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Aromatic carboxylates have been vastly applied as building blocks for the assembly of robust molecular-
based materials owing to their potential application in various fields. In this family, 1,3-benzenedicar-
boxylate (1,3-bdc), which possesses a “V”-type configuration, has been distinguished. Over the past
20 years, the number of compounds based on 1,3-bdc rapidly expanded due to its multifaceted coordina-
tion chemistry and the possibility to generate materials with diversified applications. Therefore, the main
purpose of this study is to explore the structural aspects, diversity, and the factors that influence coordi-
nation modes of 1,3-bdc by comparison of a series of structurally related compounds. In this sense, we
highlight some aspects that can assist in a more rational design of coordination networks based on
1,3-bdc. We also discuss the structural-spectroscopic correlation of the metal-carboxylate bonds aimed
at providing support for further investigation on multifunctional materials based on 1,3-bdc, including
the amorphous solids. As a direct application of this knowledge, we produced two new Cu"-based com-
pounds by the combination of 1,3-bdc and 1,10-phenanthroline (phen). We obtained a discrete complex
formed by two cocrystallized mononuclear complexes, {[Cu(1,3-Hbdc)(phen)(H,0),]ClO4-[Cu(1,3-bdc)
(phen)(H,0),]-2(H,0)} (1), and a coordination polymer, {[Cu(1,3-bdc)(phen)(H,0)]-DMF}, (2), and we
provided a further investigation of the nature and features of these compounds based on the discussion
raised in this systematic study.
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1. Introduction

Benzenedicarboxylic acid (Hobdc) is a group of three isomeric
compounds named phthalic acid (1,2-benzenedicarboxylic acid,
1,2-H,bdc), isophthalic acid (1,3-benzenedicarboxylic acid, 1,3-
H,bdc), and terephthalic acid (1,4-benzenedicarboxylic acid, 1,4-
H,bdc) (Fig. 1). These and several other aromatic carboxylic acids
are widely explored in the fields of Coordination Chemistry,
Supramolecular Chemistry, and Materials Chemistry due to their abil-
ity to form stable bonds with different metal ions [1], including but
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not limited to Zn", Cu", Co", Cd", and Ln" ions. This combination
leads to highly stable coordination networks showing a great vari-
ety of coordination modes [2]. Moreover, carboxylic acids/carboxy-
lates are excellent candidates to act as hydrogen donors/acceptors
establishing strong hydrogen bonds with different families of
molecules and leading to the formation of a plethora of fascinating
supramolecular architectures [3-5].

As the benzenedicarboxylates are divergent polydentate
ligands, they show versality in assembling metal-organic polynu-
clear systems by bridging a large number of metal ions. Especially
the divergent 1,3-H,bdc and 1,4-H,bdc ligands are useful building
blocks for the design of coordination polymers (CPs) and metal-or-
ganic frameworks (MOFs). The self-assembly of metal-organic
structures is a fascinating field of research considering the infinite
variety of building blocks that can be combined to form highly
crystalline and amorphous multifunctional materials, being the
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Fig. 1. The structural formulae of benzenedicarboxylic acids.

latter more challenging to characterize but also relevant in several
fields [6-8]. 1,4-bdc is the linker employed in the assembly of the
prototypical [Zn40(1,4-bdc)s] (MOF-5) described by Yaghi and co-
workers [9], and other largely employed MOFs including [ZrgO4(-
OH),(1,4-bdc)s] (UiO-66), [Fe(OH)(1,4-bdc)] (MIL-53), and [Cr3(-
OH)(H;0),0(1,4-bdc)s] (MIL-101) (Fig. 2). Although MOFs based
on 1,3-H,bdc are less described, we present in Fig. 3 some exam-
ples highlighting the fascinating architectures of MOFs [In,0(1,3-
bdc),], [Eua(1,3-bdc)s(DMF);], [NH,(CH3),][ZnNa(1,3-bdc),] (MOF
CJ2), and [Fe3(OH)(H,0),(1,3-bdc)s] (PCN-234) [10-12].

Based on the aforementioned, we selected one benzenedicar-
boxylic acid, the 1,3-benzenedicarboxylic acid (1,3-H,bdc), to sum-
marize and highlight the recent advancements in its coordination
compounds.

Benzenedicarboxylic acids and their derivatives are commonly
used as building blocks for constructing CPs and MOFs with or
without the utilization of auxiliary ligands. Among a multitude of
options, neutral N-donor ligands have been the most employed
as auxiliary ligands of compounds containing carboxylates
[13,14]. Although the impressive number of mixed ligand coordi-
nation compounds described so far containing both benzenedicar-
boxylates and N-donor ligands, the first works describing their
crystal structures started only in the 2000s [15].

Fig. 4 presents the number of articles published each year
describing the synthesis, structure, and characterization of CPs
based on benzenedicarboxylates and their derivatives from 2000
to 2020. The fast growth in the number of publications shows
the relevance of these linkers to the field. Also, assets including

MIL-53

Fig. 2. Representation of the structures of MOF-5,
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robustness, cost and low toxicity of these organic platforms make
them suitable to be employed in the fabrication of metal-organic
polymeric structures in larger scales with an enormous potential
for diverse industries [16]. In the graph (Fig. 4), the peak in the
number of publications in 2013 signaled a slowdown in the use
of this type of ligands, however the number of publications based
on the 1,3-H,bdc ligand - the focus of this systematic study - in
2020 (21 papers so far) is already greater than those published in
2017 (15 papers), 2018 (14 papers) and 2019 (12 papers), showing
that a lot more is yet to be discovered. In this study, for example,
we present the structure of a new discrete complex, {[Cu(1,3-
Hbdc)(phen)(H;0),]Cl04-[Cu(1,3-bdc)(phen)(H,0):]-2(H,0)} (1),
and with the same building blocks, we were able to obtain the
CP {[Cu(1,3-bdc)(phen)(H,0)]-DMF},, (2). There are other two dif-
ferent coordination polymers previously described [17,18] whose
building blocks are the same, highlighting the richness and the
need for more research in this fascinating research field.

The present work provides an overview of the complexes bear-
ing 1,3-benzenedicarboxylate reported in the last twenty years
including the description of two novel crystal structures containing
this ligand and 1,10-phenanthroline (phen) as co-ligand. The com-
pounds consist of a discrete complex with formula {[Cu(1,3-Hbdc)
(phen)(H,0),]Cl04-[Cu(1,3-bdc)(phen)(H,0),]-2(H,0)}(1) and a
coordination polymer {[Cu(1,3-bdc)(phen)(H,0)]-DMF}, (2).

2. 1,3-Benzenedicarboxylic acid and its derivatives as ligands

In the last two decades, remarkable progress has been made in
the synthesis of CPs with 1,3-H,bdc and its derivatives as ligands.
This kind of ligand offers almost unlimited possibilities to design a
metal framework with customized properties. 1,3-benzenedicar-
boxylic acid has a rigid 120° angle between the benzene ring and
the two carboxylate groups. Angular dicarboxylate groups, also
known as “V”-type O-donor ligands, including the 1,3-H,bdc motif,
are often adopted as organic spacers for the building of CPs and
MOFs due to the possibility of assembling a gigantic number of
diverse structural topologies [15]. Fig. 5 presents some of the most

MIL-101

Ui0-66, MIL-53 and MIL-101.
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MOF CJ2

PCN-234

Fig. 3. Representation of the structures of [In,0(1,3-bdc),], [Eu,(1,3-bdc)s], MOF CJ2, and PCN-234.
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Fig. 4. Evolution of the number of reported articles published per year containing the terms “benzenedicarboxylic coordination polymer”. This graph was constructed based
on the data searched on SciFinder and only research articles were considered. Blue: number of articles containing only CPs bearing 1,3-benzenedicarboxylate. Orange: number
of articles containing CPs with benzenedicarboxylates as ligands. Green: number of articles containing CPs with benzenedicarboxylates and their derivatives.

used 1,3-H,bdc derivatives, including those exhibiting additional
functional groups which enables wider options for structure mod-
ulation [19-22].

1,3-H,bdc ligand and its derivatives can also be highlighted as
versatile molecular building blocks for the preparation of helical
coordination compounds [13,18,23-35]. In general, helical com-
pounds have intriguing molecular structures and are widely pre-

sent in biological systems [23,36]. Synthetic helical polymers
have been attracting special attention in fields including Coordina-
tion Chemistry and Crystal Engineering [37]. Furthermore, owing to
its rigid V-shape, 1,3-H,bdc coordinated to metal ions can com-
monly generate zigzag [11,14,17,18,38-54] or wave-like chains
[33,41,55-69]. An additional possibility is the coordination of
1,3-bdc to metal ions to produce a fishbone-like chain [70,71].
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Fig. 5. Structural formulae of some 1,3-benzenedicarboxylic acid derivatives.

In this study, we restricted our survey to coordination networks
bearing 1,3-H,bdc and its partially or fully deprotonated forms,
excluding the 1,3-H,bdc derivatives, and we found more than
350 coordination networks containing this compound as a ligand.
In the literature, 1,3-H,bdc and its deprotonated forms have
received an assortment of abbreviations (Table 1).

The 1,3-H,bdc may be fully (1,3-bdc?") or partially deproto-
nated (1,3-Hbdc™) in solution and in the solid-state. To simplify,
we will use the form 1,3-bdc to refer to the fully deprotonated
and 1,3-Hbdc to the partially deprotonated form throughout this
systematic study. The ability to be stabilized within crystal struc-
tures as a neutral molecule, mono- or dianion (coordinated or
not) has been yielding a huge variety of crystal structures with fas-
cinating topologies built by both covalent bonds and non-covalent
interactions [175].

3. The versatility of the coordination modes of 1,3-bdc and its
partially protonated species toward metal centers

Carboxylate groups adopt several coordination modes from
simple bis-monodentate observed, for example, in paddlewheel-

Table 1
Set of abbreviations used to designate 1,3-benzenedicarboxylic acid in research
articles.

Abbreviations for 1,3- Number of References

benzenedicarboxylic acid reports

1,3-H,BDC 38 [2,21,24,25,29,40,61,63,66,67,72—
99]

1,3-Hybdc 17 [59,100-117]

H,BDC 16 [11,26,66,76,118-129]

m-H,;BDC 14 [23,52,60,68,130-139]

m-H,bdc 14 [13,14,42,140-150]

Haip 14 [33,151-163]

H,bdc 10 [34,51,71,164-170]

Haipa 7 [18,27,30,171-174]

1,3-bdc 6 [54,175-179]

H,IPA 3 [180-182]

1,3-bdcH, 3 [183-185]

H,mbdc 3 [186-188]

1,3-BDCH, 3 [189-191]

1,3-BDC 2 [192,193]

H,mBDC 2 [187,194]

Hyiso 2 [49,69]

BDC 1 [10]

Hy(1,3-bdc) 1 [195]

Ha(m-BDC) 1 [196]

mH,BDC 1 [197]

H,IP 1 [56]

ipH, 1 [198]

Haiph 1 [199]

H,ipt 1 [44]

m-H,bdic 1 [200]

H,bdic 1 [38]

H,phth 1 [17]

Hy-1,3-bdc 1 [201]

m-BDC 1 [202]

H,MBDA 1 [203]

H,bba 1 [204]

bdcH, 1 [205]
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like dinuclear clusters of Zn and Cu, to combinations of monoden-
tate and chelate, monodentate and bidentate-bridge, among others
[165]. Furthermore, the ligand 1,3-bdc can connect metal ions
through diverse bridging modes including monodentate and
chelating bridging, monoatomic bridging or even a combination
of them. As depicted in Table 2 and in Fig. 6, we found in our survey
nineteen distinct coordination modes for 1,3-bdc acting as a bridge
between two (p) [24,52], three (p3) [63,109], four (p4) [49,162],
five (us) [104,187], or even six (Mg) [30,206] metal centers, result-
ing in a richness of geometries/topologies.

Nevertheless, it is worth noting that considering the orienta-
tions of the carboxylate groups (syn-syn, anti-syn, or anti-anti),
1,3-bdc will exhibit much more than 19 coordination fashions.
Unfortunately, it was difficult to expand our survey in this field
since just few papers describe the carboxylate orientations in the
coordination networks based on 1,3-bdc, even though it is remark-
able the influence of the carboxylate orientation on the magnetic
properties of carboxylate complexes, for instance [207].

Among the nineteen 1,3-bdc bridge coordination possibilities,
there are three distinct coordination modes for p (I-III), six for
W3 (IV-IX), four for p, (X-XIII) and ps (XIV-XVII), and two for g
(XVIII and XIX), as shown in Fig. 6. One should note that 1,3-bdc
is in its fully deprotonated form in almost all cases, acting as bridg-
ing ligand between the metal centers, although we have found one
example of the partially deprotonated form, 1,3-Hbdc, performing
as a bridging ligand in the p-bis-monodentate fashion (81, Table 2)
[208].

Interestingly, despite the ligand 1,3-bdc being divergent, some
reports describe it acting as a one-end coordinated ligand
[94,98,121,136,138,177,180,205]. Fig. 7 presents the possibilities
of coordination modes for 1,3-bdc and its partially protonated acid
acting as terminal ligands. Moreover, in few cases, we found 1,3-
Hbdc and 1,3-bdc playing the role of free counterions within the
structure of coordination compounds [103,199,209,210]. Another
possibility is the presence of 1,3-bdc inserted in the network struc-
ture as a noncoordinated molecule [49].

Table 3 describes the coordination modes of 1,3-bdc, repre-
sented in Figs. 6 and 7, employing the kappa (k) convention,
according to IUPAC recommendations [211], and the Harris nota-
tion [212,213], which is more intuitive to use for polydentate
ligands such as carboxylates.

Even though 1,3-bdc can also perform as ps- and ple-bridging
linker (see Fig. 6), the most common coordination modes adopted
by this ligand range from - to 4-bridge, as illustrated in Fig. 8.
Transition metals including Zn", Cu", and Co" (3d-block) and Cd"
(4d-block) as well as an assortment of lanthanide ions (Ln', 4f-
block), are the most common metal centers employed for building
coordination networks with 1,3-bdc (Fig. 8).

