresponding pure

1,3-dimethyl-2-arylbenzimidazoles 3H, 4H and SH.
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CHs
'H NMR (CDCls, 400 M): & 7.42 (d, 2H), 6.74 (d, 2H), 6.69 (dd, 2H), 6.42 (dd, 2H), 4.78 (s,
1H), 2.99 (s, 6H), 2.55 (s, 6H); ESI-MS/M" = 267.16; Anal. Calcd for Ci7H, N3 (267.4): C,
76.37; H, 7.92; N, 15.92. Found: C, 76.4; H, 7.93; N, 15.89.

CHa

N H
@ W )-on

N

CHj
'"H NMR (CDCl3, 400 M): 6 7.43 (d, 2H), 6.85 (d, 2H), 6.72 (dd, 2H), 6.43 (dd, 2H), 4.78 (s,
1H), 2.54 (s, 6H); ESI-MS/(M-1) = 239.13; Anal. Calcd for C;sH;¢sN,O (240.3): C, 74.97; H,
6.71; N, 11.66. Found: C, 75.0; H, 6.69; N, 11.68.

CHa

N H
T oom

N

CHj
'"H NMR (CDCl5,400 M): 6 7.48 (d, 2H), 6.93 (d, 2H), 6.71 (dd, 2H), 6.42 (2H), 4.82 (s, 1H),
3.83 (s, 3H), 2.54 (s, 6H); ESI-MS/M" = 254.14; Anal. Calcd for C;6H 3N,O (254.4): C, 75.56;
H, 7.13; N, 11.01. Found: C, 75.51; H, 7.15; N, 11.06.

CHj

NHC
CHs
N

CH,

'H NMR (CDCl3, 400 M): § 7.46 (d, 2H), 7.22 (d, 2H), 6.70 (dd, 2H), 6.42 (2H), 4.84 (s, 1H),
2.55 (s, 6H), 2.39 (s, 3H); ESI-MS/M" = 238.16; Anal. Calcd for C;6H;sN,O (238.3): C, 80.63;
H, 7.61; N, 11.75. Found: C, 80.65; H, 7.63; N, 11.72.
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CH,

'"H NMR (CDCl3, 400 M): 6 7.58 (m, 2H), 7.41 (m, 3H), 6.72 (dd, 2H), 6.43 (dd, 2H), 4.87 (s,
1H), 2.56 (s, 6H); ESI-MS/M" = 223.65; Anal. Calcd for C;5sH;¢N, (224.3): C, 80.32; H, 7.19;
N, 12.49. Found: C, 80.28; H, 7.21; N, 12.53.

CHy
N H

CLr O
N
CHy

'H NMR (CDCl3, 400 M): § 7.53 (d, 2H), 7.39 (d, 2H), 6.73 (dd, 2H), 6.44 (2H), 4.85 (s, 1H),
2.55 (s, 6H); ESI-MS/M" = 258.59; Anal. Calcd for C;sH;sN,Cl (258.8): C, 69.63; H, 5.84; N,
10.83. Found: C, 69.6; H, 5.86; N, 10.85.

CHs
CLF
)
N

'"H NMR (CDCl5,400 M): 6 7.53 (d, 2H), 7.39 (d, 2H), 6.73 (dd, 2H), 6.44 (2H), 4.85 (s, 1H),
2.55 (s, 6H); ESI-MS/M™ = 302.05; Anal. Calcd for C;5sH;sN,Br (303.2): C, 59.43; H, 4.99; N,
9.24. Found: C, 59.4; H, 5.04; N, 9.21.

CHa

/

N H
H: >7CF3
N

CHs

'H NMR (CDCls, 400 M): & 7.69 (m, 4H), 6.75 (dd, 2H), 6.46 (dd, 2H), 4.94 (s, 1H), 2.57 (s,
6H); ESI-MS/M"* = 292.13; Anal. Calcd for Ci¢H;sNoF; (292.3): C, 65.74; H, 5.17; N, 9.58.
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Found: C, 65.78; H, 5.16; N, 9.53.

\
CHg

'"H NMR (CDCl3, 400 M): 6 7.72 (m, 4H), 6.75 (dd, 2H), 6.46 (2H), 4.94 (s, 1H), 2.57 (s, 6H);
ESI-MS/M" = 249.15; Anal. Calcd for C;6H;5N3 (249.3): C, 77.08; H, 6.06; N, 16.85. Found:
C,77.13; H, 6.04; N, 16.81.

CHs

'H NMR (CDCl3, 400 M): & 8.27 (d, 2H), 7.79 (d, 2H), 6.76 (dd, 2H), 6.47 (dd, 2H), 5.00 (s,
1H), 2.548 (s, 6H); ESI-MS/M" = 269.13; Anal. Calcd for C;sH;sN;0; (269.3): C, 66.9; H,
5.61; N, 15.6. Found: C, 66.94; H, 5.63; N, 15.51.

CHy OCHj
OO
N
CHg

'"H NMR (CDCl3, 400 M): 6 7.59 (s, 1H), 7.20 (m, 3H), 6.71 (dd, 2H), 6.42 (m, 2H), 4.86 (s,
1H), 3.84 (s, 3H), 2.55 (s, 6H); ESI-MS/M* = 254.13; Anal. Calcd for C;¢H;3sN,O (254.4): C,
75.56; H, 7.13; N, 11.01. Found: C, 75.52; H, 7.12; N, 11.08.

