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1. Instrumentation and Materials. The UV-vis absorption spectra were measured
with a JASCO UV/VIS/NIR Spectrophotometer V-670. APCI-FT-MS mass spectrum
was recorded on a ThermoFisher Scientific spectrometer. 'H NMR spectra were
recorded on a INM-ECX 400 spectrometer (operating as 400 MHz for 'H) using the
residual solvent as the internal reference for 'H (6 = 7.26 ppm in CDCl3). X-ray
crystallographic data for CCDC: 2392557 (1Ni) and 2392559 (2Pd) were recorded at
242K for 1Ni and 193 K for 2Pd on a Bruker D8 VENTURE Metaljet PHOTON II
diffractometer. It using Olex2,! the structures were solved with the SHELXT? structure
solution program using Intrinsic Phasing and refined with the SHELXL3 refinement
package using Least Squares minimization. All density functional theory calculations
were achieved with the Gaussian 09 program package.* Frontier molecular orbital and
energy levels of 1Ni and 2Pd complexes calculated at the B3LYP/6-31G(d, p) (C, H,
N, F, Cl, O, Ni) + SDD (Pd) basis set. All solvents and chemicals used without further
purification except as noted.

2. Singlet Oxygen Generation Study. A CH,Cl, solution of MB or 2Pd complexes
(1*10* M) in mixture with diphenylisobenzofuran (DPBF) was measured on a UV-vis
spectrometer, the solution was irradiated under 570-590 nm yellow laser beam by a
time interval of 0, 5, 10, 15, 20, 25, 30, 35 and 40 s, and methylene blue (MB) (1*104
M) was used as standard photosensitizer, and the decrease of DPBF absorption at 417
nm was monitored, and singlet oxygen generation yield of 2Pd complex was calculated
in comparison with MB by the following formula:

Das) = Pagsoy < (Ss/Ss0) * 100%

D, (s) = yield of 2Pd complex, ®asg) = yield of MB, S = slope of 2Pd complex, Sy =
slope of MB. The singlet oxygen quantum yield of MB in this work given as 0.52.

3. Synthesis of 1Ni and 2Pd.

INi. The Ni(OAc),*4H,0 (24.9 mg, 0.1 mmol) or NiCl,*6H,0 (23.7 mg, 0.1 mmol)
was added to the toluene solution of Hex (11.5 mg. 0.01 mmol). The reaction mixture
was stirred under N, at 90 °C for 8 hours. After removal of the solvent, the residue was
purified by silica gel column chromatography (hexane/CH,Cl, = 4/1) to give 1Ni in
83% yield (10.0 mg, 0.0083 mmol) when Ni(OAc),*4H,0 as Ni salt and 79% yield (9.5
mg, 0.0079 mmol) when NiCl,*6H,0 as Ni salt. 'H NMR (400 MHz, CDCls): 13.02 (s,
1H), 9.41 (d, 2H), 8.92 (d, 2H), 8.16 (d, 2H), 8.11-8.08 (m, 2H), 7.74-7.72 (m, 4H),
7.57-7.55 (m, 3H), 7.38 (d, 2H), 7.33 (d, 2H), 7.22 (d, 1H), 7.12-7.09 (m, 3H), 6.62 (d,
1H) ppm. APCI-HR-MS: 1209.1306 [M+H]*. UV-Vis (in CH,Cly)A[nm] (¢[M-'em-!]):
500 (90000), 547 (105000).

2Pd. The PdCl, (17. 7mg, 0.10 mmol) was added to a mixture solution of Hex (23.0
mg. 0.02 mmol) in 25 mL mixture of CH,Cl,/MeOH (4/1). The reaction mixture was
stirred overnight under nitrogen at room temperature. After removal of the solvent, the
crude was purified by silica gel column chromatography (hexane/CH,Cl, =4/1) to give
2Pd in 38% yield (10.6 mg, 0.0076 mmol). '"H NMR (400 MHz, CDCls): 7.98 (d, 1H),
7.80 (d, 1H), 7.67 (d, 1H), 7.53 (d, 1H), 7.48 (d, 1H), 7.42 (d, 1H), 7.37 (d, 1H), 7.35
(d, 1H), 7.25 (d, 1H), 7.23 (d, 1H), 7.15 (d, 1H), 7.09-7.07 (m, 1H), 7.05-7.03 (m, 1H),
7.00 (s, 1H), 6.98 (d, 1H), 6.93-6.92 (m, 1H), 6.89 (d, 1H), 6.77-6.76 (m, 1H), 6.72-
6.70 (m, 1H), 6.69 (d, 1H), 6.65 (d, 1H), 6.55 (d, 1H), 6.49-6.47 (m, 1H), 6.41 (d, 1H)
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ppm. APCI-HR-MS: 1398.9657 [M+H]". UV-Vis (in CH,Cl,)A[nm] (¢[M-lcm']): 603
(157000), 769 (21000).

