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ABSTRACT: Low-coordinate metallic ions have been well recognized for
constructing good-performance single ion magnets (SIMs) due to their enhanced
magnetic anisotropy; however, the incorporation of such specific ions into
coordination polymers is still challenging. Here, we reported two new Co"
coordination polymers, namely [Co(pdms)(bpe)], (1) and {[Co(pdms)(tpb)]-
H,O-tpb}, (2) (H,pdms = 1,2-bis(methanesulfonamido)benzene, bpe = 1,2-di(4-
pyridyl)ethane, tpb = 1,2,4,5-tetra(4-pyridyl)benzene). Single crystal X-ray
diffraction experiments indicated that the Co' centers in both 1 and 2 display
a distorted tetrahedral geometry with quasi C,, symmetry and are linked into a
one-dimensional (1D) zig-zag chain via the ditopic bridging ligand of bpe in 1
while a ribbon chain via the tetradentate linker of tpb in 2. Magnetic studies
revealed the easy-axis magnetic anisotropy of the Co' ions with different zero-
field splitting D of —19 cm™" (1) and —33 cm™' (2), likely due to the distinct
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changes in the N,,—Co—N,, bite angles (100.20° (1) vs. 93.90° (2)). Moreover, slow magnetic relaxation proceeded via different
relaxation mechanisms under applied dc fields was observed, giving an effective energy barrier (U.g) of 69.6 K for 1 and 76.6 K for 2,
respectively. The ab initio calculations on both the polymers further confirmed the sign and magnitude of the ZFS parameters and
nicely reproduced the experimental results. Our study demonstrated a great potential for applying the well-studied and highly
anisotropic 4-coordinate metal ions within a coordination polymer, opening a viable means to tuning magnetic anisotropy via

topological control.

Bl INTRODUCTION

Single-molecule magnets (SMMs) are molecules of nanoscale
that show slow magnetic relaxation of purely molecular origin."
Having developed over decades, thousands of SMMs have
been synthesized and characterized to display a variety of
magnetic complexes with distinct barrier (U.) and magnetic
blocking temperatures (Tg).> One of the milestones in this
field is that a mononuclear Fe' complex was observed to
display slow magnetic relaxation in 2010 by Long et al.,* which
greatly prompted the search of new monometallic transition-
metal-based SMMs (also termed single-ion magnets, SIMs)."
With the characterization of a high-performance organo-
metallic Er(IlI) SIM reported by Gao and co-workers,” the
design principles from multinuclear SMMs to SIMs were
basically established, and the field of SIMs has then entered a
stage of rapid development. To date, the very best SIM systems
were found to be related to the low-coordinate transition-metal
ions and organometallic lanthanide complexes within a
particular coordination geometry, which can greatly improve
the limit of magnetic anisotropy.
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Besides the mononuclear complexes, a series of coordination
polymers (CPs) or metal—organic frameworks (MOFs),”
which are built with metal nodes (a single metal ion or a
cluster) and organic linking ligands were reported to display
slow relaxation of the magnetization under zero filed or applied
dc fields."~"* Such 3d or 4f complexes can be considered as
SIM-CPs or SMM-CPs because magnetically they exhibit the
nature of their metal nodes due to negligible internode
interactions.””~"? In fact, they have provided a new platform
for manipulating the magnetic dynamics. As an illustrative
example, Cano et al. reported the guest-dependent SIM
behavior in a family of cobalt(IT) MOFs.” Our recent studies
on some 1D or 2D SIM-MOFs also showed that the magnetic
dynamics of such complexes can be tuned by switching the
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Scheme 1. Molecule Structures of [Co(pdms),]*” Building Unit, the Bridging Ligands bpe and tpb, and the Resulting

Topology Structures of 1 and 2
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Figure 1. Structural representation of the 1D zigzag chain structure of 1 (a) and 1D ribbon structure of 2 (c). Local coordination environments of

the Co**

ions in 1 (b) and 2 (d). Color code: Co, purplish red; S, orange; O, red; N, blue; C, black. Hydrogen atoms or solvent molecules are
omitted for clarity. Symmetry codes: 1 + X, 3/2 - Y,3/2 -Z;22 - X,2 —

Y, 1 —Z for 1; '1 + X, +Y, +Z for 2.
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guest molecules, or varying the axial coordination atoms.