The coordination mode of 1,3-bdc with the highest number of
occurrences is the ps3-chelate-bidentate (IV) followed by the p-
bis-monodentate (I). Comparing the coordination compounds that
employ one of the three p-bridging coordination modes, the results
seem to indicate that while metal ions with small ionic radius are
preferably surrounded by 1,3-bdc in the mono/bi-coordinated
modes, the larger metal ions would rather choose the chelating
ones. As depictured in Fig. 8, the coordination mode pl-bis-mon-
odentate (I) is preferably adopted by 3d-block transition metals,
such as Zn", Cu', and Co" (ionic radii varying from 58 to 60 pm
for CN = 4 and from 65 to 74 pm for CN = 6) [214], over other bigger
metal centers like Cd" (ionic radius: 95 pm for CN = 6) [214] and
Ln™ (average ionic radius: 90 pm for CN = 6) [214]. Moreover, in
the mode I, the 3d-metal ions exhibit mostly CN = 4 and 5. In con-
trast, p-chelate-monodentate (II) and ps-chelate-bidentate (IV)
perform an intermediary behavior being usually found coordinated
to 3d-metal ions (mostly CN = 5 and 6) as well as to Cd" and Ln'".
Differently from what is observed for mode I, pi-bis-chelating (III)
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Table 2
Some characteristics of coordination networks based on 1,3-bdc published in the last 20 years.
Coordination mode Formulae Metal Experimental IR Distinct Ref.
ion approach V(COO™) [em™'] coordination
(CN) Av mode for 1,3-bdc
in the
compound
_ O [Cu(1,3-bdc)(phen)], (3) cu" Hydrothermal Not assigned [18]
“’ KO'KO (phen = 1,10-phenanthroline) (4) (140 °C/120 h)
{[Cu(1,3-bdc)(phen)(H,0)]-DMF-(H,0)}, (4) cu! 1D  Slow evaporation - [17]
(phen = 1,10-phenanthroline) (5) DMF
o) {[Cu(1,3-bdc)(bpy)]-2(H,0)}, (5) cu' Hydrothermal Not assigned [18]
(bpy = 2,2'-bipyridine) (4) (150 °C/144 h)
@/ o o} [Cu(1,3-bdc)(dap)(Hz0)], (6) cu' 1D Slow evaporation 1565,; 1385 [44]
(dap = 1,3-diaminopropane) (5) H,0
{[Cu(1,3-bdc)(tacn)]-0.5(MeOH)-0.5(H,0)}, (7) cu H,0: EtOH: CH3CN - [47]
(tacn = 1,4,7-triazaciclononane) (5) (1:1)
[Cu(1,3-bdc)(bpa)e s(H20)(DMF)],, (8) cu" 1D Slow evaporation Not assigned [221]
(bpa = 1,2-bis(4-pyridyl)ethane) (5) DMF
[[Cug(1,3-bdc)s(bpa)s(DMF)3]-8DMF},, (9) cu" 2D Microwave Not assigned 1-p-k0:k0” [221]
(bpa = 1,2-bis(4-pyridyl)ethane) (4/5) DMF (140 °C/1 h) 2-p-k0:x%0",0™
[[Cux(1,3-bdc),(bip)(H20)3]-2(H20)], (10) cu" 2D  Hydrothermal Not assigned [202]
(bip = 2-(4-bromophe-nyl)-1H-imidazo[4,5-f][1,10] (5) (170 °C/72 h)
phenanthroline)
{[Cu(1,3-bdc)(dimb)]-(DMA)}, (11) cu! 2D Solvothermal DMA: 1611,; 1396, [164]
(dimb = 1,4-di(imidazolidin-1-yl)benzene) (4) EtOH: Av =215
H,0 (1:1:2)
(130 °C/72 h)
[Cu(1,3-bdc)(1,4-bib)], (12) cu" 2D Solvothermal 162345 13295 [248]
(1,4-bib = 1,4-bis(imidazole)butane) (4) H,0:MeOH (4:1) Av =294
(140 °C[72 h)
[Cu(1,3-bdc)(4-dpyh)(H,0)], (13) cu" 2D Hydrothermal 1616,; 1226, [85]
(4-dpyh = N,N’-bis(4-pyridinecarboxamide)-1,6- (5) (120 °C/96 h)
hexane)
{[Cu(1,3-bdc)(d3po)(H,0),]-3(H,0)}, (14) cu 3D  Hydrothermal Not assigned [92]
(d3po = N,N’-di(3-pyridyl)octanediamide) (5) (120 °C/96 h)
{[Cu(1,3-bdc)(py)s]-5.5(H20)}, (15) cu' 1D Slow evaporation - [179]
(py = pyridine) (5) DMSO:py (7:2)
{[Cu(1,3-bdc)(py)s]-(H,0)-MeOH},, (16) cu" 1D Slow evaporation - [179]
(py = pyridine) (5) MeOH:py (10:1)
[Zny(1,3-bdc),(d3pa)(H20),], (17) zn" 2D Hydrothermal Not assigned [2]
(d3pa = N,N'-di(3-pyridyl)adipoamide) (4) (120 °C/48 h)
{[Zn(1,3-bdc)(bix)](solv)x}, (18) Zn! 2D Solvothermal Not assigned [14]
(bix = 1,4-bis(imidazol-1-yl-methyl)-benzene) (4) DMF
Solv = guest solvent molecules not refined (95 °C/72 h)
{[Zny(1,3-bdc)y(bix)z](s0lv)x}n (19) Zn" 3D  Solvothermal Not assigned [14]
(bix = 1,4-bis(imidazol-1-yl-methyl)-benzene) (4) DMF:EtOH (12:1)
Solv = guest solvent molecules not refined (95 °C/72 h)
{[Zn(1,3-bdc)(bix)](solv)}, (20) Zn" 2D Solvothermal Not assigned [14]
(bix = 1,4-bis(imidazol-l-yl-methyl)-benzene) (4) DMF:EtOH (6:1)
Solv = guest solvent molecules not refined (9 °C/72 h)
{[Zn(1,3-bdc)(bbip)]-(H,0)}, (21) zn" 2D Hydrothermal Not assigned [42]
(bbip = 1,1'~(1,4-butanediyl)bis(imidazole-2-phenyl)) (4) (160 °C/72 h)
{[Zn(1,3-bdc)(bmt)(H,0)]-0.5(H,0)}, (22) zn" 1D Solvothermal 1616,; 1424, [38]
(bmt = 1-((benzo-triazol-1-yl)methyl)-1-H-1,2,4- (4) H,0:DMF (5:2) Av =192
triazole)) (120 °C/96 h)
{[Zny(1,3-bdc)(tiym),]-4.75(H,0)}, (23) Zn" 3D  Hydrothermal Not assigned [41]
(tiym = tetrakis(imidazol-1-ylmethyl)methane) (4) (150 °C/72 h)
{[Zn(1,3-bdc)(4,4'-bipy)(H20)]-1.5(H20)}, (24) Zn 2D Slow evaporation - [71]
(4,4'-bipy = 4,4'-bipyridine) (5) H,0:EtOH
{[Zn3(1,3-bdc),(4,4'-bipy)(EtOH)(H20),] Zn 2D Slow evaporation - 1-p-x0:x0” [71]
EtOH 0.5(H,0)}, (25) (4/6) H,0:EtOH 2-p3-k0:x0":x0"
(4,4'-bipy = 4,4'-bipyridine)
{[Zn(1,3-bdc)(3-dpyh)]-3(H,0)}, (26) Zn 1D Hydrothermal 1615,,; 1224, [85]
(3-dpyh = N,N’-bis(3-pyridinecarboxamide)-1,6- (4) (120 °C/96 h)
hexane)
[Zn(1,3-bdc)(bmimx)], (27) Zn" 2D Hydrothermal Not assigned [88]
(bmimx = 1,4-bis(2-methylimidazol-1-yl- (4) (140 °C/70 h)
methyl)-2,3,5,6-tetramethylbenzene)
[Zn(1,3-bdc)(bb3pb)], (28) Zn" 2D Solvothermal Not assigned [148]
(bb3pb = 1,1'-(1,4-butanediyl)-bis[2-(3-pyridyl) (4) H,0:MeOH (1:1)
benzimidazole]) (140 °C/72 h)
{[zn(1,3-bdc)(bpmd)(H20)]-(H20)}, (29) zn" 1D Hydrothermal Not assigned [115]
(bpmd = N,N'-bis(pyridine-3-yl)-5- (5) (120 °C/96 h)
methylisophthalicdicarboxamide)
{[zn(1,3-bdc)(bbp)-(H20)]s}» (30) Zn'! 3D Hydrothermal 1614,; 1352, [151]
(bbp = 1,3-bis(benzimidazol-1-yl)-2-propanol) (4) (140 °C/72 h) Av =262
{[zn(1,3-bdc)(pobd)]-(H,0)}, (31) Zn'! 2D Solvothermal 1545,5; 1395, 771
pobd = N,N’-bis(pyridine-3-yl)-4,4’-oxybis(benzoic) (4) DMF:H,0 (1:1)
dicarboxamide (85 °C/96 h)
[Zn(1,3-bdc)(bmb)], (32) Zn" 2D Hydrothermal Not assigned [142]
(bmb = 1,4-bis(2-methylbenzimidazol-1-ylmethyl) (4) (160 °C/96 h)
benzene)
{[Zn5(1,3-bdc),(pyim),]-4DMF}, (33) Zn" 1D Slow evaporation 1622,5; 1385, [249]
pyim = 2,6-bis(imidazol-1-yl)pyridine (4) DMF: MeOH (7:4) Av =237
{[Zn(1,3-bdc)(bpbd)]-(H,0)}, (34) Zn! 2D Solvothermal 1616,; 1354, [110]
(bpbd = N,N'-bis(pyridine-3-yl)-4,4'-oxybis(benzoic) (4) DMA: H,0 (1:1)
dicarboxamide) (85 °C/96 h)
{[Zn(1,3-bdc)(pmdb)]-(MeCN)-0.5(H;0)}, (35) Zn" 1D Solvothermal Not assigned [78]
(pmdb = (pyridin-3-yl)methyl 4-(2-(4-((pyridin-3-yl) (4) MeCN: H,0 (1:1)
methoxy)phenyl)diazenyl)benzoate (170 °C/96 h)
{[Zn(1,3-bdc)(btx)]-2(H,0)-(DMF)} , (36) Zn" 2D Slow evaporation Not assigned [250]
(btx = 1,4-bis(1,2,4-triazol-4-yl) benzene) (4) DMF: H,0 (1:2)
{[zn(1,3-bdc)(bte)]-0.5(H,0)}, (37) Zn" 2D Slow evaporation Not assigned [19]
(bte = 1,2-bis(1,2,4-triazol-1-yl)ethane) (4) H,0:MeOH
[Zny(1,3-bdc),(titmb)(H,0)],, (38) Zn" 2D Hydrothermal Not assigned 1-p-k0:x0” [90]
titmb = 1,3,5-tris(imidazol-1-ylmethy1)-2,4,6- (4) (150 °C/24 h) 2-1-k0:x20",0™
trimethylbenzene)
[Zny(1,3-bdc),(ttyt)(H20)], (39) Zn" 2D Solvothermal Not assigned [150]
(ttyt = 1,3,5-tris(1H-1,2,4-triazol-1-ylmethyl)-2,4,6- (4) MeOH:H,0 (1:1)
trimethylbenzene) (150 °C/72 h)
{[Zns(1,3-bdc)s(tib)s(H20)]- 7DMF-18(H,0)}, (40) zn" 3D  Solvothermal 1616,5; 13905 [167]
(tib = 1,3,5-tris(1-imidazolyl)-benzene) (4) DMF:H,0 (1:1) Av =220
(120 °C/84 h)
[Zn(1,3-bdc)(btmx)], (41) Zn" 2D Hydrothermal Not assigned [251]
(btmx = 1,4-bis(1,2,4-triazol-1-ylmethyl)- (4) (160 °C/70 h)
2,3,5,6tetramethyl-benzene)
[Zn(1,3-bdc)(dHyn)], (42) Zn" 1D Hydrothermal Not assigned [188]
(dHyn = 1,3-di(1H-imidazol-4-yl) benzene) (4) (180 °C/72 h)
[Zn(1,3-bdc)(2,3'-tmbpt)], (43) Zn" 3D  Hydrothermal Not assigned [141]

(continued on next page)
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Table 2 (continued)