4. Supporting Figures and Tables
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Figure S2. HR-APCI-MS spectrum of 2Pd.
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Figure S3. 'H NMR spectrum of 1Ni recorded at 298 K in CDCl;.

S6



e 2 wo =] Lwuw = mo-eooooc=c
R8 £ @8 S SHII - BETBEIIFISES

Fedd d ddddddddsa

TN R AR

I

BN N st P it O AL Y
2 £ SRPLRSTELE HE oA

R

T T T T T T T T T T T
14.0 13.5 13.0 12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 .5 7.0 6.5 6.0

Figure S4. 'H NMR spectrum of 2Pd recorded at 298 K in CDCls;.
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Figure S5. Frontier molecular orbital and energy levels of 1Ni, calculated at the
B3LYP/6-31G(d, p) basis set.
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Figure S6. The UV-Vis absorption spectrum (black line, left axis) and oscillator
strengths (red bar, right axis), which is calculated at the B3LYP/6-31G(d,p) level of
theory of 1Ni.
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Table S1. Major composition, vertical excitation energies (£, eV/nm) and oscillator
strengths (f) for the lowest optically allowed excited states of 1Ni, calculated at the
B3LYP/6-31G(d,p) level of theory.

State Major Composition Exci. (eV/nm) f

H-1 > L+1 (0.20012)
1 1.8280/678.26  0.0411
H -> L (0.64055)

H-1->L (0.61752)
2 2.0164/614.87  0.0350
H > L+1 (0.24575)

H-2 -> L (0.28973)
H-2 > L+1 (0.32474)

3 2.2916/541.04  0.0713
H-1 > L+1 (-0.29614)

H - L+2 (0.3473)

H-2 -> L (0.26743)
4 H-2 -> L+2 (0.24239) 2.6028/476.35  0.1207
H-1->L+2 (0.31212)

L-4 > L+1 (0.32944)
5 H-2 > L+1 (-0.25867) 2.6493/467.99  0.1654
H > L+2 (0.22254)

*: H=HOMO, Highest Occupied Molecular Orbital, L = LUMO, Lowest Unoccupied
Molecular Orbital.
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Figure S7. Frontier molecular orbital and energy levels of 2Pd, calculated at the
B3LYP/6-31G(d, p) (C, H, N, F, CI, O) + SDD (Pd) basis set.
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Figure S8. The UV-Vis absorption spectrum (black line, left axis) and oscillator
strengths (red bar, right axis), which is calculated at the B3LYP/6-31G(d,p)+SDD level

of theory of 2Pd.

Table S2. Major composition, vertical excitation energies (£, eV/nm) and oscillator
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strengths (f) for the lowest optically allowed excited states of 2Pd, calculated at the
B3LYP/6-31G(d,p)+SDD level of theory.

State Major Composition Exci. (eV/nm) f

H-1->L+1 (0.16312)
1 1.8837/658.19  0.0241
H->L (0.63971)

H-1-> L (-0.23932)
2 H-1-> L+1 (0.12180) 1.9901/623.02  0.0146
H > L+1 (0.63861)

3 H-1->L+1 (0.61041) 2.2379/554.02 0.1530

H-2 > L+1 (0.43646)
4 H-1-> L+2 (-0.29988) 2.4915/497.62  0.1863
H -> L+2 (0.30493)

H-2 > L+1 (0.34844)
5 2.5961/477.57  0.1781
H-1 -> L+2 (0.49580)

*: H=HOMO, Highest Occupied Molecular Orbital, L = LUMO, Lowest Unoccupied
Molecular Orbital.
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Figure S9. UV-vis absorption spectra of !0, generation of MB with DPBF in CH,Cl,
upon photoirradiation.
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5. Crystal Data

Table S3. Crystal data of 1Ni.

Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

o/°

pr°

y/°

Volume/A3

Z

pcalcg/cm?

wmm-!

