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ABSTRACT: Three new heterometallic formate coordination poly-
mers formulated as [Na2Co(HCOO)4]∞ (1), [NaCo(HCOO)3]∞ (2),
and [Na2Co7(HCOO)16]∞ (3) were obtained by adjusting the solvent
and ratio of the reactants. In 1, a (4,4) cobalt formate layer is formed
and the sodium ions connect the layers to form a three-dimensional
(3D) framework. In 2, each formate ligand binds two Co2+ and two
Na+ ions with a syn,syn,anti,anti coordination mode to form a chrial
network with 4,6-connected topology. 3 is a Na+-ion-linked 3D
framework based on the cobalt formate layer, which has a 10-
membered metal ring. Magnetic studies indicate the existence of
ferromagnetic interactions between adjacent Co2+ ions in 1, while
dominating antiferromagnetic couplings in 2 and 3.

■ INTRODUCTION

In recent years, the investigation of coordination polymer-based
magnets and the magnetostructural relationship had become
the focus of intense researches for their unusual structures and
physical properties.1 Although significant progress has been
made in practical and theoretical approaches, the design and
synthesis of coordination polymers with desirable magnetic
properties is still a tremendous challenge. The key point in
constructing new molecule-based magnets with desired
structures and properties is how to judiciously choose the
appropriate bridging ligands, which can help to realize the fine-
tuning of the local interactions between spin carriers and form
the targeted product via self-assembly between paramagnetic
metal centers and ligands.2 A good candidate as a short bridging
ligand that could mediate magnetic coupling effectively, a
formate anion with diverse binding ability is used extensively to
construct molecule magnetic materials.3 Over the last decades,
a huge number of formatometal complexes with diverse
bridging modes such as μ2-O/syn,syn/anti,anti/syn,syn,anti/
syn,anti,anti and syn,syn,anti,anti modes of formate and various
types of structures from a zero-dimensional cluster to one-
dimensional (1D) chains, two-dimensional (2D) layers, and
three-dimensional (3D) networks have been reported.4,5 A
variety of magnetic phenomena, such as ferromagnetic
behavior, antiferromagnetic ordering, spin canting, etc., have
also been observed in such complexes.6

Among various metal formates, cobalt-based complexes are
attractive because of their large single-ion anisotropy (good
candidate for single-molecule and single-chain magnets) and
the flexibility of the cobalt ion in adopting different

coordination modes, in terms of both the coordination number
and geometry.7 Furthermore, the magnetic behaviors could be
more diverse in cobalt-involved heterometallic systems. In most
of the reported heterometallic systems, the metal ions were
paramagnetic 3d−3d or 3d−4f heterometal.8 Little attention
has been paid to introduce diamagnetic alkali-metal ions in such
systems.9,10 The introduction of alkali-metal ions may provide
more variability to construct magnetic complexes with
complicated structures, fantastic topologies, and particular
coordination geometries, which may lead to unpredictable
and interesting magnetic phenomena.
Herein, we report the synthesis and structures of three new

heterometallic formate complexes with different Co/Na ratios
formulated as [Na2Co(HCOO)4]∞ (1), [NaCo(HCOO)3]∞
(2), and [Na2Co7(HCOO)16]∞ (3). The structures of these
complexes were found to be affected by the used solvents and
Co/Na ratios of the reactants. Magnetic measurements revealed
that the interaction between adjacent Co2+ ions in 1 was
ferromagnetic, while dominating antiferromagnetic couplings
were found in 2 and 3. Furthermore, 3 was an antiferromagnet
showing a spin-flop transition with critical field at ca. 4000 Oe.

