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Instrumentation and Materials

"H NMR (500 MHz) and '*C NMR (126 MHz) spectra were taken on a Bruker AVANCE-500
spectrometer, and chemical shifts were reported as the delta scale in ppm. The residual peak
of CDCl; was used as internal reference for 'H NMR (8 = 7.26 ppm) and the solvent CDCls
was used as internal reference for 3C NMR (& = 77.0 ppm). UV/Vis absorption spectra were
recorded on a Shimadzu UV-3600 spectrometer. MALDI-TOF mass spectra were obtained
with a Bruker ultrafle Xtreme MALDI-TOF/TOF spectrometer with matrix. X-Ray data were
taken on a Bruker SMART APEX X-Ray diffractometer equipped with a large area CCD
detector. Cyclic voltammetry was performed in a three-electrode cell using the Chi-730D
electrochemistry station. Compounds 1M-2Br, 1M-4Br, 1M-8Br and 2c¢-2f were prepared
according to the literature procedure(S!- 521, Unless otherwise noted, materials obtained from
commercial suppliers were used without further purification.

General Procedures

Ar. Ar 1) Pdy(dba); Ar Ar
Xantphos
+ —_——
~
Br HzN 2) Mn02 N
2a

Ar Ar Ar Ar

M = Ni, 1Ni-2Br M = Ni, 3Ni

M = Zn, 1Zn-2Br M =Zn, 3Zn

M = 2H, 1H-2Br M =2H, 3H

Synthesis of 3Ni, 3Zn, 3H: A p-Xylene solution (3 mL) of 1M-2Br (0.05 mmol),
Pd,(dba); (9.2 mg, 0.01 mmol), Xantphos (11.6 mg, 0.02 mmol), 1,2-diaminobenzene 2a (5.4
mg, 0.05 mmol), --BuONa (28.8 mg, 0.3 mmol) was degassed through three freeze-pump-
thaw cycles, and the reaction flask was purged with argon. The resulting mixture was stirred
at reflux for 48 h. Then the reaction mixture was diluted with CHCI;, washed with water, and
dried over anhydrous sodium sulfate. After removal of the solvent in vacuo, the residue of the
reaction was dissolved in CH,Cl, (20 mL). Then, MnO, (173.9 mg, 2.0 mmol) was added to
the solution. After stirring at room temperature for 4 h, the reaction mixture was passed
through short Celite® pad to remove the solids of MnO,, concentrated in vacuo, and purified
by silica gel column chromatography eluting with CH,Cl,/hexane. Recrystallization from
CH,Cl,/MeOH afforded 3Ni (38.3 mg, 0.03 mmol, 63% yield), 3Zn (17.2 mg, 0.014 mmol,

28% yield) and 3H (15.2 mg, 0.013 mmol, 26% yield), respectively.
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Ar Ar 1) Pdy(dba)s Ar Ar
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M = Ni, 1Ni-2Br M = Ni, 4Ni
M = Zn, 1Zn-2Br M =Zn, 4Zn
M = 2H, 1H-2Br M = 2H, 4H

Synthesis of 4Ni, 4Zn, 4H: Replacing 2a with 2b (7.9 mg, 0.05 mmol), the procedures
of synthesis of 4Ni, 4Zn, 4H are the same with that of synthesis of 3Ni. Recrystallization
from CH,CI,/MeOH afforded 4Ni (24.2 mg, 0.019 mmol, 38% yield), 4Zn (7.0 mg, 0.0055

mmol, 11% yield) and 4H (3.7 mg, 0.003 mmol, 6% yield), respectively.

) sz(dba)g,
Xantphos
B
' H2N __tBuONa _ :@
H2N ) MI"I02

M = Ni, 1Ni-4Br M = Ni, 5Ni
M =Zn, 1Zn-4Br M =Zn, 5Zn
M = 2H, 1H-4Br M = 2H, 5H

Synthesis of 5Ni, 5Zn, SH: A p-Xylene solution (3 mL) of 1M-4Br (0.05 mmol),
Pd,(dba); (9.2 mg, 0.01 mmol), Xantphos (11.6 mg, 0.02 mmol), 1,2-diaminobenzene 2a (9.7 mg,
0.09 mmol), ~BuONa (28.8 mg, 0.3 mmol) was degassed through three freeze-pump-thaw
cycles, and the reaction flask was purged with argon. The resulting mixture was stirred at
reflux for 48 h. Then the reaction mixture was diluted with CHCI;, washed with water, and
dried over anhydrous sodium sulfate. After removal of the solvent in vacuo, the residue of the
reaction was dissolved in CH,Cl, (20 mL). Then, MnO, (173.9 mg, 2.0 mmol) was added to
the solution. After stirring at room temperature for 4 h, the reaction mixture was passed
through short Celite® pad to remove the solids of MnO,, concentrated in vacuo, and purified
by silica gel column chromatography eluting with CH,Cl,/hexane. Recrystallization from
CH,Cl1,/MeOH afforded SNi (22.1 mg, 0.017 mmol, 37% yield), 5Zn (19.2 mg, 0.014 mmol,

32% yield), SH (10.3 mg, 0.0081 mmol, 18% yield), respectively.
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Ar Ar % Ar Ar
1Ni-4Br 6Ni
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Synthesis of 6Ni: Replacing 2a with 2b (14.2 mg, 0.09 mmol), the procedures of
synthesis of 6Ni is the same with that of synthesis of 5Ni. Recrystallization from

CH,Cl,/MeOH afforded 6Ni (11.5 mg, 0.0081 mmol, 18% yield).
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Synthesis of 7Ni: A p-Xylene solution (3 mL) of INi-8Br (87.7 mg, 0.05 mmol),
Pd,(dba); (9.2 mg, 0.01 mmol), Xantphos (11.6 mg, 0.02 mmol), 1,2-diaminobenzene 2a (19.5
mg, 0.18 mmol), ~-BuONa (57.7 mg, 0.6 mmol) was degassed through three freeze-pump-thaw
cycles, and the reaction flask was purged with argon. The resulting mixture was stirred at
reflux for 48 h. Then the reaction mixture was diluted with CHCl;, washed with water, and
dried over anhydrous sodium sulfate. After removal of the solvent in vacuo, the residue of the
reaction was dissolved in CH,Cl, (20 mL). Then, MnO, (173.9 mg, 2.0 mmol) was added to
the solution. After stirring at room temperature for 4 h, the reaction mixture was passed
through short Celite® pad to remove the solids of MnO,, concentrated in vacuo, and purified
by silica gel column chromatography eluting with CH,Cl,/hexane. Recrystallization from

CH,Cl,/MeOH afforded 7Ni (17.2 mg, 0.011 mmol, 25% yield).

Br Br \N Ar N /
/
N

Ar Ar 1) Pdy(dba)s N_/
Xantphos
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Br Br / N Ar N \
1Ni-8Br O 8Ni Q

Synthesis of 8Ni: Replacing 2a with 2b (28.4mg, 0.18 mmol), the procedure of synthesis
of 8Ni is the same with that of synthesis of 7Ni. Recrystallization from CH,Cl,/MeOH afforded

8Ni (6.2 mg, 0.0036 mmol, 8% yield).
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M = Ni, 1Ni-2Br 2) MnO, M - Ni, 9Ni
M = 2H, 1H-2Br M = 2H, 9H

Synthesis of 9Ni: A p-Xylene solution (3 mL) of 1Ni-2Br (64.0 mg, 0.05 mmol),
Pd,(dba); (9.2 mg, 0.01 mmol), Xantphos (11.6 mg, 0.02 mmol), 2¢ (14.2 mg, 0.05 mmol), ¢
BuONa (28.8 mg, 0.3 mmol), was degassed through three freeze-pump-thaw cycles, and the
reaction flask was purged with argon. The resulting mixture was stirred at reflux for 48 h.
Then the reaction mixture was diluted with CHCl;, washed with water, and dried over
anhydrous sodium sulfate. After removal of the solvent in vacuo, the residue of the reaction
was dissolved in CH,Cl, (20 mL). Then, MnO, (173.9 mg, 2.0 mmol) was added to the
solution. After stirring at room temperature for 4 h, the reaction mixture was passed through
short Celite® pad to remove the solids of MnO,, concentrated in vacuo, and purified by silica
gel column chromatography eluting with CH,Cly/hexane. Recrystallization from
CH,Cl,/MeOH afforded 9Ni (49.3 mg, 0.035 mmol, 70% yield).

Synthesis of 9H: 9Ni (15.6 mg, 0.011 mmol) was dissolved in CH,Cl, (10 mL) and
concentrated sulfuric acid (0.4 mL) was added. After stirring at room temperature for 6 h, the
reaction mixture was washed with water, Na,CO; aq., and water. The crude product was
extracted with CH,Cl,, and the organic extract was dried over anhydrous sodium sulfate.
Evaporation of the solvent followed by silica-gel column chromatography (CH,Cly/hexane as

an eluent) and recrystallization with CH,Cl,/MeOH provided 9H (14.2 mg, 0.011 mmol, 95%

yield).
Ar Ar )
Br 2e Ar. Ar
gy 1) Pda(dba)s
BINAP Ar Ar
Ar Ar t-BuONa Ar Ar

1Ni-2Br 2) MnO; 10Ni
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Synthesis of 10Ni: A p-Xylene solution (3 mL) of INi-2Br (64.0 mg, 0.05 mmol),
Pd,(dba); (9.2 mg, 0.01 mmol), BINAP (12.5 mg, 0.02 mmol), 2e¢ (14.5 mg, 0.025 mmol), ¢-
BuONa (57.7 mg, 0.6 mmol) was degassed through three freeze-pump-thaw cycles, and the
reaction flask was purged with argon. The resulting mixture was stirred at reflux for 48 h.
Then the reaction mixture was diluted with CHCl;, washed with water, and dried over
anhydrous sodium sulfate. After stirring at room temperature for 4 h, the reaction mixture was
passed through short Celite® pad to remove the solids of MnO,, concentrated in vacuo, and
purified by silica gel column chromatography eluting with CH,Cl,/hexane. Recrystallization

from CH,CIl,/MeOH afforded 10Ni (15.4 mg, 0.0055 mmol, 22% yield).