F(000)

Crystal size/mm?
Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [>=20 (])]
Final R indexes [all data]
Largest diff. peak/hole / e A-3

CeaHp7CoF 1sNgN1

1294.52

242.30

monoclinic

P21/c

12.4402(8)

40.906(2)

10.2419(5)

90

93.779(2)

90

5200.5(5)

4

1.653

0.582

2600.0

0.12 x 0.1 x 0.09

MoKa (4 =0.71073)
3.838 to 55.25

-13<h<16, -53<k<49, -12</< 13
48141

12039 [R;y; = 0.0777, Ryigma = 0.0758]
12039/0/793

1.035

R;=0.0846, wR,=0.2120
R;=0.1324, wR, = 0.2455
0.87/-1.58
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Figure S10. Crystal structure of 1Ni. The thermal ellipsoids represent for 40%
probability.

S16



Table S4. Crystal data of 2Pd.

Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

o/°

ple

y/°

Volume/A3

Z

pcalcg/cm?

wmm-!

F(000)

Crystal size/mm3
Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [/>=2¢ (])]
Final R indexes [all data]
Largest diff. peak/hole / e A-3

Cs3H24CIF sNgPd,

1398.13

193.00

monoclinic

P21/C

19.170(2)

28.916(3)

23.167(2)

90

112.689(5)

90

11848(2)

8

1.568

4.127

5504.0

0.13 x0.11 x 0.09

GaKa (1 =1.34139)

4.346 to 108.302
-19<,<23, -315<34, -265< 27
60170

21031 [Riy= 0.1211, Ryigmq = 0.1534]
21031/1604/1567

0.996

R;=0.0802, wR,=0.2034
R;=0.1771, wR, = 0.2565
0.67/-1.14
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Figure S11. Crystal structure of 2Pd. The thermal ellipsoids represent for 40%
probability.
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6.Cartesian Coordinates

INi
Charge =0
Spin = Singlet

Total energy: E = -XXX a.u.

Ni
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-2.40288700
-1.04925100
-3.57160700
-3.70061900
-1.10372700

2.73418100
2.60257300
-1.71875100
-2.99167200
-3.97697100
-5.16002900
-4.89873200
-5.94700400
-7.04622900
-8.05701500
-7.98020200
-6.93007300
-5.91443500
-5.00182100
-5.44498600
-4.37704500
-3.28663800
-1.99793600
-0.94027200
0.27194600
0.80193100
-0.08433700
-0.08946500
-1.31920800
-1.40186800
-0.24088900
0.97741500
1.09086900
2.43751400
3.66374600
4.69101200
4.09926400
4.70398200
3.99404800
4.52070500
3.43939700
2.26286400
0.87479100
0.64130800
-0.63963300

0.01078400
0.99950500
1.53690700

-1.43109400

-0.96538600
0.65252800

-0.72751100
3.19272300
2.75997000
3.57172600
2.87678400
1.65503900
0.89107500
1.67011600
1.16493300

-0.16047900

-0.95073500

-0.48011400

-1.51628900

-2.87671900

-3.64356600

-2.75638600

-3.18436500

-2.34095300

-2.70442000
-1.54405500

-0.48322700
0.82769900
1.25250400
2.31079300
2.98844200
2.61660600
1.54073800
1.23055300
1.48420600
1.03856000
0.51003300

-0.09949400
-0.67458800
-1.28463000
-1.70355800
-1.33147500
-1.61171900
-2.76660400
-3.15504200

S19

-0.03410000
-0.90460300
-0.07566000

0.04808600
0.99078600
1.08813000
-1.25256600
-0.12098700
0.30325200
0.93014700
0.87947600
0.18777400
-0.49292100
-0.92824200
-1.72932100
-2.15858200
-1.72303900
-0.85189000
-0.35167800
-0.30627400
0.06415500
0.27287200
0.61711100
0.94488400
1.60186000
2.10921200
1.74640900
2.41615000
2.95628200
3.85212100
4.22573600
3.67363500
2.77136600
2.28423000
2.93620300
2.10791900
0.94257300
-0.19475800
-1.23928900
-2.44504600
-3.16016800
-2.38149900
-2.77350300
-3.54177400
-3.91830500
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-1.73260300
-1.52571400
-0.23876600
-0.12765700
0.78428900
0.37472000
-0.79834600
-1.43859600
6.19553800
-1.44062700
-1.18858700
-0.94056300
-0.95218100
-1.20194500
6.91956200
8.31194100
9.01750700
8.32655300
6.93462400
6.28001900
8.97289300
10.35186600
9.00085400
6.30529800
-0.70134300
-0.72746100
-1.23397200
-1.19424500
-1.69743200
-1.76017100
-2.23497200
-2.00128200
-1.26710900
-0.77582800
-1.02329200
-2.93793100
-2.47011700
-1.03651600
-0.07180900
-0.53575300
2.10914800
-3.81038700
-6.12387800
-7.06560100
-8.87051200
-8.72597900
-6.87348400
-6.45198600
-4.34851500
0.63895100

