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ARTICLE INFO ABSTRACT

Keywords: High-coordinate 3d single-ion magnets(SIMs) especially with pentagonal bipyramidal geometry as an emerging

C_O(H) ) class of representative molecular magnets have received considerable concern. Whereas, it is not easy to

Smgle-llon magnet construct and obtain 3d SIMs with high coordination numbers (CN = 7 or 8). Herein, a mononuclear Co(II)

E:;{ap;;el a;iusortar[c;l;;z complex ([Co(pypzbeyz)(NCS)2(DMF)], pypzbeyz = N-((6-(1H-pyrazol-1-yl)pyridin-2-yl)methylene)benzohy-

80 pyram drazide) based on a tetradentate ligand has been synthesized and structurally and magnetically characterized.
Theoretical calculations . . X . . .

Single-crystal X-ray diffraction analysis reveals that the Co(II) complex adopts a seven-coordinate distorted

pentagonal bipyramidal geometry. Magnetic investigations show that the Co(II) complex has large easy plane

anisotropy with a positive D value (D = +36.8 cm ™) and a small E value, and exhibits slow magnetic relaxation

behavior under a dc field. Theoretical calculations show a positive zero-field splitting of 33.5 ecm™!, which is in

excellent agreement with the experiment. The results support that the 3d high-coordinate SIMs could be effec-

tively achieved by using a suitable multi-dentate ligand with a certain ligand field.

1. Introduction

Mononuclear single-molecule magnets (also called single-ion mag-
nets (SIMs)) have attracted great attention due to their promising ap-
plications in information storage [1-3] and spintronic devices [4,5].
Since the first discovery of Fe(I) SIM [6], the 3d SIMs have sprung up for
their unique advantages of tuning and manipulating magnetic anisot-
ropy. Till now, the two-coordinate [Co(C(SiMegPh)3)s] has reached the
highest spin relaxation barrier of 450 cm™! [7]. The orbital angular
momentum leads to magnetic anisotropy which can be quenched by the
ligand field. To gain high performance for 3d SIMs, the 3d complexes
with unquenched orbital angular momentum in a specific coordination
geometry can give rise to large magnetic anisotropy. Generally, the
magnetic anisotropy can be determined by the zero-field splitting pa-
rameters D and E. The negative and positive D values represent easy-axis
anisotropy and easy-plane anisotropy, respectively. From a synthetic
point of view, it can be designed by utilizing different chelating ligands
to obtain the specific symmetry group. Furthermore, the 3d complexes
with low coordination numbers (CN = 2-5) favor bulky ligands with

steric interactions, and the ligands with high chelating atoms (>4) for
Kramers Co(II) ion usually prefer high coordination numbers (CN = 7,
8). Although the effective energy barrier of high-coordinate 3d SIMs is
not as high as the low-coordinate ones, the high-coordinate 3d SIMs also
provide another practical solution for pursuing the structure-activity
relationship for the 3d SIMs. Remarkably, the ligand design strategy can
make full use of the ligand-field theory to develop high-coordinate 3d
SIMs. Arranging many alternative chelating atoms in the specific ligand
supplies the weak ligand field for constructing high-spin 3d metal
complexes, which can possess slow magnetic relaxation behavior.
From the first discovery of SIM [(3G)CoCl](CF3SO3) (3G =1, 1, 1-
tris-[2 N-(1,1,3,3-tetramethylguanidino)methyl]ethane) with positive D
value [8], the reported 3d complexes showed slow magnetic relaxation
behaviour with positive D value (easy-plane anisotropy), which can be
adapted the trigonal planar (CN = 3, D3y) [9], tetrahedral (CN = 4, Tq)
[10,11], square pyramidal (CN =5, C4y) [12], trigonal pyramidal (CN =
5, D3p) [13], octahedral (CN = 6, Oyp) [14-16], pentagonal bipyramidal
(CN = 7, Dsp) [17-20], capped trigonal prism (CN = 7, Cgy), [21] and
other coordination geometry. It should be pointed out that the easy
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plane magnetic anisotropy (the positive value) can occur for Kramers Co
(ID) ions with a high CN = 7. To obtain the 3d SIMs with high coordi-
nation numbers, the tetradentate and pentadentate ligands as the
favorable ligands were utilized to construct the suitable ligand field. We
have successfully reported the seven-coordinate Co(II) SIMs with posi-
tive D values based on the pentadentate ligands [17], a tetradentate
ligand [22], and a bidentate ligand [21]. It is vital to figure out the
relationship between the magnetic properties and structure for pre-
dicting and designing the new 3d SIMs with high coordination numbers.
Additionally, the investigation of novel high-coordinate 3d SIMs with
easy-plane magnetic anisotropy could promote other approaches to
obtaining high-performance SMMs for practical application.