1) Pd,(dba)s
BINAP
¢-BuONa

1Ni-2Br 2) MG, 11Ni

Synthesis of 11Ni: A p-Xylene solution (3 mL) of INi-2Br (64.0 mg, 0.05 mmol),

Pd,(dba); (9.2 mg, 0.01 mmol), BINAP (12.5 mg, 0.02 mmol), 2d (40.7 mg, 0.05 mmol), -
BuONa (28.8 mg, 0.3 mmol) was degassed through three freeze-pump-thaw cycles, and the
reaction flask was purged with argon. The resulting mixture was stirred at reflux for 48 h.
Then the reaction mixture was diluted with CHCl;, washed with water, and dried over
anhydrous sodium sulfate. After stirring at room temperature for 4 h, the reaction mixture was
passed through short Celite® pad to remove the solids of MnO,, concentrated in vacuo, and
purified by silica gel column chromatography eluting with CH,Cl,/hexane. Recrystallization

from CH,Cl,/MeOH afforded 11Ni (20.2 mg, 0.011 mmol, 21% yield).
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Synthesis of 12Ni: A p-Xylene solution (3 mL) of INi-2Br (64.0 mg, 0.05 mmol),
Pdy(dba); (9.2 mg, 0.01 mmol), BINAP (12.5 mg, 0.02 mmol), 2f (17.7 mg, 0.025 mmol), ¢-
BuONa (57.7 mg, 0.6 mmol), triethylamine (0.1 mL) was degassed through three freeze-pump-
thaw cycles, and the reaction flask was purged with argon. The resulting mixture was stirred
at reflux for 48 h. Then the reaction mixture was diluted with CHCl;, washed with water, and
dried over anhydrous sodium sulfate. After stirring at room temperature for 4 h, the reaction
mixture was passed through short Celite® pad to remove the solids of MnQ,, concentrated in
vacuo, and purified by silica gel column chromatography eluting with CH,Cly/hexane.
Recrystallization from CH,Cl,/MeOH afforded 12Ni (6.8 mg, 0.0018 mmol, 11% yield).

Synthesis of 12H: 12Ni (15.6 mg, 0.0042 mmol) was dissolved in CH,Cl, (10 mL) and
concentrated sulfuric acid (0.4 mL) was added. After stirring at room temperature for 6 h, the
reaction mixture was washed with water, Na,COj; aq., and water. The crude product was
extracted with CH,Cl,, and the organic extract was dried over anhydrous sodium sulfate.
Evaporation of the solvent followed by silica-gel column chromatography (CH,Cly/hexane as
an eluent) and recrystallization with CH,Cl,/MeOH provided 12H (11.9 mg, 0.0034 mmol,
80% yield).

Synthesis of 12Zn: 12H (10 mg, 0.0075 mmol) was added to a round-bottomed 50-mL
flask and dissolved in CH,Cl, (6 mL). An excess amount of saturated zinc(Il) acetate in
methanol was added. After stirring for 4 h, the complete metalation was confirmed by TLC.
The reaction mixture was passed through a short silica-gel column, evaporated and

recrystallized from CH,Cl,/MeOH to give 12Zn (9.9 mg, 0.0071 mmol, 95%).
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Compound Data

3Nil*l: 'TH NMR (500 MHz, CDCl;): 6 = 8.91 (d, 2H, J = 4.90 Hz, -H), 8.77 (d, 2H, J = 4.90
Hz, p-H), 8.68 (s, 2H, f-H), 7.84 (br, 4H, Ar-H), 7.81 (br, 4H, quinoxaline-H and Ar-H), 7.75
(br, 2H, quinoxaline-H), 7.70 (br, 6H, Ar-H), 1.46 (br, 36H, -Bu-H), 1.42 (br, 36H, #-Bu-H)
ppm; *C NMR (126 MHz, CDCl3): & = 150.88, 149.20, 149.13, 143.92, 141.86, 141.06,
140.60, 139.37, 139.06, 133.36, 133.07, 131.65, 131.26, 130.25, 128.92, 128.30, 127.65,
122.14, 121.29, 120.77, 116.66, 35.00, 34.92, 31.79, 31.68 ppm; HR-MS (MALDI-TOF-MS):
m/z = 1220.6861 [M]", caled for (CgHoyNgNi)* = 1220.6893; Anax (¢ [Mlem']) = 406
(54525), 444 (55815), 556 (6826), 600 (7396).

3ZnBl: 'TH NMR (500 MHz, CDCls): 6 =9.05 (d, 2H, J = 4.65 Hz, -H), 9.00 (d, 2H, J = 4.65
Hz, p-H), 8.90 (s, 2H, p-H), 8.09 (d, 4H, J = 1.85 Hz, Ar-H), 7.96 (d, 4H, J = 1.85 Hz, Ar-H),
7.92 (s, 2H, Ar-H), 7.91 (dd, 2H, J = 6.45, 3.45 Hz, quinoxaline-H), 7.80 (br, 4H, Ar-H and
quinoxaline-H), 1.53 (s, 36H, +Bu-H), 1.48 (s, 36H, #-Bu-H) ppm; HR-MS (MALDI-TOF-
MS): m/z = 1226.6839 [M]", caled for (CsoHoyNgZn)t = 1226.6831; Apax (€ [Mlem']) = 415
(75239), 440 (80714), 530 (5105), 567 (10901), 610 (9176).

3HB: '"H NMR (500 MHz, CDCl;): 8 =9.07 (d, 2H, J = 4.90 Hz, -H), 8.99 (d, 2H, J = 4.90
Hz, p-H), 8.79 (s, 2H, p-H), 8.10 (d, 4H, J = 1.85 Hz, Ar-H), 7.97 (br, 4H, Ar-H), 7.93 (s, 2H,
Ar-H), 7.83 (br, 4H, Ar-H and quinoxaline-H), 7.74 (dd, 2H, J = 6.40, 3.35 Hz, quinoxaline-
H), 1.53 (s, 36H, #-Bu-H), 1.48 (s, 36H, #-Bu-H), -2.51 (s, 2H, NH) ppm; HR-MS (MALDI-
TOF-MS): m/z = 1164.7668 [M]", calcd for (CgHosNg)* = 1164.7696; hnax (€ [M-'cm']) = 430
(132681), 528 (11734), 562 (4508), 597 (6396).

4Ni: '"H NMR (500 MHz, CDCl;): 6 = 8.82 (d, 2H, J = 4.65 Hz, -H), 8.72 (d, 2H, J = 4.60
Hz, p-H), 8.63 (s, 2H, p-H), 8.40 (s, 2H, quinoxaline-H), 8.13 (m, 2H, quinoxaline-H), 7.85
(m, 6H, Ar-H and quinoxaline-H), 7.72 (m, 6H, Ar-H and quinoxaline-H), 7.56 (m, 2H,
quinoxaline-H), 1.46 (br, 72H, t-Bu-H) ppm; '*C NMR (126 MHz, CDCl;): & = 151.86,
149.31, 149.14, 144.26, 144.23, 141.86, 141.84, 140.30, 139.25, 139.23, 138.95, 138.13,
133.66, 133.52, 133.14, 131.40, 131.00, 128.51, 128.32, 128.21, 127.60, 125.97,.122.63,

121.30, 120.85, 116.17, 34.99, 34.94, 31.80, 31.67 ppm; HR-MS (MALDI-TOF-MS): m/z =
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1270.6967 [M]", calcd for (CgHosNgNi)™ = 1270.7050; Aoy (€ [Mlem']) = 349 (36978), 420
(153332), 472 (59371), 634 (14488).

4Zn: 'H NMR (500 MHz, CDCl;): 6 =9.01 (d, 2H, J = 4.85 Hz, $-H), 8.98 (d, 2H, J = 4.50
Hz, p-H), 8.86 (s, 2H, p-H), 8.49 (s, 2H, quinoxaline-H), 8.20 (m, 2H, quinoxaline-H), 8.09
(d, 4H, J = 1.5 Hz, Ar-H), 7.99 (s, 6H, Ar-H), 7.79 (s, 2H, Ar-H), 7.60 (m, 2H, quinoxaline-
H), 1.53 (br, 36H, -Bu-H), 1.51 (br, 36H, -Bu-H) ppm; *C NMR (126 MHz, CDCls): 8 =
152.95, 151.80, 149.66, 148.97, 148.64, 142.35, 141.65, 141.49, 138.14, 133.49, 132.43,
131.44, 131.26, 129.26, 128.63, 128.60, 128.20, 125.93, 125.21, 120.93, 120.64, 118.34,
35.07, 35.03, 31.94, 31.78 ppm; HR-MS (MALDI-TOF-MS): m/z = 1276.7101 [M]*, calcd
for (CggHogNeZn)" = 1276.6988; Amax (€ [Mlem']) = 395 (60291), 429 (185265), 472 (64002),
545 (10082), 587 (13829), 636 (20224).

4H: 'H NMR (500 MHz, CDCl;): 6 = 9.07 (d, 2H, J = 4.85 Hz, p-H), 8.99 (d, 2H, J = 4.85
Hz, p-H), 8.78 (s, 2H, p-H), 8.42 (s, 2H, quinoxaline-H), 8.17 (m, 2H, quinoxaline-H), 8.11
(s, 4H, Ar-H), 8.01 (br, 6H, Ar-H), 7.81 (s, 2H, Ar-H), 7.58 (m, 2H, quinoxaline-H), 1.53 (br,
36H, -Bu-H), 1.51 (br, 36H, -Bu-H), -2.35 (s, 2H, NH) ppm; 3C NMR (126 MHz, CDCl,):
& =154.78, 153.51, 149.06, 148.80, 146.33, 141.10, 140.88, 139.80, 137.96, 137.92, 134.06,
133.51, 129.51, 128.71, 128.56, 128.44, 128.10, 128.01, 125.88, 123.00, 121.09, 120.88,
117.55, 35.06, 35.03, 31.91, 31.75 ppm; HR-MS (MALDI-TOF-MS): m/z = 1214.7865 [M]*,
calcd for (CggHogNg)™ = 1214.7853; Apax (¢ [Mlem']) = 430 (184363), 537 (14799), 609
(10171).