-2.38035000
-1.22304500
-0.81106400
0.51363800
1.55566300
2.69773100
2.35673000
4.66583100
-0.11567100
5.37003600
6.73792000
7.45081300
6.78685400
5.41660600
-1.31035300
-1.33292600
-0.13861500
1.06776800
1.06703100
-2.47918500
-2.49229400
-0.14980800
2.21620500
2.24529400
8.76330500
7.46356400
4.83109300
7.37070900
4.73392300
-4.65589600
-5.36712400
-6.73134000
-7.41659600
-6.73438000
-5.36968100
-4.73745400
-7.38421700
-8.72455400
-7.39028700
-4.74628700
0.28823700
4.55333300
3.19514300
2.72129800
1.80940700
-0.57326600
-1.97123700
-3.21597700
-4.71563100
-3.71099600

S20

-3.53267100
-2.78852000
-2.39500200
-1.76297600
-2.12979000
-1.48936100
-0.74641700
-0.12434000
-0.23662300
-1.33682400
-1.40262500
-0.23270000
0.98967400
1.02876400
-0.15164800
-0.18777400
-0.30909400
-0.39402500
-0.35660400
-0.02040200
-0.09891600
-0.34458900
-0.51809200
-0.45327700
-0.28378500
2.12232100
2.23301600
-2.58096700
-2.48674300
0.75779500
1.86428500
2.01881800
1.05343500
-0.05626800
-0.19029300
2.81451500
3.08812200
1.19185500
-0.98595900
-1.26984100
0.36489000
1.34848700
1.24930900
-0.66923600
-2.04789800
-2.83097200
-2.07879700
-0.49139100
0.18730000
1.73947900
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1.67574300
-2.20939700
-2.36504900
-0.28683500

1.86922900

3.76972000

5.75016100

5.56357100

3.43880500

1.48658200
-0.78167600
-2.73977200
-2.36920400

1.61367700

0.81505500

-1.43752100
0.68179500
2.59541900
3.81859300
3.17997100
1.91344200
1.06355200
-1.36567700
-2.18206300
-3.38953500
-4.05875800
-2.66038200
-0.58244500
1.44304700
3.68159900
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2.73456900
2.71710000
4.26334800
4.92347300
3.92604700
3.92136000
2.31776900
-2.71799600
-4.12992600
-3.81449900
-4.50280200
-3.82534100
-2.55614700
-2.81099400
-1.55869400



2Pd

Charge =0

Spin = Singlet

Total energy: E =-4952.51207249 a.u.
Pd
Pd
Cl

o000 zzzZzZzZzZz4"ddodmommddmmHHT ™ ™™™

-2.04451500
1.08495900
0.26695300
-5.08312800
-6.58262400
-7.22468700
-6.33222200
-4.81485500
5.81553100
8.50644400
9.79166600
8.37068200
5.67569600
1.62027700
4.27288900
5.66872900
4.35240900
1.70789400
-2.15721400
-3.98941400
-1.88220400
0.00066000
2.16402900
2.17916000
-5.34095000
-6.13320200
-6.47038000
-6.01457500
-5.22989500
-4.85192900
-4.03022300
-4.60221800
-5.94731100
-6.13356600
-4.89686400
-4.73451600
-5.80899900
-5.82727100
-4.74788900
-3.68366600
-3.64561200
-2.50069700
-1.82456200
-0.72971600
-0.77723600
0.07300600