Coordination mode Formulae Metal Experimental IR Distinct Ref.
ion approach V(CO0™) [em™'] coordination
(CN) Av mode for 1,3-bdc
in the
compound
(2,3'-tmbpt = 1-((1H-1,2,4-triazol-1-yl)methyl)-3-(3- (4) (130 °C/72 h)
pyridyl)-5-(2-pyridyl)-1,2,4-triazole)
{[zn(1,3-bdc)(3,3'-tmbpt)(H,0)]-(H,0)}, (44) Zn" 3D Hydrothermal Not assigned [141]
(3,3'-tmbpt = 1- ((1H-1,2,4-triazol-1-yl)methyl)-3,5-bis (4) (130 °C/72 h)
(3-pyridyl)-1,2,4-triazole)
{[Zny(1,3-bdc),(4,4'-bpt)(H20)3]-(H,0)}, (45) Zn! 1D Solvothermal Not assigned [196]
(4,4'-bpt = 1H-3,5-bis(4-pyridyl)-1,2,4-triazole) (5) H,0:EtOH (2:1)
(140 °C/72 h)
{[Zny(1,3-bdc)y(hbpb)]-2.25(H,0)},, (46) Zn" 2D Solvothermal Not assigned [68]
(hbpb = 1,1'-(1,6-hexanediyl)bis[ 2-(2-pyridyl) (4) H,0:MeOH (1:1)
benzimidazole) (140 °C/72 h)
[Zn,(1,3-bdc),(dHib)(H20)], (47) Zn" 2D Hydrothermal Not assigned 1-p-k0:k0" [95]
(dHib = 1,4-di(1H-imidazol-4-yl)benzene) (4/5) (160 °C/72 h) 2-H3-k%0,0":K0:
KO”
{[Zn(1,3-bdc)(tib)]-(H,0)}, (48) Zn! 2D Hydrothermal Not assigned [97]
(tib = 1,3,5-tris(1-imidazolyl)benzene) (4) (180 °C/72 h)
{[Zn,(1,3-bdc),(tib)(H,0)]-2(H,0)}, (49) Zn! 3D  Hydrothermal Not assigned 1-p-x0:x0" [97]
(tib = 1,3,5-tris(1-imidazolyl)benzene) (5) (180 °C/72 h) 2-p-x0:x%0",0™
{[Zn(1,3-bdc)(3-bpp)]-2(H,0)-MeOH}, (50) Zn" 1D Slow evaporation Not assigned [252]
(3-bpp = 2,2'-bis(3-pyridylmethyleneoxy)-1,1'- (4) MeOH:H,0 (1:1)
biphenylene)
{[Zn(1,3-bdc)(en)]-3(H,0)}, (51) Zn" 2D Reflux4 h - [253]
(en = ethylenediamine) (4) EtOH
{[Ni(1,3-bdc)(dbyp)(H20)2]-0.5(H;0)}, (52) Ni"' 1D Solvothermal Not assigned [52]
(dbyp = 3,5-di(1H-benzimidazol-1-yl)pyridine) (6) DMF:H,0 (1:3)
(120 °C/72 h)
[Nix(1,3-bdc)»(3pyp)2(H20)], (53) Ni'! 3D Solvothermal Not assigned [183]
(3pyp = 3-pyridin-3-ylimidazo[1,2-a]pyridine) (6) DMF:H0 (1:4)
(140 °C/48 h)
{[Ni(1,3-bdc)(3-dpyp)(H20)]-(H20)}, (54) Ni'' 1D Hidrothermal 1604,5; 14195 [91]
(3-dpyp = N,N’-bis(3-pyridinecarboxamide)-1,3- (6) (120 °C/96 h)
propane)
[Ni(1,3-bdc)(dap),], (55) Ni" 1D Slow evaporation 1545,5; 1371, [44]
(dap = 1,3-diaminopropane) (6) MeOH
[Ni(1,3-bdc)(MeOH)4], (56) Ni" 1D Slow diffusion - [179]
(6) MeOH
[M(1,3-bdc)(pbmb)],, Zn" 2D Hydrothermal Not assigned [54]
(pbmb = 1,10-(1,3-propane)bis-(2- Co't (130 °C/72 h)
methylbenzimidazole)) (4)
M = Zn (57) or Co (58)
{IM(1,3-bdc)(4-bpah)(H20)]}, cu" 2D Hydrothermal (1608-1610).s; [24]
(4-bpah = N,N'-bis(4-pyridinecarboxamide)-1,2- Co (120 °C/144 h) (1419-1438),
cyclohexane) Ni'
M = Cu (59), Co (60), Ni (61), or Zn (62) zn"
(5)
[Co(1,3-bdc)(ampy)s], (63) Co" 1D Solvothermal Not assigned [29]
(ampy = 4-aminopyridine) (4) EtOH (120 °C/48 h)
[Co1.5(1,3-bdc); 5(tib)(H20)], (64) Co 2D Hydrothermal Not assigned 1-p-k0:x0” [114]
(tib = 1,3,5-tris(1-imidazolyl)benzene) (5) (170 °C/72 h) 2-p-x0:x?0",0™
{[Co(1,3-bdc)(d3po)(H20)2]-(H20)}, (65) Co't 2D  Hydrothermal Not assigned [92]
(d3po = N,N'-di(3-pyridyl)octanediamide) (6) (120 °C/96 h)
{[Co(1,3-bdc)(BCbpe)]-3(H;0)}, (66) Co 2D Solvothermal - [172]
(BCbpe = 1-(4-carboxy-benzyl)4-[2-(4-pyridyl)-vinyl]) (4) EtOH:H,0 (1:1)
(95 °C/72 h)
[Co(1,3-bdc)(b3pm)(H20),], (67) co" 1D Hydrothermal Not assigned [61]
(b3pm = N,N’-bis(3-pyridyl)malonamide) (6) (120 °C/96 h)
{[Co(1,3-bdc)(biim-5)]-(H,0)}, (68) Co" 2D Hydrothermal Not assigned [254]
(biim-5 = 1,1'-(1,5-pentanedidy!)bis-(imidazole)) (4) (140 °C/72 h)
{[Co(1,3-bdc)(py)3(H20)], (69) cot 1D MeOH;py (5:1) - [179]
(py = pyridine) (6) Reflux 30 min
{[Co(1,3-bdc)(py)s(MeOH)]-(H,0)}, (70) col 1D MeOH:py (10:1) - [179]
(py = pyridine) (6)
[Co(1,3-bdc)(MeOH),], (71) co" 1D Slow diffusion - [179]
(6) MeOH
{[NH,(CH3),][MNa(1,3-bdc) ]}, Co" 3D  Solvothermal 1580,5; 1450, [133]
M = Co (72) or Cd (73) cd" DMF (140 °C/72 h)
(4)
Na'
(6)
{[€d(1,3-bdc)(bpmd)(H,0)]-(H;0)}, (74) cd" 2D Hydrothermal Not assigned [115]
(bpmd = N,N'-bis(pyridine-3-yl)-5- (6) (120 °C/96 h)
methylisophthalicdicarboxamide)
[Cd(1,3-Hbdc),(bmb)], (75) cd" 3D  Hydrothermal Not assigned [163]
(bmb = 1,4-bis(2-methylbenzimidazol-1-ylmethyl) (6) (160 °C/72 h)
benzene)
[Ag(1,3-bdc)s(bpe)], (76) Ag' 3D Slow evaporation Not assigned [152]
(bpe = trans-1-(2-pyridyl)-2-(4-pyridyl)ethylene) 3) MeOH
{[Ag2(1,3-bdc)(dmapym),)]-2(H,0)}, (77) Ag' 3D  Ultrasonic conditions 1661, 1562,; [169]
(dmapym = 2-amino-4,6-dimethylpyrimidine) (2/4) 50 °C MeOH:H,0 1481, 1381
(2:1)
{[Ag2(1,3-bdc)(dtb)]-2(H;0)}, (78) Ag' 2D Hydrothermal Not assigned [113]
(dtb = 1,3-di~(1,2,4-triazole-4-yl)benzene) 3) (140 °C/72 h)
{[Gdy(1,3-bdc)s(H,0)s]-2DMF-6(H,0)}, (79) Gd" 1D Slow evaporation Not assigned 1-p-k0:k0" [69]
(9) DMF 2-p-x20,0":x%0",
o
{[Y2Niy(1,3-bdc)s(tpa)(H,0)3]- 7(H,0)}, (80) y! 1D Hydrothermal Not assigned 1-p-k0:k0" [168]
(tpa = tris(2-benzimidazolylmethyl)amine) (8/9) (140 °C/72 h) 2-p-k0:x%0",0™
Ni" 3-p3-k%0,0":k0"™:
(5) kO™
4-p-x20,0":x%0",
o
[Ag(1,3-Hbdc)(PyBIm)], (81) Ag' 2D Hydrothermal [208]
u-KOZKO" (PyBIm = 2-(4-pyridyl)benzimidazole) (4) (150 °C/120 h)
(o) O
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Coordination mode Formulae Metal Experimental IR Distinct Ref.
ion approach V(CO0™) [em™'] coordination
(CN) Av mode for 1,3-bdc
in the
compound
20 m {[Cu(1,3-bdc)(phen)(H,0)]-DMF},, (2) cu" 1D Slow evaporation 1554, 1382; The present work
H_KO'K O ?O (phen = 1,10-phenanthroline) (6) DMF:H,0 1360
Av =194; 172
{[Cuy(1,3-bdc),(3-bpah)]-(H20)}, (82) cu 3D Hydrothermal 1608,,; 1454, 1-p-x%0,0":x%0", [24]
(3-bpah = N,N’-bis(3-pyridinecarboxamide)-1,2- (5) (120 °C/144 h) o
cyclohexane) 2-p3-k0:k0":x0”
O (0] {[Cus(1,3-bdc)(OH)(pz)s(Hpz)(H20)]-4(H;0)}, (83) cu" 1D Solvothermal H,0: - [35]
@/ (Hpz = pyrazol) (4/5) MeOH (1:1)
(120 °C/48 h)
(0] o— {[Cu(1,3-bdc)(9Meade)(H;0),], (84) cu' 1D Slow diffusion - [49]
(9Meade = 9-methyladenine) (6) MeOH:H,0
[Cu(1,3-bdc)(d3ps)(H,0)] , (85) cu" 2D Hydrothermal Not assigned [66]
(d3ps = N,N'-di(3-pyridyl)succinimide) (6) (120 °C/96 h)
{[Cug(1,3-bdc)s(bpa)s(DMF)3]-8DMF},, (9) cu" 2D Microwave Not assigned 1-p-k0:x0" [221]
(bpa = 1,2-bis(4-pyridyl)ethane) (4/5) DMEF (140 °C/1 h) 2-p-k0:k20",0™
{[Cu(1,3-bdc)(3-bpmp)(H,0)]-2(H,0)}, (86) cu" 2D Hydrothermal 1553,; 1383, [255]
(3-bpmp = N,N’-bis(3-pyridyl-methyl)piperazine) (6) (80 °C/240 h)
[Zn(1,3-bdc)(dpq)(H,0)], (87) Zn! Hydrothermal - [43]
(dgp = 2,3-di-2-pyridylquinoxaline) (6) (160 °C/144 h)
[Zny(1,3-bdc),(titmb)(H,0)], (38) Zn" 2D Hydrothermal Not assigned 1-p-k0:k0" [90]
(titmb = 1,3,5-tris(imidazol-1-ylmethyl)-2,4,6- (4) (150 °C/24 h) 2-p-k0:x%0",0™
trimethylbenzene)
{[Zn,(1,3-bdc),(tib)(H,0)]-2(H20)}, (49) Zn" 3D  Hydrothermal Not assigned 1-p-k0:k0" [97]
(tib = 1,3,5-tris(1-imidazolyl)benzene) (5) (180 °C/72 h) 2-p-k0:x%0",0™
[Zn(1,3-bdc)(Hstris)(MeOH)],, (88) zn" 3D  Solvothermal Not assigned [116]
(Hstris = tris(hydroxymethyl)aminomethane) (6) MeOH (110 °C/20 h)
{[Zn(1,3-bdc)(1,3-bip)]-2(H,0)}, (89) Zn" 2D  Hydrothermal Not assigned [178]
(1,3-bip = 1,3-bis(imidazole)propane) (5) (110 °C/72 h)
{[Zny(1,3-bdc)y(ttbt),]-2(H20)}, (90) Zn" 2D Hydrothermal - 1-p-k0:x%0",0™ [96]
(ttbt = 10,11,12,13-tetrahydro-4,5,9,14-tetraaza-benzo (6) (140 °C/120 h) 2-14-k0,0":x0™,
[b]triphenylene) o
{[Zn(1,3-bdc)(3-pp)(H20)]-3(H,0)}, (91) Zn'! 1D Hydrothermal 1615,5; 1551, [256]
(3-pp = 3-(2-pyridyl)pyrazole) (6) (140 °C/48 h) 1355,
Av = 260; 196
{[zn(1,3-bdc)(Hdpp)]-DMF]}, (92) Zn" 2D Solvothermal - [186]
(Hdpp = di(4-pyridyl)-1H-pyrazole) (6) DMF (120 °C/48 h)
{[Zn(1,3-bdc)(tmbpt)(H,0)]-(H,0)}, (93) Zn! 2D Hydrothermal 1608, 1558a,s; [144]
(tmbpt = 1-((1H-1,2 4-triazol-1-yl)methyl)-3-(4- (5) (130 °C/70 h) 1380,
pyridyl)-5-(3-pyridyl)-1,2,4-triazole (3,4'-tmbpt))
[Ni(1,3-bdc)(bdh)-(H,0)],, (94) Ni'' 2D Hydrothermal 1604, 1545; [181]
(bdh = 1,6-bis(5,6-dimethylbenzimidazol-1-yl)hexane) (6) (140 °C/72 h) 1373,
{[Ni(1,3-bdc)(bibp)(H20)]-0.5(H20)}, (95) Ni' 3D Hydrothermal Not assigned [177]
(bibp = 1,4-bis(4-(imidazole-1-yl)benzyl)piperazine) (6) (160 °C/48 h)
[Ni(1,3-bdc)(bix)2(H20)], (96) Ni" 2D Hydrothermal Not assigned [125]
(bix = 1,4-bis((1H-imidazol-1-yl) methyl)-benzene) (6) (160 °C/72 h)
{[Ni(1,3-bdc)(didp)(H0)]-5(H20)}, (97) Ni" 1D Solvothermal Not assigned [147]
(didp = 2,8-di(1H-imidazol-1-yl)-dibenzothiophene) (6) DMF: H,0 (1:1)
(105 °C/72 h)
[Ni(1,3-bdc)(3-dpye)(H,0),], (98) Ni! 2D Hidrothermal 1602,; 1419, [91]
(3-dpye = N,N'-bis(3-pyridinecarboxamide)-1,2-ethane)  (6) (120 °C/96 h)
{[Ni(1,3-bdc)(3-dpyb)(H20),]-(H;0)} (99) Nil! 2D Hidrothermal 1604,5; 1432, [91]
(3-dpyb = N,N’-bis(3-pyridinecarboxamide)-1,4-butane)  (6) (120 °C/96 h)
{INi(1,3-bdc)(3-dpyh)(H,0),]-(H,0)}, (100) Nil! 2D Hidrothermal 1604,5; 1427, [91]
(3-dpyh = N,N’-bis(3-pyridinecarbox amide)-1,6- (6) (120 °C/96 h)
hexane)
{[Ni(1,3-bdc)(tmtz), 5]-0.5(H,0)}, (101) Ni" 2D Slow evaporation Not assigned [257]
(tmtz = 1,4-bis(1,2,4-triazol-1-ylmethyl)-2,3,5,6- (5) H,0
tetramethyl-benzene)
[Mn(1,3-bdc)(tmtz); 5], (102) Mn'" 2D Solvothermal Not assigned [257]
(tmtz = 1,4-bis(1,2,4-triazol-1-ylmethyl)-2,3,5,6- (6) H,0:MeOH (2:1)
tetramethyl-benzene) (110 °C/24 h)
{IMn(1,3-bdc)(btp)(H,0)]-2.5(H;0)}, (103) Mn" 2D Slow diffusion Not assigned [258]
(btp = 1,3-bis(1,2,4-triazol-1-yl)propane) (6) MeOH:H,0
[Coy.5(1,3-bdc), 5(tib)(H20)], (64) co' 2D Hydrothermal Not assigned 1—u—KO:K9" [114]
(tib = 1,3,5-tris(1-imidazolyl)benzene) (5) (170 °C/72 h) 2-p-x0:x%0",0™
[Co(1,3-bdc)(bim)], (104) Co" 2D Hydrothermal 1620,5, 1564, [159]
(bim = bis(imidazol-1-yl)methane) (5) (140 °C/72 h) 1359,
Av = 261; 205
{[Co(1,3-bdc)(4-bpmh)] -2(H;0)}, (105) co 3D Solvothermal - [100]
(4-bpmh = N,N-bis-pyridin-4-ylmethylene-hydrazine) (6) MeOH:DMF:
H,0 (6:1:1)
(120 °C/48 h)
{[Cox(1,3-bdc)y(dpyi),]-DMF-0.2(H,0)}, (106) Co" 2D Solvothermal Not assigned [259]
(dpyi = N,N-di(pyridin-4-yl)isophthalamide) (5) DMF (120 °C/48 h)
[CoCu(1,3-bdc)(bipy); s(m-nbz)], (107) Co" 2D Solvothermal Not assigned [130]
(bipy = 4,4'-bipyridine) (5) CH3CN (140 °C/72 h)
(m-Hnbz = m-nitrobenzoic acid) cu'
(3)
{[Co(1,3-bdc)(bbyb)(H,0)]-1.5(H,0)}, (108) Co' 2D Hydrothermal 1610,5; 1553, [112]
(bbyb = 4,4'-bis(benzimidazol-1-ylmethyl)biphenyl) (6) (130 °C/72 h) 1362,
Av =57; 248
{[Co(1,3-bdc)(bpmd)(H,0)]-(H,0)}, (109) co 2D Hydrothermal 1612,; 1425, [111]
(bpmd = N,N'-bis(pyridine-3-yl)-5-methylisophthalic (6) (120 °C/96 h)
dicarboxamide)
{[In(1,3-bdc)(1,3-Hbdc)]- 2DMF},, (110) m" 2D Solvothermal 1619,; 1405, [129]
(6) DMF (120 °C/96 h)
{[Cd(1,3-bdc)(bix)(H>0)](DMF)}, (111) cd" 2D Solvothermal Not assigned [14]
(bix = 1,4-bis(imidazol-I-yl-methyl)-benzene) (6) DMEF (90 °C/60 h)
[Cd(1,3-bdc)(bip)(H,0)], (112) cd" 2D Hydrothermal Not assigned 1-p-K20,0":x%0", [27]
(bip = 3,5-bis(imidazole-1-yl)pyridine) (7/6) (160 °C/96 h) o
2-p-k0:x%0",0™
[Cd,(1,3-bdc),(d3pa)(H,0)4], (113) cd" - Hydrothermal Not assigned [2]
(d3pa = N,N'-di(3-pyridyl)adipoamide) (6) (120 °C/48 h)
[Cd(1,3-bdc)(bb3pb)], (114) cd" 3D  Solvothermal Not assigned [148]
(bb3pb = 1,1'~(1,4-butanediyl)-bis[2-(3-pyridyl) (6) H,0:MeOH (1:1)
benzimidazole]) (160 °C/72 h)
[Cd(1,3-bdc)(bmb)(EtOH)(H;0)], (115) cd" 1D Solvothermal Not assigned [163]
(bmb = 1,4-bis(2-methylbenzimidazol-1-ylmethyl) (6) H,O:EtOH (4:1)
benzene) (100 °C/72 h)
[Cd;(1,3-bdc)(3-pp)2(H20)], (116) cd" Hydrothermal 1606.s, 1537, 1-p-K20,0":x%0", [256]
(3-pp = 3-(2-pyridyl)pyrazole) (6) (140 °C/48 h) 1378, o
Av =228; 159 2-p3-k%0,0":k0:
KO”

(continued on next page)
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Table 2 (continued)