5NilBl: 'TH NMR (500 MHz, CDCls): & = 8.96 (s, 4H, p-H), 7.82 (br, 8H, gquinoxaline-H and
Ar-H), 7.75 (br, 12H, quinoxaline-H and Ar-H), 1.43 (br, 72H, +-Bu-H) ppm; *C NMR (125
MHz, CDCl;): 6 = 150.34, 149.31, 141.57, 141.08, 138.47, 132.36, 131.89, 130.27, 129.00,
127.53, 120.95, 118.67, 34.93, 31.77 ppm; '3C NMR (126 MHz, CDCl;): & = 150.32, 149.28,
141.55, 141.06, 138.45, 132.34, 131.87, 130.25, 128.97, 127.51, 120.94, 118.65, 34.92, 31.77
ppm; HR-MS (MALDI-TOF-MS): m/z = 1322.7009 [M]", calcd for (CggHosNgNi)* =
1322.7111; Apax (€ [Mlem']) = 357 (53577), 402 (49841), 461 (106709), 549 (6076), 617

(7746), 659.(16475).
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5ZnPl: 'TH NMR (500 MHz, CDCl;): 6 = 9.12 (s, 4H, -H), 8.00 (br, 8H, Ar-H), 7.95 (m, 8H,
quinoxaline-H and Ar-H), 7.81 (br, 4H, quinoxaline-H), 1.50 (s, 72H, t-Bu-H) ppm; HR-MS
(MALDI-TOF-MS): m/z = 1328.7080 [M]", caled for (CgsHosNgZn)" = 1328.7049; Ay (€ [M-
lem1]) = 343 (33752), 399 (82493), 459 (153398), 551 (7480), 603 (8044), 626 (9433), 653
(34013).

SHB!: 'TH NMR (500 MHz, CDCl3): 8 =6 9.10 (s, 4H, -H), 8.00 (br, 8H, Ar-H), 7.95 (br, 4H,
Ar-H,), 7.86 (m, 4H, quinoxaline-H), 7.76 (m, 4H, quinoxaline-H), 1.50 (br, 72H, ¢-Bu-H), -
247 (s, 2H, NH) ppm; HR-MS (MALDI-TOF-MS): m/z = 1266.7923 [M]*, caled for
(CggHogNg)™ = 1266.7914; Aax (€ [Mlemr!]) = 347 (33609), 445 (219791), 532 (19851), 612
(9962), 667 (8269).

6Ni: '"H NMR (500 MHz, CDCls): 6 = 8.90 (s, 4H, p-H), 8.44 (br, 4H, Ar-H), 8.16 (m, 4H,
quinoxaline-H), 7.89 (br, 4H, quinoxaline-H), 7.77 (d, 8H, J = 1.65 Hz, Ar-H), 7.58 (m, 4H,
quinoxaline-H), 1.48 (br, 72H, t-Bu-H) ppm; *C NMR (126 MHz, CDCl;): & = 151.13,
149.40, 141.56, 138.31, 138.12, 133.54, 132.62, 131.65, 128.50, 128.30, 127.46, 125.99,
121.04, 118.58, 34.95, 31.78 ppm; HR-MS (MALDI-TOF-MS): m/z = 1422.7351 [M]", calcd
for (CogHgoNgNi)" = 1422.7424; Aok (€ [M'em']) = 336 (26007), 394 (72803), 482 (79325),
666 (7691), 725 (14032).

7Ni: 'H NMR (500 MHz, CDCl;): 6 = 7.95 (m, 8H, quinoxaline-H), 7.88 (br, 4H, Ar-H), 7.79
(m, 8H, quinoxaline-H), 7.69 (br, 8H, Ar-H), 1.41 (br, 72H, #-Bu-H) ppm; 3C NMR (126
MHz, CDCl;): 6 = 150.76, 149.36, 140.79, 136.52, 131.20, 130.33, 129.25, 127.21, 121.25,
117.68, 34.90, 31.89 ppm; HR-MS (MALDI-TOF-MS): m/z = 1526.7696 [M]*, calcd for
(CiooH 100N 1pNi)* = 1526.7547; hpax (€ [Mlem!]) = 356 (76173), 422 (39986), 514 (68641),
649 (10905), 701 (39157).

8Ni: 'H NMR (500 MHz, CDCls): & = 8.56 (s, 8H, quinoxaline-H), 8.15 (m, 8H, quinoxaline-
H), 7.80 (s, 4H, Ar-H), 7.74 (br, 8H, Ar-H), 7.57 (m, 8H, quinoxaline-H), 1.46 (br, 72H, t-Bu-
H) ppm; 3C NMR (126 MHz, CDCl;): 6 = 151.27, 149.60, 137.81, 136.30, 133.76, 131.42,
128.59, 128.53, 127.20, 126.15, 121.44, 117.42, 34.98, 31.94 ppm; HR-MS (MALDI-TOF-
MS): m/z = 1726.8268 [M]*, calcd for (C;1sH;0sN1oNi)" = 1726.8173; Apax (€ [Mlem']) = 321

(53664), 384 (74720), 489 (82880), 561 (26955), 796 (34240).
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9Ni: '"H NMR (500 MHz, CDCl;): 6 = 8.88 (d, 2H, J = 5.05 Hz, f-H), 8.76 (d, 2H, J = 4.95
Hz, p-H), 8.71 (s, 2H, p-H), 7.85 (d, 6H, J = 2.05 Hz, Ar-H), 7.71 (m, 8H, triptycene aromatic
C-H and Ar-H), 7.51 (br, 4H, triptycene aromatic C-H), 7.10 (br, 4H, triptycene aromatic C-
H), 5.65 (s, 2H, triptycene aliphatic C-H), 1.47 (br, 72H, -Bu-H) ppm; 3C NMR (126 MHz,
CDCl;): 6 = 150.50, 149.07, 149.03, 145.31, 144.08, 143.79, 141.70, 140.49, 140.08, 139.36,
139.04, 133.31, 133.00, 131.59, 131.27, 128.29, 127.67, 125.88, 123.93, 123.52, 121.86,
121.21, 120.62, 116.51, 53.81, 34.97, 34.90, 31.80, 31.66 ppm; HR-MS (MALDI-TOF-MS):
m/z = 1396.7403 [M]", calcd for (CosH0aNgNi)" = 1396.7519; Apax (¢ [MTem']) = 370
(96405), 408 (216154), 450 (290126), 556 (35041), 599 (31051).

9H: 'H NMR (500 MHz, CDCl;): 6 =9.02 (d, 2H, J = 4.95 Hz, p-H), 8.97 (d, 2H, J = 4.95
Hz, p-H), 8.77 (s, 2H, p-H), 8.08 (d, 4H, J = 1.85 Hz, Ar-H), 7.96 (br, 2H, Ar-H), 7.93 (d, 4H,
J =1.80 Hz, Ar-H), 7.79 (s, 2H, triptycene aromatic C-H), 7.66 (s, 2H, Ar-H), 7.51 (m, 4H,
triptycene aromatic C-H), 7.08 (m, 4H, triptycene aromatic C-H), 5.65 (s, 2H, triptycene
aliphatic C-H), 1.52 (br, 36H, #-Bu-H), 1.49 (br, 36H, -Bu-H), -2.57 (s, 2H, NH) ppm; '3C
NMR (126 MHz, CDCl;): 6 = 154.73, 152.45, 148.74, 146.04, 145.15, 144.28, 141.17,
140.93, 139.74, 139.66, 137.97, 134.08, 129.57, 128.49, 128.20, 127.86, 125.79, 123.90,
122.56, 121.03, 120.68, 118.15, 53.86, 35.05, 34.99, 34.91, 34.91, 31.75 ppm; HR-MS
(MALDI-TOF-MS): m/z = 1340.8214 [M]", calcd for (CosH 94Ng)* = 1340.8322; Apnax (€ [M-
lem!]) =369 (29536), 436 (196265), 527 (16223), 599 (8536).

10Ni: '"H NMR (500 MHz, CDCl;): & = 8.96 (d, 4H, J = 5.05 Hz, -H), 8.80 (d, 4H, J = 4.95
Hz, f-H), 8.73 (s, 4H, p-H), 8.27 (s, 2H, triptycene aromatic C-H), 7.96 (s, 4H, triptycene
aromatic C-H), 7.90 (br, 4H, Ar-H,), 7.86 (br, 8H, Ar-H), 7.73 (s, 12H, Ar-H and Ar-H), 7.48
(d, 4H, J = 8.55 Hz, Ar-H), 6.91 (d, 4H, J = 8.55 Hz, Ar-H), 6.10 (s, 2H, triptycene aliphatic
C-H), 3.86 (s, 6H, OMe-H), 1.53 (br, 72H, -Bu-H ), 1.49 (br, 72H, +-Bu-H) ppm; 3C NMR
(126 MHz, CDCl3): & = 160.15, 152.83, 150.80, 149.19, 149.09, 144.04, 143.67, 142.95,
141.74, 140.53, 140.35, 139.27, 139.00, 133.11, 131.71, 131.29, 131.21, 128.27, 127.76,
124.58, 123.56, 122.00, 121.26, 120.54, 116.63, 113.79, 55.31, 53.31, 34.97, 31.89, 31.64
ppm; HR-MS (MALDI-TOF-MS): m/z = 2803.4625 [M]", calcd for (C;ggH02N14Ni,0,)" =

2803.4842; Aa (¢ [Mlem']) = 411 (212123), 455 (193363), 560 (31516), 602 (26809).
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11Ni: 'H NMR (500 MHz, CDCls): 6 = 8.87 (d, 2H, J = 4.95 Hz, p-H), 8.73 (d, 2H, J = 5.05
Hz, p-H), 8.67 (s, 2H, p-H), 8.22 (s, 4H, triptycene aromatic C-H), 7.86 (s, 2H, triptycene
aromatic C-H), 7.83 (m, 6H, Ar-H) , 7.68 (m, 6H, Ar-H), 7.43 (d, 8H, J = 8.50 Hz, Ar-H),
6.85 (d, 8H, J=8.50 Hz, Ar-H), 6.04 (s, 2H, triptycene aliphatic C-H), 3.82 (s, 12H, OMe-H),
1.44 (br, 72H, t-Bu-H) ppm; *C NMR (126 MHz, CDCl;): & = 160.13, 152.78, 150.76,
149.18, 149.07, 143.80, 143.72, 142.90, 141.75, 140.55, 140.27, 139.27, 138.94, 133.05,
131.64, 131.60, 131.30, 131.19, 128.27, 127.65, 124.51, 123.59, 121.98, 121.24, 120.70,
116.66, 113.76, 55.32, 53.30, 53.27, 34.96, 34.93, 31.81 ppm; HR-MS (MALDI-TOF-MS):
m/z = 1924.9280 [M]", calcd for (Ci25H126N1oNiO4)" = 1924.9317; Apnax (¢ [Mlem™']) = 408
(141070), 453 (119086), 522 (11061), 559 (17416), 600 (15644).