CHy CHj
OO
N
CHs

'H NMR (CDCl3, 400 M): & 7.56 (s, 1H), 7.40 (m, 3H), 6.71 (dd, 2H), 6.43 (m, 2H), 4.86 (s,
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1H), 2.55 (s, 6H), 2.38 (s, 3H); ESI-MS/M" = 238.15; Anal. Calcd for C;6H;sN,O (238.3): C,
80.63; H, 7.61; N, 11.75. Found: C, 80.62; H, 7.61; N, 11.78.

CH, Cl
Oy
N
CHs

'H NMR (CDCls, 400 M): § 7.60 (s, 1H), 7.51 (m, 3 H), 6.64 (dd, 2H), 6.47 (dd, 2H), 4.91 (s,
1H), 2.55 (s, 6 H); ESI-MS/M" = 258.35; Anal. Calcd for C;sH;sN,Cl (258.8): C, 69.63; H,
5.84; N, 10.83. Found: C, 69.61; H, 5.85; N, 10.87.

/CH3 Br
CrC)
N
CHs

'H NMR (CDCls, 400 M): § 7.61 (s, 1H), 7.50 (m, 3H), 6.64 (dd, 2 H), 6.47 (dd, 2H), 4.91 (s,
1H), 2.55 (s, 6 H); ESI-MS/M" = 302.43; Anal. Calcd for C;sH;sN,Br (303.2): C, 59.43; H,
4.99; N, 9.24. Found: C, 59.45; H, 5.01; N, 9.25.

CHs NO,
OO
N
CH,4

'H NMR (CDCls, 400 M): 5 8.23 (s, 1H), 7.75 (m, 3H), 6.74 (dd, 2H), 6.44 (dd, 2H), 4.98 (s,
1H), 2.55 (s, 6H); ESI-MS/M* = 269.15; Anal. Calcd for C;5H;sN30, (269.3): C, 66.9; H, 5.61;
N, 15.6. Found: C, 66.92; H, 5.65; N, 15.54.
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'H NMR (CDCl3, 400 M): & 9.138 (s, ~1H), 7.32 (t, IH), 7.07 (d, 1H), 6.95-6.81 (m, 4H), 6.60
(dd, 2H), 4.69 (s, 1H), 2.64 (s, 6H); ESI-MS/ (M-1) = 239.15; Anal. Calcd for C;5H;csN,O
(240.3): C,74.97; H, 6.71; N, 11.66. Found: C, 75.01; H, 6.68; N, 11.65.

'"H NMR (CDCl3, 400 M): 6 7.55 (d, 1H), 7.28-7.17 (m, 2H), 6.70 (dd, 2H), 6.421 (2H), 5.12
(s, 1H), 2.55 (s, 6H), 2.44 (s, 3H); ESI-MS/M™* = 238.16; Anal. Calcd for C;6H;sN>O (238.3): C,
80.63; H, 7.61; N, 11.75. Found: C, 80.61; H, 7.64; N, 11.75.

'HNMR (CDCl3, 400 M): 6 7.91 (d, 1H), 7.40-7.30 (d, 2H), 6.72 (dd, 2H), 6.43 (2H), 5.70 (s,
1H), 2.60 (s, 6H); ESI-MS/M" = 258.59; Anal. Calcd for C;sH;sN,Cl (258.8): C, 69.63; H, 5.84;
N, 10.83. Found: C, 69.65; H, 5.87; N, 10.79.

CHs NO,
N H
OCH;
N
CHj,

'H NMR (CDCls, 400 M): & 8.06 (s, 1H), 7.82 (dd, 1H), 7.15 (d, 1H), 6.73 (dd, 2H), 6.46 (dd,
2H), 4.89 (s, 1H), 4.01 (s, 3H), 2.57 (s, 6H); ESI-MS/M* =299.15; Anal. Calcd for C;6H;7N303
(299.3): C, 64.2; H, 5.72; N, 14.04. Found: C, 64.26; H, 5.69; N, 14.08.
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/CH3 Br
N, H
L ocH,
N

CH,

'H NMR (CDCl3, 400 M): & 7.80 (s, 1H), 7.46 (d, 1H), 6.92 (d, 1H), 6.73 (dd, 2H), 6.34 (dd,
2H), 4.80 (1H), 3.93 (s, 3H), 2.55 (s, 6H); ESI-MS/M* =332.15; Anal. Calcd for C;¢H7N,BrO
(333.2): C, 56.67; H, 5.14; N, 8.41. Found: C, 56.61; H, 5.18; N, 8.42.

CHg OCH,4
N H
Lo
N
CHs

'"H NMR (CDCl3, 400 M): 6 7.23 (s, 1H), 7.01 (d, 1H), 6.99 (d, 1H), 6.73 (dd, 2H), 6.45 (dd,
2H), 4.84 (s, 1H), 3.90 (s, 6H), 2.56 (s, 6H); ESI-MS/M* =284.25; Anal. Calcd for C;7H20N,O»
(284.4): C,71.81; H, 7.09; N, 9.85. Found: C, 71.79; H, 7.11; N, 9.86.

CHg CHy
N H
Lo
N
CHs

'"H NMR (CDCl3, 400 M): 6 7.37 (s, 1H), 7.261 (d, 1H), 7.18 (d, 1H), 6.72 (dd, 2H), 6.43 (dd,
2H), 4.80 (s, 1H), 2.56 (s, 6H), 2.30 (s, 6H); ESI-MS/M* =252.26; Anal. Calcd for C;7H20N»
(252.4): C,80.91; H, 7.99; N, 11.1. Found: C, 80.94; H, 7.94; N, 11.12.