Coordination mode Formulae Metal Experimental IR Distinct Ref.
ion approach V(CO0™) [em™'] coordination
(CN) Av mode for 1,3-bdc
in the
compound
{[Cd(1,3-bdc)(Hzceim)(H,0)](H20),}, (117) cd" 1D Hydrothermal - [260]
(Haceim = 2,2'-(1,2-ethanediyl)bis(1H-benzimidazole) (6) (160 °C/72 h)
{[Cd(1,3-bdc)Bpyen)o.s(H20)Br]-4(H20)}, (118) cd" 2D Solvothermal Not assigned [135]
(Bpyen = 1,2-bis(4,4’-bipyridinium)ethane) (6) DMF:MeOH:
H,0 (2:2:3)
(75 °C/48 h)
{[Cd(1,3-bdc)(3,3'-tmbpt)] -2(H,0)}, (119) cd" 2D Hydrothermal 1602,; 1380, [146]
(3,3'-tmbpt = 1-((1H-1,2,4-triazol-1-yl)methyl)-3,5-bis (6) (130 °C/72 h)
(3-pyridyl)-1,2,4-triazole)
{[Cd(1,3-bdc)(ttr4a)]- 2DMF-2(H,0)}, (120) cd" Solvothermal Not assigned [261]
(ttr4a = tetrakis(1,2,4-triazol-ylmethylresorcin[4]arene)  (6) DMF:H,0 (1:1)
(90 °C/96 h)
[Cd(1,3-bdc)(bmyb); 5], (121) cd" 3D  Hydrothermal 162145, 1532.; [89]
(bmyb = 1,4-bis(2-methylimidazol-3-ium-1-yl) (6) (160 °C/96 h) 1366,
biphenyl) Av =155; 244
[Cd,(1,3-bdc)y(2-mBIM),], (122) cd" 2D Hydrothermal Not assigned [39]
(2-mBIM = bis(2-methylimidazol-1-yl)methane) (5/6) (160 °C/48 h)
[CdCly(1,3-bdc)(ttbt)(H,0)], (123) cd" - Hydrothermal 1414; 1395 [262]
(ttbt = 10,11,12,13-tetrahydro-4,5,9,14-tetraaza-benzo (6) (180 °C/72 h)
[b]triphenylene)
[Cd(1,3-bdc)(imd),(H20)], (124) cd" - Hydrothermal - [263]
(imd = imidazole) (6) (160 °C/96 h)
[Cd(1,3-bdc)(phen)], (125) cd" 1D Solvothermal Not assigned [99]
(6) DMF:H,0:EtOH
(4:3:2) (140 °C/72 h)
{[€d(1,3-bdc)(imb)(H,0)]-2(H20)}, (126) cd" 2D Hydrothermal Not assigned [200]
(imb = 2-[(1H-imidazol-1-yl)methyl]-1H- (6) (120 °C/72 h)
benzimidazole)
{[Cd(m-bdc)(MQ)(H,0)Br]-3(H,0)}, (127) cd" 1D  Slow evaporation Not assigned [134]
(MQ = 1-methyl-4,4’'-bipyridinium) (6) DMF: H,0
{[Lny(1,3-bdc)s(mpip),]-2(H20)}, Dy" 2D Solvothermal Not assigned 1-p-k0:x%0",0™ [195]
(mpip = 2-(3-methylphenyl)imidazo(4,5-f)(1,10)- Ho™ CH5CN: H,0 (3:2) 2-H3-k%0,0":Kk0":
phenanthroline) Er' (120 °C/72 h) k0™
Ln = Dy (128), Ho (129), or Er (130) (8) 3-p4-k0,0":k0™,
on
{[Y2Niy(1,3-bdc)s(tpa)(H,0)3]-7(H,0)}, (80) yn 1D Hydrothermal Not assigned 1-p-k0:k0" [168]
(tpa = tris(2-benzimidazolylmethyl)amine) (8/9) (140 °C/72 h) 2-1-k0:x20",0™
Ni" 3-113-k%0,0":k0"™:
(5) kO™
4-p-k%0,0":x%0",
2 1.2 (Y {[Cux(1,3-bdc)y(3-bpah)]-H,0}, (82) cu' 3D  Hydrothermal 1608,; 1454 1-p-x%0,0":x%0", [24]
p-x°0,0"x“0",0 (3-bpah = N,N'-bis(3-pyridinecarboxamide}-1,2- =) (120 °C/144 h) o”
cyclohexane) 2-H3-k0:k0": k0"
{[Cu(1,3-bdc)(4-bpeb)],-0.5(4-bpcb)}, (131) cu' 2D Hydrothermal 1665,5, 1614,5; [40]
(4-bpcb = N,N’-bis(4-pyridinecarboxamide)-1,4- (6) (120 °C/96 h) 1368,
O o benzene)
[Cu(1,3-bdc)(9Meade)], (132) cu 2D Slow diffusion - [49]
o O o— (9Meade = 9-methyladenine) (6) MeOH:H,0
[Cuy(1,3-bdc)(bptzp),Cly], (133) cu! 1D Solvothermal 1620,5; 1207, [124]
(bptzp = 1,4-bis(5-(4-pyridyl)tetrazolyl)propane (6) CH3CN:H,0 (3:2)
(120 °C/96 h)
[Zny(1,3-bdc)x(bpy)a]. (134) Zn" Hydrothermal 156245 1552,5; 1-p-x%0,0:x%0", [31]
(bpy = 2,2-bipyridine) (6) (160 °C/120 h) 1431, o
Av=131; 101 2—},[3—1(20.0':1(0":
k0™
[Zn(1,3-bdc)(bmb)], (135) Zn" 1D Hydrothermal Not assigned [105]
(bmb = 1,3-bis(2-methylbenzimidazol-1-ylmethyl) (6) (140 °C/72 h)
benzene)
[Zn(1,3-bdc)(4,4'-tmbpt)], (136) Zn" 3D  Hydrothermal Not assigned [140]
(4,4'-tmbpt = 1-((1H-1,2,4-triazol-1-yl)methyl)-3,5-bis  (5) (130 °C/72 h)
(4-pyridyl)-1,2,4-triazole)
[Co(1,3-bdc)(bpy)], (137) co" 2D Hydrothermal - 1-p-x%0,0":x%0", [264]
(bpy = 2,2-bipyridine) (6) (140 °C/72 h) o”
2-p3-k%0,0:k0™:
kO™
{[Co(1,3-bdc)(bbyb)]-(H,0)}, (138) Co" 1D Hydrothermal 1605as; 1430s [51]
(bbyb = 1,3-bis(benzimidazol-1-ylmethyl) benzene) (6) (140 °C/72 h) Av =175
[Co(1,3-bdc)(Hdap)], (139) Co't 2D Solvothermal Not assigned [193]
(Hdap = 2,6-diaminopurine) (6) H,0:DMF (3:2)
(100 °C/72 h)
[M4(p4-0)(1,3-bdc)s(bipy)], (140) Zn" 2D Hydrothermal 1-p4-k0,0":xk0™, [132]
(M = Zny36 CO164) Co" (180 °C/60 h) o
bipy = 4,4'-bipyridine (4/5) 2-p-k%0,0":x%0",
o
{[Mn(1,3-bdc)o5(3-tptp)]-5(H20)}, (141) Mn" 1D Solvothermal EtOH: Not assigned [197]
(3-tptp = 4'~(3-tetrazolylphenyl)-2,2":6'2"-terpyridine) (6) H,0 (1:1)
(170 °C/72 h)
[Mny(1,3-bdc),(ttbt)], (310) Mn' 2D Hydrothermal - 1-p-%0,0":x%0", [96]
(ttbt = 10,11,12,13-tetrahydro-4,5,9,14-tetraaza-benzo (6) (140 °C/120 h) o
[b]triphenylene) 2-14,-k0,0":x0",
o
[Ni(1,3-bdc)(bbh)], (142) Nil! 3D Hydrothermal 1638,5; 1544, [181]
(bbh = 1,6-bis(benzimidazol-1-yl)hexane) (6) (140 °C/72 h)
{[Niy(1,3-bdc),(ampy)4]-(H,0)-EtOH}, (143) Ni'' 1D Solvothermal Not assigned [29]
(ampy = 4-aminopyridine, EtOH = ethanol) (6) EtOH (120 °C/48 h)
[Cd(1,3-bdc)(bip)(H,0)], (112) cd" 2D Hydrothermal Not assigned 1-u-20,0":x%0", [27]
(bip = 3,5-bis(imidazole-1-yl)pyridine) (7/6) (160 °C/96 h) o
2-p-k0:x%0",0™
[Cd(1,3-bdc)(bbip)], (144) cd" 3D Hydrothermal Not assigned [42]
(bbip = 1,1’-(1,4-butanediyl)bis(imidazole-2-phenyl)) (6) (160 °C/72 h)
[€d(1,3-bdc)(tpeb)gs], (145) cd" 3D  Hydrothermal Not assigned [53]
(tpcb = tetrakis(4-pyridyl)cyclobutene) (6) (170 °C/24 h)
{[Cd(1,3-bdc)(bmt)(H20),]- 2(H20)}, (146) cd! 1D Solvothermal 1544,; 1486, [38]
(bmt = 1-((benzo-triazol-1-yl)methyl)-1-H-1,2,4- 7) H,0:DMF (5:2) Av =58
triazole)) (120 °C/96 h)
{[Cd(1,3-bdc)(tipe)o.s(H20)]-MeOH-(H,0)},, (147) cd" 2D  Solvothermal Not assigned [149]
(tipe = tetra(3-imidazoylphenyl)ethylene) 7 MeOH:H,0 (2:1)
(160 °C/96 h)
[Cd,(1,3-bdc),(LevofH)(H20),], (148) cd" 1D Hydrothermal Not assigned 1-p-K20,0":x%0", [265]
(LevofH = levofloxacin) (7/6) (150 °C/48 h) o
2-115-k%0,0":x0":
KO™
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Coordination mode Formulae Metal Experimental IR Distinct Ref.
ion approach V(CO0™) [em™'] coordination
(CN) Av mode for 1,3-bdc
in the
compound
{[Cd>(1,3-bdc)(btbb)(H,0)]-2(H20)}, (149) cd" 3D Hydrothermal Not assigned 1-u-20,0":x%0", [13]
(btbb = 1,4-bis(2-(4-thiazolyl)benzimida-zol-1- (7/6) (120 °C/72 h) "
ylmethyl)benzene) 2-p3-k%0,0": k0™
kO™
{[€d(1,3-bdc)(imb)(H,0)]-MeOH}, (150) cd" 2D Slow diffusion Not assigned [166]
(imb = 2-(1H-imidazol-1-methyl)-1H-benzimidazole) 7) MeOH:H,0
{[Cd(1,3-bdc)(3-dpyh)os(H20)2]-(H20)}, (151) cd" 1D Hydrothermal 1604,; 1227, [85]
(3-dpyh = N,N’-bis(3-pyridinecarboxamide)-1,6- (7) (120 °C/96 h)
hexane)
[Cd(1,3-bdc)(bib)], (152) cd" 3D  Solvothermal Not assigned [173]
(bib = 1,4-bis(2-methyl-imidazole-yl)-butane) (6) DMF:H0 (3:1)
(120 °C/72 h)
[Cd(1,3-bdc)(bbmb)], (153) cd" 2D Hydrothermal 1604,s; 1412, [34]
(bbmb = 1,1'~(1,4-butanediyl)bis-(2- (6) -
methylbenzimidazole)
{[Cd(1,3-bdc)(bbtz)(H,0)](H;0)}, (154) cd" 2D Slow evaporation - [266]
(bbtz = 1,4-bis(1,2,4-triazol-1-ylmethyl)benzene) 7) MeOH:H,0
{[Cd(1,3-bdc)(bmimx)]-1.5(H20)}, (155) cd" 2D Solvothermal Not assigned [84]
(bmimx = 1,4-bis(2-methylimidazol-1-ylmethyl)- (6) H,0:EtOH (1:1)
2,3,5,6-tetramethylbenzene) (150 °C/70 h)
{[Cd(1,3-bdc)(bpbd)]-2(H,0)}, (156) cd! 2D Solvothermal 1604,5; 1334, [110]
(bpbd = N,N'-bis(pyridine-3-yl)-4,4'-oxybis(benzoic) 7) DMA:H,0 (2:1)
dicarboxamide) (85 °C/96 h)
{[Cdx(1,3-bdc)y(bip)s(H20),]-3(H20)}, (157) ca" 2D Solvothermal Not assigned [145]
(bip = 3,5-bis(imidazole-1-yl)pyridine) 7) H,0: DMF (5:2)
(80 °C/48 h)
{[Cdx(1,3-bdc), (CBbpy)(H20)4]-(H20)}, (158) cd" 2D  Slow evaporation Not assigned [60]
(CBbpy = 1-(2-carboxyethyl)-4,4'-bipyridinium) 7) H,0:DMF (3:1)
[Cd(1,3-bdc)(bmb)]-(H,0)}, (159) cd" 2D  Hydrothermal Not assigned [163]
(bmb = 1,4-bis(2-methylbenzimidazol-1-ylmethyl) (6) (130 °C/72 h)
benzene)
{[Cd(1,3-bdc)(cmb)(H20),][Cd(1,3-bdc)(1,3-Hbdc) cd" Slow evaporation Not assigned 1-p-x%0,0:x%0", [136]
(H20)]}, (160) (@] H,0:DMF: o
(cmb = 1-(1-cyclohexylmethane)-4,4'-bipyridinium EtOH (5:1:1) 2-x%0,0"
bromide)
[Cd(1,3-bdc)(bpbp)], (161) cd" Hydrothermal - [267]
(bpbp = 1,4-bis [1-(2-pyridylmeth yl)benzimidazol-2yl] (6) (170 °C/72 h)
butane)
[Cd,(1,3-bdc)(pHimb),], (162) cd" 3D  Hydrothermal Not assigned [170]
(pHimb = (4-((2-(pyridine-2-yl)-1H-imidazol-1-yl) (6) (150 °C/72 h)
methyl)benzoic acid)
[Pb(1,3-bdc)(b3pb)], (163) pb" - Hydrothermal Not assigned [106]
(b3pb = 1,4-bis(3-pyridylaminomethyl)benzene) (6) (120 °C/72 h)
{[(UO2)1.5(1,3-bdc)2(H20)]-0.5(Hbipy)}, (164) w 1D Hydrothermal Not assigned [171]
(bipy = 4,4'-bipyridine) (8) (160 °C/72 h)
{(UO,); 5(H20)(1,3-bdc),]-0.5(H,dap)-1.5(H;0)}, (165) o 2D Hydrothermal - [101]
(dap = 1,3-diaminopropane) (8) (200 °C/24 h)
{[UO4(1,3-bdc); 5]-0.5H,dap-2(H,0)}, (166) uvt 2D Hydrothermal - [101]
(dap = 1,3-diaminopropane) (8) (200 °C/24 h)
{[Gdx(1,3-bdc)3(H20)s]-2DMF-6(H,0)},, (79) Gd" 1D  Slow evaporation Not assigned 1-p-x0:x0" [69]
(9) DMF 2-p-x20,0":x%0",
o
{[Y2Niy(1,3-bdc)s(tpa)(H,0)3]- 7(H,0)}, (80) Y 1D Hydrothermal Not assigned 1-p-k0:k0" [168]
(tpa = tris(2-benzimidazolylmethyl)amine) (8/9) (140 °C/72 h) 2-l3-k0:K0": KO
Ni' 3-p3-
(5) kO™
4-p-x20,0":k%0",
o
{[Lny(1,3-bdc)s(ptep)a]-(H;0)}n prit 1D Hydrothermal Pr = 1608; 1479 1-114-K0,0":K0"™, [55]
(ptcp = 2-phenyl-1H-1,3,7,8-tetraazacyclopental] sn' (160 °C/72 h) Sm = 1603; 1456 o™
phenanthrene) Eu' Eu = 1637; 1451 2-p-k?0,0":x%0",
Ln = Pr (167), Sn (168), Eu (169), Tb (170), or Dy (171)  Tb" Tb = 1629; 1449
Dy" Dy = 1646; 1408
(8)
{[Eu(1,3-bdc), s(mopip)]-0.5(H20)}, (172) Eu" 1D Hydrothermal 1640,; 1485, 1-pu-K20,0":x%0", [138]
(mopip = 2-(4-methoxyphenyl)-1H-imidazo[4,5-f][1,10] ~ (8) (165 °C/120 h) Av =155 o
phenanthroline). 2-14-k0,0":x0™,
on
{[Lny(1,3-bdc)s(mopip),]-(H,0)}, (173) Sm'" 1D Hydrothermal Sm = 1615,; 1-p-x%0,0:20",  [137]
(mopip = 2-(4-methoxyphenyl)-1H-imidazo[4,5-f][1,10] ~ Nd" (160 °C/120 h) 1451, o
phenanthroline). (8) Nd = 1614,,; 2-114-x0,0":x0™,
Ln = Sm or Nd 1450, o
{[Gdy(1,3-bdc)s(mopip),]-(H20)}, (174) Gd" 1D Hydrothermal Not assigned 1-p-x%0,0:x%0", [79]
(mopip = 2-(4-methoxyphenyl)-1H-imidazo[4,5-f][1,10] ~ (8) (165 °C/120 h) o
phenanthroline) 2-14-k0,0":k0™,
on
{[Y2Co(1,3-bdc)4(tpa)(H20)]-2(H20)}, (175) y! 2D Hydrothermal Not assigned 1-p-20,0":x%0", [168]
{[Y2Zn(1,3-bdc)4(tpa)(H,0)]-2(H,0)}, (176) Er' (140 °C/96 h) o
{[Er,Co(1,3-bdc)s(tpa)(H,0)]-2(H,0)}, (177) Sm'! 2-15-K0:K0":K0"
{[Er2Zn(1,3-bdc)4(tpa)(H20)]-2(H20)}, (178) (8) 3-113-k%0,0":k0":
{[Sm,Co(1,3-bdc)a(tpa)(H,0)].0.5(H,0)}, (179) Zn'! kO™
(tpa = tris(2-pyridylmethyl)amine) Co" 4-p4-x0:K0:KO™:
(5) kO™
) , " " {[Cu(1,3-bdc)(4-bpcb)]-(H,0)}, (180) cu' 2D Hydrothermal 1646, 1613,; [40]
us- k20,0"x0":xO (4-bpcb = N,N'-bis(4-pyridinecarboxamide)-1,4- ®) (120 °C/96 h) 1393,
benzene)
{[Cux(1,3-bdc),(9Meade)(H,0)]-(H,0)}, (181) cu' 3D Slow diffusion - 1-p3-k20,0":k0": [49]
(9Meade = 9-methyladenine) (5) MeOH:H,0 KO™
2-p3-k0:x0":x0"
{[Cua(1,3-bdc),(9Meade)(H,0),]-1.5(H,0)}, (182) cu" 3D Slow diffusion - 1-13-%0,0"K0"  [49]
0 O—@ (9Meade = 9-methyladenine) 5) MeOH:H,0 kO™
2-p3-k0:x0":x0”
[Cu(1,3-bdc)(b3ph)]-(H,0)}, (183) cu' 2D Hydrothermal 1615; 1385 [119]
—0 (6] (b3ph = N,N'-bis(3-pyridylamide)-1,6-hexane) (6) (120 °C/144 h)
[Cu(1,3-bdc)(bptzp)], (184) cu' 1D Solvothermal 1627, 12115 [124]
(bptzp = 1,4-bis(5-(4-pyridyl)tetrazolyl)propane (6) CH3CN:H,0 (1:1)
(120 °C/96 h)
{[Cu4(1,3-bdc)4(bpa),(DMF)]-DMF},, (185) cu' 3D Microwave Not assigned 1-13-k%0,0":k0™: [221]
(bpa = 1,2-bis(4-pyridyl)ethane) (5/6) DMF (140 °C/1 h) Ko™
2-14-k0,0":x0™,
o