12Ni: 'H NMR (500 MHz, CDCl3): 6 = 8.90 (d, 6H, J = 4.95 Hz, p-H), 8.75 (d, 6H, J = 4.95
Hz, p-H), 8.67 (s, 6H, -H), 7.93 (s, 6H, triptycene aromatic C-H), 7.84 (br, 6H, Ar-H), 7.80
(br, 12H, Ar-H), 7.68 (br, 18H, Ar-H), 6.04 (s, 2H, triptycene aliphatic C-H), 1.50 (br, 108H,
t-Bu-H), 1.44 (br, 108H, #-Bu-H) ppm; 3C NMR (126 MHz, CDCl;): & = 150.82, 149.13,
149.07, 143.60, 143.06, 141.68, 140.47, 139.23, 139.01, 133.17, 133.03, 131.70, 131.23,
128.89, 128.23, 127.85, 124.58, 121.98, 121.25, 120.25, 116.53, 35.00, 34.96, 31.94, 31.64
ppm; HR-MS (MALDI-TOF-MS): m/z = 3682.0347 [M]", calcd for (C,4gHy7sNgNi3)" =
3682.0367; Amax (€ [Mlem']) =376 (163718), 412 (431665), 461 (416424), 560 (69076), 601
(550064).

12H: '"H NMR (500 MHz, CDCl3): 6 = 9.03 (d, 6H, J = 5.15 Hz, p-H), 8.99 (d, 6H, J = 5.20
Hz, p-H), 8.78 (s, 6H, -H), 8.12 (s, 6H, triptycene aromatic C-H), 8.09 (br, 12H, Ar-H), 7.99
(br, 12H, Ar-H), 7.92 (s, 6H, Ar-H), 7.80 (s, 6H, Ar-H), 6.08 (s, 2H, triptycene aliphatic C-
H), 1.61 (br, 108H, -Bu-H), 1.53 (br, 108H, #-Bu-H), -2.57 (s, 6H, NH) ppm; '*C NMR (126
MHz, CDCl;): 6 = 154.79, 152.80, 148.80, 148.75, 145.74, 143.36, 141.11, 141.04, 140.14,
139.66, 138.02, 134.12, 129.56, 128.57, 128.28, 127.89, 124.79, 122.66, 121.04, 120.38,
118.12, 53.56, 35.11, 35.04, 32.09, 31.74 ppm; HR-MS (MALDI-TOF-MS): m/z = 3514.2580
[M]*, caled for (CrygHagsNig)™ = 3514.2776; Apax (€ [M-lem!]) = 373 (43167), 441 (259426),

529 (25957), 565 (10392), 600 (15847).
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12Zn: 'H NMR (500 MHz, CDCl): & = 8.97 (s, 12H, p-H), 8.87 (s, 6H, f-H), 8.11 (s, 6H,
triptycene aromatic C-H), 8.07 (d, 12H, J = 1.85 Hz, Ar-H), 7.99 (br, 6H, Ar-H), 7.96 (d,
12H, J = 1.85 Hz, Ar-H), 7.77 (br, 6H, Ar-H), 6.13 (s, 2H, triptycene aliphatic C-H), 1.51 (br,
216H, t-Bu-H) ppm; *C NMR (126 MHz, CDCls): 6 = 152.62, 150.67, 149.91, 149.12,
148.73, 148.59, 143.32, 141.64, 140.48, 132.33, 131.59, 131.52, 129.35, 128.37, 124.71,
120.90, 120.14, 118.87, 35.12, 35.05, 32.12, 31.76 ppm; HR-MS (MALDI-TOF-MS): m/z =
3700.0282 [M]*, caled for (CpygHp7sNisZnz)" = 3700.0181; Ay (€ [Mlem']) = 370 (116868),

423 (528138), 450 (540609), 532 (39181), 571 (95129), 612 (69093).
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Figure S2. 3C NMR spectrum of 3Ni in CDCl; at 298 K
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Figure S3. 'H NMR spectrum of 3Zn in CDCl; at 298 K

G05°2-—

L8t L~
625t~

09z'2
vzL'L
1eLs
1801
prLL
05t
bBLL ]
8622 1
Z08'L 1
Z18'L ]
BB
528' 1
Ze8'L 1
1262 1
vee'L §
8z6°L
062 %

Ar
Ar

Ar
Ar

Pi6'L -k
860’8
LoL'e N.
06L°8
Z86'8
L66'8
vmc.m&
£L0'6

£l ippm}

o190 805 @

lgﬂlm,_.

=
'GE

g
% Lt
oz
% 7'E
[
=« 02

= 02
oz

r1

Figure S4. '"H NMR spectrum of 3H in CDCl; at 298 K

S15



i 5a -l

L5¥F° )

o9z L
orgL

LYS L

756 L

0952 §
7692
rhLLy
BLLLY
szal g
[ls: R
R0 1
oLvet
gLrgy

vmﬁm%

oeLe
BEE'S ™~
Lzog
th.m.v-
viige
FeL's
6088
aiLe’s
sege

Ar

Ar

Arlr(
AN MUUL

HOHG H. B

o

£1 ippm}

02
H__. 61

6L
m oz

¥ 02

0,0

Figure S5. 'H NMR spectrum of 4Ni in CDCI; at 298 K

SO9°LE
E08°LE V
OvEvE
LG6'FE Mﬁ

SPL9L

€62 LL

891911
Y0z
202121 1
YEQEZL |
696'GZL 1
L0942 |
202921 1
sieszL §
205921 1
FOO'LEL
LOVLEL
9EL'EEL 4
PESEEL
GGU'EEL ~
9ZLEEL
¥56°9EL 7]

SEZEBEL u
SYEEEL

£0E°0FL
PEEOKL ]
LES LFL ]
958" i)
ZETFFL ]
252 ]
ZFLEFL ]
S0E°6P
zomisl

T

Ar

Ar

Ar

WY

Jl Ll “l‘ll[l

2n

an

40

50

i)

T
a0

an

T
100

T
120

150

160

T
170

Figure S6. 3C NMR spectrum of 4Ni in CDCl; at 298 K

S16



SOS'L ~y
82517

[1]: FAF
L4454
€85°L
065°L
865 L
FA:FAVS
06474
rEL L
Ga6°L
re0'g
L8808
GiLe
[R:40)
|glg
G618
K8
0988
Gi8'8
€006
G006

Ar

Ar

N"'-.
N

MJJJUUJA

@, 00

£l {ppm)

1

'GE
'GE

o0

£l Cppmd

Figure S7. 'H NMR spectrum of 4Zn in CDCl; at 298 K

GLLLE
hmm._‘mwr
Ge0'ge
mwo.mmm_..

LVLOLN

—UrrrE y)
952 LL

PreBL
PrI0ZL |
Ze6°021
102521 1
9zeaTh
1617821 1
009°8Z1 1
lzowzL
£o0z'6z) B
Z9Z°1EL
9EF LEL
92V ZEL
1ap°EEl ~E
BEL'BEL
185 L5l A
6V9 Lp)
zsezvl <
Le9°8pL Y,
z68rL 7
9586V
2627151 %

96251

Ar

N
N

L

L

L

124 122 120 118

128 126

134 132 130

138 136

144 142 140

150 148 146

£l (ppmd

let lll“u L

g

110

140

50

10

T

r1 {ppmd

Figure S8. 3C NMR spectrum of 4Zn in CDCl; at 298 K

S17



HyEe—

205’1
Ovs' |

092°L17
£95'L 1
6954 1
94571
2854
FOB'L
L0BL
Lie's
LBE L
LOO'E
#0081
L0087
Lioe

L0178 7
LLE81
g8
PS8

1918
Lo
e
ZRLEN,
6.6'8

mmm.mv
wme.a%

L90°6

Ar

Ar

e

N
N

NI

1 (ppm

L

'GE
g

-y
£ e
4 BS
wm 6¢
0
6
*» 02

oz
ﬂ e

r1 Cppm

Figure S9. 'H NMR spectrum of 4H in CDCl; at 298 K

0sLLE
LOB'LE Mr
Yeose
La0'se M_..