■ EXPERIMENTAL SECTION
Materials and Physical Measurements. All of the chemicals

used for the synthesis were of analytical grade and were commercially
available.
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Elemental analyses (carbon, hydrogen, and nitrogen) were
performed on a Perkin-Elmer 240C analyzer. The powder X-ray
diffraction (PXRD) was recorded on a Rigaku D/Max-2500
diffractometer at 40 kV and 100 mA for a copper-target tube and a
graphite monochromator. IR spectra were measured on a Tensor 27
OPUS (Bruker) Fourier transform IR spectrometer with KBr pellets.
Thermogravimetric analysis (TGA) was carried out on a standard
TGA−DTA analyzer under a nitrogen flow at a heating rate of 2 °C
min−1 for all measurements. Simulation of the PXRD spectra was done
by the single-crystal data and diffraction-crystal module of the Mercury
program available free of charge via the Internet at http://www.iucr.
org.
Magnetic data were collected using well-crushed crystals of the

samples on a Quantum Design MPMS-XL SQUID magnetometer
equipped with a 7 T magnet. The data were corrected using Pascal’s
constants to calculate the diamagnetic susceptibility, and an
experimental correction for the sample holder was applied.
Synthesis of 1. A mixture of Co(NO3)2·6H2O (1 mmol),

NaHCOO (3 mmol), and N,N-dimethylformamide (DMF; 10 mL)
was sealed in a Teflon-lined autoclave and heated to 140 °C. After
being maintained for 48 h, the reaction vessel was cooled to room
temperature in 12 h, and pure primrose-black crystals were collected
with ca. 20−25% yield based on Co(NO3)2·6H2O. Anal. Calcd for
C4H4CoNa2O8 (1): C, 16.86; H, 1.41. Found: C, 16.95; H, 1.72.
Synthesis of 2. A mixture of Co(NO3)2·6H2O (1 mmol),

NaHCOO (1 mmol), and DMF (10 mL) was sealed in a Teflon-
lined autoclave and heated to 140 °C. After being maintained for 48 h,
the reaction vessel was cooled to room temperature in 12 h, and pure
primrose-black crystals were collected with ca. 20−25% yield based on
Co(NO3)2·6H2O. Anal. Calcd for C3H3CoNaO6 (2): C, 16.61; H,
1.39. Found: C, 16.38; H, 1.12.
Synthesis of 3. Method A: A mixture of Co(NO3)2·6H2O (1.5

mmol), NaHCOO (2 mmol), 2,6-pyridinedicarboxylic acid (H2L; 1.5
mmol), and DMF:MeOH = 1:1 (10 mL) was sealed in a Teflon-lined
autoclave and heated to 140 °C. After being maintained for 48 h, the
reaction vessel was cooled to room temperature in 12 h, and pure
primrose-pink crystals were collected with ca. 20−25% yield based on
Co(NO3)2·6H2O with complex Na2CoL2 as commensalism.

11 Method
B: Similar to method A, Co(NO3)2·6H2O (1.5 mmol), NaHCOO (0.4
mmol), NH4HCOO (2.4 mmol), and MeOH (10 mL) were used as
reactants, and the yield is ca. 30−35% based on Co(NO3)2·6H2O.
Anal. Calcd for C16H16Co7Na2O32 (3): C, 16.30; H, 1.37. Found: C,
16.62; H, 1.65.
It is worth noting that the solvent and the ratio of the formate anion

with Na+ and Co2+ ions are vital to obtaning the three complexes.
Reacting sodium formate and Co2+ using DMF as the solvent with a
Co2+/Na+ ratio of 1:2 yielded 1, while changing the Co2+/Na+ ratio to
1:1 yielded 2. However, using mixed solvents (DMF:MeOH = 1:1) or
MeOH as solvents and adjusting Co2+/Na+ ratio of 7:2, 3 was obtained
(3 could be synthesized in two different methods as mentioned
above). The IR spectra for the three complexes are given in Figure S1
in the Supporting Information (SI), in which the absorption band
∼2900 cm−1 belongs to a C−H stretching vibration and the bands
∼1600, ∼1300−1400, and ∼800 cm−1 belong to O−C−O stretching
and deformation vibrations. TGA results (Figure S2 in the SI) indicate
that these complexes are stable until about 250 °C.
X-ray Data Collection and Structure Determination. Single-

