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Abstract

Co(Il) coordination networks as an integral part of metal-organic materials have been in
focus of materials scientists and crystal engineers for the last two decades. This interest stems not
only from their reported fascinating architectures and remarkable adsorption properties being the
inherent properties of the majority of the so far known metal-organic frameworks, but also from
the unique place that Co(ll) atom occupies among the transition metals due to its pronounced
magnetic properties and colorimetric features. This review highlights the Co(ll) mixed-ligand
polymeric dicarboxylates built on two rigid dicarboxylic acids, the widely used
1,4-benzenedicarboxylic acid (Hzbdc) and its closest analogue, 4,4'-biphenyldicarboxylic acid
(H2bpdc) that have been reported in the past 10 years. It is focused on: (1) the nature and
coordination abilities of Co(ll); (2) the synthetic pathways; (3) the impact of size and rigidity of
the spacer ligands in the generated coordination networks; (4) examples of one-, two- and three-
dimensional coordination polymers; and (5) potential applications of Co(ll) coordination
polymers.

1. Introduction

Crystal engineering of transition metal complexes, especially coordination polymers (CPs),
has been greatly developed in the past decade. Synthesis, characterization, and reactivity of CPs
formulated as a coordination compound with repeating coordination entities extending in 1, 2, or
3 dimensions [1], including metal-organic frameworks (MOFs) formulated as a coordination
network with organic ligands containing potential voids [1], have been an active research field in
recent years. Of great interest are not only the design and synthesis of CPs, but also their
enormous variety of intriguing structural topologies, as well as their potential applications in gas
sorption, catalysis, luminescence, magnetism, nonlinear optics, and medicine [2, 3]. The most
powerful strategy for the architecture of diverse structural topologies in MOFs is the selection of
an appropriate multidentate ligand as a linker in connecting metal ions to achieve one-, two-, or
three-dimensional network structures [4, 5].

Since 2005, when Co(ll)-based MOF-71, Co(bdc)(dmf) and MOF-78,
Co(Hpdc)(H20)(dmf) (Hpdc=2,7-tetrahydropyrenedicarboxylate) were reported by Yaghi et al.
[6], great attention has been paid to coordination chemistry of cobalt complexes with carboxylate
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ligands, due to the fact that polynuclear cobalt carboxylates are suitable candidates for structural
assembly of new coordination solids with diverse network architectures and useful properties [7].
Thus, in 2009, Zhou and et al. demonstrated that MOF-74-M (M=Mg, Mn, Co, Ni, Zn;
MOF-74 = Mz(dhbdc)(H20)2(H20)06(EtOH)16, dhbdc=2,5-dihydroxybenzenedicarboxylate),
which possess a high concentration of metal open sites, yielded excess storage capacities [8],
while among the five isostructural analogues, CoMOF-74 stands ahead for methane and acetylene
uptake [9] and exhibits the highest thermodynamic propylene-propane selectivity [10]. Among
the indisputable advantages of cobalt ion against other transition metals, stands its diverse
coordination capacity with the range of geometries, including the octahedral, tetrahedral, square-
pyramidal, trigonal bipyramid, and square-planar ones [11], and its vapochromism [12] since the
cobalt-containing MOFs can have a wide range of colors, which makes it easy, in many cases, to
identify different phases [13].

The most common intrinsic Co(ll) colors are very light pink for octahedral coordination
and intense blue for tetrahedral coordination [14]. For distorted octahedral coordination, the pink
color can intensify to orange, dark-red, purple, and violet depending on the ligand and the type of
distortions. For compounds having both tetrahedral and octahedral coordinated ions, the colors
are usually from green to blue depending on the distortions and the ratio of cobalt atoms in the
two coordination geometries [15]. This property makes Co(ll) coordination networks attractive as
chemical sensors [16].