CHs F
CrCr-
F
N

'H NMR (CDCls, 400 M): § 7.50-7.20 (m, 3H), 6.74 (m, 2H), 6.45 (m, 2H), 4.84 (s, 1H), 2.56
(s, 6H); ESI-MS/M*=260.15; Anal. Calcd for C;sH14N, F, (260.3): C, 69.22; H, 5.42; N, 10.76.
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Found: C, 69.2; H, 5.45; N, 10.8.

/CH3 Br
CL -
F
N

'H NMR (CDCls, 400 M): 5 7.82 (d, 1H), 7.50 (m, 1H), 7.17 (t, 1H), 6.74 (dd, 2H), 6.45 (dd,
2H), 4.85 (s, 1H), 2.56 (s, 6H); ESI-MS/M*=321.04; Anal. Calcd for C;sH4N,BrF (321.2): C,
56.09; H, 4.39; N, 8.72. Found: C, 56.11; H, 4.41; N, 8.69.

CHy F
N H

[:::I: >¢—{<::§F—CI
N
CHs

'H NMR (CDCl3, 400 M): § 7.46-7.42 (m, 2H), 7.29 (d, 1H), 6.74 (dd, 2H), 6.45 (dd, 2H),
4.86 (s, 1H), 2.57 (s, 6H); ESI-MS/M" = 276.15; Anal. Calcd for C;sH4N,CIF (276.7): C,
65.1; H, 5.1; N, 10.12.  Found: C, 65.13; H, 4.96; N, 10.15.

CHy Cl
N, H

[:::I: >¢—{<::§F—CI
N
CHs

'"H NMR (CDCl3, 400 M): 6 7.82 (s, 1H), 7.47 (d, 1H), 6.96 (d, 1H), 6.73 (dd, 2H), 6.35 (dd,
2H), 4.86 (s, 1H), 2.55 (s, 6H); ESI-MS/M* = 293.13; Anal. Calcd for C;sH4N,Cl, (293.2): C,
61.45; H, 4.81; N, 9.55. Found: C, 61.42; H, 4.82; N, 9.53.

CHy OCHj

N H
OCH,4
N

CHy  OCH,
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"HNMR (CDCl5,400 M): 6 6.80 (s, 2H), 6.74 (m, 2H), 6.45 (m, 2H), 4.79(s, 1H), 3.89 (s, 9H),
2.59 (s, 6H); ESI-MS/M* =314.25; Anal. Calcd for C13H»2N»O, (314.4): C, 68.77; H, 7.05; N,
8.91. Found: C, 68.75; H, 7.08; N, 8.93.

SI-5. Synthetic Route of 6*C104 **

NH. = PPA N~ CHjl +N/CH3 G
L, oo (Lo CL <
SH G s 7-G s |
M 6" I
‘ NaClO,

CH,
N G
S

6*CIO,

Preparation of 2-p-substituentphenyl-benzothiazole(M). A mixture of 1.3 equiv of

benzoic acid (3.00 g) , 1 equiv of 2-aminothiophenol (2.38 g) and polyphosphoric acid (6.39 g)

was heated with stirring at 150 °C for 2 h. After cooled to about 50 OC, a brown solid was

separated. 50mL 7 % NH4OH was added to neutralize the excess acid, and then stirred for 2 h.
The yellow solid was filtered, thoroughly rinsed with the NH4OH solution (50 mL), and dried

and then purified by silica-gel chromatography to give pure 2-phenylbenzothiazole (3.99g),

mp. 112.5 °C. The yield was generally over 85%. The product was identified by 'H NMR.

Preparation of N-methyl-2-p-substituentphenyl-benzothiazolium iodide (6°T). Methyl
iodide (12.6 g) was added to a solution of 2-phenylbenzothiazole (3.98 g) in 15 mL methanol.

The mixture was heated at 120 °C for 12 h in a sealed tube to give dark brown solids. The

crude product was washed with a small amount of acetone and recrystallized from absolute

ethanol to give yellow crystalline solids. The yield was over 75%.

Preparation of N-methyl-2-p-substituentphenyl-benzothiazolium perchlorate (6°C104).
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The iodide was exchanged by perchlorate ion as follows: compound § (3.00 g) was dissolved
in 100 mL hot water and then 30 mL hot aqueous solution containing an excess of NaClOy
(10.0 g) was added. The exchange reaction took place instantaneously and the perchlorate
salt precipitated. The pale yellow solid of N-methyl-2-p-substituentphenyl-benzothiazolium

percholorate was recrystallized from absolute ethanol.

CH,

l

N
S

'H NMR (ds-DMSO, 400 M): & 8.46 (d, 1H), 8.35 (d, 1H), 7.96 (dd, 1H), 7.91 (d, 2H), 7.85
(dd, 1H), 7.32 (d, 2H), 4.26 (s, 3H), 3.94 (s, 3H); ESI-MS/M" = 256.08.

CHy
N
s

'H NMR (ds-DMSO, 400 M): § 8.53 (d, 1H), 8.42 (d, 1H), 7.98(dd, 1H), 7.91 (d, 2H), 7.85
(dd, 1H), 7.62 (d, 2H), 4.25 (s, 3H), 3.32 (s, 3H); ESI-MS/M" = 240.15.

