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1. Synthetic route of the precursors (P1 and P2), ligands (L1-L4)
and complexes 1-8

The four main ligands H,Tspnda, H,Tsphpnda, H,Mspnda and
H,Msphpnda were synthesized on the basis of palladium-catalyzed Buchwald
cross-coupling of halides and amines.! Complexes 1 and 2 are synthesized
by using H,Tspnda as ligand; complexes 3 and 4 are synthesized by using
H,Tsphpnda as ligand; Complexes 5 and 6 are synthesized by using
H,Mspnda as ligand and Complexes 7 and 8 are synthesized by using
H,Mspnda as ligand. The detail synthetic routes are described in Scheme S1-
S3. The EMAC 1-8 were synthesized by the reaction of Ni(OAc),-4H,0O with
ligands at high temperature (220 °C) by employing naphthalene as solvent
and [FeCp,](PFg) as an oxidizing reagent to generate EMAC 1-8. The KPFg
and NaCF3;SO; are the anion source to balance the charge of the EMACs. In
the course of the reaction, the complexes might generate four different
configurations by head-tail counting, which are (4,0), (3,1), (2,2)-cis and (2,2)-
trans forms. Interestingly, the structure prefer to be presented in (2,2)-trans
forms. It is mainly due to the configuration is more stable and the steric
hindrance effect. In addition, we perform the fine-tune H,Tspnda and
H,Msnda ligands to increase the solubility of the complexes. The solubility of
the phenyl-substituted ligands (H,Tsphpnda and H,Msphpnda) is obviously
better than the H,Tspnda and H,Mspnda ligands.
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Scheme S1. Synthetic routes of the precursors (P1 and P2) and the ligands
(L1-L4).
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2. Infrared spectroscopic data of complexes [Nis]** (1, 3, 5 and 7)

For complexes 1, 3, 5 and 7, the infrared spectra shows that the data were
recorded on a Nicolet iS5 Fourier Transform IR spectrometer in the range of
500-4000 cm™! and using KBr pellets, and the PFg anion peaks are detected
at around 840 cm-" for these complexes.
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Figure S1. IR spectroscopic data of complex 1, the PFg anion peak at 840

cm-.
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Figure S2. IR spectroscopic data of complex 3, the PFg anion peak at 844
cm™.
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Figure S3. IR spectroscopic data of complex 5, the PFg anion peak at 841

cm-.
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Figure S4. IR spectroscopic data of complex 7, the PFg anion peak at 846

cm.



3. Mass spectrometry for complexes 1-8

MALDI-mass spectra were obtained with a Bruker, New ultrafleXtremet™
for 1-8. The peaks show that the distributions of experiment results are
consistent with the simulation data for these four complexes.
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Figure S5. Mass spectrometric data of complex 1.
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Figure S6. Mass spectrometric data of complex 2.
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Figure S8. Mass spectrometric data of complex 4.
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Figure $10. Mass spectrometric data of complex 6.
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Figure S12. Mass spectrometric data of complex 8.



4. NMR measurements for complexes 4, 6 and 8

"H NMR measurement of 4, 6 and 8 were recorded in [dg]-DMSO with a
Bruker DPX 400 MHz spectrometer. These complexes show that all of the

peaks are shown at low-field, and provide that complexes 4, 6 and 8 have
diamagnetic property.
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Figure S13. '"H NMR spectrum of complex 4 in [dg]-DMSO at 400 MHz.
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Figure S14. '"H NMR spectrum of complex 6 in [dg]-DMSO at 400 MHz.
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Figure S$15. '"H NMR spectrum of complex 8 in [dg]-DMSO at 400 MHz.



5. UV-Vis and Near-IR spectra

UV-Vis absorption spectra were recorded by a Jasco V-570 spectrometer.
There are absorption peaks of d-d transition at around 650 nm for complexes
1-4, and at about 633 nm for 7 and 8. The signals at around 400nm for these
complexes are assigned to the metal-to-ligand charge transfer (MLCT)
transition. Complexes 5 and 6 is slightly soluble in DCM, thus, the absorbance
is very low when we performed the UV-vis measurement. (see Figure S16-
S18).