LIZRTRN

Jark.

vSeLs

StSLLL
880zl
Z60°LEL

6S0°vEL
£26°LEL
296°LEL
009 6EL
GL8°0F1
BE0 Ll
ogearl
16L°8FL
LSOGRL
S05°ESL
LLLVSL

“\ /“

=4 =4
EO00EZL . = =
[8:3=g=r A% < s
SooezL
00LBEL
agy ezl
295°8Z1
oLLgzl
BOS6Z L v -
OLseel % << <

—

L

I ‘“1 e

130

I li L “Im

i

T T
140 130 120 10 100 a0 =0
r1

150

(g}

Figure S10. 3C NMR spectrum of 4H in CDCl; at 298 K

S18



964
961
816
811
802
798
794
748
73r
732
718
714
88
257
1.427
1.423

g s
Ar. Ar
N N
L) e
Ar Ar
¥ 1 5' 0 HJ KI kS y T Hl ‘1' ?-! 1 HJ 3 KI 2 HI 1 HI _I 1 ; B 'I 'I [
[l {ppat
L e b
< S -
p- @ - ~
’I o HI I'ﬁlll ) _I y &, 0 I I|| .ll" 1, 0 {I ﬂl 13 Iﬁ _, o lI IIII ||I I\! 0
[l L}
Figure S11. '"H NMR spectrum of SNi in CDCl; at 298 K
N RBIIBENEER +ar~ 0 ©
MN RO OONG WL @D FtE= - 0
Sorragnron~on ™3~ @~
DT TTORO0NNN - M~ P~ o e
vvvvvv — T M~ = oM
R e T T P | 4 11
Ar Ar
N N
L e
Ar Ar
I:nll |Ilh IIII- IIII I'l.! I.‘l'..'l I!‘.H I!lli lZIL' I!',I\ I!ZH 1.'!6 I‘.'I I!‘.Z‘. I!‘.ll IIIA
|1 #Il‘ L L
I'TI\ I:ifl 150 |!|r| I!‘I\ 120 IIII\ Illlfl IfI 'I\ .'-Ifl II\ _Ifl III\ Zﬂlfl _:I‘ II(J

1l g}

Figure S12. 3C NMR spectrum of 5Ni in CDCl; at 298 K

S19



L6V L —

652 L—

L1812
SBLL
L0g L
1082
BOB L
LLE'L
£Z6°L
Qes'L
6L
E66'L
wam_h\

GLL'G

Ar

Ar

7. 00

f1 (ppm)

7. 80

B, 00

& 10

-

FzL

¥Er

€8

&0

£l ppn}

Figure S13. '"H NMR spectrum of 5Zn in CDCl; at 298 K

vive-—

005" —

09Z'2
Zve L
622
55241
19272
zes' s 1
ove' s
L8 LT
£oE s
658'L 1
P62
ety |
BV6'L
€562
£66°L

000'8

£00°8

1606

—o_‘.mv.

Ar

T.82

7. 00

7,08

£l {ppm}

=

L

uﬁ v

¥ v

0

0.5

0.0

r1 (ppnd

Figure S14. "H NMR spectrum of 5H in CDCl; at 298 K

S20



Siv'L
BLrL V-

092°L
LG5 L
8554
vo5°L
L84
BLG L
0942
€941
99471 7
- VR |
ZEE L
Se8' LY
888 L

SeL'gL
erl's
6¥L'8

S51'8
L¥i'e
mwﬁ.w%.
006'8
mcm.wv-

N
N

J ! LUL

Ar
B
1 Cppml

Ar.
N
N

Al

e

L0

o0

Figure S15. '"H NMR spectrum of 6Ni in CDCl; at 298 K

£8LLE—
EGEPE —

LrL9L e

LOOLL
BEgLL &n

285811
L0 LZL /
mmm,mﬂ/
L9bLZL
zoe'szh
vo5 ezl
PO LEL
mwo.wm_‘w
BEGEEL
ozLEEL
L0e°8EL
655 L1 \
LOFBE L~
EELLGL T

Ar

N
N

N
N

140 138 136

VR 148 16

1‘ uhHII L

kGl

0

70

g

110

120

140

50

160

0

Figure S16. 3C NMR spectrum of 6Ni in CDCl; at 298 K

S21



946
Q39
933
926
880
876
arz
787
779
773
766
BB5
682
260
— 1.407

104 o H#, 00 1; 7. 54 792 0 T, 8 H T 1 T, 82 B0 7. TH 7 7. 1 T Tn 7. 68 £ T 1 7.
1 Cppmd
) -
co=-a o
@< o ~
o B. B0 T n n 4.5 1, 0 3 3 2.0 1 1.0 n 0,0

Figure S17. '"H NMR spectrum of 7Ni in CDCl; at 298 K

@ <t MO S~ 0NLW— O
0 © BNCSMWLO W o g~ o=
rliitd MR NONANNQ BN 2
=] OO0~ M~ NG~ o @
0 < MMM NN ~MN © < =
- - Rk e ~ N~ © ™
N/ O BN P W [
QN Ar N=
\!
N-Z N N
Ar Ar
N N
4 7 \
=N Ar N©
T T T T T T T T T T T T T T T T T
102 120 148 116 144 142 140 138 136 134 132 1300 128 126G 124 122 120 118
£ (ppm)
” | | ‘“‘ || " T

T T T T T T
170 160 150 140 120 120 1o 100 a0 80 in G0 A0 A0 a0 20 o

Figure S18. *C NMR spectrum of 7Ni in CDCl; at 298 K

S22



COMUOVNDSOM NS YO i
CTTNOOROTOMNDOWN O 0
BrreraeoR~RDonnN -+
-+l eI -+ -« B O o o L T T T T -
| At i

»HN Ar N/
| /i
N—’ N

Ar Ar

T T T T T T T T T T T 1

. B B 60 B4 B.40 H. H. &0 2 . T4 1 . BE &0 1
[T K]

9 oNen =

o oM ~
T T T T r T T T T T . T r T T T T T
@0 B. 5 B0 7.5 7.0 &, 5 &, 0 55 5.0 4.5 4, 0 3.5 3.0 2.5 2.0 1.5 oE 00

Figure S19. '"H NMR spectrum of 8Ni in CDCl; at 298 K

22000

77.258
\ 76.751

~151.274
-~ 149.595
— 34,982
—31.941

/
<
\
{
L

T T T T T T T T T T T T T T T
0 148 146 144 142 140 L3R 126 134 132 130 LZR 126 124 122 120 LIA 116

T T

£l (ppm)

T T T T T T T T T T T T T
10 130 140 130 120 110 1og il £ 70 &0 50l 1 i 20

Figure S20. 3C NMR spectrum of 8Ni in CDCl; at 298 K

S23



0

40

70

¥SE L 2 " GEOLE
—tlv = J L mm:mw.
[+ N2 vo6'vE T EE—
| = o0 LB PE
2 N
- [\
-
Lo <
_ -
| - u m 808°€5 —
i @)
=)
£ 2 =
s . 'M
& =) IETEN
- = : fm YOULL 7 =
95z 4L L
L . g pLGOLL — 2
o m g
O = | = % zZ90Z) ~ Ex
=y v&._‘w—m 'y
. ﬂ i 17 vrgar, 09812 3
= : ot 8 smlors N 5
g— — : PLZLZL
Fay ~ : il W ooz {osssa - Ky !
080°2 L2 Y ¥ si5ezL 4942 a L&
1802 < = T sze'ee) Y28C 82t ; =
260°L = | = = 01852 ¥ o7 0y LAY rz =
8602 ~. v-— PLOLZL Y e o) = L P [
09Z'L o~ 882021 oo oa) = g
S6¥ 'L N 7} GN.-?W reeeL/ L= =
2052 B o Z6G°LEL 5
1- g [ Fzy = 96621 > #
€1G'L % R i oub ziegel 3
1092 £ I o OPO'BEL “OPO'BEL N < =
£891 s - F e = BEEBEL JUSEEEL ..\u % i —
L0LL A ol 080°0v1 {080°0VL 7 e
_mm_\hwﬁ | = say oyl fasyovL B
£reL 269111 Fa69' vl : —
LpeL i seLevl fG8LEvL =
S0L'8 e B S20'vvL JSL0VYL Y -
vmh_mw ¥ e g0e'skl {50E5rL =
¥9.'8 507 SZOEYL [=
%m_m% n ozl: £20'6v}{520'6vL 5
688 L= 005°0GL * £L0°6YL HE
005051+~ %

S24

100

11e

Figure S22. *C NMR spectrum of 9Ni in CDCl; at 298 K

160

170




big e —

8L,
neL

979G |
190°L 1
290°2 1
€L0°L
8021
09z 2 1
mmv.h,k
5612 1
B6v 21
9052 1
7994 1
gLt
182721
mmh_h._.
126417
086'2 W
gv6 L
zoe L
556°2 4
180'8
80 mﬂ-
visg
5568
mmm_mw.
Ba.m*
LLO0G

B80T T

1 Cppmd

AN
‘B8

nu =0t

HoB R R4 RH mU

@0 HH OHE MY

0¥
m 1z
T
ae
ot
6€
402
% 02
0z
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Figure S25. 'H NMR spectrum of 10Ni in CDCl; at 298 K
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UV/Vis Absorption Spectra

Table S1. UV/Vis absorption data

Compound A/nm Compound AMnm
3Ni 406, 444, 556, 600 7Ni 356,422, 514, 649, 701
3H 430, 528, 562, 597 8Ni 321, 384, 489, 561, 796
3Zn 415, 440, 530, 567, 610 9Ni 370, 408, 450, 556, 599
4Ni 349, 420,472, 634 9H 369, 436, 527, 599
4H 430, 537, 609 10Ni 411, 455, 560, 602
4Zn 395,429, 472, 545, 587, 636 11Ni 408, 453, 522, 559, 600
5Ni 357,402,461, 549, 617, 659 12Ni 376,412,461, 560, 601
5H 347,445, 532,612, 667 12H 373, 441, 529, 565, 600
5Zn 343, 399, 459, 551, 603, 626, 653 12Zn 370, 423, 450, 532, 571, 612
6Ni 336, 394, 482, 666, 725

S31
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Figure S35. UV/Vis absorption spectra of 3Ni, 3Zn, and 3H in CH,Cl.
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Figure S36. UV/Vis absorption spectra of 4Ni, 4Zn and 4H in CH,CL.
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Figure S37. UV/Vis absorption spectra of SNi, 5Zn, SH and 6Ni in CH,ClL,.
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Figure S38. UV/Vis absorption spectra of 7Ni and 8Ni in CH,Cl,.
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Figure S40. UV/Vis absorption spectra of 10Ni, 12Ni, 12Zn and 12H in CH,Cl,.
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Electrochemical Data

Table S2. CV and DPV of 3Ni, 4Ni, 5Ni, 7Ni, 8Ni, 9Ni and 12Ni in CH,Cl, with 0.1 M tetra-
n-butylammonium perchlorate (TBAP). Working electrode: glassy carbon; Counter electrode:

Pt wire; Reference electrode: Ag/AgCl.