CHs
N
o)
S

'H NMR (ds-DMSO, 400 M): & 8.56 (d, 1H), 8.42 (d, 1H), 7.99 (dd, 1H), 7.98 (d, 2H), 7.92
(dd, 2H), 7.88 (m, 1H), 7.80 (d, 2H), 4.26 (s, 3H); ESI-MS/M" = 226.09.

'H NMR (d¢-DMSO, 400 M): § 8.55 (d, 1H), 8.44 (d, 1H), 8.06(dd, 1H), 8.02 (dd, 1H), 7.93
(dd, 1H), 7.66 (d, 2H), 4.23 (s, 3H); ESI-MS/M" = 244.06.
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CHy,

OO

'H NMR (ds-DMSO, 400 M): § 8.56 (d, 1H), 8.45 (d, 1H), 8.07 (dd, 2H), 8.04 (dd, 1H), 7.96
(d, 2H), 7.92 (dd, 1H), 4.23 (s, 3H); ESI-MS/M" = 260.25.

'H NMR (dg-DMSO, 400 M): § 8.56 (d, 1H), 8.44 (d, 1H), 8.07 (dd, 2H), 8.03 (dd, 1H), 7.96
(d, 2H), 7.93 (dd, 1H), 4.23 (s, 3 H); ESI-MS/M" = 305.13.

CHg OCHs
Cri—C)

©

S
1H NMR (d¢-DMSO, 400 M): 6 8.53 (d, 1 H), 8.41 (d, 1 H), 7.99 (dd, 1H), 7.91 (d, 1H), 7.89
(t, 1H), 7.87 (d, 1H), 7.79 (d, 1H), 4.22 (s, 3H), 3.93 (s, 3H); ESI-MS/M™ = 256.08.

'H NMR (ds-DMSO, 400M): & 8.55 (d, 1H), 8.43 (d, 1H), 7.98 (dd, 1H), 7.92 (d, 1H), 7.90
(t,1H), 7.86 (d, 1H), 7.78 (d, 1H), 4.23 (s, 3H), 3.31 (s, 3H), 3.31 (s, 3H); ESI-MS/M" =
240.15.

CHj, Cl

'H NMR (ds-DMSO, 400 M): & 8.57 (d, 1H), 8.46 (d, 1H), 8.03 (dd, 1H), 7.94 (d, 1H), 7.93 (t,
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1H), 7.91 (d, 1H), 7.81 (d, 1H), 4.23 (s, 3H); ESI-MS/M" = 260.23.

SI-6. Synthetic Route of 7" C10,

e

O

l CHgl

e e I

cn-|3

NaC|O4
© cio;
7+ CIO; 7*r

Preparation of 2-p-substituentphenyl-benzooxazone (M).% The corresponding aromatic

aldehyde (1.0 mmol) was added to a solution of 2-aminophenol (0.109 g, 1.0 mmol) in MeOH

(5 mL). The resulted mixture was heated at 45 °C for 12 h. After concentration under

reduced pressure, the residue was dissolved in CH,Cl, (10 mL) and then DDQ (0.250 g, 1.1
mmol) was added. After stirred at room temperature for 30 min, the resulted mixture was
diluted with additional CH,Cl, (10 mL), then washed sequentially with saturated Na,CO;
(10mLx2) and brine (10 mL), respectively. The organic layer was dried over anhydrous

Na,SOy4. After evaporation, the crude product was purified by flash column chromatography

(10% EtOAc in hexane) to afford the desired product (0.187 g, 83%).

Preparation of N-methyl-2-p-substituentphenyl-benzooxazonium iodide (7°T).5¢ Methyl
iodide (0.015mol) was added into a solution of 2-phenylbenzooxazone (0.01mol) in methanol,
and the mixture was heated at 150 °C for 18 h in a sealed tube to give dark brown solids. The

crude product was rinsed with a small amount of acetone to remove unreacted reactants and
recrystallized from absolute ethanol to give yellow crystalline solids. The yield was over

85%.
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Preparation of N-methyl-2-p-substituentphenyl-benzooxazonium perchlorate (7°Cl0y).
The iodide was exchanged by perchlorate ion as follows: compound 5 was dissolved in 100 mL
of hot water and treated with 30 mL of hot aqueous solution containing an excess of NaClO,.
The exchange reaction took place instantaneously and a precipitate was formed. The faint
yellow solid of N-methyl-2-p-substituentphenyl-benzooxazonium perchlorate  was

recrystallized from absolute ethanol. The yield was over 50%.

CHg3

)
N
O

'H NMR (dg-DMSO, 400 M): & 8.03 (s, 2H), 7.76 (s, 2H), 7.60 (s, 2H), 7.14 (s, 2H), 4.12 (s,
3H), 3.80 (s, 3H); ESI-MS/M" = 240.10.

£Hs
N
O
'H NMR (dg-DMSO, 400 M): & 8.26-8.12 (m, 4H), 7.82 (d, 2H), 7.62 (d, 2H), 4.26 (s, 3H),

2.94 (s, 3H); ESI-MS/M* = 224.13.

CH
N
-0
O
'H NMR (dg-DMSO, 400 M): & 8.27-8.18 (m, 3H), 8.14-8.12 (d, 2H), 7.83 (dd, 2H), 7.62 (d,
2H), 4.27 (s, 3H); ESI-MS/M™ = 210.10.