Similar to other MOFs based on transition metals, nowadays the Co(ll) coordination
networks contain a great many of ligands and expand from the carboxylic networks, including the
above-mentioned MOF-71, MOF-78, and CoMOF-74, to the mixed-ligand systems based on the
combination of at least two ligands, for example, anionic dicarboxylate and neutral
pyridine/bipyridine type ligands [17, 38, 59, 71] or combining both of these functions in one
molecule [18]. Based on the information provided by the Cambridge Structural Database (CSD)
that now contains data on nearly 700 000 crystal structures [19] it might be stated that carboxylic
acids occupy a special place in the Co(I) MOF’s crystal engineering, and since it is hard to cover
all of them, this overview will be restricted to the reported examples of Co(ll) mixed-ligand CPs
with two rigid aromatic dicarboxylic acids, 1,4-benzenedicarboxylic acid (H:bdc) and
4,4-biphenyl-dicarboxylic acid (Hzbpdc) (Scheme 1), in combination with the neutral ligands
summarized in Table 1.

These two ligands, 1,4-benzenedicarboxylic acid (H2bdc) and 4,4'-biphenyl-dicarboxylic
acid (Hz2bpdc) (Scheme 1) have been used in the synthetic schemes because they can exhibit a
short bridge via one carboxylic group or a long one via the phenyl (biphenyl) moiety which leads
to varieties of multi-dimensional MOFs with different kinds of topologies [20].

As bridging ligands, dicarboxylates are of immense interest in the construction of
polymeric coordination architectures not only because these polymers have a wide range of
structural diversities and potential applications as porous and magnetic materials, but also
because dicarboxylates are capable of functioning as hydrogen bond donors and/or acceptors
[21].
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Scheme 1. Structural formulae for dicarboxylic acids with acronyms used in this study.

In this overview, the attempt has been undertaken to summarize the recent progress in
design, syntheses, and single crystal structural investigations of Co(ll) coordination
supramolecular networks based on dicarboxylate aromatic ligands with one and two aromatic
rings. The overview covers the works published in the last decade, 2005-2015.

2. Mixed-ligand Co(l1) CPs with rigid dicarboxylic acids

Rigid ligands, such as benzene polycarboxylic acids and heterocyclic aromatic
compounds, are known as good candidates for assembly in the form of CPs. Among them,
historically first was Hobdc as one of the best spacers for design and construction of MOFs,
due to the equally spaced carboxylate groups, rigidity of the phenyl skeleton and especially its
various bridging abilities [22].

The statistical analysis of Co(ll) CPs with aromatic dicarboxylic acids, such as phenyl
and biphenyl dicarboxylic acids, has been undertaken based on the data extracted from the
Cambridge Structural Database (CSD, version 1.17, 2015) and from the current scientific
sources (Fig. 1). It has been revealed that Co(ll) coordination networks only with H-bdc and
Habpdc have been reported so far.
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Fig. 1. Histogram with distribution of Co(ll) CPs with aromatic dicarboxylic ligands.

2.1 Synthesis

Four main synthetic strategies (saturation, diffusion, hydro(solvo)thermal, microwave
and ultrasonic methods) for obtaining CPs are extracted from the literature [23] and
summarized in Tables 2 and 3 for Hobdc and Habpdc, respectively. Improvement of synthetic
procedure is essential in order to obtain high-quality single crystals suitable for X-ray
measurements. It is widely documented that the structure and topology of CPs generated from
transition metals and organic ligands can be controlled by the selection of ligands, pH of the
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reaction medium, solvents, metal ions, metal-to-ligand ratios, reaction temperature,
counterions, and so forth [3, 5]. In particular, solvent nature is an important factor since its
structure, as well as chemical properties, can influence the rate of crystal growth and the final
structure. A large number of new MOFs have been constructed in the presence of the
templating molecules showing unprecedented structural characteristics and, in some cases,
solvent-induced properties, such as enhancement of porosity [24], electrochemical property
[25], catalytic activity [26], and so forth. The CPs are generally synthesized in the liquid
phase by using a solvent as a medium to induce the self-assembly of a regular framework. The
reaction can be carried out by mixing a solution of metal ions with a solution of ligands at
room temperature or under hydrothermal/solvothermal conditions (where one or all
components are poor soluble compounds) [27]. For example, compounds [Co(bdc)(pyz)]» and
{[Co(bpdc)(2,2'-bpy)(H20)]n-nH20}n (where pyz = pyrazine, 2,2'-bpy=2,2'-bipyridine) were
prepared under hydrothermal conditions at high temperatures of 120-200°C in a neutral or
slightly acid medium [28]. The {[Coz(bdc):(ted)]-2dmf-3H.O}n compound (where
ted=triethylenediamine) was prepared by the layered-solution method using CoCly,
triethylenediamine, and Hzbdc in DMF and methanol solvents as starting materials [29]. The
{[Zn.Co(bpdc)s(dmf),]-4dmf}, complex was prepared via solvothermal synthesis from
mixtures of the respective transition metal salts and H.bpdc [30].