Inspired by this consideration, we further aim to gain the high-
coordinate 3d SIMs with pentagonal bipyramid(Dsp) to understand the
relationship between the magnetic properties and structure. The asym-
metric tetradentate ligand pypzbeyz could tend to obtain high-
coordinate 3d complexes. Herein, a mononuclear Co(II) complex ([Co
(pypzbeyz)(NCS)2(DMF)]) based on the tetradentate ligand has been
reported. X-ray crystal structure analysis revealed that the Co(II) com-
plex is a seven-coordinate complex with distorted pentagonal bipyra-
midal geometry (Dsp,). Magnetic susceptibilities studies revealed that the
Co(II) complex possessed relatively large easy-plane anisotropy (D > 0),
and showed slow magnetic relaxation behavior under a dc field. Theo-
retical calculations gave detailed results to identify the experiment re-
sults for the pentagonal bipyramidal Co(II) complex with easy plane
anisotropy. The results could pave the way to design and construct high-
coordinate 3d SIMs based on the tetradentate ligands.

2. Materials and methods
2.1. Materials

All preparations and manipulations were performed under aerobic
conditions. The ligand N-((6-(1H-pyrazol-1-yl)pyridin-2-yl)methylene)
benzohydrazide (pypzbeyz) was prepared according to our previous
work [22].

2.2. Synthesis of 1 ([Co(pypzbeyz)(NCS)2(DMF)])

To a solution of pypzbeyz (0.10 mmol, 29.1 mg), Co(NCS)3 (0.10
mmol, 17.5 mg) in a 5 mL mixed solution of CH3OH and DMF(Vcuson/
Vpmr = 1:1). The mixture was tackled by ultrasonic vibration for 5 min
to yield the dark green solution and then filtered. The pale orange block
crystals suitable for X-ray diffraction studies were obtained by slow
diffusion of diethyl ether vapor into the resulting solution after 2 days.
Yield: ca. 35 %. Elemental analysis (%) calculated for Co3H2gNgO2S2Co:
C, 46.75 %; H, 3.74 %; N, 20.77 %. Found: C, 46.34; H, 3.82; N, 20.89. IR
(KBr, em L) 3447(w), 3100(m), 3029(m), 2964(w), 2935(w), 2798(w),
2122(s), 2095(vs), 1647(vs), 1616(w), 1602(w), 1572(s), 1530(s), 1478
(s), 1463(m), 1448(w), 1400(m), 1375(m), 1365(m), 1344(w), 1296(s),
1276(s), 1227(w), 1205(w), 1176(m), 1145(m), 1105(m), 1099(s),
1069(w), 1049(m), 1028(w), 1008(w), 975(m), 928(m), 912(w), 885
(w), 796(m), 762(m), 731(w), 710(m), 687(m), 679(s), 650 (w), 628
(w), 626(w), 597(w), 532(w), 471(w).

2.3. Physical measurements

Elemental analyses for C, H and N were carried out a Vario EL II
Elementar. Infrared spectra were performed on a VERTE 80 spectrom-
eter with pressed KBr pellets in the range 400-4000 cm™! at room
temperature. Magnetic measurements were carried on a Quantum
Design SQUID VSM magnetometer at temperatures ranging from 1.8 K
to 300 K for dc fields ranging from 0 to 7 T with the ground crystalline
samples. All data were corrected for the diamagnetism contribution of
the sample holder and the complex using Pascal’s constants [23].
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2.4. X-ray data collection, structure solution and refinement

The X-ray data of 1 were collected on a Bruker D8 QUEST diffrac-
tometer equipped with a CMOS area detector of Mo-Ka radiation (4 =
0.71073 A). The APEX III program was used to determine the unit cell
parameters and for data collection. The data were integrated using
SAINT [24] and SADABS 2016/2 [25]. The structures for both two
complexes were solved by direct methods and refined by full-matrix
least-squares based on F2? using the SHELXL-2014/7 package [26]. All
the non-hydrogen atoms were refined anisotropically. Hydrogen atoms
of the organic ligands were refined as riding on the corresponding non-
hydrogen atoms. Additional details of the data collection and structural
refinement parameters are provided in Table 1. Selected bond lengths
and angles are listed in Table 2.