CHj,

N
@)
'H NMR (dg-DMSO, 400 M): & 8.52-8.26 (m, 4H), 7.80 (d, 2H), 7.69 (d, 2H), 4.28 (s, 3H);
ESI-MS/M* =244.13;
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CH3

!
N
0

'H NMR (ds-DMSO, 400 M): § 8.51-8.27 (m, 4H), 7.81 (d, 2H), 7.68 (d, 2H), 4.28 (s, 3H);
ESI-MS/M* = 288.75.

SI-7. Synthesis Route of 2-deuterated 3H (G = H) (3D) and its '"H NMR
Paragraph >’

CHs CHs
NH; N N NaBD, N D
4
©: - @[ \>_Ph - ©[®>_ Ph @E ><Ph
NH, N N N
H \
CHs CHs

2-deuterated 3H (3D)

A mixture of 0.03 mol of o-phenylenediamine dichloride, 20mL of water and 0.09 mol of
benzoic acid was heated under reflux for 5 h. After cooled to room temperature, the mixture
was adjusted to distinctly basic by addition of concentrated ammonia aqueous solution
dropwise and a precipitate was formed. It was recrystallized from 10 percent aqueous ethanol.

The obtained 2-phenylbenzimidazole was treated with methyl iodide in 10 mL methanol

containing 0.02mol NaOH at 110°C in sealed tube. The mixture was refluxed for 10 h then

the solvent was removed under reduced pressure. The crude product was recrystallized from
absolute ethanol. An appropriate amount of NaBD4 was slowly added intro a solution of this
crude product in 10mL methanol. The mixture was stirred for 30 min under N, atmosphere
then compound 3D was obtained by silica-gel chromatography (yield = 65%). 'H NMR
(CDCl3, 400M): 0 7.58 (m, 2H), 7.41 (m, 3H), 6.72 (dd, 2H), 6.43 (dd, 2H), 2.56 (s, 6H);
ESI-MS/M* = 224.58. The '"H NMR spectrum of 3H and 3D were given below.
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SI-8. Synthetic Route of AcrH*CIO, %

XX X X
0 — 00— 0 w
N N N

CHs CHs

0.03mol methyl iodide was added to a solution of 0.01mol acridine in 5S0mL methanol.
The mixture was stirred for 5 days at room temperature. The red precipitate was filtrated and
recrystallized from water/ethanol. The iodide was exchanged by perchlorate ion as follows:
Acridium iodide was dissolved in 100 mL hot water and treated by 30 mL hot aqueous solution
containing an excess amount of NaClO,4. The exchange reaction took place instantaneously and
then the perchlorate salt was precipitated. The yellow solid of N-methylacridium perchlorate

was recrystallized from aqueous ethanol for three times. The yield was over 50%.
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SI-9. Analysis of Products

N-methyl acridinium ion (AcrH'CIO4) (0.5mmol) was added into a solution of
1,3-dimethyl-2,3-dihydro-2-phenylbenzo[d]imidiazole 1H (0.5mmol) in 10mL deaerated
acetonitrile under argon atmosphere. After stirred at room temperature for ten minutes, the
reaction mixture was isolated by preparative thin-layer chromatography to give

9,10-dihydroacridine (AcrH,) and the salt of 1H (1"C10y) as the final products.

6'ClI0,, or 7°ClOy (0.5mmol) was added into a solution of
1,3-dimethyl-2,3-dihydro-2-phenylbenzo[d]imidiazole [3H (G = H)] (0.5mmol) in 10 mL
deaerated acetonitrile under argon atmosphere. Ten minutes later, the reaction mixture was
extracted with CH,Cl, and isolated by preparative TLC to give 6H or 7H. 'H NMR (CDCl;,
400M): 6H (G =H): 67.56 (d, 2 H), 7.38 (m, 3H), 7.02 (dd, 1H), 6.99 (d, 1H) , 6.72 (m, 2H),
6.42 (d, 1H), 5.98 (s, 1H), 2.63 (s, 3H); 7H (G = H): 6 7.39-7.25 (m, 7H), 6.68-6.48 (m, 2H),
6.282 (s, 1H), 2.869 (s, 3H).
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SI-11. '"HNMR Spectra of p-OH-3H, 0-OH-3H and 0-OH-3"
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SI-12. Representative 'H NMR Graphs of ZH and Z*
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SI-13. Conformations of 3H (G = H) and Its Radical Cation 3H" (G = H)

The geometries of the molecules were optimized at B3LYP/6-31+G* method, and each
optimized structure was checked by the frequency calculation at the same level of the

optimizations to be a real minimum without any imaginary frequency.

Scheme SI-1. The Conformation of 3H (G = H)

side-view side-view

Scheme SI-2. The Conformation of the Radical Cation 3H* (G = H)

side-view face-view
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The absolute energies (in Hartrees) and optimized geometries of 3H and its radical
cation, together with a reference to the program we used to carry out the calculations:

3H (G=H):
Energy HF =-690.7499388
Optimized structures:
Standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z