Compound Eoxi Ered Ered2 AEyL
3Ni 0.99 -1.09 -1.54 2.08
4Ni 0.97 -1.02 -1.35 1.99
5Ni 0.95 -0.96 -1.38 1.91
6Ni 0.91 -0.86 -1.24 1.77
TNi 0.92 —0.85 -1.39 1.77
8Ni 0.72 -0.77 -1.21 1.49
INi 0.98 -1.09 -1.56 2.07
12Ni 1.04 -1.07 -1.95 2.11
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Figure S41. Cyclic voltammogram and differential pulse voltammogram of 3Ni.
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Figure S42. Cyclic voltammogram and differential pulse voltammogram of 4Ni.
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Figure S43. Cyclic voltammogram and differential pulse voltammogram of SNi.
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Figure S44. Cyclic voltammogram and differential pulse voltammogram of 6Ni.

S37



0.92

T y T
0 -1

E/V (vs. Ag/AgCl)

— -

Figure S45. Cyclic voltammogram and differential pulse voltammogram of 7Ni.
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Figure S46. Cyclic voltammogram and differential pulse voltammogram of 8Ni.
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Figure S47. Cyclic voltammogram and differential pulse voltammogram of 9Ni.
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Figure S48. Cyclic voltammogram and differential pulse voltammogram of 12Ni.
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X-Ray Crystal Data

Single crystal of 5Ni, 6Ni, and 7Ni were obtained by slow vapor diffusion of MeCN into a
toluene solution. Single crystal of 8Ni was obtained by slow vapor diffusion of ethanol into a
chlorobenzene solution. Single crystal of 9Ni was obtained by slow vapor diffusion of
methanol into a toluene solution. Single crystal of 10Ni was obtained by slow vapor diffusion
of dimethylcarbinol into a p-xylene solution. Single crystal of 12Zn was obtained by slow
vapor diffusion of methanol into and toluene solution mixed with a drop of pyridine.

A suitable crystal of SNi-10Ni and 12Zn were selected and measured on a SuperNova, Dual,
Cu at zero, EosS2 diffractometer. The crystal of 5Ni, 7Ni, 8Ni, 10Ni and 12Zn were kept at
100.01(10) K during data collection. The crystal of 6Ni and 9Ni were kept at 100.00(11) K,
100.00(10) K during data collection, respectively. Using Olex?, the structure of 5Ni-10Ni and
12Zn were solved with the olex2.solve’ structure solution program using Charge Flipping and
refined with the ShelXL¢ refinement package using Least Squares minimisation.

Crystallographic data for SNi-10Ni and 12Zn have been deposited with the Cambridge
Crystallographic Data Centre as supplementary publication Nos. CCDC-2061480, 2061483,

2061481, 2061484, 2061485, 2061487 and 2061486, respectively.
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Figure S49. X-ray crystal structure of SNi. (a) Top view, (b) side view. The thermal
ellipsoids are 50% probability level. tert-Butyl groups and solvent molecules are omitted for

clarity.
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Table S3. Crystal data and structure refinement for SNi

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 66.598°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

exp_46 sq

CgsHosNgNi

1324.43

100.01(10) K

1.54184 A

Triclinic

P-1

a=16.1391(3) A o=111.8529(19)°.
b=16.8531(4) A B=109.1654(17)°.
c=20.3578(4) A v=96.7357(17)°.
4669.80(18) A3

2

0.942 Mg/m3

0.605 mm-1

1416

0.3x 0.3 x 0.2 mm3

4.367 to 66.598°.

-19<=h<=19, -20<=k<=20, -18<=1<=24

48528

16484 [R(int) = 0.0555]

100.0 %

Semi-empirical from equivalents

1.00000 and 0.25268

Full-matrix least-squares on F2

16484 /413 /969

1.082

R1=0.0723, wR2 =0.1992

R1=0.0800, wR2 = 0.2067

n/a

0.987 and -0.587 e.A-3
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Figure S50. X-ray crystal structure of 6Ni. (a) Top view, (b) side view. The thermal
ellipsoids are 50% probability level. tert-Butyl groups and solvent molecules are omitted for

clarity.
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Table S4. Crystal data and structure refinement for 6Ni

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 66.599°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

exp_132 sq

CoH00NgNi

1424.54

100.00(11) K

1.54184 A

Monoclinic

I12/al

a=17.6246(4) A a=90°.
b=17.1567(3) A B=97.990(2)°.
¢ =30.5564(9) A v =90°.
9149.9(4) A3

4

1.034 Mg/m3

0.649 mm-1

3040

0.3x0.01 x 0.01 mm3

4.420 to 66.598°.

-20<=h<=20, -20<=k<=18, -36<=1<=36
28976

8079 [R(int) = 0.0523]

99.9 %

Semi-empirical from equivalents
1.00000 and 0.66504

Full-matrix least-squares on F 2

8079 /376 /620

1.033

R1=0.0823, wR2 =0.2363
R1=0.0926, wR2 = 0.2500

n/a

0.818 and -0.495 e.A-3
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Figure S51. X-ray crystal structure of 7Ni. (a) Top view, (b) side view. The thermal
ellipsoids are 50% probability level. tert-Butyl groups and solvent molecules are omitted for

clarity.
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Table S5. Crystal data and structure refinement for 7Ni

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 66.590°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

exp 125 sq

CiooH100N12Ni

1528.62

100.01(10) K

1.54184 A

Tetragonal

P-421c

a=21.8548(8) A a=90°.
b=121.8548(8) A B=90°.
c=9.0971(5) A v =90°.
4345.1(4) A3

2

1.168 Mg/m3

0.731 mm-!

1624

0.3x0.01 x 0.01 mm3

4.046 to 66.590°.

-26<=h<=26, -25<=k<=26, -10<=l<=4
28758

3835 [R(int) = 0.1398]

100.0 %

Semi-empirical from equivalents
1.00000 and 0.06285

Full-matrix least-squares on F 2
3835/222/322

1.044

R1=0.0630, wR2 =0.1652
R1=0.0776, wR2 = 0.1803

-0.05(6)

n/a

0.377 and -0.312 e.A-3
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Figure S52. X-ray crystal structure of 8Ni. (a) Top view, (b) side view. The thermal

ellipsoids are 50% probability level. tert-Butyl groups and solvent molecules are omitted for
p p Yy yl group

clarity.

Table S6. Crystal data and structure refinement for 8Ni

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 66.600°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

exp 367 sq

Ci16H10sN12Ni

1728.85

100.01(10) K

1.54184 A

Monoclinic

P121/m1

a=9.47195(18) A a=90°.
b =33.8469(6) A B=92.7229(17)°.
¢ =34.0796(6) A v =90°.
10913.5(4) A3

4

1.052 Mg/m?3

0.635 mm-1

3664

0.1x0.1x0.01 mm3

4.109 to 66.600°.

-11<=h<=11, -40<=k<=40, -40<=1<=40
146801

19282 [R(int) = 0.0839]

100.0 %

Semi-empirical from equivalents
1.00000 and 0.33519

Full-matrix least-squares on F2

19282 /491 /1217

1.056

R1=0.0677, wR2 =0.1849
R1=0.0897, wR2 =0.1962

n/a

1.802 and -0.532 e.A-3
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Figure S53. X-ray crystal structure of 9Ni. (a) Top view, (b) side view. The thermal
ellipsoids are 30% probability level. 3,5-di-fert-butylphenyl groups and solvent molecules are

omitted for clarity.
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Table S7. Crystal data and structure refinement for 9Ni

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Y

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 66.596°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(])]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

exp 375 sq
Cio3H 10NgNi
1490.67
100.00(10) K
1.54184 A
Triclinic

P-1
a=14.9984(3) A
b=15.1050(3) A
c=19.2933(4) A

a=103.3287(16)°.
B=95.3569(16)°.
v=97.8627(16)°.

4177.68(14) A3

2

1.185 Mg/m3

0.724 mm-1

1596

0.3x 0.2 x 0.2 mm3

4.061 to 66.596°.

-16<=h<=17, -17<=k<=17, -22<=1<=22
58314

14724 [R(int) = 0.0562]

99.9 %

Semi-empirical from equivalents
1.00000 and 0.71397
Full-matrix least-squares on F 2
14724 /0/1078

1.043

R1=10.0777, wR2 = 0.2250
R1=0.0936, wR2 = 0.2433

n/a

1.473 and -0.547 e.A-3
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a)

Figure S54. X-ray crystal structure of 10Ni. (a) Top view, (b) side view. The thermal
ellipsoids are 30% probability level. 3,5-di-fert-butylphenyl groups and solvent molecules are

omitted for clarity.
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Table S8. Crystal data and structure refinement for 10Ni

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 66.601°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

exp_548 sq

Ci8sH202N14N1, 0,

2807.04

100.01(10) K

1.54184 A

Triclinic

P-1

a=16.7663(2) A a=78.6397(9)°.
b=23.8905(3) A B =287.1794(10)°.
c=28.1890(3) A v =78.6812(10)°.
10854.1(2) A3

2

0.859 Mg/m?3

0.545 mm-1

3000

0.2x 0.2 x 0.1 mm3

3.575 t0 66.601°.

-17<=h<=19, -28<=k<=28, -33<=]<=33
154157

38297 [R(int) = 0.0383]

99.9 %

Semi-empirical from equivalents

1.00000 and 0.82446

Full-matrix least-squares on F2

38297/693 /1904

1.055

R1=0.0669, wR2 =0.1761

R1=0.0768, wR2 =0.1833

n/a

1.013 and -0.532 e.A-3
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a)

Figure S55. X-ray crystal structure of 12Zn. (a) Top view, (b) side view. The thermal
ellipsoids are 30% probability level. Hydrogen atoms, 3,5-di-fert-butylphenyl groups and

solvent molecules are omitted for clarity.
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Table S9. Crystal data and structure refinement for 12Zn

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 66.600°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

exp_424 sq

Ca63H203N21Zn;

3944.28

100.01(10) K

1.54184 A

Triclinic

P-1

a=23.4051(8) A o =98.679(2)°.
b=125.6957(5) A B=90.766(2)°.
c=26.3918(7) A v =91.045(2)°.
15685.9(7) A3

2

0.835 Mg/m?3

0.591 mm-1

4216

0.3 x 0.2 x 0.02 mm3

3.907 to 66.600°.