2.5. Computational details

All calculations were carried out on ORCA 4.2.1 code [27]. The po-
sition of hydrogens were optimized using BP86 [28,29] level of theory
and def2-SVP [30] for all atoms. Further calculations were carried out
on the hydrogen optimized coordinates. For the calculation of spin-
Hamiltonian parameters and the electronic, magnetic properties, we
used DKH-def2-TZVPP [30] for Cobalt and DKH-def2-SVP [30] for all
other atoms. Complete active space self-consistent (CASSCF) [31]
method was used with an active space of seven electrons in five d-or-
bitals, CAS(7,5). Using this active space, we computed 10 quartet states
and 40 doublet states. On the converged CASSCF wavefunction, second-
order N-electron valence perturbation theory (NEVPT2) [32-34]
method was employed to account for the dynamic correlations. Further,
ab-initio based ligand field theory (AILFT) analysis was used for the
analysis of ligand field and d-orbital splitting as implemented in ORCA.

Table 1

Crystallographic data and structure refinement for 1.
complex 1
Formula Ca1Ho9Ng05S,Co
Mr [g mol'] 539.50
CCDC number 2217639
Crystal size[mm3] 0.42 x 0.36 x 0.28
Crystal system Triclinic
Space group P1
a [A] 7.356(3)
b [A] 13.099(2)
¢ [A] 13.295(4)
a [°] 74.271(5)
gl 79.952(7)
v [°1 77.324(6)
V [A%] 1193.9(6)
VA 2
T, K 293(2)
Pealea [g cm ™3] 1.501
p(Mo—Ka) [mm~'] 0.930
F(000) 554
0 range [°] 2.860-27.541
Refl. collected/unique 21,311/5492
R(int) 0.0235
Timax/ Tmin 0.5214/0.3997

Data/restraints/parameters 5492/0/313
Rl“/sz"(I > 20(D) 0.0299/0.0762
R,/WR; (all data) 0.0377/0.0801
GOF on F* 1.040

Max/min [e A=3] 0.381/-0.336

* Ry = X||Fo| — |Fe||/XC|Fol-
® WR, = { S [WFNVFD?/ Y Iw(FR) 1} 2.
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Table 2
Selected Bond Distances [.7%] and angles [°] for 1 and 2.

1

Co(1)-N(6) 2.071(3) Co(1)-N(3) 2.248(3)
Co(1)-N(7) 2.085(3) Co(1)-N(4) 2.269(3)
Co(1)-0(2) 2.181(3) Co(1)-0(1) 2.280(3)
Co(1)-N(1) 2.241(3)

N(6)-Co(1)-N(7) 177.24(6) N(7)-Co(1)-N(1) 87.83(7)
N(6)-Co(1)-0(2) 86.95(8) 0(2)-Co(1)-N(1) 146.69(6)
N(7)-Co(1)-0(2) 91.19(8) N(6)-Co(1)-N(3) 91.12(11)
N(6)-Co(1)-N(1) 94.84(7) N(7)-Co(1)-N(3) 90.43(11)
0(2)-Co(1)-N(3) 76.61(11) 0(2)-Co(1)-N(4) 144.56(6)
N(1)-Co(1)-N(3) 70.10(8) N(1)-Co(1)-N(4) 68.59(6)
N(6)-Co(1)-N(4) 85.80(11) N(3)-Co(1)-N(4) 138.13(9)
N(7)-Co(1)-N(4) 94.56(11) N(6)-Co(1)-0(1) 87.84(9)
N(7)-Co(1)-0(1) 89.75(10) N(3)-Co(1)-0(1) 153.58(5)
0(2)-Co(1)-0(1) 76.97(11) N(4)-Co(1)-0(1) 68.13(9)
N(1)-Co(1)-0(1) 136.30(8)

3. Results and discussion
3.1. Description of crystal structures 1.
X-ray single-crystal diffraction results reveal that 1 crystallizes in the