2.2. Mode of coordination

Dicarboxylates are widely used in the supramolecular assembly as mono-, bi- or multi-
dentate ligands because they can adopt a variety of coordination modes to the metal centers.
The generalizations reported herein are made on the CSD statistics for the cobalt(Il) ion
coordination modes in the polymeric dicarboxylates and based on the Harris notation [31]
(Scheme 2).

Co—0 o 0] 0 Co—o0
4 /N 74
——Ph — Co \ Ph Ph
0 H \O'I H / —Co
1.1000 1.1100 2.1010
o 0—Co 0} 0—=Co
AN A R _/
Ph—} Co\ ) Ph \ Ph /
‘o y \)
HO 2.1100 ¢ o 2.1110 2.1111
Co Q 0
“ AN\
Ph ] Ph i /CO Ph
3.1110 0 Co  Co 0 3.1111 o C"_O 41111 O_C"
Co Co
0\ 0 ol: <
>; 4<t) . >_Ph4< to >_Ph_<
> 4.2020 < 0 ASFYT o Co—0 SETER 0—=Co

Co

Scheme 2. Crystallographically established modes of carboxylate coordination to the Co(ll) metal
atoms.
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2.3. Dimensionality of polymeric Co(ll) dicarboxylates

The organization of the building blocks together can lead to CPs of different
dimensionalities, such as one-, two-, or three-dimensional architectures. In order to illustrate
the wide diversity of Co(ll) CPs with dicarboxylic acids, some examples are given. They are
classified along with their dimensionalities, and our retrieval of the CSD revealed 171 hits of
Hobde ligand  with Co(ll) metal, 17 of which are one-dimensional (1D), 32 are two-
dimensional (2D), and 65 are three-dimensional (3D) networks, while of 35 hits with Hxbpdc
ligand 3 are 1D, 7 are 2D, and 25 are 3D CPs (Fig. 2). The CPs will be further discussed in
the hierarchy of increase in their dimensionality (Tables 2, 3). The Figures were reproduced

by Mercury facilities [32] using cif files extracted from CSD.

28%

O1D
02D
o3D

H2bdc Hzbpdc
Fig. 2. Histograms with distribution of Co(ll) CPs with aromatic dicarboxylic
ligands against dimensionalities.

2.3.1. CPs of Co(ll) with 1,4-benzenedicarboxylate
2.3.1.1. One-dimensional motifs

The selected 1D arrays are shown in Fig. 3. The crystals of [Co(bdc)(Ls)2(H20)2]n, were
obtained by the hydrothermal synthesis. The compound crystallizes as the linear chain shown
in Fig. 3a where the Co(ll) atoms are bridged by the monodentate-coordinated bdc anions to
form 1D benzenedicarboxylate-bridged polymeric chain structure. The Co(ll) atoms are in
N204 octahedral environment [33].