crystal X-ray diffraction data for 1−3 were collected on a Rigaku
SCXmini diffractometer at 293(2) K with Mo Kα radiation (λ =
0.71073 Å) by ω-scan mode. The program Rigaku CrystalClear12a was
used for integration of the diffraction profiles. All of the structures
were solved by direct methods using the SHELXS program of the
SHELXTL package and refined by full-matrix least-squares methods
with SHELXL (semiempirical absorption corrections were applied
using the SADABS program).12b Metal atoms in each complex were
located from the E maps, and other non-hydrogen atoms were located
in successive difference Fourier syntheses and refined with anisotropic
thermal parameters on F2. The hydrogen atoms of the ligands were
generated theoretically onto the specific atoms and refined isotropi-
cally with fixed thermal factors. Table 1 shows the crystallographic data

and structure-processing parameters. Selected bond lengths and angles
are listed in Table 2.

■ RESULTS AND DISCUSSION
Description of Crystal Structure. Single-crystal X-ray

diffraction analysis of 1 reveals that it crystallizes in the
monoclinic space group C2/c (see Table 1) and has a 3D
framework structure. The asymmetric unit of 1 contains two
unique formate anions, one Na+ and half of a Co2+ ion. The
Co1 ion locates in the inversion center with a compressed
octahedral coordination configuration, while the Na+ ion is
surrounded by seven oxygen atoms (Figure S3 in the SI). As
shown in Figure 1, each Co1 is coordinated by six different
formate anions with two kinds of configurations, of which one
kind of formate anion links four Na+ ions and one Co2+ ion
with a bridge-chelate mode and the other kind of formate anion
takes a syn,syn,anti,anti mode to link two Na+ and two Co2+

ions. All of the Co2+ ions are linked in the equatorial plane with
the second kind of formate to form 2D (4,4) layers (Figure 1b)
and the first kind of formate anions take the apical positions of
Co2+ ions. The cobalt(2+) formate layer is anionic for the
superfluous coordination of formate anions. The charge is
balanced by the Na+ ions between the layers to form sandwich-
like layers (Figure 1c), which are connected by the linkage of
Na+ ions and formate anions on both sides of the layers and
finally form a 3D framework (Figure 1d).
2 crystallizes in the cubic space group I213, and its

asymmetric unit contains half of a formate anion, with one-
third of the metal position M1.5+ being occupied by Co2+ and
Na+ ions together with a 1:1 ratio. The topology structure of 2
is the same as that of the reported manganese formate,6b but
their crystal structures have some differences. In the manganese
formate,6b the Mn2+ and Na+ ions take two different positions,
but in 2, the Co2+ and Na+ ions are disordered in one position.
The M1.5+ ion has an octahedral configuration coordinated by
six oxygen atoms (Figure 2a). The formate anions bridge four
M1.5+ in a syn,syn,anti,anti mode with the bond angle of M−
O−M = 95.77(5)°. In that way, the M1.5+ ions are connected to
12 neighbors by 6 μ−4 formate anions to form a 3D network, in
which the metal ions can be divided into two equal sets of nets
linked by the syn,anti formate (Figure 2b). In each set, the

Table 1. Crystal Data and Structure Refinements for 1−3

1 2 3

chemical formula C4H4CoNa2O8 C3H3CoNaO6 C16H16Co7Na2O32

fw 284.98 216.97 1178.78
space group C2/c I213 P1̅
a/Å 15.694(3) 9.0327 (10) 8.2693(17)
b/Å 8.8836(18) 9.0327 (10) 8.4170(17)
c/Å 6.7448(13) 9.0327 (10) 12.645(3)
α/deg 90 90 90.27(3)
β/deg 107.35(3) 90 95.85(3)
γ/deg 90 90 100.93(3)
V/Å3 897.6(3) 736.97 (14) 859.4(3)
Z 4 4 4
GOF 1.202 1.21 1.151
D/g cm−3 2.109 1.956 2.278
μ/mm−1 2.028 2.37 3.437
T/K 293 293 293
Ra/Rw

b 0.0252/0.0609 0.0133/0.0356 0.0842/0.1464
aR = ∑||Fo| − |Fc||/∑|Fo|.