(continued on next page)
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Table 2 (continued)

Coordination mode Formulae Metal Experimental IR Distinct Ref.
ion approach V(CO0™) [em™'] coordination
(CN) Av mode for 1,3-bdc
in the
compound
{[Cux(1,3-bdc)(py2ttz),](DMF)3(H;0)s}, (186) cu 2D Solvothermal - 3-H4-k%0,0":K0: [75]
(py2ttz = 2,5-bis(4-pyridyl)thiazolo[5,4-d]thiazole) (6) DMF:H,0 (4:1) KO™":KO™
(100 °C/48 h)
[Zn,(1,3-bdc)2(bpy)z ] (134) zn" Hydrothermal 156245, 1532.; 1-p-x%0,0":x%0", [31]
(bpy = 2,2"-bipyridine) (6) (160 °C/120 h) 1431, o
Av =131; 101 2-113-k%0,0":k0":
kO™
{[Zn(1,3-bdc)(pba)]-DMF}, (187) Zn" 1D  DMF:H,0 (1:2) in a - [268]
(pba = pyridine-3,5-bis(5-azabenzimidazole)) (4) sealed glas tube at
100 °C.
2D 1616,5; 1184, [76]
[Zn(1,3-bdc)(3-bptzh)], (188) Zn"
Hydrothermal
(3-bptzh = 1,4-bis(5-(3-pyridyl)tetrazolyl)hexane) (6)
(120 °C/96 h)
[Zn(1,3-bdc)(4-bptzh)], (189) Zn" 2D Hydrothermal 1593, 12115 [76]
(4-bptzh = 1,4-bis(5- (4-pyridyl)tetrazolyl)hexane) (6) (120 °C/96 h)
[Zn(1,3-bdc)(1,4-bpetmb)], (190) Zn! 2D Hydrothermal Not assigned [22]
(1,4-bpetmb = 1,4-bis[2-(4-pyridyl)ethenyl]-2,3,5,6- (6) (170 °C/72 h)
tetramethylbenzene)
[Zn(1,3-bdc)(3-bpdb)], (191) Zn" 2D Solvothermal Not assigned [102]
(3-bpdb = 1,4-bis(3-pyridyl)-2,3-diaza-1,3-butadiene) (6) H,0:DMF: MeOH
(1:1:6)
(120 °C/48 h)
{[zn(1,3-bdc)(4-bpdb)]-2(H20)}, (192) zn" 2D Solvothermal Not assigned [102]
(4-bpdb = 1,4-bis(4-pyridyl)-2,3-diaza-1,3-butadiene) (6) H,0:DMF: MeOH
(1:1:6)
(120 °C/48 h)
[Zn(1,3-bdc)(d3ps)os] (193) Zn" 3D  Hydrothermal Not assigned [87]
(d3ps = N,N'-di(3-pyridyl)succinimide) (5) (120 °C/96 h)
[Zn(1,3-bdc)(3,4'-bpt)], (194) Zn" 1D Solvothermal Not assigned [196]
(3.4'-bpt = 1H-3-(3-pyridyl)-5-(4-pyridyl)-1,2,4- (6) H,0:EtOH (2:1)
triazole)) (140 °C/72 h)
[Zn(1,3-bdc)(3,3'-bpt)]-(H,0)}, (195) Zn" 1D Solvothermal Not assigned [196]
(3,3'-bpt = 1H-3,5-bis(3-pyridyl)-1,2,4-triazole) (6) H,O0:EtOH (2:1)
(140 °C/72 h)
{[Zny(1,3-bdc),(bbpb)]-2(H,0)}, (196) Zn" 1D Solvothermal Not assigned [68]
(bbpb = 1,1’-(1,4-butanediy)bis[2-(2-pyridyl) (6) H,0:MeOH (4:1)
benzimidazole) (140 °C/72 h)
{[Zn5(1,3-bdc)s(py)](MeOH)}, (197) Zn" Slow evaporation - 1-5-k20,0":k0": [189]
(py = pyridine) (6) MeOH:MeNO,:py k0™
(10:5:6) 2-14-k0,0":k0™,
o
[Mn(1,3-bdc)(3-pip)], (198) Mn" 1D Hydrothermal 1568.5, 1458.; [109]
(3-pip = 2-(3-pyridyl)-imidazo[4,5-f]1,10- (6) (170 °C/96 h) 1386,
phenanthroline) Av=182;72
{[Mn(1,3-bdc)(bte)o.s(H>0)]-(H20)}, (199) Mn'" 2D Slow diffusion Not assigned [258]
(bte = 1,2-bis(1,2,4-triazol-1-yl)ethane) (6) MeOH:H,0
[Mn(1,3-bdc)(fdp)], (200) Mn'" 1D Hydrothermal Not assigned [93]
(fdp = 11-fluoro-dipyrido[3,2-a:2’,3'-c|phenazine) (5) (153 °C/144 h)
[[Mn(1,3-bdc)(4,4'-bipy)]-0.75(H»0)-0.25(EtOH)],, (201) Mn" 2D  Solvothermal H,0: Not assigned [225]
(4,4'-bipy = bipyridine) (6) EtOH (1:1)
(110 °C/96 h)
[Fe(1,3-bdc)(phen)], (202) Fe" Hydrothermal Not assigned [32]
(phen = 1,10-phenanthroline) (6) (180 °C/144 h)
{[Co(1,3-bdc)(3-bpcb)]-(H,0)}, (203) Co" 2D Hydrothermal 167725 1617,5; [40]
(3-bpcb = N,N’-bis(3-pyridinecarboxamide)-1,4- (6) (120 °C/96 h) 1384,
benzene)
{[Cox(1,3-bdc)2(d3ps),]-4(H20)}, (204) Co't 3D Hydrothermal Not assigned [61]
(d3ps = N,N'-di(3-pyridyl)succinamide) (6) (120 °C/96 h)
[Co(1,3-bdc)(bptzh)], (205) Co't 2D Hydrothermal - [67]
(bptzh = 1,4-bis(5-(3-pyridyl)tetrazolyl)propane) (6) (120 °C/96 h)
[Co(13-bdc)(bipyen)], (206) co" 2D Hydrothermal 1611 ad 1397 [191]
(bipyen = trans-1,2-bis(4-pyridyl)ethylene) (6) (180 °C/48 h)
[Co(1,3-bdc)(bpy)], (137) Co" 2D Hydrothermal - 1-u-%20,0":x%0", [264]
(bpy = 2,2'-bipyridine) (6) (140 °C/72 h) o
2-15-k%0,0":k0":
KO™
{[Co(1,3-bdc)(L)]-(H,0)}, (207) cot 3D Hydrothermal 1605,4; (1229 [118]
(b3pt = N,N'-bis(3-pyridyl)-terephthalamide) (6) (120 °C/72 h) 1477),
[Co(1,3-bdc)(bimb)],, (208) Co't 2D Hydrothermal - [128]
(bimb = 1,4-bis(1-imidazol-yl)-2,5-dimethylbenzene) (6) (140 °C/96 h)
[{Co(1,3-bdc)(3-bpna)}-DMF-2(H,0)], (209) Co 2D Solvothermal Not assigned [269]
(3-bpna = N’ ,N"’-bis(3-pyridyl)naphthalene-2,6- (6) DMF:MeOH:
dicarboxamide) H,0 (3:1:1)
(75 °C/60 h)
[Co(1,3-bdc)(pxppa)], (210) co' 2D Hydrothermal - [182]
(pxppa = o0 -p-xylylenebis(1-(4-pyridylmethy-lene)- (6) (160 °C/36 h)
piper-4-azine))
[Co(1,3-bdc)(bip)], (211) Co't 2D Solvothermal Not assigned [73]
(bip = 3,6-bis(1H-imidazol-1-yl)pyridazine) (5) DMF (140 °C/12 h)
{[Co(1,3-bdc)(3-bpna)]-DMF-2(H,0)}, (212) Co't 2D Solvothermal Not assigned [269]
(3-bpna = N’ \N"’-di(pyridin-3-yl)naphthalene-2,6- (6) DMF: MeOH: H,0
dicarboxamide) (3:1:1)
(75 °C/60 h)
{[Co(1,3-bdc)(bptpa)]-2(H20)}, (213) Co" 2D  Hydrothermal 1612,5; 12744 [157]
(bptpa = N,N'-bis(pyridine-3-yl)thiophene-2,5- (6) (120 °C/96 h)
dicarbox-amide)
{[Co(1,3-bdc)(bptpa)]-2(H,0)}, (214) Co" 3D  Solvothermal 1609,s; 1298 [157]
(bptpa = N,N-bis(pyridine-3-yl)thiophene-2,5- (6) DMA: H20 (1:2)
dicarbox-amide) (120 °C/96 h)
{[Co(1,3-bdc)(3-dpyb)]-(H,0)}, (215) co 2D Hydrothermal 1600,; 1422, [127]
(3-dpyh = N,N"-bis(3-pyridinecart ide)-1,6-h ) (6) (120 °C/96 h)
[Co(1,3-bdc)(py)a]a (216) Co - Slow diffusion - [107]
(py = pyridine) (6) EtOH:H,0 (2:1)
[Co(1,3-bdc)(3,4'-bpt)], (217) Co" 2D Solvothermal Not assigned [270]
(3.4'-bpt = 3,4'-(1H-1,2 4-triazole-3,5-diyl)dipyridine) (6) H,0:EtOH (2:1)
(140 °C/72 h)
{[Co(1,3-bdc)(3,3'-bpt)]-(H,0)}, (218) Co" 3D Solvothermal Not assigned [270]
(3,3'-bpt = 3,3'<(1H-1,2,4-triazole-3,5-diyl)dipyridine) (6) H,O0:EtOH (2:1)
(140 °C/72 h)
{[Co(1,3-bdc)(dpa)]-3(H;0)}, (219) Co' 3D  Solvothermal Not assigned [271]
(dpa = 4,4'-dipyridylamine) (6) H,0:MeOH (9:1)