The formation of the zig-zag chains can be induced by the chelate mode of coordination
of N-ligand molecules. The zig-zag structure of the [Co(bdc)(Ls)]n compound, which is
shown in Fig. 3b, is provided by the bulky [Co(I)(L3)]?* corner fragment; each cobalt atom
adjusts the distorted N2Os-octahedral environment; both carboxylic groups of the bdc ligands
act in a bidentate bridging mode [34].

From slow diffusion techniques in a water-methanol medium, crystals of
{[Co(L1)(bdc)(H20)2]-[Co(H20)s]-(bdc)-(H20)}n were obtained [35]. The polymeric chain is
formed by almost collinear hexacoordinated Co(ll) ions in the Oe-octahedral environment
doubly bridged by a bdc carboxylate group and a L1 oxygen. The crystal packing shows bdc
dianions and water molecules inserted in between the ribbons (Fig. 3c).

Ladder-like 1D motifs can also be formed. An example is shown in Fig. 3d. In the
{[Co2Br2(bdc)(L2)2]-4dma-2H20}n compound [36], the tetrahedral Co(ll) ions are coordinated
with three different ligand molecules. These Co?* ions are connected by bidentate L, ligands
to form a 1D wavy chain. Two chains are bridged together by ditopic bdc?™ ligands as rungs
into a molecular ladder.
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d
Fig. 3. 1D coordination arrays: linear chain in
catena-[(pe-terephthalato)-bis(2-(pyridin-3-yl)-1H-benzimidazole)-diaqua-cobalt(11)] (a) [33], zig-zag
chain in catena-((po-terephthalato)-(2-(1,3-thiazol-4-yl)-1H-benzimidazole)-cobalt(11)) (b) [34],
ribbon in catena-((u.-terephthalato-O,0")-(u2-4,4"-bipyridine-N,N'-dioxide-O,0")-diaqua-cobalt(I1)
hexa-aqua-cobalt(I1) terephthalate monohydrate) (c) [35],
and ladder in catena-((ue-terephthalato)-bis(u.-4,4'-hydrazine-1, 2-diyldipyridine)-dibromo-di-
cobalt(l1)) (d) [36].
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2.3.1.2. Two-dimensional motifs

Square grid networks are the simplest examples of the 2D motifs. In these CPs, the
metal to ligand proportion is usually 1 : 2. The metal centers are coordinated with four
different ligand molecules, and the repetition of this unit allows the propagation of the
structure in two dimensions.

Thus, in compound [Co(bdc)(Li7)(H20)2]n, the metal ions have an octahedral
environment: the equatorial positions are occupied by two bdc?™ anions and two water oxygen
atoms, and the axial positions are occupied by two nitrogen atoms from two Li7 molecules
[37]. Further expansion of the structure through the monodentate bridging bdc?~ anions and
L17 ligands creates a (4,4) rhomboidal layer grid (Fig. 4a).
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(d)

Fig. 4. 2D CPs topology: square grid in catena-[(y..-terephthalato)-(p»-3,3'-(hydrazine-1,2-
diylidenedimethylylidene)dipyridine)-diaqua-cobalt(1)] (a) [37], rectangular grid in catena-((ua-
benzene-1,4-dicarboxylato)-(u.-benzene-1,4-dicarboxylato)-bis(1-benzyl-1H-imidazole)-di-cobalt(11))
(b) [38], wave-like layer in catena-[(u2-benzene-1,4-dicarboxylato)-(u2-1,2-bis[2-(1H-1,3-imidazol-1-
ylmethyl)phenoxy]ethane)-cobalt(11) dihydrate] (c) [39], and brick wall in catena-((u.-terephthalato)-
bis(terephthalic acid)-bis(u.-isonicotinohyrazide)-di-cobalt(I1)) (d) [41].

The [Coz(bdc)2(L12)4]n crystals result from the reaction of Li2, CoClz, and Hzbdc acid in
the presence of EtsN in a dmf/CH3sOH solution [38]. Analysis of the crystal structure reveals a
2D network with rectangular cavities, as shown in Fig. 4b. The opposite sides of the
rectangular cavity are formed by two crystallographically different bdc anions acting in
different coordination modes; the metal secondary building unit (SBU) represents the
binuclear cluster, {Co2(COO)4}.