bRw = [∑[w(Fo
2 − Fc

2)2]/∑w(Fo
2)2]1/2.
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M1.5+ ions are connected to six neighbors with the same M···M
distance of about 5.59 Å (Figure 2c), and the two sets of nets
share the same formate anions, forming the final structure of 2
(Figure 2d). From a topological view, in each syn,anti formate
bridged net, the M1.5+ ions could be considered as a 6-
connected node and both of the two nets could be simplified as
a lcy topology net (Figure 3a,b).6b Furthermore, both of the
two copies of nets have the same chirality. The M1.5+ ions of the
lcy nets connect directly to the nearest M1.5+ ions in the other
copy of the lcy net by double μ2-oxygen atoms of the formate
anions. If neglecting the linkage of the carbon atoms of the
formate, a (10,3)-a net would be generated (Figure 3c).13

However, taking the connections of the formate between the
M1.5+ ions into account, 2 could be viewed as a 4,6-connected
net with a notation symbol of {43;62;8}3{4

9;66}2 (Figure 3d).
14

3 crystallizes in the triclinic space group P1̅, and the
asymmetric unit of 3 contains eight formate anions, one Na+

ion, and four Co2+ ions in which Co1 locates in the inverse

center, being only half-occupied. Both Na+ and Co2+ ions in 3
are six-coordinated by the oxygen atoms from formate anions.
The Co2+ ions show octahedral configurations, while the Na+

ions take trigonal-prismatic configurations. The formate anions
in 3 could be classified as five different types depending on their
coordinated environments. As shown in Figure.4a, the first type
containing C1 and C5 takes a syn,syn,anti mode to bridge Co1,
Co2, and Co3 or Co1, Co3, and Co4. The second type takes a
syn,syn,anti,anti mode to link three Co2+ and one Na+ ions, in
which the formate containing C2 and C7 bridges three Co2+

ions in a syn,syn,anti mode while the formate containing C3
bridges three Co2+ ions in a syn,anti anti mode. The third type
of formate anion containing C6 links two Co2+ ions in a syn,syn
mode and two Na+ ions in an anti,anti mode. The fourth type
of formate anion containing C4 coordinates to two Co2+ and
one Na+ ions in a syn,syn,anti mode. The last type of formate
containing C8 bridges Co2 and Co4 with O15, leaving the
other oxygen atom O16 uncoordinated. Then the structure of 3
could be comprehended as follows: the first type of formate
anion bridges Co2+ ions to form a 10-membered cobalt ring
(Figure 5a), and the rings are interconnected by sharing part of
the linkage to form a 1D chain, which is further expanded via
the formate anions containing C3 to form a 2D layer (Figure
5b). Finally, a 3D structure is formed by connection of the Na+

ions between the 2D Co2+ layers (Figure 5c).
In a comparison to other alkali anions like K+ or ammonium,

which take the role of template in a metal formate system, Na+

has smaller size, which results in shorter Co···Co distances in
order to have the maximum effective packing.10e Thus, in 1, the
formate anions adopt a syn,anti mode to link Co2+ ions, not like
in the nicolite-,5f,8f perovskite-,3b,5e and chiral-related4f,10e metal
formates templated by big cations in which the formate takes an
anti,anti mode. In 2 and 3, there are less Na+ ions in the
structure; thus, the syn,syn,anti,anti, syn,anti,anti, and syn,sy-
n,anti formate anions present link Co2+ ions with more small
Co···Co distances.