(120 °C/48 h)
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Coordination mode Formulae Metal Experimental IR Distinct Ref.
ion approach V(CO0™) [em™'] coordination
(CN) Av mode for 1,3-bdc
in the
compound
{[Co(1,3-bdc)(dpyi)]-DMF}, (220) co" 3D  Solvothermal Not assigned [259]
(dpyi = N,N-di(pyridin-4-yl)isophthalamide) (6) DMF
(120 °C/48 h)
[Co(1,3-bdc)(bpp)], (221) Co" 1D Slow diffusion Not assigned [123]
(bpp = 4,4'-trimethylene dipyridine) (6) H,0:EtOH (1:1)
{[Cd»(1,3-bdc),(btbb)(H,0)]-2(H,0)}, (149) cd! 3D  Hydrothermal Not assigned 1-p-k20,0:x%0%,  [13]
(btbb = 1,4-bis(2-(4-thiazolyl)benzimida-zol-1- (7/6) (120 °C/72 h) o
ylmethyl)benzene) 2-H3-K%0,0":k0"™:
k0™
{[Cd(1,3-bdc)(4-bpah)]} 2D 1605,; 1446, [24]
n (222) cd" Hydrothermal
(6) (120 °C/144 h)
(4-bpah = N,N'-bis(4-pyridinecarboxamide)-1,2-
cyclohexane)
2D 1601,; 1439, [24]
{[Cd(1,3-bdc)(3-bpah)]-(H,0)}, (223)
cd" Hydrothermal
(6) (120 °C/144 h)
(3-bpah = N,N'-bis(3-pyridinecarboxamide)-1,2-
cyclohexane)
[Cd(1,3-bdc)(bbyp)]. (224) cd" 3D  Hydrothermal Not assigned [27]
(bbyp = 3,5-bis(benzoimidazol-q-yl)pyridine) (6) (160 °C/96 h)
{[Cd(1,3-bdc)y(ttyt)]-2(H,0)}, (225) cd" 3D  Hydrothermal Not assigned [150]
(ttyt = 1,3,5-tris(1H-1,2,4-triazol-1-ylmethyl)-2,4,6- (6) (100 °C/72 h)
trimethylbenzene)
[Cd,(1,3-bdc),(LevofH)(H,0),], (148) cd" 1D Hydrothermal Not assigned 1-p-k%0,0:x%0", [265]
(LevofH = levofloxacin) (7/6) (150 °C/48 h) o
2-113-k%0,0":k0":
KO™
[Cd(1,3-bdc)(b3pb)], (226) cd" 2D Hydrothermal Not assigned [106]
(b3pb = 1,4-bis(3-pyridylaminomethyl)benzene) (6) (120 °C/72 h)
[Cd(1,3-bdc)(bimb)], (227) cd" Hydrothermal Not assigned [21]
(bimb = 4,4'-bis(1-imidazolyl)bibenzene) (6) (170 °C/24 h)
[Cd(1,3-bdc)(bim)], (228) cd" 2D Hydrothermal Not assigned [39]
(bim = bis(imidazol-1-yl)-methane) (6) (160 °C/48 h)
[Cd,(1,3-bdc)(bib); 5], (229) cd" 3D  Hydrothermal Not assigned 1-13-k%0,0":k0™: [174]
(bib = 1,4-bis(1-imidazol-yl)-2,5-dimethyl benzene) (6/7) (160 °C/96 h) kO™
2-114-k%0,0":x0:
x20",0":x0"”
[Cda(1,3-bdc),(3-dpyb).], (230) cd! 2D Hydrothermal 1618,; 1416, [127]
(3-dpyh = N,N’-bis(3-pyridinecarboxamide)-1,6- (6) (120 °C/96 h)
hexane)
{[Cd4(1,3-bdc)4(btd)s]-(H,0)}, (231) cd" 2D Hydrothermal - [272]
(btd = 1,10-bis(1,2,4-triazol-1-yl)decane) (6/7) (170 °C/72 h)
[Cd(1,3-bdc)(ttbt)], (232) cd" 1D Hydrothermal - [96]
(ttbt = 10,11,12,13-tetrahydro-4,5,9,14-tetraaza-benzo (6) (140 °C/120 h)
[b]triphenylene)
{(Me;NH,),[Cds(1,3-bdc)4]-(H;0)-2(EtOH)}, (233) cd" 2D Solvothermal 1576; 1385 1-13-%0,0"k0™  [184]
(6) DMF:EtOH (1:1) kO™
(130 °C/48 h) 2-p4-x%0,0":K0:
¥0":k0™
{[Cd(1,3-bdc)(1,3-bip)]-(H20)}, (234) cd" 2D Hydrothermal Not assigned [178]
(1,3-bip = 1,3-bis(imidazole)propane) (6) (110 °C/72 h)
{[Cd(1,3-bdc)(bpmb)]-0.125(H;0)}, (235) cd" 2D Hydrothermal Not assigned [86]
(bpmb = 1,3-bis(pyridine-3-ylmethoxy)benzene) (6) (150 °C/96 h)
[Cd(1,3-bdc)(phen)], (236) cd" 1D Hydrothermal Cd = 1564, [31]
(phen = 1,10-phenanthroline) (6) (160 °C/120 h) 1515, 1400
Av =164; 115
[Cd,(1,3-bdc)x(bpy )2l (237) cd" 1D Hydrothermal 1564, 1515,; [31]
(bpy = 2,2-bipyridine) (6) (160 °C/120 h) 1400,
Av=164; 115
[Cdy(1,3-bdc),(bdzp)(H,0),], (238) cd" 2D Hydrothermal Not assigned [74]
(bdzp = 1,3-bis(5,6-dimethylbenzimida-zol-1-yl) (6) (140 °C/72 h)
propane)
[Cd(1,3-bdc)(mbbt)], (239) cd" 3D Hydrothermal Not assigned [175]
(mbbt = 1-(2-methylbenzimidazol-1-ylmethyl) (6) (120 °C/72 h)
benzotriazole)
{IM(1,3-bdc)(4-bpdb)]-(4-bpdb)o 5}, Mn" 2D Slow evaporation Not assigned [201]
(4-bpdb = N, N'-bis—pyridine-4-ylmethylene- Fe!' MeOH:H,0
hydrazine) Co't
M = Mn (240), Fe (241), Co (242) (6)
{[M(1,3-bdc)(4,4'-bipy)]-(EtOH)}, Zn" 2D Solvothermal (1610-1550),s; [273]
(4,4'-bipy = 4,4'-bipyridine) cd" DMF:EtOH (1:1) (1420-1300),
M = Zn (243) or Cd (244) (6) (55 °C/72 h)
[M(1,3-bdc)(bptzp)]n co" 1D Hydrothermal Co = 1614, [81]
M = Co (246), Zn (247), or Cd (248) zn" (85 °C/72 h) 1184,
(bptzp = 1,4-bis(5-(3-pyridyl)tetrazolyl)propane) cd" Zn = 1620,;1190
(6) Cd = 1604,s;
1180,
[M(1,3-bdc)(bptp)], Co 2D Solvothermal Co = 1616;1211 [80]
M = Co (249), Zn (250), or Cd (251) zn H,0:DMA (3:2) Zn = 1612; 1211
(bptp = 1,4-bis(5-(3-pyridyl)tetrazolyl)propane) cd" (120 °C/96 h) Cd = 1601; 1213
(6)
[(UO,)5(OH),(H20)(1,3-bdc)(H,0)], (252) w 1D Hydrothermal - [101]
(8) (200 °Cj24 h)
{[Pbs(1,3-bdc)(tcpbc),]-3(H,0)}, (253) Pb" 2D Hydrothermal - 1-13-k%0,0:k0™: [70]
(Htcpbc = 2'~(1H-1,3,7,8-tetraaza-cyclopenta [1] (4/5/ (140 °C/72 h) kO™
phenanthren-2-yl)biphenyl-2-carboxylic acid) 6) 2-H4-k0:K0: k0"
KO™
[Pb(1,3-bdc)(tip)], (254) pb" 1D Hydrothermal Not assigned [108]
(tip = 2-(2-thienyl)imidazo[4,5-f]1,10-phenanthroline) (6) (180 °C/72 h)
{[Dys(1,3-bdc)4(NOs)(phen);]-2(H,0)}, (255) Dy 3D  Solvothermal 1641,4; 1393, 1-3-k20,0":k0": [25]
9) DMF:H,0:EtOH k0™
(10:3:2) 2-14-x0,0":x0™,
(85 °C/48 h) o
[Dy(1,3-bdc)3(H20),]-(H20)}, (256) Dy" 2D Hydrothermal 1602,; 1372 1-p3-x20,0:k0": [25]
(7/8) (160 °C/96 h) kO™
2-114-x0,0":k0™,
o
3-14-x%0,0":K0:
LXCAR N

11
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Coordination mode Formulae Metal Experimental IR Distinct Ref.
ion approach V(CO0™) [em™'] coordination
(CN) Av mode for 1,3-bdc
in the
compound
{[Ln4(1,3-bdc)s(DMF)(H20)4]- DMF-2(H,0)}, TH" - Solvothermal 1612, 1534, 1-13-k%0,0:k0™: [25]
Ln = Tb (257), Ho (258), or Er (259) Ho" DMF:H,0 (5:2) k0™
EfM (85 °C/72 h) 2-114-x0,0":x0™,
(7/9) o
{[Y2(1,3-bdc)3(H,0)(DMF)]-3DMF}, (260) yit 2D Solvothermal 16124, 1544,; [26]
(7) DMF:H,0 (2:1) 1453,; 1389,
(60 °C/96 h)
{[Euy(1,3-bdc)s(phen),(H,0),]-4(H;0)}, (261) Eu" 2D Hydrothermal Not assigned 1-5-k20,0":k0": [63]
(phen = 1,10-phenanthroline) (8) (150 °C/120 h) k0™
2-p3-K0:
{[Y2Niy(1,3-bdc)s(tpa)(H20)3]- 7(H,0)}, (80) i 1D Hydrothermal Not assigned 1-p-K0:KO’ [168]
(tpa = tris(2-benzimidazolylmethyl)amine) (8/9) (140 °C/72 h) 2-p-k0:x%0",0™
Ni" 3-p3-k%0,0:k0"™:
(5) kO™
4-p-x20,0":x%0",
o
{[Y2Co(1,3-bdc)4(tpa)(H;0)]-2(H,0)}, (175) yi 2D Hydrothermal Not assigned 1-p-x20,0":x%0", [168]
{[Y>2Zn(1,3-bdc),(tpa)(H,0)]-2(H,0)}, (176) Erl (140 °C/96 h) o
{[Er2Co(1,3-bdc)4(tpa)(H20)]-2(H,0)}, (177) sm' 2-H3-K0:K0":KO"
{[Er>Zn(1,3-bdc)4(tpa)(H20)]-2(H,0)}, (178) (8) 3-p3-K%0,0":k0":
{[SmxCo(1,3-bdc)s(tpa)(H,0)]-0.5(H,0)}, (179) Zn" KO™
(tpa = tris(2-pyridylmethyl)amine) Co" 4-14-x%0,0":KO:
(5) K0": kO™
{[LnZn(1,3-bdc)(imdc)(H;0)]-3(H20)}, Na" 3D  Hydrothermal (1615-1513),; [218]
(Hsimdc = imidazole-4,5-dicarboxylic acid) Eu™ (160 °C/72 h) (1381-1476)
Ln = Nd (262), Eu (263), or Gd (264) Gd!
(8)
Zn"
(5)
{[LnAg(1,3-bdc)(dspt)(H,0),]-(H20)}, sm' 2D Hydrothermal Not assigned [194]
(dspt = 4'~(2,4-disulfophenyl)-2,2":6'2"-terpyridine) Er' (170 °C/70 h)
Ln = Sm (265) or Er (266) (8)
Agl
(4)
{[Ln(1,3-bdc)(ac)(H,0),]-0.5(H,0)}, La" Hidrothermal - [57]
(ac = acetate) Eu™ La (200 °C/72 h)
Ln = La (267) or Eu (268) (9) Eu (160 °C/72 h)
{[Lnx(1,3-bdc),(mpip)2(NO3),]-3(H20)}, " 2D Solvothermal Not assigned 1-p4-x0,0":x0™, [195]
Ln = Tb (269) or Gd (270) Gd! CH5CN:H,0 (5:1)
(mpip = 2-(3-methylphenyl)imidazo(4,5-f)(1,10)- (8) (120 °C/72 h) 2-H3-K%0,0":k0"™:
phenanthroline) k0™
{[Lny(1,3-bdc)s(mpip),]-2(H20)}, Dy" 2D Solvothermal Not assigned 1-p-k0:x20",0™ [195]
Ln = Dy (128), Ho (129), or Er (130) Ho™ CH3CN:H,0 (3:2) 2-H3-k%0,0":k0"™:
(mpip = 2-(3-methylphenyl)imidazo(4,5-f)(1,10)- Er' (120 °C/72 h) k0™
phenanthroline) (8) 3-p4-k0,0":k0™,
o
[Eu(1,3-bdc),(mpip),(CH3CO0), ], (271) Eu' 1D Solvothermal Not assigned [195]
(mpip = 2-(3-methylphenyl)imidazo(4,5-f)(1,10)- 9 CH5CN:H,0 (3:1)
phenanthroline) (120 °C/72 h)
{[Lax(1,3-bdc)s(mpip),]-5(H,0)}, (272) La 2D Hydrothermal Not assigned 1-u3-20,0":x0": [195]
{[Nd(1,3-bdc)s(mpip),]-7(H,0)}, (273) Nd™ (180 °C/72 h)
(mpip = 2-(3-methylphenyl)imidazo(4,5-f)(1,10)- )
phenanthroline)
OO 1" {[Liz(1,3-bdc)(DMF)o5]-(H20)} (274) L' 3D Solvothermal - [274]
Hs kO:x0"'xO (2/4) DMF:THF (2:1)
(180 °C/72 h)
{[Cuy(1,3-bdc),(9Meade)(H,0)]-(H,0)}, (181) cu" 3D  Slow diffusion - 1-p3-x%0,0":x0": [49]
(9Meade = 9-methyladenine) (5) MeOH:H,0 kO™
O 2-p3-k0:k0": k0"
*3 {[Cua(1,3-bdc),(9Meade)(H20),]-1.5(H,0)}, (182) cu" 3D Slow diffusion - 1-13-k20,0K0":  [49]
& (9Meade = 9-methyladenine) (5) MeOH:H,0 KO™
O o 2-p3-k0:x0": k0"
[Cus(1,3-bdc)4(dpq)2]a (275) cu' 1D  Hydrothermal 1624,,, 1570; 1-p3-x0:k0":k0” [98]
(dpq = dipyrido[3,2-d:2’,3'-f]quinoxaline) (4/5) (120 °C/96 h) 1380, 2-x0:0
[Cu(1,3-bdc)(py)2]. (276) cu" 2D Slow evaporation - [179]
(py = pyridine) (6) DMF:py (7:2)
{[Cu4(1,3-bdc)3(dimb),](0,)(H20)s(OH )2}, (277) cu" 2D Hydrothermal 1608, 1560,s; 1-14-x0,0":x0™, [164]
(dimb = 1,4-di(imidazolidin-1-yl)benzene) (6) (130 °C/72 h) 1435, 13605 o
Av =173; 200 2-p3-k%0,0":k0:
K20",0™.
[Zn(1,3-bdc)(phen)], (278) Zn! 1D Hydrothermal 1614,;, 1558,; [31]
Phen = 1,10-phenanthroline (5) (160 °C/120 h) 1397,
Av =217; 161
{[zn(1,3-bdc)(phen)],}, (279) Zn" 1D Solvothermal Not assigned [275]
(phen = 1,10-phenathroline) (5) MeOH (150 °C/12 h)
{[Zn3(1,3-bdc),(4,4'-bipy)(EtOH)(H20),]- Zn 2D Slow evaporation - 1-p-k0:x0” [71]
(EtOH)-0.5(H;0)}, (25) (4/6) H,0:EtOH 2-p3-k0:x0":x0”
(4,4'-bipy = 4,4'-bipyridine)
{[Zns(1,3-bdc)s(Htea),(H20)]-2.6(H20)}, (280) Zn" - Solvothermal Not assigned 1-p3-K0: 0" [116]
(Hstea = triethanolamine) (4/5/ MeOH 2-114-K0,0':k0™,
6) (110 °C/20 h) o
{[Zny(1,3-bdc),(bpda),]-3DMF-0.5(H,0)}, (281) Zn! - Solvothermal Not assigned [276]
(bpda = N,N’-bis(pyridine-4-yl)-1,4- (5) DMF:H,0 (14:1)
benzenedicarboxamide) (100 °C/72 h)
[Zny(1,3-bdc)(p13-OH)(4-pimb)], (282) Zn" 3D Hydrothermal 1614,; 1416, [139]
(4-pimb = 4-((2-(pyridine-2-yl)-1H-imidazol-1-yl) (6) (150 °C/72 h)
methyl)benzoic acid)
[Zny(1,3-bdc)(dbi)], (283) Zn" 3D  Hydrothermal - [131]
(dbi = 1,1"-(1,10-decanediyl)bis(imidazole)) (4) (160 °C/60 h)
{[Zn,(1,3-bdc)(btre)(H,0),]-2(H,0)}, (284) Zn! 3D Hydrothermal 1609,5, 1562,5; [153]
(btre = 1,2-bis(1,2,4-triazol-4-yl)ethane) (5) (180 °C/72 h) 1429,, 1371,
{[Zny(1,3-bdc)4(DMS0),(H,0)] 3DMSO},, (285) pal 3D Reaction (H;0); 1-p3-k0:Kk0" k0" [198]
(6/4) Recryst. (DMF) 2-14-x0,0":x0™,
o
[Zny(1,3-bdc)z(bcbpy)], (286) Zn" 2D Hydrothermal Not assigned [192]
(bcbpy = 1,1'-bis(3-carboxyphenyl)-4,4’-bipyridinium) (4) (160 °C/48 h)
{[Zny(1,3-bdc)y(dbpb)]-2(H,0)}, (287) Zn" 3D  Solvothermal Not assigned [68]
(dbpb = 1,1-(1,10-decanediyl)bis[2-(2-pyridyl) (5) MeOH:H,0 (4:1)
benzimidazole) (140 °C/72 h)
{[Cd,(1,3-bdc),(ppaH),]-4.25(H,0)}, (288) cd" 2D Hydrothermal Not assigned [265]
(ppaH = pipemidic acid) (6) (120 °C/96 h)
{[Eux(1,3-bdc)s(phen);(H20),]-4(H,0)}, (261) Eu! 2D Hydrothermal Not assigned 1-3-k20,0":k0": [63]
(phen = 1,10-phenanthroline) (8) (150 °C/120 h) k0™
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ion approach V(CO0™) [em™'] coordination
(CN) Av mode for 1,3-bdc
in the
compound
[Yby(1,3-bdc)s(mpip)], (289) yb'"' 2D Hydrothermal Not assigned [195]
(mpip = 2-(3-methylphenyl)imidazo(4,5-f)(1,10)- (6) (180 °C/72 h)
phenanthroline) 2-l3-k0:k0": k0"
{[Y2Co(1,3-bdc)4(tpa)(H20)]-2(H20)}, (175) y! 2D Hydrothermal Not assigned 1-u-%0,0":x%0", [168]
{[Y>2Zn(1,3-bdc),(tpa)(H,0)]-2(H,0)}, (176) Eril (140 °C/96 h) o
{[Er,Co(1,3-bdc)s(tpa)(H,0)]-2(H,0)}, (177) sm'! 2-15-K0:K0":K0"
{[Er,Zn(1,3-bdc)4(tpa)(H,0)] 2(H,0)}, (178) (8) 3-p13-k20,0':K0”:
{[Sm,Co(1,3-bdc),(tpa)(H,0)]-0.5(H,0)}, (179) Zn" KO™
(tpa = tris(2-pyridylmethyl)amine) Co 4-13-K%0,0":K0:
(5) K*0",0™
{Nay[Nd4(1,3-bdc)s(0x)(H20)s]}n (290) Nd™ 3D  Hydrothermal 1642, 1582,; [120]
(ox = oxalate) (8/9) (190 °C/72 h) 1360
2 1. . " [Zn,(1,3-bdc),(dHib)(H20)], (87) Zn" 2D Hydrothermal Not assigned 1-p-k0:k0" [95]
u3-k°0,0'x0:x0 (dHib = 1,4-di(1H-imidazol-4-yl)benzene) (a/5) (160 °C/72 h) 2-413-K20,0":K0:
k0"
[Cdy(1,3-bdc)(3-pp)a(H20)], (116) cd" Hydrothermal 1606, 1537.; 1-p-x%0,0:K20",  [256]
@ (3-pp = 3-(2-pyridyl)pyrazole) (6) (140 °C/48 h) 1378, o
\O\(QYO Av =228; 159 2-p3-k%0,0":k0:
k0"
d \@ [Pb(1,3-bdc)(phen)], (354) Pb!! Hydrothermal [223]
—0 O (phen = 1,10-phenanthroline) (@] (160 °C/48 h)
-KZO'KO" {[Cus(1,3-bdc),(u3-0H),(ta)s]-2(H20)}, (29) cd" 3D Hydrothermal Not assigned 1-14-k%0,0":x0: [158]
1] . (ta = 1,2,3-triazolate) (4) (160 °C/96 h) K0":K0"™
2-113-k%0:K0"
@° @
(e} o
_ . . " O [Cd(1,3-bdc)(4,4'-tmbpt)], (292) cd" 3D  Hydrothermal Not assigned [140]
u3 K0:x0:x0 ’O (4,4'-tmbpt = 1-((1H-1,2,4-triazol-1-yl)methyl)-3,5-bis (6) (130 °C/72 h)
(4-pyridyl)-1,2,4-triazole)
{[Cd(1,3-bdc),(bpyed)]-2(H,0)}, (293) cd" 3D  Hydrothermal Not assigned 1-p3-K0:k0: k0", [277]
(bpyed = N,N’-bis(pyridin-3-ylmethyl)ethane-1,2- (7/6) (130 °C/72 h) o
diamine) 2-H3-k%0,0":K0:
®\ oo
(0] (0]
@ ; ofh
2 " 200" O {[Cd(1,3-bdc),(bpyed)]-2(H,0)}, (293) cd" 3D  Hydrothermal Not assigned 1-p13-K0:k0:K0", [277]
p3-x*0,0"x0:x*0",0 (bpyed = NN"bis(pyridin-3-ylmethyljethane-12- (6/7) (130 °C/72 h) o”
diamine) 2-H3-K%0,0":K0:
K*0",0™
{[€d(1,3-bdc)(bpp)o.s(H20)]-(H20)}, (294) cd" 2D Hydrothermal Not assigned [82]
@\ (bpp = 1,4-bis(3-pyridylmethyl) piperazine) (6) (160 °C/96 h)
[} 0 {[Cd(1,3-bdc)(bppt)]-MeOH},, (295) cd" 3D Solvothermal 1600; 1423 [56]
(bppt = 2,5-bis(3-(pyridine-4-yl)phenyl)thiazolo[54-d] ~ (7) H,0:MeOH (1:1)
—0 o— thiazole) (160 °C/72 h)
{[Cd(1,3-bdc)(bte)o5(H20)]-(H20)}, (296) cd" 2D Hydrothermal Not assigned [278]
(bte = bis(triazol)ethane)) 7) (160 °C/72 h)
[Cd(1,3-bdc)(dHyn)], (297) cd" 2D Hydrothermal Not assigned [188]
(dHyn = 1,3-di(1H-imidazol-4-yl) benzene) (6) (180 °C/72 h)
{[Cds(1,3-bdc),(dHib),(H20),]-2(H20)}, (298) cd" 3D  Hydrothermal Not assigned [203]
(dHib = 3,5-di(1H-imidazol-1-yl)benzoic acid) (6/7) (180 °C/72 h)
[Cd(1,3-bdc)(tym)os], (299) cd" 3D  Hydrothermal Not assigned [279]
(tym = tetrakis(imidazol-1-ylmethyl)methane) (6) (170 °C/72 h)
{[CeAg(1,3-bdc)(dspt)(H20),]-(H20)}, (300) ce' 3D  Hydrothermal Not assigned [194]
(dspt = 4'~(2,4-disulfophenyl)-2,2':6'2"-terpyridine) ) (170 °C/70 h)
_ ' m " {[Cu(1,3-bdc)(H20)] (H20)}, (301) cu! Solvothermal Not assigned [48]
H4 KO’O «®O ’O (6) H,0: iPrOH (3:2)
(160 °C/120 h)
{[Cuy(1,3-bdc),(9Meade),(H,0)]-2(1,3-Hzbdc)}, (356) cu' 2D Slow diffusion - [49]
(9Meade = 9-methyladenine) (5) MeOH:H,0
{[Cuy4(1,3-bdc)s(dimb),](02)(H20)s(OH)2 }s (277) cu" 2D Hydrothermal 16085, 1560;;, [164]
0 0—@ (dimb = 1,4-di(imidazolidin-1-yl)benzene) (6) (130 °C/72 h) 1435, 1360, 0"
@/ Av =173; 200 2-13-k%0,0":K0:
K*0",0™
(¢} @) {[Cu(1,3-bdc)(H,0)]-2(H,0)}, (302) cu" 2D Solvothermal - [190]
\@ (6) H,0:benzene (3:5)
{[Cu4(1,3-bdc)4(bpa),(DMF)]-DMF}, (185) cu 3D Microwave Not assigned 1-H3-k20,0":k0": [221]
(bpa = 1,2-bis(4-pyridyl)ethane) (5/6) DMF (140 °C/1 h) k0™
2-114-x0,0":x0™,
o
3-14-K%0,0":K0:
KO™KO™.
[Cuy(1,3-bdc)(fhop)], (303) cu" 3D Hydrothermal Not assigned [83]
(fhop = 2-(2-fluorophenyl)-1H-imidazo[4,5-f][1,10] (5) (185 °C/144 h)
phenanthroline) cu'
(3)
{[Cu,(1,3-bdc),(DMF)]-(H,0)-DMF-0.5(EtOH)}, (304) cu' 2D Slow evaporation [62]
(5) DMF:EtOH (1:1)
[Cuy(bdc)o s(ina)(ps-OH)], (305) cu 2D Hydrothermal Not assigned [185]
(inaH = 4-pyridinecarboxylic(isonicotinic acid) (4) (180 °C/48 h)
[Cuy(n3-OH)(1,3-bdc)o 5(is0n), ], (306) cu" Hydrothermal - [45]
(ison = isonicotinate) (5) (160 °C/60 h)
{[Zny(1,3-bdc)y(ttbt)]-2(H20)}, (90) Zn" 2D Hydrothermal - 1-p-k0:x20",0™ [96]
(10,11,12,13-tetrahydro-4,5,9,14-tetraaza-benzo[ b] (6) (140 °C/120 h) 2-14-k0,0":k0™,
triphenylene) o
[Zn(1,3-bdc)], (307) Zn' 3D Solvothermal (1603-1539),; [117]
(4) H,0:benzene (5:3) (1466-1408),
(180 °C/72 h) Av=134
{[Zns(1,3-bdc)s(Htea),(H,0)]-2-.6H,0}, (280) Zn" - Solvothermal Not assigned [116]
(Hstea = triethanolamine) (4/5/ MeOH (110 °C/20 h)
6)