In addition, we performed the near-IR spectra of complex 1, 3, 5 and 7
(see Figure S19, Table S1). The spectra of these four complexes in DMF
show two broad bands, one centered at 1431 nm and the other at 1556 nm.
These two broad bands are assigned to intervalence charge transfer (IVCT)
transition, characteristic of mixed-valence complexes.?
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Figure S16. UV-Vis spectra of complexes 1 and 2, compared with ligand (L1)
in CH,Cl; (1.5%x10-° M).
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Figure S17. UV-Vis spectra of complexes 3 and 4, compared with ligand (L2)
in CH,Cl; (1.5%x10-° M).
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Figure S$19. Near-IR spectra of complexes 1, 3, 5 and 7 in DMF.

Table S1. Near-IR spectral data for complexes 1, 3, 5 and 7.

Complex Band 1 Band 2

(in DMF) nm e (cm. M) nm e (cm™. M)
1 1431 1.80 X 103 1556 1.03 X 103
3 1431 1.65 X 103 1556 8.04 X 102
5 1433 1.87 X 103 1556 7.93 X 102
7 1431 1.48 X 103 1556 7.29 X 102




6. Plot of xy vs.T and ues vs. T for complexes 1, 3, 5 and 7
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Figure S20. Plot of xy vs. T and pes vs

Molar magnetic susceptibility data were recorded with a Quantum Design
SQUID-VSM system in the range 4-300 K with a 3000 Gauss external
magnetic field. The values of e at 300 K, which is close to the value of spin-
only (us,.. = 3.87), are 4.10 (for 1), 4.26 (for 3), 3.74 (for 5) and 3.95 e (for 7)
and reveal that these complexes possess an S = 3/2 spin configuration.
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7. CV measurement for complexes 2, 4 and 8 in CH,CI, containing
0.1 M TBAP with a scan rate of 100 mV-s™*

Cyclic voltammetry was recorded with a home-made three-electrode cell
equipped with a BAS glassy carbon (0.07 cm?) disk as the working electrode,
a platinum wire as the auxiliary electrode, and a home-made Ag/AgCl
(saturated) as the reference electrode. There are four reversible redox waves
for 2, 4 and 8. Complex 6 is slightly soluble in DCM, resulting in the peak is
not very clearly when we perform the CV measurement.
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Figure S21. The cyclic voltammograms of 2, 4 and 8 in CH,ClI, containing 0.1
M TBAP with a scan rate of 100 mV-s™'. Top: complex 2, black line; Middle:
complex 4, red line; Bottom: complex 8, blue line.



8. EPR spectra for complexes 1-3 at 4 K

The EPR measurements of complexes 1-3 were performed at 4 K. The
best fit spectra parameters of complex 1 are g = 2.03, 2.03 and 2.21 for S =
1/2 and g = 2.09, D = 1.00(1), E = -0.027(2) cm™ for S = 3/2. The parameters
of complex 3 are g = 2.02, 2.02, and 2.23 for S = 1/2 and g = 2.09, D =
1.00(1), E = -0.027(2) cm™ for S = 3/2. Note that the D and E values of
complexes 1 and 3 are greater than those of 5 and 7 (see main text) which
are reasonable in views of the mixed-valence site being localized at the
terminal Ni(1)-Ni(2) (relatively asymmetric) in 1 and 3 in comparison with more
symmetric Ni(2)-Ni(3) site (with respect to the center of the penta-metal string)
in5and 7.

The spectra of 2 exhibits no obvious signals at 4, 10 and 25 K, which
shows the ground state is S = 0 and the energy gap between the ground state
and the excited state (S = 2) is much greater the thermal energy (J = -13.59
cm') for complex 2.
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Figure S22. The experimental and simulated EPR spectra at 4 K, (a) complex
1 and (b) complex 3, experiment (in blue); simulation (in red).
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Figure S23. The experimental EPR spectra of complex 2 at (a) 4 K, (b) 10 K



and (c) 25 K, respectively.



9. Crystal data for complexes 1-8

Author’s response to the IUCr checkcif file: for complex 5, Alert level B is
due to the DCM solvent disorder. For complex 1, there exist a disorder
between CI- ion and PFg anion, whose occupancy are 0.769 (PF¢’) and 0.231

(Ch).