Magnetic Studies. Magnetic measurements were carried
out on well-crushed crystalline samples of 1−3 (phase purity of
the samples confirmed by PXRD; see Figure S4 in the SI), and
different magnetic behaviors were found to exist in the three
complexes.
The magnetic properties of 1 are shown in Figure 6 as χmT vs

T and M/NμB vs H plots, assuming a crystallographic unit
containing one Co2+ ion for the molar weight. The χmT values
first increase smoothly up to 3.62 cm3 K mol−1 from room
temperature to 130 K, and then the value decreases to a
minimum value of 3.14 cm3 K mol−1 at 15 K before increasing
quickly. The best-fit parameters from the magnetic data
recorded at 100−300 K through the Curie−Weiss law (Figure
S5 in the SI) are θ = 7.43 K and C = 3.43 cm3 K mol−1. The
Weiss constant for one magnetically isolated high-spin Co2+ ion
with spin−orbit coupling is about −20 K.15 Thus, the positive
Weiss constant of 1 suggests ferromagnetic coupling between
adjacent Co2+ ions in the layer structure of 1. The minimum of
the χmT vs T plots is due to the cooperative effects of the
ferromagnetic interactions between Co2+ ions and spin−orbit
coupling of the single Co2+ ion.16 The syn,anti formate should
be expected to mediate weak ferromagnetic interactions
between Co2+ ions.17,18 Also, the field-dependent magnet-
izations at 2 K (Figure 6, inset) clearly corroborate the
ferromagnetic coupling between Co2+ ions. On the other hand,
the M/NμB curve does not follow the Brillouin function. With
an increase of the field, it reaches a saturation value quickly at

Table 2. Selected Bond Lengths [Å] and Angles [deg] for 1−
3

Complex 1a

Co1−O1#1 2.0935(14) Na1−O4#2 2.3944(14)
Co1−O1 2.0935(14) Na1−O2#4 2.4134(16)
Co1−O4#2 2.1098(13) Na1−O2#5 2.4249(16)
Co1−O4#3 2.1098(13) Na1−O3 2.4429(15)
Co1−O3#1 2.1134(12) Na1−O2#6 2.5147(17)
Co1−O3 2.1134(12) Na1−O1#6 2.5778(16)
Na1−O1#1 2.6750(16)

Complex 2b

Co1/Na1−O1#4 2.1971 (11) Co1/Na1−O1#3 2.2490 (13)
Co1/Na1−O1#2 2.1971 (11) Co1/Na1−O1#1 2.2490 (13)
Co1/Na1−O1 2.1971 (11) Co1/Na1−O1#5 2.2490 (13)
Co1/Na1−Co1#3/
Na1#3

95.77 (5)

Complex 3c

Co1−O9#1 2.065(7) Co3−O4 2.111(6)
Co1−O9 2.065(7) Co3−O2 2.141(7)
Co1−O5#1 2.109(6) Co3−O10 2.143(6)
Co1−O5 2.109(6) Co3−O5 2.158(7)
Co1−O2#1 2.128(6) Co4−O8 2.069(7)
Co1−O2 2.128(6) Co4−O15#4 2.070(6)
Co2−O1 2.070(7) Co4−O13 2.087(7)
Co2−O15 2.077(7) Co4−O10 2.123(7)
Co2−O11 2.093(7) Co4−O12#4 2.120(7)
Co2−O6#2 2.104(7) Co4−O3#4 2.133(7)
Co2−O3 2.106(7) Na1−O7#3 2.365(7)
Co2−O14 2.151(7) Na1−O12#5 2.373(7)
Co3−O7#3 2.074(7) Na1−O4#3 2.407(8)
Co3−O7 2.074(7) Na1−O6#3 2.418(7)
Co3−O14 2.112(7) Na1−O13#6 2.483(8)
Co3−O4#3 2.111(6) Na1−O11#7 2.513(8)
Co1−O5−Co3 97.7(3) Co4#8−O15−

Co2
100.6(3)