13
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Table 2 (continued)

Coordination mode Formulae Metal Experimental IR Distinct Ref.
ion approach V(CO0™) [em™'] coordination
(CN) Av mode for 1,3-bdc
in the
compound
[Zn(1,3-bdc)(bmib)g 5], (308) Zn" 3D Hydrothermal Not assigned [126]
(bmib = 1,4-bis(2-methyl-1H-imidazol-1-ylmethy) (5) (160 °C/96 h)
benzene)
{[Zn3Mn; 5(1,3-bdc)4(1,3-Hbdc)(bpe)]-bpe}, (309) Mn'" 3D Hydrothermal - 1-p14-x0,0": k0™, [204]
(bpe = 1,2-bis(4-pyridyl)ethane) (6) (180 °C/72 h) o
Zn" 2-k0:0'
(4)
{[Zn5(1,3-bdc)s(py)2](MeOH)}, (197) Zn" Slow evaporation - 1-5-k20,0":k0": [189]
(py = pyridine) (6) MeOH:MeNO,:py k0™
(10:5:6)
{[Zn2(1,3-bdc)s(DMSO),(H,0)]- 3DMSO},, (285) 7" 3D Reaction (H;0); [198]
(6/4) Recryst. (DMF)
{[Ma(p14-0)(1,3-bdc)s(bipy)]}, (140) zn" 2D Hydrothermal - 1-114-K0,0":K0"™, [132]
(My = Zn36 C01.64) Co" (180 °C/60 h)
bipy = 4,4'-bipyridine (4/5) 2-p-x20,0":x%0",
o
[Mny(1,3-bdc),(ttbt)], (310) Mn" 2D Hydrothermal - 1-p-k%0,0':x°0", [96]
(ttbt = 10,11,12,13-tetrahydro-4,5,9,14-tetraaza-benzo (6) (140 °C/120 h) o
[b]triphenylene) 2-14-x0,0":x0™,
o
{[Fe(1,3-bdc)30(H,0)3][C1]-9(H20)}, (311) Fe" 3D  Hydrothermal Not assigned [122]
(6) (130 °C/120 h)
{[H2N(CH3),]2[Co3(1,3-bdc)4]-(H20)}, (312) Co" Solvothermal Not assigned 1-p14-x0,0": k0™, [154]
(6) DMF:MeOH (5:1) o”
(160 °C/48 h) 2-l5-k0:k0": k0™
k0": k0™
{Cos(p3-OH)y(1,3-bdc)s(H20)s5]-8(H20)}, (313) Co 3D  Solvothermal Not assigned 1-p14-k0,0":k0™, [30]
(4/5/ MeOH (160 °C/72 h) o
6) 2-ps5-k0:x0":x0":
KO™:Kk0™
{Co,(1,3-bdc),(iPrOH )o.5(H20)0.5]-(iPrOH )0 5(H20)}, co" 3D Solvothermal Not assigned 1-p14-x0,0": k0™, [30]
(314) (6) iPrOH (160 °C/72 h) o
(iPrOH = 2-propanol) 2-16-k20,0":K0:
k0:k%0:x0",0:
K0":k0":x0"
[In,0(1,3-bdc),], (315) " Hydrothermal Not assigned [10]
(6) (220 °C/336 h)
{[Cds(1,3-bdc)s(H,0)4]-(H20)}, (316) cd" 2D Hydrothermal - [155]
(6/7) (170 °C/72 h)
[Cd(1,3-bdc)(H20)], (317) cd" 3D  Solvothermal - [280]
(5) H,0:DMF (2:1)
(90 °C/72 h)
[Cd5(1,3-bdc)s(Hdatrz)], (318) cd" 3D Hydrothermal Not assigned 1-14-k0,0":k0™, [187]
(Hdatrz = 3,5-diamino-1,2,4-triazole) (5) (110 °C/72 h) o
2-H3-k%0,0":K0:
K20",0™
3-ps-k0:x0": k0™
k0": k0™
[Lny(1,3-bdc)s(H20)a]n Nd™ 2D Hydrothermal Nd = 1545, 1-p4-K0,0":x0"™", [33]
Ln = Nd (319) or Gd (320) Gd" (170 °C/96 h) 1452,; 1389 o
(7/8) Av = 156; 63 2-114-k%0,0":k0:
Gd = 1531, K*0",0™:k0"
1456,5; 1390,
Av =141; 66
[Yby(1,3-bdc)s(phen)os], (321) yb'"' 3D  Hydrothermal Not assigned 1-14-x0,0":K0™, [63]
(phen = 1,10-phenanthroline) 6/7] (150 °C/120 h) "
8) 2-14-k%0,0":K0:
k0": k0™
[Yby(1,3-bdc)s(mpip)], (289) yp!!! 2D Hydrothermal Not assigned 1-p4-k0,0":x0™, [195]
(mpip = 2-(3-methylphenyl)imidazo(4,5-f)(1,10)- (6) (180 °C/72 h) o
phenanthroline) 2-p3-K0:KO":
{[Lny(1,3-bdc)s(mpip),]-2H20}, Dy" 2D Solvothermal Not assigned 1-p-k0:x20",0™ [195]
Ln = Dy (128), Ho (129), or Er (130) Ho™ CH3CN:H,0 (3:2) 2-H3-k%0,0":Kk0"™:
(mpip = 2-(3-methylphenyl)imidazo(4,5-f)(1,10)- Er' (120 °C/72 h) k0™
phenanthroline) (8) 3-p4-k0,0":x0™,
o
{[Lnx(1,3-bdc),(mpip)2(NO3),]-3(H20)}, T 2D Solvothermal Not assigned 1-p4-x0,0":x0™, [195]
Ln = Tb (269) or Gd (270) Gd" CH3CN:H,0 (5:1) o”
(mpip = 2-(3-methylphenyl)imidazo(4,5-f)(1,10)- (8) (120 °C/72 h) 2-p3-k%0,0": k0™
phenanthroline) KO™
{[Dys(1,3-bdc)4(NO3)(phen)s]-2(H,0)}, (255) Dy" 3D  Solvothermal 1641,; 1393, 1-p3-x20,0:0": [25]
9) DMF:H,0:EtOH k0™
(10:3:2)
(85 °C/48 h) "
[Dy(1,3-bdc)3(H20),]-(H20)}, (256) Dy" 2D Hydrothermal 1602,5; 1372, 1-13-k%0,0": k0" [25]
(7/8) (160 °C/96 h) kO™
2-14-k0,0":xk0™,
o
3-114-k%0,0":K0:
k0": k0™
{[Lny(1,3-bdc)s(DMF)(H,0)4]- DMF-2(H,0)},, b - Solvothermal 1612,; 1534, 1-p13-k20,0:k0": [25]
Ln = Tb (257), Ho (258), or Er (259) Ho™ DMF:H,0 (5:2) KO™
Er' (85 °C/72 h) 2-p4-k0,0":k0™,
(7/9) 0"
{[Lny(1,3-bdc)s(phen)H,0]-(H0)}, La™" 2D Hydrothermal (1616-1546),; 1-p-k%0,0":x%0”, [165]
Ln = La (322), Pr (323), or Yb (324) pr (140 °C/96 h) (1453-186); o
(phen = 1,10-phenanthroline) yb'" 2-H4-x%0,0":K0:
(8) KO":k0"™
{[Lnx(1,3-bdc)s(ptcp)z]-(H20)} pritt 1D Hydrothermal Pr = 1608 ;1479 1-p4-x0,0":x0™, [55]
(ptcp = 2-phenyl-1H-1,3,7,8-tetraazacyclopental] sn'! (160 °C/72 h) Sm = 1603; 1456 o
phenanthrene) Eu' Eu = 1637; 1451 2-p-k?0,0":x%0",
Ln = Pr (167), Sn (168), Eu (169), Tb (170), or Dy (171)  Tb" Tb = 1629; 1449 o”
Dy" Dy = 1646; 1408
(8)
{K[Gdy(1,3-bdc)s(0x)(H,0)3]-(Hdma)-(H;0)}, (325) Gd" 3D Solvothermal Not assigned 1-4-K0,0":x0"™", [69]
(ox = oxalic acid) 9) DMF (150 °C/96 h) o
2-14-k%0,0":K0:
K%0"
{[Eu(1,3-bdc); 5(mopip)]-0.5(H,0)}, (172) Eu'! 1D Hydrothermal 1640,5; 1485 1-p-k%0,0":x°0", [138]
(mopip = 2-(4-methoxyphenyl)-1H-imidazo[4,5-f][1,10]  (8) (165 °C/120 h) Av =155 o
phenanthroline). 2-14-k0,0":x0™,

o

14
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0] o—

(150 °C/96 h)