In the extended structure of compound {[Co(bdc)(L11)]-2H20}n obtained under
hydrothermal reaction of Li1 with Co(ll), in the presence of Habdc [39], the Co(ll) cations are
six-coordinated: each bdc?dianion acts in a bis-bidentate chelating mode to bridge the
adjacent Co(ll) cations to form zig-zag one-dimensional chains. These chains are linked by
L11 ligands into a two-dimensional wave-like sheet (Fig. 4c).

If the metal ions are only coordinated with three ligand molecules giving a “T-shape”
around the node, layers are formed and the motifs are referred to as honeycomb [40], brick
wall [41], herringbone [42] (Fig. 4d), etc.

2.3.1.3. Three-dimensional motifs

The extension of the coordination complexes can occur in three dimensions from the
nodes through the ligand connectors. The Hzbdc acid is an example of a 2-connecting ligand.
For example, it has been used in the 3D motifs such as a diamondoid network, where each
node is connected to four bridging ligands in a tetrahedral way, reproducing a diamond-like
network. This motif has been found in the structure obtained from Co(ll) ions as nodes and
the Habdc acid, and 1,4-bis(2-methylbenzimidazol-1-ylmethyl)benzene (bmb) as connectors
[43]. The Co(ll) ion is in a distorted tetrahedral geometry defined by two nitrogen atoms of
two bmb ligands and two oxygen atoms from two separated bdc? anions and the resulting
structure is a threefold diamondoid framework (Fig. 5).
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(a) (b)
Fig. 5. Perspective view of the single diamondoid net in
catena-(bis(p.-terephthalato)-(p..-1,1'-(1,4-phenylenebis(methylene))-bis(2-methyl-1H-
benzimidazole))-di-cobaltmonohydrate): (a) Schematic illustration of the 3D dia topology [43] (b).

At higher temperatures or using a longer reaction time, it is possible to obtain 3D
complexes with octahedral Co(ll) nodes, such as [Co(bdc)(pyz)]n (where pyz=pyrazine),
where one (4,4) layer with the sql topology is formed with bdc dianions capping the cobalt
binuclear unit, as shown in Fig. 6a (the carboxylate groups are coordinated to the cobalt ions
in the equatorial sites). The pyrazine molecules are linked to the cobalt ions through the apical
positions for the expansion of the structure in the third direction [44] (Fig. 6b).

A number of other three-dimensional motifs with dicarboxylic acid have been observed
with different net topologies: fcu [45], pcu [46], fsc [47], sra [48], and other motifs. All of
these CPs show a high stability; they present more or less large cavities filled with non-
coordinating solvent molecules and/or similar networks by interpenetration.

(b)
Fig. 6. 3D CP [Co(bdc)(pyz)]n: {Co(bdc)}n sheet (a) and perspective view of the three-dimensional
motif [44] (b).
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2.3.2. CPs of Co(ll) with 4,4'-biphenyldicarboxylate
2.3.2.1. One-dimensional motifs

From the CSD search, there are three 1D CPs with an Hzbpdc ligand synthesized by the
solvothermal [49] and hydrothermal [28] methods; all these compounds form a 1D zigzag
chain (Table 3).

The crystal structure of {[Co(bpdc)(L37)]-1.5H20}n is formed by a neutral 1D zig-zag
chain composed of [Co(bpdc)(Ls7)] entities and free solvent disordered water molecules. The
cobalt atoms are six-coordinated in a distorted [CoN30Os] octahedral coordination environment
with three carboxyl oxygen atoms from two bpdc ligands and a nitrogen atom of one Laz7
located in the basal sites and the other two nitrogen atoms from the Lz taken on the apical
positions, as depicted in Fig. 7 [49].