1 6 0 -2.962740 1.419448  0.207598

2 6 0 -4.159803 0.696949  0.384410

3 6 0 -1.783452  0.705439  0.041295

4 1 0 -2.971502  2.505569  0.198269

5 6 0 -4.159938  -0.696696  0.383806

6 6 0 -1.783595 -0.705313  0.040696

7 7 0 -0.457409 1.145400 -0.100138

8 1 0 -5.092938 1.239309  0.511111

9 6 0 -2.963004 -1.419258  0.206364
10 7 0 -0.457630 -1.145432  -0.101074
11 6 0 0.313352  0.000099 -0.610707
12 6 0 -0.170822 2444036 -0.677942
13 1 0 -5.093175 -1.238988  0.510035
14 6 0 1.764614  -0.000160 -0.164660
15 6 0 -0.171371  -2.443636  -0.680061
16 1 0 -2.971944  -2.505369  0.196104
17 1 0 0.290535  0.000573  -1.729178
18 1 0 -0.700045 3.219808 -0.117544
19 1 0 0.901308  2.646328 -0.601057
20 1 0 -0.470898 2.508983  -1.739620
21 6 0 2.795598  0.001547 -1.109531
22 6 0 2.087476  -0.001954 1.199993
23 1 0 -0.700207  -3.219858 -0.119914
24 1 0 -0.472102  -2.507783  -1.741599
25 1 0 0.900814  -2.645928 -0.603985
26 6 0 4.135218  0.001534  -0.703899
27 6 0 3.421299  -0.001999 1.607815
28 1 0 2.550579  0.002870 -2.170181
29 1 0 1.284685 -0.003315 1.931810
30 6 0 4.449205 -0.000234  0.656237
31 1 0 4927154  0.002879 -1.448663
32 1 0 3.662593  -0.003405 2.667951
33 1 0 5.488182  -0.000261 0.976455
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Radical Cation 3H" (G = H):
HF =-690.5243447

Energy

Optimized structure

Standard orientation:

Center Atomic Atomic Coordinates (Angstroms)
Number Number Type X Y Z
1 6 0 2.827833  -1.464505 0.261688
2 6 0 3.940827 -0.756140  0.685776
3 6 0 1.709971  -0.719557 -0.155771
4 1 0 2.819661 -2.548931 0.253170
5 6 0 3.961857 0.667228 0.703405
6 6 0 1.724978 0.718683  -0.121615
7 7 0 0.507593 -1.117669  -0.629171
8 1 0 4.823196  -1.297455 1.012555
9 6 0 2.867942 1.41889%4 0.304245
10 7 0 0.516761 1.164039  -0.537092
11 6 0 -0.348116  0.040674 -0.930086
12 6 0 0.052624  -2.490674 -0.805616
13 1 0 4.861509 1.173971 1.038406
14 6 0 -1.698764 0.018784  -0.233987
15 6 0 0.126333 2.552113  -0.741761
16 1 0 2.894919 2.502943 0.317365
17 1 0 -0.511263 0.080375  -2.020479
18 1 0 -0.344099  -2.895530 0.132209
19 1 0 -0.736764  -2.512929  -1.559446
20 1 0 0.885236  -3.109340 -1.149343
21 6 0 -2.869221 0.033125 -1.001011
22 6 0 -1.780071  -0.018391 1.166288
23 1 0 0.558831 3.173900  0.045501
24 1 0 0.466580 2914873  -1.719562
25 1 0 -0.961345 2.626311 -0.684915
26 6 0 -4.118793 0.008977  -0.373225
27 6 0 -3.027102  -0.042276 1.789503
28 1 0 -2.811167 0.063799  -2.087309
29 1 0 -0.874619  -0.025257 1.769200
30 6 0 -4.197164  -0.029268 1.019957
31 1 0 -5.024336 0.020553  -0.972700
32 1 0 -3.088687  -0.069943 2.873588
33 1 0 -5.166922  -0.047948 1.508859
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SI-14.

Parameters 6, and c,,

Sum

ZH=7H

slope = 12.54
intercept = 91.17
R =0.999
SD=0.11

ZH=6H
slope = 11.24
intercept = 72.96

S

~~

R =0.999
SD=0.12

ZH = 3H- 5H
slope =4.13
intercept = 54.07
R =0.997

SD =0.13 \

Plots of AHyx (ZH), AHw(ZH), AHpy(ZH*") and AHx(ZH") as well
as E,(ZH) and E,4(Z") against the

of Hammett Substituent

H=2H
slope = 16.13
intercept = 53.74
R =0.993

SD =0.68

904
© 804
£
=
S
3 704
T
N 60
II
<
504
40

0.0
Y (s cp)

-0.8 -0.4

T
0.4 0.8

Figure S1. Plot of AHy (ZH) against the sum of Hammett substituent parameters 6, and Gy,

ZH=T7H
slope = 6.97
intercept = 90.55\)://" ZH=6H
904 R =0.997 slope = 3.99
SD=0.29 intercept = 79.02
= ZH=3H-5H R =099
o] 85 SD=0.11
E slope =-1.29 /
= intercept = 74.31
8 R =0.958
X 801 gp_o6
T N
E,I 754
X ZH=2H
< slope = 9.83
70+ \ intercept = 74.44
R =0.995
SD=0.35
65 T T T T T T T
-0.8 -0.4 0.0 0.4 0.8
X(c_+0)
m P

Figure S2. Plot of AHy(ZH) against the sum of Hammett substituent parameters 6, and Gy,
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ZH" = 7H"

28 - slope = -0.35 ZH" = 2H"™
intercept = 24.28 slope = -0.64
R=-0.73 intercept = 23.83
26 SD =0.09 R =0.474
= 6 SD =0.42
o
g 24 -
« ZH" = 3H" - 5H"
o slope = -3.29
5 22 intercept = 23.3
— R=0.982
+ —
T oo SP=026
N
‘E- p
E 18 . ZH+. _ GH+.
slope = 1.87
intercept = 18.03
16+ R =0.979
] SD =0.22
14 T . " , ; . : . :
-0.8 -0.4 0.0 0.4 0.8

