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1. General method

1. Materials and methods
The salt (NEty)[Fe''(Tp*)(CN);] was prepared according to modified literature
method,! and other reagents and solvents used were commercially available and not
further purified. Thermogravimetric analysis (TGA) was carried out on a Rigaku
standard TG-DTA analyzer from room temperature to 700 °C under argon atmosphere
with a heating rate of 10 °C min™!, using an empty Pt crucible as reference. Elemental
analysis (C, H, and N) was performed on a vario EL cube elemental analyzer. Powder
X-ray diffraction (PXRD) was performed on a Rigaku Miniflex 600 at room
temperature.
2. X-ray crystallography
Single-crystal X-ray diffraction study were performed on a Rigaku diffractometer
equipped with CCD area detector with a graphite monochromator. The determination
of unit cell parameters and data collections were performed with Cu-Ka radiation (4 =
1.54 A). The data were corrected by semi-empirical method using SADABS program.
The program SAINT was used for integration of the diffraction profiles. The structure
was solved by direct methods using SHELXS program of the SHELXTL-97 package
and refined with SHELXL.? The final refinements were performed by full matrix
least-squares methods with anisotropic thermal parameters for non-hydrogen atoms
on F?. The uncoordinated solvent molecules are disordered, which are removed by
SQUEEZE in PLATON,? and the results were appended in the CIF file. Finally, a
summary of the crystallographic data and structure refinements are listed in Table 1
for 1 and 2. Selected bond lengths and angles are given in Table S1 and S2.
3. Magnetic measurements
Direct current magnetic susceptibility measurements of polycrystalline samples 1
and 2, on a Quantum Design SQUID magnetometer, operating between 1.8 and 300 K.
alternating current magnetic susceptibility data measurements were performed at
frequencies between 1 and 1000 Hz. Data were corrected for the diamagnetic

contribution calculated from Pascal’s constants.



4. Computational studies

As the prediction and control of the magnetic anisotropy have become crucial for
the design of magnetic materials, such as SCMs. In the present study, the
mononuclear LS fac-[Fe'(Tp*)(CN);]-may display a significant magnetic anisotropy,
owing to the ab initio calculations of the isostructural LS fac-[Fe"'(Tp)(CN);]~ with
similar C; symmetry.* To obtain the isotropic exchange coupling constants .J between
Ni'l and Fe", Orca 4.1.2 calculations® were performed with the popular hybrid
functional B3LYP proposed by Becke® and Lee et al.” Triple-{ with one polarization
function TZVP?® basis sets were used for all atoms, and zero order regular
approximation (ZORA) was used for the scalar relativistic effect in all calculations.
Four Ni'l-Fe'l isotropic exchange couplings in the model structure exhibited in Fig.
S15 are the same, and thus there is only one type of J between Ni!' and Fe''l. The large
integration grid (grid = 5) was applied to Ni'l and Fe'! for ZORA calculations. Tight
convergence criteria was selected to ensure the results to be well converged with
respect to technical parameters.

Complete active space second-order perturbation theory (CASPT2) considering the
effect of the dynamical electronic correlation based on complete-active-space self-
consistent field (CASSCF) using MOLCAS 8.4 program package® was performed on
the model structure of individual Ni" fragment (see Fig. S16) extracted from complex
1. For the first CASSCF calculation, the basis sets for all atoms are atomic natural
orbitals from the MOLCAS ANO-RCC library: ANO-RCC-VTZP for magnetic
center ion Ni'l; VTZ for close N atoms; VDZ for distant atoms. The calculations
employed the second order Douglas-Kroll-Hess Hamiltonian, where scalar relativistic
contractions were taken into account in the basis set. The effect of the dynamical
electronic correlation was applied using CASPT2 based on the first CASSCF
calculation. After that, the spin-orbit coupling was handled separately in the restricted
active space state interaction (RASSI-SO) procedure. The active electrons in 10 active
spaces considering 3d double shell effect include all seven 3d electrons, and the

mixed spin-free states are 25 (via 10 quadruplets and 15 doublets).



II. X-ray structure determination

Table S1 Selected bond lengths (A) and bond angles (°) for 1.