Fig. 7. 1D zig-zag polymeric chain of complex {[Co(bpdc)(Ls7)]-1.5H.0},[49].

2.3.2.2. Two-dimensional motifs

Figure 8 illustrates some of the 2D network motifs that have thus far been observed in
Co(ll) CPs with Hobpdc ligand. A polyrotaxane-like network is observed in compound
[Co(bpdc)(La1)]n. This CP contains two functionally different ligands, one ligand, usually a
conformationally N-donor flexible ligand, serves to assemble a molecular unit with loops,
whereas the other ligand, typically a long rigid polycarboxylate, forms metal-polycarboxylate
substructures (e.g., chains or sheets) and, more importantly, provides a linear rod to insert
those loops [50]. The asymmetric unit of this compound consists of one Co(ll) ion, one Laz
molecule, and one bpdc? anion. Each Co(ll) ion is four-coordinated with distorted tetrahedral
geometry composed of two carboxylic O atoms from two bpdc? anions and two N atoms
from two L4z ligands. The extension of the structure into a 2D sheet is accomplished by linear
bpdc? anions (Fig. 8a).

In the extended structure of compound {[Co(bpdc)(La43)1.5(H20)](La3)}n obtained under
hydrothermal reaction of CoCl2-6H20, Hobpdc, and Las in distilled water and DMF, each
Co(ll) ion exhibits a distorted octahedral environment composed of two carboxylic O atoms
from three bpdc? anions and three N atoms from three Las ligands and one water molecule.
Each octahedral Co atom coordinates to three L4z ligands to form a 2D brick wall network
with a (6, 3) topology (Fig. 8b) [50].

Three other 2D motifs with Hobpdc have been observed with grid like [86, 55] and
triangular grid [30] networks (Table 3).
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(b)
Fig. 8. 2D polyrotaxane-like network in [Co(bpdc)(La41)]n [50] (2); 2D brick wall net constructed from
Co(ll) centers and Las ligands in {[Co(bpdc)(L43)1.5(H20)](L43) }n (b) [50].

2.3.2.3. Three-dimensional motifs

A number of 3D motifs with Hobpdc ligand have been observed with different net
topologies, pcu [51-53], rob [54], dia [55], seh [55], hxI [56], mok [57], hms [58] and other
motifs.

The ligands Hzbpdc and Ls; react with the Co(ll) salt to form the {[Co2(bpdc)(HLs1)2]}n
compound [59]. The asymmetric unit of this compound contains one Co(ll), one partially
deprotonated HLs1, and half the bpdc? residue. The Co(ll) ion is in a distorted tetrahedral
coordination environment with three nitrogen atoms from three HLs; and one oxygen from
one carboxylate group of bpdc? ligand. Each HL's: coordinates with three Co(ll) atoms to
form a 2D network, which repeats in an ---ABAB--- stacking sequence and is further
connected by bpdc® ligands to form a 3D InS framework via Co(I1)-O coordination
interactions (Fig. 9a).
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The {[Co(bpdc)(Ls3)]-0.5H20}» compound shows a rob organisation [54]. Its
asymmetric unit consists of one crystallographically independent Co(ll) ion, one Ls3z ligand,
one deprotonated bpdc ligand, and half the solvent water molecule. Two crystallographically
equivalent Co(ll) cations are bridged by two carboxylate groups adopting a bis-bidentate
coordination mode to generate a dinuclear Co(ll) secondary building unit. The ladder chains
extend in the cross direction to form a 2D network, then combine the Ls3 ligands from vertical
direction to construct a 3D rob framework (Fig. 9b).

(c)
Fig. 9. 3D InS framework in {[Co.(bpdc)(HLs1)2]}n (a) [59]; perspectives of 3D framework along the
c axis in {[Co(bpdc)(Lss)]-0.5H20%} (b) [54]; the hxl net in {[Cos(bpdc)s(dma).]-4dma}, (c) [56].