(o + cp)

Figure S3. Plot of AHp(ZH)™ against the sum of Hammett substituent parameters o, and G,

ZH+. - 7H+
1 slope = 5.22 o e
50 intercept =51 .89\ ZH"=6H
= R =0.998 slope = 8.99
o 1 _ intercept = 38.99
SD =0.08
£ 48 R =0.998
= SD=0.10
1] ]
2 \
= 44
- 1 ZH" = 2H*
I 40 slope = 5.70
N ZH" = 3H* - 5H™ intercept = 30.11
J:I slope = 2.11 R =0.956
<4 36 intercept = 30.08 SD =0.62
| R=0986
SD=0.15
324
28
T T T T T T T T T
-0.8 -0.4 0.0 0.4 0.8
(c_+0)
m Y

Figure S4. Plot of AHy(ZH"") against the sum of Hammett substituent parameters 6, and Gy,
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ZH = 6H

0.8 ZH=T7H slope = 0.0947
*®7  slope=0.3178 intercept = 0.3353
—_ intercept = 0.5637 R=0.987
LE B e // SD =0.0036 V
-~ -
*I}: SD = 0.0008 V /
> ZH=2H
3 0.2 slope=0.4496
o i = -
T intercept =-0.1134
u 0.0 R =0.991
x J T
o SD =0.0211V
w
ZH = 3H-5H
-0.24 \ slope = 0.0887
intercept = -0.0979
-0.4 4 R=0.984
SD = 0.0066 V
T T T T T T T d
-0.8 -0.4 0.0 0.4 0.8
hX +
(o, +5)

Figure S5. Plot of E,(ZH) against the sum of Hammett substituent parameters 6, and Gy,

=7
-1.0
slope =0.2394 ™~
1 intercept = -1.1098 /
o -1.24 R =0.999
L 1 SD =0.0024 +_ ot
o -1.4- z=6
I.E . slope = 0.3118
» | intercept = -1.3991
S -1.6 1 zt—3*. 5 R = 0.999
b 1  slope =0.2344 SD =0.0015
~— -1.8 4 intercept = -2.0138
L\l_% 1 R=0.99%
- | SD = 0.0086
l.l.,le 2.0 7ot
i \1 ) slope = 0.2733
-2.2 1 \ intercept = -2.0336
J R =0.985
2.4 SD =0.0169
T : , : , : , : , .
-0.8 -0.4 0.0 0.4 0.8
X(c_+0)
m Y

Figure S6. Plot of E.4(Z") against the sum of Hammett substituent parameters G, and G,

- S46 -



SI-15. Dual-correlations of the effective charge on the C(2)in ZH"', Z', and
Z" with F and R of the groups: N(Me)C¢Hs, SCcHs and OCgH;s

0.6 EC = 4.907(0.875F - 0.125R) - 1.250
(r = 0.9999, SD = 0.003)

!

0.5
7H+.
0.4 (+0.584)
034  (+0.179)
6H+.

0.2 \
(+0.161)

~—
3H+--5H+-
0.1+

Effective Charge (EC) on the C(2) in zZH*

0.875F - 0.125R

Figure S7. Dual-correlation of the effective charge on the C(2) in 3H"-5H", 6H and 7H" with the
inductive and resonance parameters (F and R) of the groups: N(Me)CgHs, SC¢Hs and OCgHs.
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0.6

EC=5.344(0.89F + 0.11R) - 0.970
(r=0.9999, SD = 0.005)

0.5 1

Effective Charge (EC) on the C(2) in Z

0.89F + 0.11R

Figure S8. Dual-parameter correlation of the effective charge on the C(2) in 3™-5", 6 and 7" with the
inductive and resonance parameters (F and R) of the groups: N(Me)CgHs, SC¢Hs and OCgHs.

1.1 5

EC = 5.297(0.787F + 0.213R) - 0.093

1.0 (r=0.9999, SD = 0.003)
0.9 Y
08 7

] (+1.000)

.
0.7
] (+0.896)
0.6
05] (+0.329)
4 3+_5+
0.4

0.3

Effective Charge (EC) on the C(2) in zt

0.06 008 010 012 0.14 0.16 0.18 020 0.22

0.787F + 0.213R

Figure S9. Dual-correlation of the effective charge on the C(2) in 3"-5", 6" and 7" with the inductive and
resonance parameters (F and R) of the groups: N(Me)C¢Hs, SC¢Hs and OCgHs.

- 548 -



SI-16. CV and OSWY Graphs of Some Representative ZH and Z*

(1) 2H (G-CH;0, m-H):

T T T T T T T T T T T T T
100 0 -100 -200 -300 -400 -500

V vs Fet/Fc

(2) 2H (p-Cl, m-H):

T T T T T T T T T T T T T T
300 200 100 0 -100 -200 -300
mV vs Fc'/Fc
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3)

4)

2H (p-CF3, m-H):

300

3H (p-CF5):

T T T T T T T
200 100 0 -100
mV vs Fc'/Fc

T
-200

T
200

T T T T T T T
100 0 " -100 -200
mV vs Fc'/Fc
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(5) 3H (p-Cl):

T T T T T T T T T T T
200 100 0 +-1 00 -200 -300
mV vs Fc'/Fc

(6) 3H (p-CHs):