Fel-N3
Fel-C1
Ni2—N1
NI1-Ni2—-N7
N1-Ni2—-N72
NI1-Ni2-N1b
N3-Fel-N6
N3-Fel-C2
N6-Fel-ClI
N6-Fel-N64
Cl-Fel-C2

1.989(7)
1.904(5)
2.067(3)
89.28(8)
90.72(8)
178.56(12)
89.4(2)
179.2(5)
92.3(2)
90.52(18)
85.6(3)

Fel-N6
Fel-C2
Ni2—N7
NI1-Ni2—-N12
N7-Ni2-N72
N1-Ni2—-N1¢
N3-Fel-C1
N6-Fel-C2
Cl-Fel-C14
Cl1-Fel-Ne64

2.006(4)
1.934(18)
2.096(5)
91.24(12)
180.00
88.77(12)
93.8(3)
91.2(3)
84.7(2)
175.8(2)

Symmetry codes: a = -x,1-y,z. b=x,1-y,1/2-z. ¢ = -x,y,1/2-z. d = x,y,-Z.

Table S2 Selected bond lengths (A) and bond angles (°) for 2.

Fel-N1
Fe2-N3
Fe2-C1
N1-Fel-N7
N1-Fel-N1°
N1-Fel-N1¢
N1-Fel-N7¢
N3-Fe2-C1
N3-Fe2-C2
N3-Fe2-C14
N6-Fe2-Cl1
Cl-Fe2-C14

Symmetry codes

2.166(3)
2.016(3)
1.926(3)
91.0(2)
178.23(10)
88.62(10)
90.8(2)
92.81(12)
90.13(14)
175.71(13)
94.05(13)
83.90(13)

Fel-N7
Fe2-N6
Fe2-C2
NI1-Fel-N12
N1-Fel-N7°
N7-Fel-N72
N7-Fel-N7¢
N3-Fe2-N6
N3-Fe2-N3¢
Cl1-Fe2-C2
N6-Fe2-C2

2.198(3)
1.995(5)
1.947(5)
91.41(10)
87.2(2)
177.13)
177.5(3)
88.92(12)
90.35(12)
86.96(15)
178.6(2)

ra=1-x,1-y,z. b=x,1-y,1/2-z. c = 1-x,y,1/2-z. d = x,y,1-2.
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Complex D-H--A HAA) DAR)  D-H-A®)

1 O1-HIA--"N8 2.13 2.83(2) 143
O1W-HIWA N8 1.78 2.44(2) 132
O1W-HIWB---N2 2.37 2.95(2) 126
O2W-H2WA--O1W 1.63 2.44(3) 159"
02W-H2WB---01W 2.55 3.27(3) 144
C16-H16---O1W 2.59 3.41(2) 148
C18-H18-"N§ 1.77 2.46(2) 129

2 O1-HIA---N8 2.30 2.997(19) 143
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Fig. S1 (a) Perspective view of the asymmetric unit of 1. (b) A two-dimensional layer

through hydrogen bonds along the ac plane in 1. (c) The packing diagram of 1.



Fig. S2 (a) Perspective view of the asymmetric unit of 2. (b) One-dimensional (1D)
chains formed by cyanide-bridged along the ¢ axis for 2. (¢) A two-dimensional layer

through hydrogen bonds along the ac plane in 2. (d) The packing diagram of 2.

III. PXRD and Thermogravimetric analysis (TGA)
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Fig. S3 Simulated (Sim.) and experimental (Exp.) powder X-ray diffraction (PXRD)
patterns for 1 (a), 2 (b).
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Fig. S4 TGA curve for 1 (a), 2 (b).

IV. Magnetic properties
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Fig. S5 Magnetization M (ug) plotted versus external magnetic field H (T) plot for 1
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(a) and 2 (b), respectively.
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Fig. S6 The magnetic hysteresis loop of 2 recorded at 1.8 K..
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Fig. S7 (a) ZFC/FC magnetization curves for 1 at an applied field of 50 Oe. (b) FC
magnetization curves at various magnetic fields for 1.
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Fig. S8 ZFC/FC magnetization curves at 100 Oe for 2.
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Fig. S9 Temperature dependences of ' and " for 1 in a 0 Oe DC field in the 1-1000
Hz frequency range.
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Fig. S10 Temperature dependences of y’ and y"’ for 2 in a 0 Oe DC field in the 1-1000
Hz frequency range.

V. Theoretical calculations

Fig. S11 Model structure extracted from complex 1 for calculating Ni'l-Fe!ll exchange
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interactions; H atoms are omitted for clarity.

Fig. S12 Model structure of individual Ni' fragment.

Table S3. Calculated zero-field splitting parameters D(E) (cm™!) and g (gx, gy,
g,) tensors of the lowest spin-orbit state of individual Ni'! fragment from

complex 1 by CASPT2/RASSI-SO.

D (E) (cm™) g
2.215
—1.41 (-0.44) 2.221
2.227
Fel
E, Nil Ni2

\ e2 /
Fe h
b Nil/ \Niz

\ Fe2 /

—>

Fig. S13 Two spin states of £ and E,.
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