To date, however, the majority of such complexes, including
discrete polynuclear complexes, are built with the six-
coordinate and octahedral metal centers (Table S1, Table
S2, SI) rather than the well-recognized highly anisotropic metal
ions, including the low-coordinate ones.”””** One major
reason lies in the synthetic challenge for preserving/realizing
the selected particular geometries within a framework.”**
Previously, Slageren and co-workers reported a remarkable
Co(11)-SIM (HNEt;),[Co(pdms),] (Scheme 1, H,pdms
1,2-bis(methanesulfonamido )benzene), in which the cobalt ion
adopts a four-coordinate D,; symmetry and possesses a huge
zero-field splitting (ZES) D value of —115 cm™.*° Later, they
applied such particular geometric ions into a dinuclear SMM
via a radical bridge, resulting in a 350-fold increase of the
magnetization relaxation time. 26728 Moreover, this highly
stable and anionic molecule was able to cocrystallize with
other functional components for realizing multifunctionalities,
such as magnetic bistability and conductivity.””>" Very
recently, we found that as long as nitrogen-containing organic
ligands are present, [Co(pdms),]*” dianionic molecules form
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stable neutral species, and importantly, the coordination
Along this line, herein, we
utilized two different organic linkers and achieved the
preparation of two coordination complexes, [Co(pdms)-
(bpe)], (1) and {[Co(pdms)(tpb)]-H,O-tpb}, (2) (Scheme
1, bpe = 1,2-di(4-pyridyl)ethane, tpb = 1,2,4,5-tetra(4-
pyridyl)benzene). A single crystal X-ray diffraction study
indicated that the Co®" centers in both 1 and 2 display a
distorted tetrahedral geometry (C,, symmetry) and are linked
into a one-dimensional (1D) zig-zag chain via the ditopic
bridging ligand of bpe in 1 while a ribbon chain via the
tetradentate linker of tpb in 2. Interestingly, magnetic
measurements revealed that both 1 and 2 showed the field-
induced SIM behaviors with the evidenced easy-axis magnetic
anisotropy, the different magnitudes of which were likely
regulated by the distinct N,,—Co—N,, bite angles. Theoretical
calculations were used to analyze the difference in the

geometry is nearly preserved.’”

magnetic properties of 1 and 2, providing insight into the
design of potential high-performance SIM-CPs.
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B RESULTS AND DISCUSSION

Synthesis and Crystal Structures. As observed pre-
viously, the [Co(pdms),]** species becomes labile and may
form a relatively stable neutral {Co(pdms)} component with
the existence of pyridinyl derivatives.”” As such, the pure
crystalline sample of 1 was prepared directly through the
reaction of [Co(pdms),]*" and the organic pyridine derivative
of bpe. Due to the bad solubility of the bulk tpb ligand, a one-
pot microwave solvothermal method was successfully
employed for the synthesis of 2. Both 1 and 2 crystallize
cleanly as dark red block crystals in high yields. Experiments
with powder X-ray diffraction (PXRD) confirmed the purities
of bulk crystalline samples 1 and 2, and the experimental
PXRD patterns are basically consistent with the simulated
patterns (Figure 1, SI). Notably, we can see relatively major
differences for 2, which may be due to the loss of crystallization
water molecules during the grinding process. Furthermore,
thermogravimetric analysis (TGA, Figure S2, SI) revealed that
the mass of 1 remained unchanged up to ca. 260 °C, while a
one-step desolvation process below 90 °C with the weight loss
of 2.5% (calc. 2.4%) was observed for 2, which started
decompose at ca. 400 °C. This result indicated that the
coordination chains for both 1 and 2 are stable.

Single crystal X-ray diffraction analyses reveal the ortho-
rhombic Pnna space group of 1. The asymmetric unit consists

of half of one [Co(pdms)(bpe)] unit (Table 1, Figure S3, SI).