T T T T T T T T T
100 0 -100 -200 -300 -400
mV vs Fc'/Fe
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(7) 3H (p-CN):

T T T T T T T T T T T T
200 100 0 -100 -200 -300 -400

mV vs Fc'/Fc

(8) 3H (p-H):

T T T T T T T T T T T T
200 100 0 -100 -200 -300 -400

mV vs Fc'/Fc
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9) 3H (G =NO,):

T T T T T T T T T T T
200 100 0 -100 -200 -300

mV vs Fc'/Fc

(10) 3H (G = CH;0):

T T T T T T T T T
100 0 -100 -200 -300 -400

mV vs F¢'/Fc
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(11) 4H (m-Br, p-CH30):

T T T T T T T T T T T T
200 100 0 -100 -200 -300 -400

mV vs Fc'/Fc

(12) 4H (m-Br, p-F).

T T T T T T T T T T T T T T
300 200 100 0 -100 -200 -300 -400

mV vs Fc'/Fc
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(13)

(14)

4H (m-CH;, p-CH;):

T T T T T T T T T
200 100 0 -100 -200
mV vs Fc'/Fc

4H (m-CH;0, p-CH;0):

T :
-300 -400

T T T T T T T T T T T
300 200 100 0 -100  -200

mV vs Fc'/Fc
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(15) 4H (m-Cl, p-Cl):

T T T T T T T T T T T
200 100 0 -100 -200 -300

mV vs Fc'/Fc

(16) 4H (m-F, p-Cl):

T T T T T T T T T T T T
300 200 100 0 -100 -200 -300
mV vs Fc'/Fc
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(17) 4H (m-NO, p-CH;0):

T T T T T T T T T T T T T
300 200 100 0 -100 -200 -300
mV vs Fc'/Fe

(18) 4H (m-F, p-F):

T T
100 0 -100
mV vs Fc'/Fc

T T T T
300 200 -200 -300 -400
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(19) 5H:

T T T T T T T T T T T T T
300 200 100 0 100 -200 -300 -400

mV vs Fc'/Fc

(20) 6H (p-H):

— T T T T T ' T T T T T T T
700 600 500 400 300 200 100 0

mV vs F¢'/Fe

- S58 -



1)

(22)

2" (p-CF3, m-H):

T T T T T T T T T T T T T
-1700 -1800 -1900 -2000 -2100 -2200 -2300
mV vs Fc'/Fc

2" (p-Cl, m-H):

T T T T T
-1800 -1900 -2000 -2100 -2200

mV vs Fc'/Fc
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(23) 3"(p-H):

T T T T T T T T T T
-1800 -1900 -2000 -2100 -2200 -2300
mV vs Fc'/Fc

(24) 6" (p-H):

T T T T T T T
-1300 -1400 -1500 -1600

mV vs Fc'/Fc

- S60 -



(25) 6" (p-CHy):

T T T T T T T
-1300 -1400 -1500 -1600 -1700

mV vs Fc'/Fc

(26) 7" (p-H):

T T T T T T T T T T T
-1000 -1100 -1200 -1300 -1400 -1500
mV vs Fc'/Fc
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27) 7' (p-CH;0):

T T T T T T T T T
-1000 -1100 -1200 -1300 -1400
mV vs Fc'/Fc
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SI-17. CV and OSWYV Graphs of BNAH, HEH and AcrH, as well as BNA®,
HE" and AcrH*

(1) BNAH:

T T T T T T T T T T T T T
500 400 300 200 100 0 -100

mV vs Fc¢'/Fc

(2) HEH:

T T T T T T T T T T
0.8 0.7 0.6 0.5 04 0.3 0.2
V vs Fc'/Fc
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3)

C))

AcrH,:

: : , .
0.8 0.7 0.6 0.5 04 0.3
V vs Fc'/Fc

BNA*:

. . ; .
-1.0 -1.2 -1.4 -1.6 -1.8
V vs Fc'/Fc
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(5 HE™:

-0.8 -0.9 -1.0 -1.1 -1.2 -1.3 -1.4 -1.5
V vs Fc'/Fc

(6) AcrH':

— T T T T T T T T T T T T
-500 -600 -700 -800 -900 -1000 -1100 -1200 -1300
mV vs Fc'/Fc
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SI-18. Derivation of Eqs (4) and (6):

Derivation of Eq (4) in the Text:

(1) ® S
ZH Z + H AH(1) = AH4-(ZH)
® o
AcrH, AcrH + H AH(2) = AH4-(AcrHy)
(1) - (2):
(3) @ © @ ©
ZH - AcrH, ——— Z2 + H - AcrH - H

AH(3) = AH(1) - AH(2) = AHy~(ZH) - AH-(AcrHy)

3)
ZH + ActH — Z + AcrH,

AH, = AH(3) = AH~(ZH) - AH-(AcrHy)

AH-(ZH) = AH-(AcrHy) + AH,
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Derivation of Eq (6) in the Text:

(1) © ©
3H 3 +H AH(1) = AHy-(3H)
(2 ® ©
ZH Z + H AH(2) = AH4-(ZH)
(1) + (2):
(3) €] €] @ S
3H - ZH 3+H -Z-H

AH(3) = AH(1) - AH(2) = AH-(3H) - AH-(ZH)

@ )
3H + Z

©)
3 +ZH

AH, = AH(3) = AHy-(3H) - AH-(ZH)

AH-(ZH) = AH-(3H) - AH,
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