Co4−O10−Co3 114.0(3) Co2−O3−Co4#8 97.6(3)
Co3−O14−Co2 117.0(3) Co1−O2−Co3 97.6(3)
aSymmetry code: #1, −x + 1/2, −y + 1/2, −z + 1; #2, −x + 1/2, y +

1/2,
−z + 1/2; #3, x, −y, z + 1/2; #4, x +

1/2, −y + 1/2, z +
1/2; #5, −x + 1/2,

−y + 1/2, −z; #6, −x + 1/2, y − 1/2, −z + 1/2.
bSymmetry code: #1, −z,

x + 1/2, −y + 1/2; #2, y − 1/2, −z + 1/2, −x; #3, −x, −y + 1/2, z; #4, −z,
−x + 1/2, y; #5, −y, −z + 1/2.

cSymmetry code: #1, −x, −y + 2, −z + 1;
#2, x + 1, y, z; #3, x, y, z; #4, x, y + 1, z; #5, −x, −y + 1, −z; #6, −x, −y
+ 2, −z; #7, x − 1, y, z; #8, x, y − 1, z.
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about 1 T, and the M/NμB value at 5 T is close to 3.3NμB. The
zero-field-cooled and field-cooled magnetization curves under
100 Oe are completely identical, excluding the long-range
ferromagnetic order in the ferromagnetic layers being well
separated by the Na+ ions (Figure S6 in the SI).
The magnetic properties of 2 are shown in Figure 7 as χmT vs

T and M/NμB vs H plots, assuming a crystallographic unit
containing one Co2+ ion for the molar weight. The χmT curve

starts to decrease from room temperature upon cooling and
reaches 0.81 cm3 K mol−1 at 2 K. The best-fit parameters from
the magnetic data in the temperature range 50−300 K through
the Curie−Weiss law (Figure S5 in the SI) are θ = −23.75 K
and C = 3.49 cm3 K mol−1. The Weiss constant is less than −20
K, indicating antiferromagnetic interactions conducted by the
syn, syn,anti,anti formate anions between Co2+ ions.15 The
field-dependent magnetizations at 2 K (Figure 7, inset)

Figure 1. (a) Linkage mode of the formate anions in 1. (b) 2D cobalt formate layer in 1. (c) Polyhedral view of the sandwich-like NaCoNa layer in
1. (d) Polyhedral view of the 3D structure of 1.

Figure 2. (a) Linkage mode of M1.5+ ions in 2. (b) Linkage mode of the two copies of M1.5+ ions by a syn,anti formate in 2. (c) Coordination mode
of the M1.5+ in each copy of syn,anti formate linked nets in 2. (d) Polyhedral view of the 3D structure of 2.
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corroborate the antiferromagnetic coupling because the curve
shows an increasing trend along with an increase of the field
almost linearly without saturation.15

For 3, the χmT vs T andM/NμB vs H, assuming one Co2+ ion
for the molar weight are shown in Figure 8. Starting from room
temperature, the χmT values smoothly decrease until about 10
K, and then it shows a small rise before finally dropping. The
best-fit parameters from the magnetic data from 50 to 300 K
through the Curie−Weiss law (Figure S5 in the SI) are θ =
−25.88 K and C = 3.73 cm3 K mol−1. Different from that of 1
and 2, the χm vs T plots of 3 show a peak at about 2.5 K,
suggesting an antiferromagnetic order in 3 below 2.5 K (Figure
S7 in the SI). The increase in χm with a decease of the external

field and the χmT vs T plots at low temperature may be due to
slight impurities in the samples. The field-dependent magnet-
izations at 2 K (Figure 8, inset) corroborate the antiferro-
magnetic interactions at low temperature, which has a value of
2.04 NμB at 5 T without saturation. It is worth noting that there
is an inflection in the M vs H plots. The inflection is obvious,
and the first derivative shows a clear maximum at ca. 4000 Oe,
indicating that above that field 3 underwent a spin-flop
transition from an antiferromagnetic phase to a paramagnetic
phase.
In 1−3, the Co2+ ions linked by the formates in five different

modes (Table 3), in which the syn,syn,anti,anti/syn,anti,anti,
and syn,syn,anti modes could be viewed as a combination of

Figure 3. (a) lcy topology nets of M1.5+ linked by syn,anti formate in 2. (b) Two lcy nets formed by the two copies of syn,anti formate and M1.5+ ions
in 2. (c) (10,3)-a net formed by the M1.5+ ion in two copies of lcy nets. (d) 4,6-Connected net formed by the M1.5+ (Co2+ and Na+) ions and formate
anions.