Table S2. Crystal data for complexes 1-4.

(CsH/NO)

2-3(CH,OH)

Empirical
Formula
Formula
weight
Crystal color
Crystal
system
Space
group
alAl
b [A]
c[Al
a9
B[]
y [°]
VIA]
z
T[K]
Pealca [Mgm"
%]
R/ wR2[b]
[/>20(/)]
R/ wR2[b]
(all data)
GOF

C85H71 N21 OQS4CI4.23

Ni5P0.77F4.61

2213.85
light-brown

Monoclinic

P21/C

18.1215(7)
17.4460(6)
31.4395(11)
90
98.5260(10)
90
9829.7(6)
4
150(2)

1.496

0.0580, 0.1575

0.0742, 0.1766

1.027

Cg3H76N20013S4

NisP2F 12

2273.27
red-brown

Tetragonal

144/acd

27.2637(6)
27.2637(6)
50.6630(10)
90
90
90
37658.3(18)
16
150(2)

1.595

0.0551, 0.1487

0.0787, 0.1640

1.045

C109.5Hs7N2005S4

Cl11NisPFg

2767.70
light-brown

Triclinic

P-1

16.4220(7)
16.8719(8)
22.4552(10)
73.6370(14)
76.3465(16)
76.0990(18)

0.0696, 0.1867

0.0927, 0.2046

1.034

C112Hg2N2008S,4Cly

6
NisP2F 12

3124.96
red-brown

Triclinic

P-1

14.6531(5)
18.6083(6)
23.8981(6)

86.3807(10)

88.3058(10)

71.2244(11)
6156.9(3)

2
150(2)

1.686

0.0535, 0.1314

0.0682, 0.1440

1.017

[a] R1 = Z|Fol-|Fel/Z|Fo|. [b] WR2 = [E[W(Fo-F2.)21/E[W(F2)2]"2, in which w = 1/02(F2,)+(aP)2+bP, P =

(P2o+2F2,)/3.



Table S3. Crystal data for complexes 5-8.

5-3(CH,Cl,)-
6:(CH.Cly) 7:5.5(C;H4Cly) 8:6(CH,Cl,)
2(C3H;NO)
Empirical Ce5He4ClgFsN2, Cs9H46CloFg Co1Hs3ClgFg CseH72Cl1oF 12
Formula NisO1oPS,4 N2oNisO14Se N2oNisOsPS, N2oNisOsP2S,
Formula weight 2089.84 1929.97 2435.13 2650.76
Crystal color light-brown red-brown light-brown red-brown
Crystal system Triclinic Monoclinic Monoclinic Monoclinic
Space group P-1 C2/c P24/n C2/c
a[A] 14.1494(4) 25.0742(9) 16.2704(5) 32.1417(7)
b [A] 17.0242(6) 14.4767(6) 37.9133(11) 13.4697(3)
c[A] 17.9497(6) 18.9389(7) 16.4754(5) 23.6404(5)
a[9] 76.2023(16) 90 90 90
B [°] 72.4156(14) 90.625(2) 104.9136(8) 96.7840(6)
v [] 78.5677(14) 90 90 90
VIA] 3965.4(2) 6874.3(5) 9820.7(5) 10163.2(4)
4 2 4 4 4
TIK] 150(2) 150(2) 150(2) 150(2)
Pcalcd [MgmM™3] 1.750 1.865 1.647 1.677
RABYwR2DI []
0.0879/ 0.2646 0.1066/ 0.2990  0.0713/0.1545  0.0690/0.1898

>20(/)]

R1E/wR2MP! (all

data)
GOF

0.1013/0.2859

1.036

0.1452/ 0.3373

1.206

0.1095/ 0.1717

1.068

0.0930/ 0.2188

1.047

[a] R1 = Z|Fol-|Fel/Z|Fo|. [b] WR2 = [E[W(Fo-F2.)21/E[W(F2)2]"2, in which w = 1/02(F2,)+(aP)2+bP, P =

(P2,+2F2,)/3.
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