P 1 space group of a triclinic system (Table 1). Complex 1 consists of a Co
(II) ion, one asymmetric tetradentate ligand pypzbeyz, two coordinated
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NCS™ and one coordinated DMF molecule (Fig. 1a). In complex 1, the Co
(II) center adopts a hepta-coordinate (N50) ligand set with a distorted
pentagonal bipyramidal geometry (Ds, symmetry)(Fig. 1b). In the co-
ordination polyhedron of complex 1, five N3Oy atoms from pypzbeyz
(N1, N3, N4, 01) and one DMF (02) occupied the equatorial plane five
positions, and the axial two positions are occupied by two Ny atoms from
NCS™ (N6 and N7). As shown in Table 2, the bond angle of «N6-Co1-N7
is 177.24(6)° almost close to the ideal 180°, and the bond angles in the
pentagon of the coordination polyhedron range from 68.13(9)°(«N4-
Co1-01) to 76.97(11)°(£01-Co1-02), which are deviated from the ideal
72°. Therefore, the distorted degree can be calculated by the continuous
shape measures (CShM) software SHAPE 2.1 [35] to yield the value of
0.428(0 means ideal pentagonal bipyramidal geometry, Table S1). The
supramolecular interactions (n-n stackings) between two neighbour
complexes were found between the neighbour benzene rings in the
ligand pypzbeyz with 3.741(6) and 3.665(6) A (Fig. 1c), but no classic
hydrogen bond was found. In addition, the shortest Col---Col distance is
7.356(1) A (Fig. 1c), which can be neglected the magnetic interaction
between Col atoms in the solid state.

3.2. Magnetic properties of complex 1

The dc magnetic susceptibilities of complex 1 were determined on
polycrystalline samples in the temperature range of 300 —1.8 K under a
1000 Oe dc field (Fig. 2a). The yuT value at 300 K is 2.66 em® mol ! K

Fig. 1. Crystal structure of complex 1(a), the coordination polyhedron around Co(II) (b), and n-n stackings distances and the shortest Col---Col distance(c).
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Fig. 2. (a) Temperature dependence of yuT products for complex 1 under a dc field of 1000 Oe. (b) Field dependence of the magnetization data at 2, 3, and 5 K for 1.

The red solid lines are fitted simultaneously by using PHI software.

for 1, which are larger than the theoretical values of 1.875 ¢cm® mol ™! K
for the spin-only high-spin Co(II) ion (S = 3/2, gco = 2.0), indicating the
high-spin Co(II) ion with a distorted pentagonal bipyramidal geometry
processing the high magnetic anisotropy. Upon lowering the tempera-
ture, the yT for 1 gradually decreases and then drops to reach 1.68 cm®
mol ! K at 2.0 K. The yyT curves are similar to the most reported
mononuclear Co(II) SIMs. The magnetization of 1 at 2, 3, and 5 K in-
creases up to 2.38, 2.37, and 2.29 pg at 7 T (Fig. 2b), respectively, which
is lower than the calculated saturation value(3.0 pg), further identifying
the significant magnetic anisotropy of Co(II) in complex 1.

To gain insight into the magnetic anisotropy of Co(I) in 1, the
simultaneously fit for the magnetic susceptibilities and magnetization at
2, 3, and 5 K(Fig. 2) by using the PHI software [36] gave the ZFS pa-
rameters according to the spin Hamiltonian equation H = D[S$2 — S(S +
1)/3] + E(S3—SP) + up (&xSxBx + 8ySyBy + &SyB;) where D, E, S;, g, B,

=4 o 1Hz | ——1.8K
1.0 ¢ Hlgo =1000 Qe [0, Hge = 1000 0e  T—o—20K
H.,.=10e 78H; _ 9—2.2K
& o112z | Hae=10e 4o 24K
~ 0.8 ——233Hz | 7 26K
= ——695Hz | O N 2.8K
£ i) B 3 Bl
mE 0.6 "’E 0.6 *oaae ——o—3.4K
m 3.6K
o \O. D—FFFH—H‘;,;;L,‘\_ - »—3.8K
_\204 . “= (e = e o o s ey et b o 4.0K
R 0.3
0.2
0.0t 0.0
0.3
- - 03
© ©
"’E 0.2 ‘“E
e =
5 5 0.2
=~ —~
=g o
0.1 N0.1
0.0 0.0