The {[Cos(bpdc)s(dma):]-4dma}n compound contains trinuclear metal centers with six
coordination points; the structure adopted an hxl net (Fig. 9¢) being assembled via the long
ligand Hzbpdc [56].
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3. Potential applications

The rapidly growing field of design and synthesis of CPs is attributed to their
undisputable advantages as new multifunctional materials. Several examples in this part of the
review reveal Co(ll) MOFs with dicarboxylic ligands as promising materials for applications
in gas storage, anion exchange (due to the porosity), luminescence, magnetism, and catalysis.

Gas storage is one of the possible applications for these materials. The [Coz(bdc)2(L1s)]n
compound has a high specific micropore volume of 0.82 cm3g!, a hydrogen storage capacity
of 2.27 wt % at —196°C and 1 bar, and an excess methane adsorption of 14.0 wt % at 30°C
and 75 bar, and is a promising material for hydrogen and methane storage. The host
framework shrinks upon inclusion of guest molecules and expands upon guest removal, a
fascinating phenomenon in this class of materials [60]. Another example is
{[Cos(L28)(SO4)(bdc).]-(dmf)7}n [61], which has ultramicropores in its structure. The dmf
molecules can be removed and substituted with H>O, methanol, and ethanol. The sorption
behavior was studied for COz, CHs, and N2. The {[Coz(bpdc)(Lso)]-dmf}n, [52],
{[Coz(bpdc)2(H2L4g)]-2dmf}n, [53], {[Co2(bpdc)1s(HLasg)]-dmf-CH3CN-H20}n [62], and other
compounds [63-65] based on positional isomeric 4,4’-biphenyldicarboxylate ligand exhibit a
distinct temperature-dependent gas (CHa, N2, CH4) sorption behavior.

Nowadays, MOFs have already been used for new photocatalytic materials in view of
their potential applications in the green degradation of organic pollutants [66]. For example,
the {[Co2(bdc)(Ls)-]-4nH>O} compound is an active catalyst for the degradation of orange G,
rhodamine B, methylene blue, and methyl violet [67].

From a magnetic perspective, Co(ll) carboxylates have shown to be potential candidates
to construct molecular magnets exhibiting various bulk magnetic behavior, such as
antiferromagnetism, ferromagnetism, spin canting, ferrimagnetism, and so on [68, 14]. An
example of the mixed-ligand CP that well illustrates the magnetic behavior of MOFs is the
{[C04(Ns3)a(bdc)s(L23)2]'nH20}n  complex [69], which reveals weak antiferromagnetic
interactions  between Co(ll) centers. The [Co(bpdc)(HLss)(H20)]» [70] and
{[Co(bpdc)(L37)]-1.5H20}n [70] complexes indicate weak antiferromagnetic interactions
between the adjacent Co(ll) (S =3/2) ions.

The widely studied Co-based MIL-53 [104] analogues, [Co(bdc)(L2s)]n and
[Co(bdc)(L26)]n [72, 104] show the spin canting behavior, which is attributed to the existence
of a highly symmetric trans-CoO4bdcO.L26 coordination core. There are other CPs of the
Co(ll) metal and an Hzbpdc ligand with magnetic properties [70, 53, 71].

4. Conclusions

Based on the data stored in the Cambridge Structural Database (CSD) and available
literature sources, an attempt has been undertaken to generalize the Co(ll) CPs based on two
rigid dicarboxylic acid, 1,4-benzenedicarboxylic acid, and 4,4'-biphenyldicarboxylic acid. The
overview covers the last-decade period of time-from 2005 to 2015-and shows how the Co(ll)
CP networks with dicarboxylic ligands can be built to have different dimensionalities using
the rich variety of conditions and co-ligands with N-donor atoms. The extended species based
on dicarboxylic aromatic acids show particularly intriguing structures for many reasons: they
exhibit a large variety of distinct topologies and may serve as potentionally beneficial
functional materials. The properties of these polymers range from optical to magnetic and
reveal perspectives in many other fields.
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