Table 1. Crystallographic Data and Structure Refinement
Parameters for Complexes 1 and 2

Parameter 1 2
Formula C,oH,,CoN,O,S, C;,H;,CoN4O;S,
Formula weight [g mol™'] 505.46 725.69
Crystal system orthorhombic triclinic
Space group Pnna Pl
a [A] 10.9568(3) 9.2703(S)

b [A] 15.2587(4) 9.9725(5)

c [A] 12.6151(4) 18.7745(9)

a [°] 90 77.614(2)

p°] 90 75.781(2)

7 [°] 90 86.984(2)

vV [A%] 2109.07(10) 1643.33(15)

V4 4 2

Peied [g em™] 193 183

u(Mo—Ka) [mm™] 1.592 1.467

F(000) 1.048 0.701

Rine 1044.0 750.0

R,%/wR," (I > 26(1)) 0.0274/0.0747 0.0488/0.1108

R,/wR, (all data) 0.0311/0.0787 0.0817/0.1272

GOF on F, 1.061 1.041

max/min [e A7) 0.46/—0.42 0.63/—0.55
“R, = YIFI| — IFI/YIF] "wR, = {X[w(F.> — E2)?/
ZIw(E) 2

The coordination 1 is a 1D coordination polymer with a zigzag
chain topology. The neutral {Co(pdms)} units are linked by
each end of the nitrogen atoms of bpe ligands (Figure 1). In
the chain, the Co" centers are distorted tetrahedrons made up
of two nitrogen atoms from bpe and two nitrogen atoms from
pdms (Figure 1b). Complex 2 crystallizes in the triclinic P1
space group and has a 1D ribbon topology (Table 1, Figure
Ic). The asymmetric unit of 2 contains a complete
{Co(pdms)} moiety and half of a coordinated tpb ligand
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and half of a crystallize lattice tpb ligand (Figure S3, SI). The
cobalt centers in 2 are chelated by four N atoms from one
pdms and two tetradentate tpb ligands and linked through cis-
disposed nitrogen atoms of the tpb linkers (Figure 1d), giving
a 1D ribbon coordination polymer with tetrahedral Co'
centers. As shown in Tables S2 and S3, selected bond lengths
and angles for 1 and 2 are summarized.

The structural characteristics are worth further comparing to
unveil the magneto-structural relationship. The average Co—N
bond distances in 1 and 2 are 1.999 and 2.003 A, respectively,
which is comparable with the bond distances in the parent
complex (Figure S4, SI). The almost same bond distances in 1
and 2 can carefully exclude the effective influence of the bond
distance on magnetic anisotropy. The continuous shape
measure (CSM) values for 1 and 2 calculated by SHAPE
2.1°° are 3.312 and 3.733 (Table S4, SI), respectively,
indicating a large distortion from standard tetrahedral
geometry (CSM = 0). For tetrahedral mononuclear cobalt
complexes, except for the bond distance and structural
distortion, the ZN—Co—N bite angle has vital significance in
the zero-field splitting parameter D, which has been established
by experimental and computational studies.”* ">’ Thus, the
4N—Co—N bite angles of the Co" ions in 1 and 2 were
compared (Figure 1b,d). As can be seen, one of the ZN—Co—
N bite angles (81.11° and 81.85°) supported by the pdms
ligand is close to the angle (80.70° and 80.59°) in the parent
complex (Figure S3, SI). However, another ZN—Co—N bite
angle chelated the Co" ion by two neighboring bpe ligands,
and two tpb ligands are 100.20° and 93.90° for 1 and 2,
respectively (Figure 1b,d). These unique cheating modes with
distinct N—Co—N bite angles are very rare in the family of
distorted tetrahedral Co(II) complexes.”*”** The overall
crystal packing structure of 1 and 2 indicates a well-isolated
Co" ion from a magnetic perspective with the shortest
interchain and intrachain Co-+Co distances being 11.416 A
and 8.388 for 1 and 12.194 A and 9.972 for 2 (Figure S5, SI).
These separations are larger than most reported values in 1D
Co(II) coordination polymers (Table S1, SI) and relatively
long, making it unlikely that there will be potential
intermolecular magnetic interaction.