-27<=h<=27, -30<=k<=30, -31<=1<=31
219999

55376 [R(int) = 0.1043]

99.9 %

Semi-empirical from equivalents

1.00000 and 0.56448

Full-matrix least-squares on F2

55376 /2046 /3084

1.184

R1=0.1253, wR2 = 0.3490

R1=0.1888, wR2 =0.3994

n/a

1.435 and -0.624 ¢.A-3
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Density Functional Theory (DFT) calculations

DFT calculations were carried out at the B3LYP/6-31G(d)(C,H,N) level using the Gaussian

09 package.
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Figure S56. Calculated vertical transitions and major transitions of 5Ni calculated by TD-DFT

using B3LYP employing the 6-31G(d) basis set.
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479 0.1665 HOMO-2—LUMO+1 (12%); HOMO-1—-LUMO+3 (28%);
' HOMO—LUMO+2 (24%)
389 0.4526 HOMO-1-LUMO+I1 (10%); HOMO-1—-LUMO+3 (44%);
’ HOMO—-LUMO+2 (15%)
_ 0/ 0/\.
334 0.7509 HOMO-1-LUMO (10%); HOMO—LUMO+2 (37%);

HOMO—LUMO+3 (15%)
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Figure S57. Calculated vertical transitions and major transitions of SNi’ calculated by TD-DFT

using B3LYP employing the 6-31G(d) basis set.

epsilon
Oscillator strengths
1_
£
[&] E
2 /
wn
o
:—: \/-‘/
0 ] |.l | . | . |
300 600 900
Alnm
Wavelength (nm)  Oscillator Strengths Major Transitions
694 0.0651 HOMO—LUMO (95%)
599 0.0327 HOMO-1—-LUMO (73%); HOMO—LUMO+2
(23%)
470 1 1454 HOMO-1-LUMO (19%); HOMO-1—-LUMO+3
‘ (20%); HOMO—LUMO+2 (59%)
412 0.5303 HOMO-3—-LUMO+2 (10%); HOMO-

1-LUMO+3 (68%); HOMO—LUMO+2 (12%)

HOMO-7—LUMO (15%); HOMO-5—LUMO+1
389 0.2420 (20%); HOMO-4—LUMO+1 (19%); HOMO-
1—-LUMO+2 (22%)

HOMO-7—LUMO (13%); HOMO-5—LUMO+1

389 0.1648 (29%); HOMO-1—LUMO+2 (24%)
381 0.1663 HOMO-10—LUMO (89%)
e 05565 HOMO-11—LUMO (51%); HOMO-6—LUMO+1
: (15%): HOMO-3—>LUMO+2 (20%)
- 0 . |
o7 0025 HOMO-11—LUMO (21%); HOMO-6—LUMO+1

(53%)
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HOMO-18—LUMO (22%); HOMO-3—LUMO+3

347 0.1853 (59%)

Figure S58. Calculated vertical transitions and major transitions of 6Ni calculated by TD-DFT

using B3LYP employing the 6-31G(d) basis set.

— Oscillator strengths |

o
i

Oscillator strengths

o- _I.I.,J”; w1

300 450 600
A/nm
Wavelength (nm)  Oscillator Strengths Major Transitions

653 0.0467 HOMO—LUMO (91%)

636 0.0593 HOMO-1-LUMO(11%); HOMO—LUMO+1
(87%)
HOMO-2—LUMO (21%); HOMO-1-LUMO

476 0.2004 (11%); HOMO-1—-LUMO+3 (15%);

HOMO—LUMO+2 (38%)

HOMO-2—LUMO+1 (30%); HOMO-1—LUMO+1
473 0.1603 (11%); HOMO-1—LUMO+2 (17%);

HOMO—LUMO+3 (33%)

HOMO-1-LUMO+2 (22%); HOMO—LUMO+4

404 0.2003 (52%)

HOMO-3—LUMO+2 (10%); HOMO-1—LUMO+3

(47%); HOMO—LUMO+2 (14%)

HOMO-6—LUMO+1 (28%); HOMO-5—LUMO

388 0.3064 (14%); HOMO-2—LUMO+2 (25%); HOMO-
1-LUMO+2 (10%)

384 0.1550 HOMO-2—LUMO+3 (88%)

398 0.7608
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0/
361 02161 HOMO-3—-LUMO+2 (33%); HOMO-3—-LUMO+3

(11%)
361 0.2756 HOMO-4—LUMO+3 (16%); HOMO-3—LUMO+2
' (16%); HOMO-3—-LUMO+3 (22%)
355 0.3074 HOMO-11—-LUMO+1 (13%); HOMO-
' 6—LUMO+3 (38%); HOMO-5—LUMO+2 (26%)
353 0.1615 HOMO-6—LUMO+2 (23%); HOMO-5—LUMO+2
‘ 47%)
351 0.1223 HOMO-6—LUMO+3 (36%); HOMO-5—LUMO+2

(29%); HOMO-3—LUMO+2 (13%)

Figure S59. Calculated vertical transitions and major transitions of 6Ni’ calculated by TD-DFT

using B3LYP employing the 6-31G(d) basis set.

epsilon
" Oscillator strengths
£
[&]
=
[fe]
o
o
0 l NP | | . | ' I
300 600 900
a/nm
Wavelength (nm)  Oscillator Strengths Major Transitions
660 0.1321 HOMO-1—-LUMO+1 (12%); HOMO—LUMO
(87%)
660 0.1321 HOMO-1—LUMO (12%); HOMO—LUMO-+1
(87%)
490 0.1243 HOMO-1—-LUMO+1 (37%); HOMO—LUMO+4

(31%)
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490 0.1243
427 0.8146
427 0.8146
366 0.1650
366 0.1650

HOMO—LUMO (37%); HOMO—LUMO+5
(31%)

HOMO-1-LUMO+1 (25%); HOMO—LUMO+4
(55%)

HOMO-1—LUMO (25%); HOMO—LUMO+5
(55%)

HOMO-8—LUMO (10%); HOMO-1—LUMO+5
(56%)

HOMO-8—LUMO+1 (10%); HOMO-
1—LUMO+4 (56%)

Figure S60. Calculated vertical transitions and major transitions of 7Ni calculated by TD-DFT

using B3LYP employing the 6-31G(d) basis set.

epsilon
Oscillator strengths

I
e
[&]
=
wn
o
s
0 | al II | . . ;
300 600 900
Alnm

Wavelength (nm)  Oscillator Strengths

Major Transitions

780 0.1640
779 0.1640
496 0.1411
496 0.1395

HOMO—LUMO (94%)
HOMO—LUMO+1 (94%)

HOMO-5—LUMO (24%); HOMO-4—LUMO+1
(16%); HOMO-1—LUMO (11%)

HOMO-5—LUMO+1 (24%); HOMO-4—LUMO
(17%); HOMO-1—LUMO+1 (11%)
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HOMO-5—LUMO (28%); HOMO-1—LUMO

469 0.7693 (21%); HOMO—LUMO+4 (12%)
HOMO—LUMO+5 (12%)
HOMO-5—LUMO+1 (27%); HOMO-

469 0.7531 1>LUMO+1 (20%); HOMO—LUMO-+4 (13%);
HOMO—LUMO+5 (12%)

Figure S61. Calculated vertical transitions and major transitions of 8Ni calculated by TD-DFT

using B3LYP employing the 6-31G(d) basis set.

epsilon
Oscillator strengths

O_JIJHHJ L.

300 600 900

A/lnm
Wavelength (nm)  Oscillator Strengths Major Transitions
HOMO-2—LUMO+6 (12%); HOMO-
466 0.297 1-LUMO+2 (10%) HOMO-1-LUMO+6 (21%);

HOMO-1-LUMO+7 (18%)

HOMO-3—-LUMO+5 (32%); HOMO—LUMO+7

411 2.4932 21%)

HOMO-5—LUMO+3 (17%); HOMO-
4—LUMO+4 (14%); HOMO-2—LUMO+6 (11%)
402 0.2306 HOMO—LUMO+10 (63%)
HOMO-10—LUMO+1 (21%); HOMO-

405 2.9809

401 0.2267 M o
399 0.2539 HOMO-3—LUMO+7 (38%); HOMO—LUMO-+5
(18%)
- 0 . _
390 1.0887 HOMO-5—LUMO+6 (27%); HOMO

4—LUMO+7 (10%); HOMO-2—LUMO+3 (15%)
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378 0.2437 HOMO-4—LUMO+10 (79%)

EleV

Figure S62. Calculated vertical transitions and major transitions of 12Ni calculated by TD-DFT

using B3LYP employing the 6-31G(d) basis set.
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LUMO+3: -1.71 i P ? ¢
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-5 “ HOMO: -5.03
HOMO-1: -5.30
. - HOMO-2: -5.91
T HOMO-3: -6.45
1 LUMO+1 HOMO-3
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Figure S63. Energy diagram and selected Kohn—Sham orbitals of SNi.
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EleV

E/eV

-3

4=

= LUMO+3: -1.78
LUMO+2: -1.82

s LUMO+1: -2.39
LUMO: -2.42

—+ HOMO: -5.03

HOMO-1: -5.29

i HOMO-2: -5.89
| HOMO-3: -6.01

LUMO+1

Figure S64. Energy diagram and selected Kohn—Sham orbitals of SNi’.
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Figure S65. Energy diagram and selected Kohn—Sham orbitals of SH.
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Figure S66. Energy diagram and selected Kohn—Sham orbitals of SH’.