1.62907100
-0.36490500
1.79294300
-2.52053000
-4.71083400
-5.60116600
-4.26303700
-2.07966400
-3.47507300
-3.38252500
-1.03484400
1.22784600
1.14730400
0.22133200
0.24900800
2.14678200
4.03889400
4.02664400
0.00038100
1.43559700
3.03685200
-0.45500600
-1.93966600
-0.34053400
-2.93531900
-4.06865900
-4.52104700
-3.83541000
-2.70132400
-2.23195400
-1.00474600
0.20062800
0.40589600
1.76403600
2.38406900
3.82620900
4.42222300
5.77011100
6.57171200
6.00919800
4.64653200
4.22314700
5.05895900
4.35946000
3.08663900
1.97459100

S22

0.34630500
0.19712900
0.78834900
2.52888900
2.22401100
-0.26031400
-2.45292200
-2.17510400
1.19775700
1.21841600
0.76382600
0.28375700
0.25453800
-3.77079600
-3.84488300
-2.49798600
-1.06339100
-0.92017700
1.56219600
0.01400500
-1.13090100
-1.54332500
-0.42233000
1.90540300
1.29331900
1.15231100
-0.11700800
-1.23609300
-1.07138900
0.18785900
0.35991400
-0.08621400
-0.50322900
-0.59988500
-0.25907100
-0.01827200
0.66594500
0.98946300
0.62980900
-0.05591300
-0.40155900
-1.20875400
-2.14674900
-2.59796900
-1.98185300
-2.12656200
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1.52149500
2.28132200
3.66804900
4.34531500
3.62826400
2.24316300
-0.53657700
-1.71596200
-1.85787300
-0.80662300
-0.64663000
-1.80688500
-1.76802700
-0.54314000
0.61347300
0.58799000
1.89122000
3.09876900
4.12790400
3.53949000
4.17647200
5.66301100
6.41797500
7.80748800
8.46661600
7.73815400
6.35026400
3.52801200
4.12302700
3.11864200
1.92346100
0.72505900
1.01905900
0.04864200
-1.28269100
-1.60352800
-0.63450700
-1.22295200
-1.22256200
-2.23574000
-2.83668900
-6.68404800
-7.03640600
-6.63754000
-6.67249700
-4.73139000
-2.83611900
-2.14959400
-0.00835000
-2.29434900

2.09815700
3.09295400
3.10999500
2.14086600
1.16583100
1.15753200
0.69755600
0.38805900
-0.97903000
-1.47482500
-2.89847200
-3.69272500
-5.07252700
-5.71623800
-4.95584800
-3.55365000
-2.90496400
-3.36836000
-2.65054100
-1.79095700
-1.17642800
-1.16674000
-2.31289000
-2.27829400
-1.07628000
0.08237300
0.02609400
-0.64740300
-0.47743700
-0.09127900
0.04165700
0.69005200
1.65741400
2.43046200
2.26865600
1.33239000
0.52996800
-0.42695400
-1.84967200
-2.27585800
-1.11124900
-0.36900200
2.28949800
3.78970400
6.18642400
7.62693900
6.63033400
6.04283400
4.66461600
1.10073500

S23

-2.30811000
-1.66584200
-1.72139400
-2.44987700
-3.13049900
-3.06588600
-2.08295500
-2.80086500
-2.74319600
-1.92999000
-1.63549800
-1.68967500
-1.57960700
-1.41955900
-1.35782200
-1.44742900
-1.30912900
-1.90613700
-1.34606800
-0.37612600
0.70279000
0.72092300
0.96247500
0.97985100
0.75062100
0.50629400
0.49745600
1.82630500
3.10343200
3.94967500
3.17538500
3.74330000
4.72560900
5.34269800
4.98169900
4.01103100
3.38477200
243021400
2.47991900
1.65030000
1.08785200
-0.66293200
-0.87928700
0.96910400
1.52926500
0.88553200
-0.32745400
-2.45656300
-3.34437200
-3.37207600
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-2.58764400
-2.75860400
-2.69058900
-0.48965600
1.57190000
3.16209300
5.18634900
5.15467900
3.19018200
2.05782300
0.33932000
-2.06512000
-2.63871800
-0.58423100
-2.54559100

-1.57924700
-3.19804600
-5.64431700
-6.79740500
-5.44365500
-4.14582900
-2.75133700
-0.68725800
0.06460000
1.84439000
3.16626300
2.86271600
1.19129500
-2.45275800
-3.29579300

S24

-3.26499700
-1.83376400
-1.62484100
-1.33517200
-1.20796300
-2.65508800
-1.54169900
3.34946400
5.01639500
4.97101900
6.08649800
5.44414300
3.71875100
3.11086000
1.46912700
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