Static Magnetic Properties. Temperature-dependent
magnetic susceptibility data were measured for 1 and 2 in
the temperature range of 2—300 K under a dc field of 1 kOe
(Figure 2). The yyT values at 300 K for 1 and 2 are 2.82 and
2.32 cm® mol ™" K, respectively, larger than the spin-only value
of 1.875 cm® mol™" K for a high-spin Co' ion (S = 3/2, g =2),
suggesting a significant orbital contribution originating from a
low-lying electronic excited state coupled to the ground
electronic state through spin—orbit coupling (SOC) of the
high-spin Co" ions in a distorted Ty symmetry to the magnetic
momentum. For 1 and 2, the yyT values remain essentially
constant from 300 to 50 K, where the curves begin to decrease
monotonously down to 1.71 and 1.66 cm® mol™' K,
respectively. Other reported mononuclear Co(II) complexes
with distorted tetrahedral geometry also show similar
curves.”*™** In stark comparison, the values of yyT in the
measured temperature range for 2 are notably larger than the
values of 1, supporting the important effect of the ZN—Co—N
bite angle on magnetic properties and indicating a larger
magnetic anisotropy of the Co ion in 2. Also, different
temperatures were used to measure the field-dependent
magnetization curves of 1 and 2 (Figure S6, SI). For a high-
spin Co" ion with S = 3/2 and g = 2.0, the magnetization
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Figure 2. Magnetic susceptibilities of 1 and 2 measured at 1 kOe.
Solid lines are best fits by PHI.

values at 7 T and 2 K are 2.21 and 2.18 pg, which are far below
the saturation value of 3 pp. Insufficiency of the saturation
reveals the hallmarks of significant magnetic anisotropy in 1
and 2.

Magnetically, though 1 and 2 are coordination polymers
with distinct 1D topologies, the Co" centers are bridged by
various long organic ligands, giving rise to two magnetically
noninteracting Co" centers in 1 and 2. These coordination
polymers with negligible magnetic interactions between the
metal centers can still be treated as single-ion systems.”'* To
estimate the zero-field splitting (ZFS) parameters (D, E, g
tensors) of 1 and 2, the susceptibility and magnetization data
in the measured temperature range were simultaneously fitted
by the PHI program® considering the following spin
Hamiltonian:

. ~ S +1

z

a2 A2 A
+ E(S, = §,) + uygSB

(1)

where D, E, S, ug, and B represent the axial and rhombic ZFS
parameters, the spin operator, Bohr magneton, and magnetic
field vectors, respectively. The best fits afford D = —=21.1 cm™,
|E/DI = 0.12, g = 2457 for 1, and D = =353 cm™!, IE/DI =
—0.16, g = 2.621 for 2. Hence, there is an easy-axis magnetic
anisotropy of the distorted tetrahedral Co'' centers in
compounds 1 and 2 as indicated by these negative D values.
The magnitude of the D values is comparable with structurally
similar four-coordinate Co(II) complexes.”>** Furthermore,
complex 1 has a larger D value than complex 2, indicating a
greater magnetic anisotropy. For mononuclear tetrahedral Co
complexes, magnetic anisotropy has been found to correlate
with several factors, including different first coordination
spheres (Heavy atom effect), second coordination spheres
(Ligands effect),*>* structural disorder (solid-state effects),*
and the N—Co—N bite angle.”*™*” On the basis of structural
analyses, the most notable effect on magnetic properties,
including magnetic anisotropy and relaxation dynamics, should
be the N—Co—N bite angle modified through a topology
control by molecular design. From the experiments and
theoretical studies, the small ZN—Co—N bite angle will lead to
a relatively large magnitude of D value.”®*”* In addition,
nonlinear dependency between the ZN—Co—N bite angle and
the splitting of d-orbitals was also observed in some four-
coordinated Co(II) complexes.*' ~**

Dynamic Magnetic Properties. The parent Co(Il)
complex is a high-performance zero-field SIM, and thus
temperature- and frequency-dependent ac susceptibility
measurements were measured to probe the potential SIM
behavior in compounds 1 and 2. For their considerable
magnetic anisotropy of the Co’* ions in compounds 1 and 2,
the well-isolated Co?" centers, in principle, can exhibit slow
magnetization relaxation.”' ~** However, both the polymers do