3 4
T/K

and up represent for the uniaxial ZFS parameter, transverse ZFS
parameter, spin operator, g tensor, magnetic vector, and Bohr magneton,
respectively. The fit curves with different temperatures for complex 1
are not totally consistent with the M vs H plots, due to the highly
anisotropic feature of the Co(Il) center. The best fit afforded D = 36.8
em™, E = 0.4 em™}, & = & = 2.43, and g = 2.25. The results are
compatible with the easy-plane magnetic anisotropy with a large posi-
tive D value. We have also obtained the set of fit results with the pa-
rameters D = -12.1 cmfl, E=115 cm’l, & =8y = 2.31, and g, = 2.49.
However, the negative anisotropy conflicts with the theoretical results.
Furthermore, the positive D values occurred in the reported Co(II)
compounds with pentagonal bipyramidal geometry (Ds, symmetry).
As a Kramers ion, the Co(II) complexes frequently showed slow
magnetic relaxation behaviour, characteristic of a single-ion magnet.
Firstly, ac magnetic susceptibility measurements were performed under

Fig. 3. Temperature dependence and Frequency dependence of the in-phase (y) and out-of-phase (yy") parts of the ac susceptibility for complex 1 in the range of

1.8-6.0 K and 1 Hz —999 Hz under a 1000 Oe dc field.
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zero applied dc field, (Fig. S1) and no out-of-phase ac susceptibility was
observed for complex 1, probably resulting from the fast QTM for the
most mononuclear Co(II) SMMs. To suppress the fast QTM relaxation
effects for 1, ac susceptibility measurements at 2 K under various dc bias
fields (200-4000 Oe) were performed to give the optimistic dc field
1000 Oe. As shown in Fig. 3, the temperature-dependent and frequency-
dependent ac susceptibility curves identified the slow magnetic relaxa-
tion behavior of complex 1. To evaluate the dynamic magnetic param-
eters, the Cole-Cole plots can be fitted well by using the generalized
Debye model [37] (Fig. 4a), which exhibited semicircle shapes
extracting the data from the ac susceptibilities. The parameter a values
are in the range of 0.05 to 0.19 (see Table S2), suggesting a substantial
broadening of the distribution of magnetic relaxation times, especially at
low temperatures. The Arrhenius law = 70 1 exp(—Uef/kgT) can be
applied for the fit of the high-temperature data (T = 5.0-6.0 K, Fig. 4b)
to obtain the effective energy barrier (Uefr). The results gave Uegs = 29.5
K and 7o = 4.0 x 107 s. However, the curvature of the plots indicates
the existence of multiple relaxation pathways. Because of the applied dc
field, the multiple relaxation processes can be regarded as the
spin-lattice relaxation with Raman and Orbach processes (r ! = CT" +
70 1exp(—Ueff/kBT). The best fit in the whole temperature region
(Fig. 4b) yields the parameters C = 53.9 K301 n=3.0, Ueff = 55.9K
and 7o = 2.2 x 10710 5. The observed energy barrier is larger than the
barrier only considering the Orbach process, and the obtained n value is
consistent with the optical acoustic Raman process [38].

3.3. Theoretical calculations of complex 1

To estimate the zero-field splitting parameter in 1, here we have
performed complete active space self-consistent field (CASSCF) [31]
followed by second-order N-electron valence perturbation theory
(NEVPT2) [32-34] on the hydrogen optimized X-ray crystal structure
(see ESI for the details). CASSCF/NEVPT2 methodology has been
instrumental in computing the spin-Hamiltonian (SH) parameters of
open-shell transition metal complexes [39-43]. In complex 1, the Co(II)
is seven-coordinated, possessing a distorted pentagonal bipyramidal
environment, where -NCS ligands are present on the axial position while
pypzbeyz ligand and DMF are present in the plane. NEVPT2 computed
all the ten quartet states (*F and *P) spanned over an energy range of ~
24050 cm ™1 with the first excited spin-free state located at ~ 2222 cm ™!
higher in energy. In a perfect Ds;, environment, the *F state splits in the
4A5" + 4Ey" + 4E;" + 4E, states, and due to structural distortions, we
have observed the non-degenerate 4A;’ as the ground state while excited
4Ey" + 4E;” + 4EJ states(See Fig. 5(a)). NEVPT2-AILFT predicts the
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following orbital ordering (dxz)2 < (dyz)2 < (dxg,yz)1 < (dxy)1 < (dzg)l,
representing the distorted Co(II) ion in the PBP environment (See Fig. 5
(b)) [17,44-46]. CASSCF/NEVPT2 computed spin-free and spin—orbit
states are reported in Table S3. NEVPT2(CASSCF) computed energy gap
between the ground and first excited Kramer Doublet (Kp) is 67.4 (77.0)
em ™. Wave functional decomposition analysis of the ground and first
excited state KDs are 60 % |3/2; £1/2) + 36 % |3/2; +3/2)and 65 % |3/
2; £3/2) + 31 % |3/2; +£1/2). The projection of the quartet and doublet
excited states of the NEVPT2(CASSCF) calculations on S = 3/2 pseudo-
spin yields a D value of 33.5 (38.2) cm ! for complex 1. NEVPT2
(CASSCF) computed E/D values are 0.06(0.07) very small. The
computed D and E values are in good agreement with the experiment.
NEVPT2 computed g-values for the ground state Kp of 1 are gp,i, = 2.032;
8mid = 4.260 and gnax = 5.191 representing significantly large transverse
anisotropy, which is in line with the experimentally observed easy plane
anisotropy (see Table S4 for details). The computed p-tensor orientation
is provided in Fig. S3. Our calculations nicely reproduce the experi-
mental static dc data, highlighting the correctness of the computed SH
parameters.