—— LUMO+3: -1.95
LUMO+2: -2.04

LUMO+1: -2.38

LUMO: -2.75

HOMO: -4.89 K
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HOMO-2: -5.54
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Figure S67. Energy diagram and selected Kohn—Sham orbitals of 6Ni.
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LUMO+2: -1.98

LUMO+1: -2.52
LUMO: -2.58

HOMO: -4.90

HOMO-1: -5.30

HOMO-2: -5.56
HOMO-3: -5.78

4

Figure S68. Energy diagram and selected Kohn—Sham orbitals of 6Ni’.

LUMO+3: -2.04
LUMO+2: -2.20

LUMO+1: -2.65
LUMO: -2.65

—H— HOMO: -4.93

—H— HOMO-1: -5.57
i%q: HOMO-2: -5.89

HOMO-3: -6.01

Figure S69. Energy diagram and selected Kohn—Sham orbitals of 7Ni.
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Figure S71. Energy diagram and selected Kohn—Sham orbitals of 8Ni.
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— LUMO+3: -1.89
-27] ———— LUMO+2: -2.05
= LUMO+1: -2.15
LUMO: -2.19
> | ¥
[0}
1
-4
HOMO: -4.64 ﬁ’ i
m HOMO-1: 4.74 2,1 J""’ -
HOMO-2: -4.77  °
-5~ HOMO-3: -4.79 LUMO+1

Figure S72. Energy diagram and selected Kohn—Sham orbitals of 12Ni.

SNi

SNi*

Ring of 5Ni NICS(0) value / ppm Ring of SNV’ NICS(0) value / ppm
1 -6.9102 1 -7.2244
2 -16.3188 2 -15.8892
3 -0.4045 3 0.1196
4 -16.5558 4 -16.0439
5 -6.9252 5 0.0330
6 -16.4016 6 -15.8291
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7 -0.4178 7 -7.1573
8 -16.3562 8 -15.6082
9 -8.3340 9 -8.1737
10 -8.2973 10 -8.1588
11 -9.7713 11 -9.6640
12 -9.7977 12 -9.6379

Figure S73. Calculated NICS values of 5Ni and SNi’.

Ring of 5H NICS(0) value / ppm Ring of SH’ NICS(0) value / ppm

1 -2.0594 1 -12.6667
3 -4.0872 3 3.5952

5 2.1632 5 -12.6532
7 -4.0607 7 3.5679

2 -13.4603 2 -13.6956
9 -9.8103 9 -7.2550
10 -9.8043 10 -7.2316
11 -9.9806 11 -9.6295
12 -9.9913 12 9.6562

iU

o0 -a “
SO0

Figure S74. Calculated NICS values of 5H and 5H’.
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Ring of 6Ni NICS(0) value / ppm Ring of 6N’ NICS(0) value / ppm
1 -6.9027 1 -7.2566
2 -15.6450 2 -15.1790
3 1.4705 3 1.9021
4 -15.8558 4 -15.5111
5 -7.0121 5 2.0572
6 -16.1683 6 -15.0316
7 1.3328 7 -7.2393
8 -16.0294 8 -14.8311
9 -7.4736 9 -7.1858
10 -7.3032 10 -7.1108
11 -12.9369 11 -12.7525
12 -12.8931 12 -12.7635
13 -8.8655 13 -8.7783
14 -8.9048 14 -8.8627

Figure S75. Calculated NICS values of 6Ni and 6Ni’.
7H
Ring of 7TH NICS(0) value / ppm Ring of 7TH NICS(0) value / ppm

1 3.5052 3 -4.2199
5 3.5046 7 -4.2198
2 -12.5702 9 -7.4142
10 -9.9086 11 -7.4140
12 -9.9087 13 -9.3731
14 -9.7025 15 -9.3729
16 -9.7026

Figure S76. Calculated NICS values of 7H.
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7Ni

8Ni

Ring of 7Ni NICS(0) value / ppm Ring of 8Ni NICS(0) value / ppm
1 -1.2817 1 0.6198
2 -14.8445 2 -13.9754
3 -1.2816 3 0.3538
4 -14.8446 4 -13.7352
5 -1.2816 5 0.6615
6 -14.8447 6 -13.8249
7 -1.2814 7 0.6164
8 -14.8448 8 -14.0064
9 -8.3624 9 -7.3937
10 -8.3623 10 -7.4238
11 -8.3621 11 -7.4299
12 -8.3623 12 -7.4691
13 -9.5148 13 -12.7307
14 -9.5148 14 -12.6954
15 -9.5149 15 -12.6935
16 -9.5148 16 -12.6942

17 -8.8472
18 -8.7337
19 -8.7621
20 -8.7091

Figure S77. Calculated NICS values of 7Ni and 8Ni.



12Zn 12Zn

Ring of 12Zn NICS(0) value / ppm Ring of 12Zn  NICS(0) value / ppm
1 -6.1535 19 1.2953
2 -14.5388 20 -15.0484
3 -5.9966 21 -7.0963
4 -14.5741 22 -14.7567
5 1.2008 23 -7.0427
6 -14.5961 24 -14.8208
7 -6.8156 25 -8.0216
8 -14.8239 26 -8.2283
9 -6.8979 27 -8.1486
10 -14.8529 28 -9.1626
11 -7.1219 29 -9.0434
12 -14.7622 30 -9.3093
13 -6.9336 31 3.7639
14 -14.9016 32 -11.8904
15 1.1506 33 -11.8542
16 -14.8176 34 -12.1732
17 -6.9342 35 -12.1772
18 -14.7804

Figure S78. Calculated NICS values of 12Zn.

Singlet Oxvgen Production
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a) b)
Equation y=a+b*x m DPBF
1.2 Adj. R-Square 0.99264 ™
0.14 Value $Standard Error -
B Intercept -0.00648 0.00289 | / g
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Figure S79 Changes in the absorption spectra of DPBF (6.3x10° mol/L) at 414 nm upon
irradiation (A, = 450-460 nm). b) Plot of change in absorbance of DPBF at 414 nm vs irradiation

time.
a) b) m 3Nj
il
—08 Ady. R-Square 0.9982 yd
1.0 5 8 0.08 Value  Standard Error | 7
- l— 108 B Intercept 0.00205 81758954 | i
158 B  Slope 000243 39088265 |
—205 s
t ——258 //
—308 % -
—358 P
0.67 0047 >
,//
/'y
//‘
o
/,
///
0 T 4} T T T 1
300 600 0 10 .20 30 40
Irradiation time (s)

A/nm

Figure S80 Changes in the absorption spectra of DPBF (6.3x10° mol/L) at 414 nm upon
irradiation (A, = 450-460 nm) in the presence of 3Ni (1.3 x10¢ mol/L). b) Plot of change in
absorbance of DPBF at 413 nm vs irradiation time in the presence of 3Ni.

a) b)
=0 5 Equation y=a+b'x m 1Zn
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Figure S81 Changes in the absorption spectra of DPBF (6.3x10° mol/L) at 414 nm upon
irradiation (Ai; = 450-460 nm) in the presence of 1Zn (1.3 x10°¢ mol/L). b) Plot of change in
absorbance of DPBF at 421 nm vs irradiation time in the presence of 1Zn.
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Figure S82. a) Changes in the absorption spectra of DPBF (6.3x10-3 mol/L) at 414 nm upon
irradiation (Ai; = 450-460 nm) in the presence of 3Zn (1.3 x10°¢ mol/L). b) Plot of change in
absorbance of DPBF at 414 nm vs irradiation time in the presence of 3Zn.
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Figure S83. a) Changes in the absorption spectra of DPBF (6.3x10-3 mol/L) at 414 nm upon
irradiation (Ai; = 450-460 nm) in the presence of 4Zn (1.3 x10°® mol/L). b) Plot of change in
absorbance of DPBF at 417 nm vs irradiation time in the presence of 4Zn.

2 0
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Figure S84. a) Changes in the absorption spectra of DPBF (6.3x10-3 mol/L) at 414 nm upon
irradiation (Ai; = 450-460 nm) in the presence of 5Zn (1.3 x10°¢ mol/L). b) Plot of change in
absorbance of DPBF at 414 nm vs irradiation time in the presence of 5Zn.
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Equation y-a+bx .
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Figure S85. a) Changes in the absorption spectra of DPBF (6.3x10-3 mol/L) at 416 nm upon
irradiation (Ai; = 450-460 nm) in the presence of 12Zn (1.3 x10° mol/L). b) Plot of change in
absorbance of DPBF at 414 nm vs irradiation time in the presence of 12Zn.

Electrocatalytic Hydrogen Evolution Reaction

1.0 mg of rGO was mixed with 1 mL of isopropyl alcohol containing 0.2%
nafion and the mixture sonicated in an ultrasonic bath for 30 min to produce a
homogeneous mixture of concentration 1 mg/mL. The surface of the glassy carbon
electrode (GCE) was polished with 0.05 pm alumina and rinsed with doubly distilled
water in the ultrasonic bath to remove any adhered Al,O; particles. The electrodes
were rinsed with ethanol and dried under room temperature for ca. 5 min. Three 3 uL
of the rGO/isopropyl alcohol/nafion suspensions were drop cast on the surface of the
GC electrode and allowed to dry at room temperature. 10 pL aliquots of 0.2 mM
dichloromethane solutions of 3Ni to 10Ni and 12Ni were added dropwise to the
rGO/nafion-coated electrodes and dried at room temperature for 1 h. The electrodes

were stored in MilliQ water in the dark.
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Figure S86. Calculated Tafel slops of 3Ni/rGO to 10Ni/rGO and 12Ni/rGO.

Table S10. Onset potentials and Tafel slope values of 3Ni/rGO to 10Ni/rGO and 12Ni/rGO

Compound 3Ni 4Ni S5Ni 6Ni  7Ni 8Ni  9Ni 10Ni  12Ni

Onset Potentials (mV) -450 -380 -315 -295 -293 -262 -377 -300 -291

Tafel Slops (mV/dec) 208 227 241 210 206 189 203 190 217
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Figure S87. i-¢ curves of 3Ni/rGO to 10Ni/rGO and 12Ni/rGO in 0.5 M H,SO,.
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