. Hge = 1000 Oe
Hae =2 Oe

12
b Hgg = 1000 Oe

Hyo=20e

100 1000

10
v/ Hz

Figure 3. Ac magnetic susceptibilities of in-phase (') and out-of-phase (y”) parts measured under various temperatures for 1 (a) and 2 (b).
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not display out-of-phase (y”) ac magnetic susceptibility signals
(Figure S7, SI). A similar scenario also happened in our
recently reported binuclear cobalt(II) metallocycle, in which
the lack of zero-field SMM behavior originates from a small
negative D value but significantly large rhombic contribution.*”
Additionally, normal spin flip and/or quantum tunnelling of
magnetization (QTM) relaxation induced by hyperfine
interactions and dipolar interactions are potential reasons
accounting for this. Generally, the application of small dc fields
during the ac measurements can eliminate the QTM and
induce the happening of slow magnetic relaxation. Addition-
ally, a 1 kOe dc field was the most used optimum field for the
suppression of QTM, especially for cobalt com-
plexes.'' 7>***~* For compounds 1 and 2, temperature- and
frequency-dependent ac susceptibility signals were observed
when the 1 kOe dc field was applied (Figure 3, Figure S8, SI).
These results support two SIM-CPs of compounds 1 and 2.
Notably, these two coordination polymers are unique among
the family of 1D SIM-CPs (Table S1, SI) because of the rigid
zigzag chain structure of 1 and the unprecedented SIM ribbon
of 2. At 2 K, the peak of y” signal of 1 appeared, while for 2 it
can be observed until the temperature rises to ca. 3 K, revealing
a “slower” magnetic relaxation.

The relaxation times of compounds 1 and 2 at each
temperature were extracted from the fitting of the frequency
dependence of the y” vs ¥ signals (Cole—Cole plots, Figure
S9, SI) by using the generalized Debye model.” The obtained
a values are in the range of 0.01-0.17 and 0.02—0.08 for
compounds 1 and 2 (Table SS, S6, SI), respectively. Then, the
inverse relaxation time 7' vs temperature plots for compounds
1 and 2 were drawn (Figure 4). To obtain Orbach process

1 1 Orbach + Raman + Direct

10* 5 ® 2 — Direct + Raman
_ 10°
‘n
s B
"o 1 0? 3

10" 3

2 3 4 5 6 7 8
T/K

Figure 4. Inverse relaxation time vs temperature plot for 1 (2.0-5.6
K) and 2 (3.4—6.4 K). The black lines represent the fits via the
combined Direct and Raman, and the QTM, Direct, and Raman
relaxation mechanisms for 1 and 2, respectively.

related parameters, the high-temperature extracted relaxation
times for compounds 1 and 2 were fitted to an Arrhenius law 7
79-exp(Ug/kgT) (Figure S10, SI), affording an effective
energy barrier (U.s) of 70(1) K and a pre-exponential factor
(7o) of 8.0(1) X 107" s for complex 1 and U, = 77(5) K, and
7, = 1.8(6) X 1077 s for 2. From these results, it is obvious that
the U of 1 is significantly larger than the expected energy gap
(12Dl = 56.2 K for 1) based on experimental magnetic data.
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However, the Uy of 2 is lower than the experimental energy
gap of 97.3 K of 2. Due to the Orbach process that takes place
between real magnetic energy levels, for 1 the Orbach
relaxation can proceed, while the relaxation should not happen
in 2.

To further probe the magnetic relaxation processes, the 7~
vs T data of 1 and 2 were analyzed by CC-FIT2 program.”'
The nonlinear T dependence of the 7 reveals that multiple
relaxation pathways should be responsible to the relaxation
mechanisms.””*> For single-ion systems, four possible
relaxation mechanisms can be considered, including QTM,
Direct, Raman, and Orbach mechanisms. The sum of the four
relaxation processes can be modeled by the following equation:

Ugr

€]

ks T

1

T

= TQTM_I + AT + CT" + 10_1 exp

)

where the terms correspond to QTM, Direct, Raman, and
Orbach processes, respectively. The 7" vs T data of 1 was well
reproduced by a Direct, Raman, and Orbach model, 7' = AT
+ CT" + 75 "-exp(-Ug/kyT). The best-fit parameters are U,z =
63(2) K, 7, = 1057 g A = 0.2(1) sT' K™Y, € = 10702 ¢!
K™, and n = 4.1(2) (Figure 4). These results provide another
proof to support a Orbach relaxation that happened in 1. For
complex 2, the temperature dependence of the relaxation times
was nicely fitted by a Direct and Raman model (7' = AT +
CT"), giving A = 0.06(1) s' K™', C = 3.8(6) x 107> s™' K™,
and n = 6.2(1) (Figure 4). The Raman relaxation process in 1
and 2 was supported by the fitted n values that are in a
reasonable range of 1—9. From these results, the structural
topologies not only can modify the magnetic anisotropy via
changing the local geometries but also are of importance for
the magnetic relaxation dynamics.