Generally, the Co(II) PBP complexes possess a mild positive D value
within the range of ~20-60 em ! [17,44-52]. In the Dsp, environment,
the non-degenerate 4A," becomes the ground state, and magnetic
anisotropy emerges from the second-order SOC via mixing with the
excited states [44-49]. The large crystal field splitting due to the seven
coordinating ligands throws the first spin-free excited state higher in
energy, hence limiting the magnitude of the zero-field splitting param-
eters. NEVPT2 computed the first excited spin-free state located at
~2222 cm™! for 1. For complex 1, the ground configuration is 81 %
(d,(y)1 (dyz)z(dzz)l (dxz)Z(dxz,yz)1 and the first excited state configuration
is 51 % (dg)'(dp)'(de)'(de)*(de )  + 18 %
(diy)?(dyz)" (dz2)" (dxz)?(d_y2)". It is evident from the nature of the first
excited configuration that the major contribution to the D value emerges
from dy;_.dy2.y2 transition (i.e. between different |my| levels), which ex-
plains the positive zero-field splitting in 1. Moreover, small contribu-
tions from the spin-flip excitations to D values have also been witnessed
(see Table S5 and S6 for details). The spin-conserved excitations are the
major contributors to the D value and due to doubly occupied dy./dy,
orbitals, the spin-conserved transition only takes place between the or-
bitals of the different m; levels and ensures the positive D value for Co(II)
PBP complexes. To conclude, the axial ligand donor strength and the
equatorial ligand symmetry affect the sign and magnitude of D. In
complex 1, the axial ligands are weak c-donors and the equatorial ligand
is asymmetric, which caused the spin—orbit mixing of the ground quartet
with the excited quartet level to give the positive D value for the Co(II)
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Fig. 4. (a) Cole-Cole plots of 1 measured under 1000 Oe dc field from 1.8 to 6.0 K. The red solid lines correspond to the best fit obtained with a generalized Debye
model. (b) The relaxation time of the magnetization In(z) vs T~! for 1. The pink line corresponds to the Arrhenius fit in the high range of 5.0-6.0 K and the violet line

corresponds to the fit using Raman and Orbach processes. ((Colour online.))
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o

Fig. 5. (a) NEVPT2 computed energy splitting diagram of free Co(II) in ideal Dsy, environment complex 1 (b) NEVPT2-Ab-initio ligand field theory (AILFT) computed

d-orbital ordering for 1.
complex with pentagonal bipyramidal geometry [18,53].

4. Conclusions

In conclusion, a Co(II) complex based on an asymmetric tetradentate
ligand has been synthesized and characterized. The Co(II) complex is
seven-coordinate with pentagonal bipyramidal geometry (Ds, symme-
try). Magnetic measurements revealed that the high-spin Co(II) complex
possesses an easy-plane magnetic anisotropy with a positive D value and
a small E value. Additionally, the high-coordinate Co(II) complex
exhibited a field-induced SIM behavior. Furthermore, the results ob-
tained from CASSCF/NEVPT?2 calculations in the Co(II) complex display
large easy plane anisotropy and agree with the experimental findings.
Further efforts include designing and constructing the high-coordinate
3d SIMs with a ligand design strategy.
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