Figure 4. (a) Coordination mode of the Na+ ions and some formate anions in 3. (b) 10-membered Co2+ ring in 3.
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four basic modes: syn,syn, anti,anti, syn,anti, and μ2-O modes,
which conduct magnetic coupling, respectively. The syn,syn
mode conducts strong antiferromagnetic interactions between

adjacent Co2+ ions, while the anti,anti, and syn,anti modes
mediate weak ferromagnetic or antiferromagnetic coupling,4

and the magnetic interactions conducted by the μ2-O mode
depend on the Co−O−Co angle with a critical value of 90°.
The antiferromagnetic interactions conducted by formate in the
four basic modes are familiar. Thus, the antiferromagnetism of
2 and 3 is common, while the ferromagnetic interaction in 1 is
infrequent but not surprising in formate or carboxylate
complexes.17 The magnetic interactions conducted by different
carboxylates between adjacent Co2+ ions in 1−3 and some
reported complexes have been summarized in Table 3.

■ CONCLUSION
Three new heterometallic formate coordination polymers
formulated as [Na2Co(HCOO)4]∞ (1), [NaCo(HCOO)3]∞
(2), and [Na2Co7(HCOO)16]∞ (3) have been obtained by
adjusting the solvent and ratio of the reactants. The
ferromagnetic interactions exist between adjacent Co2+ ions
in 1, while dominating antiferromagnetic couplings in 2 and 3
were found.

Figure 5. (a) 1D chain formed by the 10-membered Co2+ ring in 3. (b) Side view of the 2D layer formed by the 1D chains in 3. (c) Polyhedral view
of the 3D structure of 3.

Figure 6. χmT vs T plots at 0.2 T of 1. Inset: M/NμB vs H plots of 1 at
2 K with a Brillouin function of g = 2.2 and S = 3/2 (red line).

Figure 7. χmT vs T plots at 0.2 T of 2. Inset: M/NμB vs H plots of 2 at
2 K.

Figure 8. χmT vs T plots at 0.1 T of 3. Inset: Sigmoidal shape of M/
NμB vs H plots of 3 at 2 K together with its first derivative (red line).

Table 3. Magnetic Behaviors Conducted by Different
Coordinated Carboxylates between Co2+ Ions in 1−3

complex coordination mode
magnetic
exchange refa

1 syn,anti F 17
2 syn,syn,anti,anti syn,anti AF 3c, 5e, 6f, 7e

anti,anti AF 3b, 3e, 4a, 6f, 6g

syn,syn AF 3c, 5e, 6f, 7e
μ2-O AF 3c, 5e, 6f, 7e

3 syn,syn AF 3c, 5e, 6f, 7e
syn,anti,anti syn,anti AF 3c, 5e, 6f, 7e

anti,anti AF 3b, 3e, 4a, 6f, 6g
μ2-O AF 3c, 5e, 6f, 7e

syn,syn,anti syn,syn AF 3c, 5e, 6f, 7e
syn,anti AF 3c, 5e, 6f, 7e
μ2-O AF 3c, 5e, 6f, 7e

μ2-O AF 3c, 5e, 6f, 7e
aLigands in ref 17 are carboxylates; ref 3c contains syn,syn,anti
formates; ref 5e contains syn,syn,anti formates; ref 6f contains three
types of formates in syn,anti/anti,anti/syn,anti,anti; ref 7e contains
syn,syn,anti,anti formates.
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