Theoretical Studies. To further determine the sign and
magnitude of the ZFS splitting in complexes 1 and 2, here we
have prepared the mononuclear model complex and performed
ab initio calculations (see Supporting Information for the
details). Complete active space self-consistent field (CASSCF)
followed by second-order N-electron valence perturbation
theory (NEVPT2) was carried out on model complexes with
an active space of CAS(7,5) to compute the spin-Hamiltonian
parameters (Table S7, S8, SI). This methodology has been
widely used to compute the spin-Hamiltonian (SH) parame-
ters in various open-shell transition metal complexes.*”**
NEVPT2 (CASSCF) computed D values are —29.6(—32.8)
ecm™' and —31.6(—34.8) cm™' for complexes 1 and 2
respectively. The computed E/D values are 0.05(0.06) and
0.04(0.04) for complexes 1 and 2, respectively, at the
NEVPT2(CASSCF) level of theory (Table 2, Figure S9, SI).
Calculations show an easy axis of anisotropy for both
complexes with negligible rhombicity. NEVPT2 computed
effective g-tensors are g, = 2.121, g, = 2.151, g, = 2.501 and
S = 2124, g, = 2.144, g, = 2.524 for complexes 1 and 2

Table 2. NEVPT2 Computed Spin-Hamiltonian Parameters
(along with Experimental Values in Brackets) for
Complexes 1 and 2

D IE/DI Lrnin &nid Gmax

1 —-29.6 0.05 2.121 2.151 2.501
(=21.1) (0.12) (2.013) (2.138) (2.616)

2 -31.6 0.06 2.124 2.144 2.524
(=35.3) (0.16) (2.128) (2.191) (2.797)
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respectively, which further supports the finding of the negative
D value (g, > gu; g, Table S9, SI). The computed D-tensor
orientation for both complexes is provided in Figure 5. The
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Figure S. (a) NEVPT2 computed orientation of a D-tensor for 1 and
2. Hydrogens have been omitted for clarity. Color code: Co (cyan); N
(blue), O (red), S (yellow), C (gray). (b) Ab initio ligand field theory
(AILFT) computed d-orbital ordering for 1 (left) and 2 (right).
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computed D-tensor passes nearly through the C, axis, which
bisects the bpe and tpb ligands in complex 1 and 2,
respectively. Our computed SH parameters nicely reproduce
the experimental dc magnetic susceptibility data, which
confirms the validity of our computational methodology
(Figure S12, SI).

For both complexes, the sign of the D values is negative,
with a relatively large magnitude for complex 2. Both the
model complexes 1 and 2 have differed in terms of the ZN—
Co—N bite angle of the bpe and tpb ligands as the ZN—Co—N
bite angle of pdms ligand is nearly same (Figure S13, SI). The
ZN—Co—N bond angle in complexes 1 (2) is ~100.2°
(~93.9°) respectively, representing a tetragonally elongated
geometry. Our previously developed magentostructural
correlations show that D values are always negative for the
tetragonally elongated complexes as the constrained ZN—Co—
N bond angle brings the d,, and d,>_ orbitals (m; = + 2) much
closer to each other, which ensures the lowest excitation
between the same m; level.”” (see the computed AILFT orbital
ordering in Figure Sb, SI). Mapping of the structural
parameters of complex 1 and 2 on the previously developed
magnetostructural correlations yields a D value of —26.5
(—34.8) cm™!, which matches excellently with the exper-
imental and computed data (Figure S14, SI). This highlights
the robustness of the developed magneto-structural correla-

tions in predicting the sign and magnitude of the D values in
tetrahedral Co(II) complexes.

B CONCLUSIONS

In summary, we have successfully isolated two rare Co(II)
coordination polymers with different 1D topologies (zigzag for
1 vs. ribbon for 2) based on the highly anisotropic 4-
coordinate cobalt centers. Both experimental and theoretical
studies revealed that the local Co(II) ion adopting distorted a
tetrahedral geometry with the quasi C,, symmetry is uniaxially
anisotropy in magnetization along its C, axis, and its
magnitude is highly dependent on the N, —Co—N,, bite
angles. Remarkably, both 1 and 2 exhibited the typical field-
driven SIM behaviors with the effective energy barrier being
69.6 K for 1 and 76.6 K for 2, respectively. The foregoing
result thus provides a unique example of assembling a well-
recognized and highly anisotropic metal ions as a node within a
coordination polymer. Further efforts are underway to realize
higher dimensional MOFs with this particular building unit
and introduce radical linkers instead of the current diamagnetic
ones.
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