Coordination mode Formulae Metal Experimental IR Distinct Ref.
ion approach V(CO0™) [em™'] coordination
(CN) Av mode for 1,3-bdc
in the
compound
{[Lny(1,3-bdc)s(mopip),]-(H20)}, (173) sm', 1D Hydrothermal Sm = 1615, 1-u-20,0":x%0", [137]
(mopip = 2-(4-methoxyphenyl)-1H-imidazo[4,5-f][1,10] ~ Nd" (160 °C/120 h) 1451 o”
phenanthroline). (8) Nd = 1614,; 2-14-k0,0":x0™,
Ln = Sm or Nd 1450, o
{[Gd,(1,3-bdc)s(mopip),]-(H,0)}, (174) Gd" 1D Hydrothermal Not assigned 1-p-k%0,0":x°0", [79]
(mopip = 2-(4-methoxyphenyl)-1H-imidazo[4,5-f][1,10]  (8) (165 °C/120 h) o
phenanthroline) 2-14-x0,0":x0™,
o
[Smy(1,3-bdc)s(H,0).], (326) sm' 2D Hydrothermal (1613; 1546),; [281]
(7) (180 °C/96 h) (1453; 1389),
[Euy(1,3-bdc)3(H20),], (327) Eu" 2D Hydrothermal (1614; 1548).s; 1-4-k0,0":k0"™", [281]
(@] (180 °C/96 h) (1454; 1390) 0"
2-H4-K%0,0":K0:
KO": k0™
{(NHa),[GagLny(1,3-bdc)4(shi)s(DMF),(H,0),] Dy Slow evaporation - [219]
XDMF-yH,0} , (8) DMF
Ln = Dy (328), Nd, Sm,, Eu, Gd, Tb, Pr, Ho, Er, Tm (x = 12;  Ga''
y=0);Yb(x=12;y=1);Y(x=8;y=3) (6)
(The structure was only determined for Ln = Dy)
[UOy(1,3-bdc)], (329) w 3D  Hydrothermal - [282]
(6) (140 °Cj24 h)
_ . . ", " [Zn3(1,3-bdc)x(ppaa),], (330) Zn" 2D Hydrothermal Not assigned [162]
H4 KO:k0:x0":k0 (ppaa~ = 2-(3-(pyridin-2-yl)-1H-pyrazol-1-yl) acetate) (5/6) (140 °C/72 h)
{[Cd4(1,3-bdc),(ppaa)s)-2(H,0)}, (331) cd" 2D Hydrothermal Not assigned [161]
(ppaa-= 2-(3-(pyridin-2-yl)-1H-pyrazol-1-yl) acetate) (6) (140 °C/72 h)
{[Pbs(1,3-bdc)4(tepbc),]-3(H,0)}, (253) P! 2D Hydrothermal - 1-u3-x%0,0"k0"  [70]
(Htepbe = 2'~(1H-1,3,7,8-tetraaza-cyclopenta [1] (4/5/ (140 °C/72 h) kO™
@— o y e} —@ phenanthren-2-yl)biphenyl-2-carboxylic acid) 6) 2-1L,-K0:KO:KO'™:
H k0™
o O\®
2 1. . ", " {[Cus(1,3-bdc)y(13-0H)y(ta)s]-2(H20)}, (291) cu' 3D  Hydrothermal Not assigned 1-114-k%0,0":x0: [158]
p-k*0,0":x0: KO":xkO (ta - 123-triazolate) @) (160 °C/96 h) KO™:KO™
2-p15-k%0:x0”
{[Cuy(1,3-bdc)s(bpa)(DMF)]-DMF}, (185) cu' 3D  Microwave Not assigned 1-H3-k20,0":k0": [221]
(bpa = 1,2-bis(4-pyridyl)ethane) (5/6) DMF k0™
@ (140 °C/1 h) 2-114-K0,0":K0"™,
o
~o 0“‘@ 3-14-K20,0":K0:
KO™:k0™
—0 (0] {[H2N(CH3)2]2[Cos(1,3-bdc)4]-(H20)}, (312) co' Solvothermal Not assigned 1-p4-x0,0:x0™, [154]
\® (6) DMF:MeOH (5:1) o
(160 °C/48 h) 2-H4-K%0,0":K0:
KO": k0™
[Cd5(1,3-bdc)s(Hdatrz)], (318) cd" 3D Hydrothermal Not assigned 1-p4-x0,0":x0™, [187]
(Hdatrz = 3,5-diamino-1,2 4-triazole) (5) (110 °C/72 h) "
2-113-k%0,0":x0:
k20”0
3-p15-K0:K0":KO"
¥0":xk0™
{(Me,NH,),[Cds(1,3-bdc)4]-(H,0)-2(EtOH)}, (233) cd" 2D Solvothermal 1576; 1385 1-p3-k20,0":k0": [184]
(6) DMF:EtOH (1:1) k0™
(130 °C/48 h) 2-H4-K%0,0":K0:
KO":kO™
[Dy2(1,3-bdc)3(H20)2]-(H20)}, (256) Dy 2D Hydrothermal 1602,5; 1372, 1-13-k%0,0":k0™: [25]
(7/8) (160 °C/96 h) kO™
2-14-k0,0":x0™,
o
3-114-k20,0:K0:
¥0":k0™
{[Euy(1,3-bdc)s(DMF),]-(DMF); 7}, (332) Eu" 3D  Solvothermal Not assigned [11]
9) DMF:H,0 (2:1)
(60 °C/96 h)
[Euy(1,3-bdc)3(H20),], (327) Eu" 2D Hydrothermal (1614; 1548),s; 1-14-k0,0":K0™, [281]
(@] (180 °C/96 h) (1454; 1390) o
2-14-k%0,0":K0:
KO0": k0™
[Lny(1,3-bdc)s(H20), ], Nd'™ 2D Hydrothermal Nd = 1545,,, 1-114-k0,0":K0", 133]
Ln = Nd (319) or Gd (320) Gd'! (170 °C/96 h) 1452,; 1389, o
(7/8) Av = 156; 63 2-114-k%0,0":k0:
Gd = 1531, K%0",0™:k0"
1456,5; 13905
Av = 141; 66
[Yby(1,3-bdc)s(phen)qs], (321) yb'"' 3D  Hydrothermal Not assigned 1-14-x0,0":k0™, [63]
(phen = 1,10-phenanthroline) /7] (150 °C/120 h) o
8) 2-14-k%0,0":K0:
KO™KkO™
{[Lny(1,3-bdc)s(phen)(H,0)]-(H,0)}, La 2D Hydrothermal La 1618, 1546 ,,  1-p-k%0,0:x20",  [165]
Ln = La (322), Pr (323), or Yb (324) prt (140 °C/96 h) 1453,;1400, o
(phen = 1,10-phenanthroline) b Pr 1616,,, 1546, 2-H4-x%0,0":K0:
(8) 1458; 14005 ¥0":k0™
Yb 16165, 1546,
1443;; 1386,
{[Y2Co(1,3-bdc)4(tpa)(H20)]-2(H20)}, (175) Y 2D Hydrothermal Not assigned 1-p-x%0,0:x°0", [168]
{[Y2Zn(1,3-bdc)4(tpa)(H20)]-2(H20)}, (176) Er' (140 °C/96 h) o
{[EryCo(1,3-bdc)4(tpa)(H20)]-2(H;0)}, (177) Shid
{[Er2Zn(1,3-bdc)4(tpa)(H,0)]-2(H20)}, (178) (8)
{[Sm,Co(1,3-bdc)4(tpa)(H,0)]-0.5(H,0)}, (179) Zn"
(tpa = tris(2-pyridylmethyl)amine) Co' 4-114-k%0,0":x0:
(5) k0": k0™
H,4- [Ca(1,3-bdc),(H20) ], (333) ca" Hydrothermal 1535,, 1448,,; [46]
8 110 °C/96 h 1396,
k20,0":x0:x*0",0": k0" ® (roesem Av=139; 52
[Ca(1,3-bdc)(pyr)], (334) c' 3D  Hydrothermal - [104]
(pyr = 2-pyrrolidinone) (8) (190 °C/144 h)
[Cd,(1,3-bdc)(bib); 5], (229) cd" 3D Hydrothermal Not assigned 1-13-k%0,0":k0™: [174]
(bib = 1,4-bis(1-imidazol-yl)-2,5-dimethyl benzene) (6/7) (160 °C/96 h)
o} ,O {K[Gd5(1,3-bdc)3(0x)(H20)3]-(Hdma):(H,0)}, (325) Gd" 3D Solvothermal Not assigned [69]
@ i b (ox = oxalic acid) ©) DMF
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Coordination mode Formulae Metal Experimental IR Distinct Ref.
ion approach V(CO0™) [em™'] coordination
(CN) Av mode for 1,3-bdc
in the
compound
{[La(1,3-bdc)s(mpip),]-5(H20)}, (271) La' 2D Hydrothermal Not assigned 1-13-k%0,0:k0™: [195]
{[Ndy(1,3-bdc)s(mpip)]-7(H20)}, (272) Nd" (180 °C/72 h) k0™
(mpip = 2-(3-methylphenyl)imidazo(4,5-f)(1,10)- ) 2-14-k%0,0":K0:
phenanthroline) x20",0™:k0"
[Lny(1,3-bdc)y(ct)]n prtt 3D Hydrothermal Not assigned [176]
(ct = 4'~(3-carboxyphenyl)-4,2':6' 4" -terpyridine) Nd™ (160 °C/72 h)
Ln = Nd (335), Sm (336), Eu (337), or Pr (338) Sm'"
Eull
(8)
{[Zn,Pr(1,3-bdc)s(1,3-Hbdc)(bpe)]-(H,0)}, (339) pr 3D  Hydrothermal - [204]
(bpe = 1,2-bis(4-pyridyl)ethane) (8) (180 °C/72 h)
P
(4)
Hs- {[Cax(1,3-bdc),(nmp)]-0.5(H,0)}, (340) ca" 3D Hydrothermal - 1-ps-K0:K0': [104]
. 1o 2\ ". ", (nmp = 1-methyl-2-pyrrolidinone) (6/8) (150 °C/120 h) k20",0™:k0":
KO:x0":x*0O",0":x0O":x e
o" 2-115-k%0,0":k0:
k0":x?0",0":k0"
@/OYQ\(O
0 6 e
Ws- ([Ca;(l,3—bdc)z(nlmp)]vO.SEHzo))n (340) Ca/" 3D Hydrot}/lermal - l;pyKOjKO'Z [104]
(nmp = 1-methyl-2-pyrrolidinone) (6/8) (150 °C/120 h) 0",0™:x0":
x%0,0":x0:x0"x*0",0" o
. " 2-§15-k%0,0":K0:
RNO) 0" 00"
. o
@ ¢
“’5- {Cog(p3-OH),(1,3-bdc)s(H;0)s]-8(H,0)}, (313) Co't 3D  Solvothermal Not assigned 1-p14-0,0":x0™, [30]
. (R ", ", m (4/5/ MeOH o™
KO:x0":k0":k0":xO 6) (160 °C/72 h) 2-p15-K0:K0":KO":
k0":k0™
[Cds(1,3-bdc)s(Hdatrz)], (318) cd" 3D  Hydrothermal Not assigned 1-H3-20,0":k0: [187]
(Hdatrz = 3,5-diamino-1,2,4-triazole) (5) (110 °C/72 h) K?0",0™
2-114-0,0":k0™,
3-ps-k0:k0": k0™
fo) O— k0" k0™
@ [CdaCos(1,3-bdc)s(Him)a], (341) cd" 3D Hydrothermal - [283]
®/ (Him = imidazole) (6) (180 °C/72 h)
o ) ©)
® R :
Hs- [Pby3Na(1,3-bdc);2(113-0)(13-OH)], (342) pb" 3D Hydrothermal Not assigned 1-p5-20,0:K0": [206]
(6/7) (160 °C/72 h) K0":x0", KO™
«20,0":x0":x0":xk0",0"": 2-15-K20.0'4KO:
Kom K0":x0":x0":x0"™
0 Q
“’6_ [Pby3Na(1,3-bdc)s2(p3-0)(ps-OH)], (342) pb! 3D  Hydrothermal Not assigned 1-p5-k20,0":x0": [206]
(6/7) (160 °C/72 h) K0":K0",0™:KO™
Kk20,0":x0:k0":k0":xkO" 2-s-K20.0"KO:
KO™ K0":k0":k0":k0"™
W, @
o} o}
@0 o—b
Ho~ {1C0%(1,3-bdc)(iPrOH)**(H20)° |- (iPrOH)**(H?0))" co" 3D Solvothermal Not assigned 1ptxo0mor, B0
2 ' . 120)- " s X “H-KO0EKOT,
k%20,0"k0:x0:x*0:x0", (314) ) iPrOH o

0:x0":x0":x0O"

(iPrOH = 2-propanol)
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Coordination mode Formulae Metal Experimental IR Distinct Ref.
ion approach V(CO0™) [em™'] coordination
(CN) Av mode for 1,3-bdc
in the
compound
KZO 0 {[Cd(1,3-bdc)(cmb)(H,0),][Cd(1,3-bdc)(1,3-Hbdc) cd" Slow evaporation Not assigned %20,0":%0", [136]
4 (H20)]}, (160) (@] H,0:DMF:EtOH
(cmb = 1-(1-cyclohexylmethane)-4,4'-bipyridinium (5:1:1) 20,0’
bromide)
[Ag(1,3-Hbdc)(bdzh)], (343) Ag' 1D Hydrothermal Not assigned [180]
(bdzh = 1,6-bis(5,6-dimethylben-zimidazol-1-yl) 3) (140 °C/72 h)
hexane)
0 0]
—0 OH
KO {[Cu(1,3-Hbdc)(phen)(H,0),]ClO4[Cu(1,3-bdc)(phen) cu' Hydrothermal 1568,; 1387, The present work
(H,0),]-2(H,0)} (1) (5) (150 °C/36 h) 1370,
(phen = 1,10-phenanthroline) Av =198; 181
[Cu(1,3-Hbdc),(bipyen)], (344) cu" 1D Hydrothermal Not assigned [205]
(bipyen = trans-1,2-bis(4-pyridyl)ethylene)) (4) (150 °C/48 h)
[Zn(1,3-Hbdc)(trz)], (345) Zn" 2D Hydrothermal Not assigned [121]
o) OH (trz = 1,2,4-triazole) (4) (150 °C/72 h)
[Ni(1,3-Hbdc)(tib)(H,0),]-0.5(H,0) (346) Nil! 3D Hydrothermal Not assigned [114]
®/ (tib = 1,3,5-tris(1-imidazolyl)benzene) 6) (170 °C/72 h)
(o] (6] [Mg(1,3-Hbdc),(phen)(H,0),](phen) (355) Mg Hydrothermal Not assigned [284]
(phen = 1,10-phenanthroline) (8) (70 °C/-)
KO {[Cu(1,3-Hbdc)(phen)(H»0),]ClO4[Cu(1,3-bdc)(phen) cu' Hydrothermal 1568,s; 1387, The present work
(H20)2]-2(H20)} (1) (5) (150 °C/36 h) 1370,
(phen = 1,10-phenanthroline) Av =198; 181
{[Cu(1,3-bdc)(phen),]-5(H,0)-(EtOH)-0.5(MeOH) (355) cu" Slow evaporation Not assigned [285]
(phen = 1,10-phenanthroline) (5) EtOH
[Co(1,3-bdc)(mopip),-2(H,0)], (347) co" 0D Hydrothermal 1608, 1484, [138]
(mopip = 2-(4-Methoxyphenyl)-1H-imidazo[4,5-f] (6) (165 °C/120 h)
o O— [1,10]-phenanthroline)
@/ T
'
o} o}
KO [Ag(1,3-Hbdc)(bbbm)];, (348) Ag' 2D Hydrothermal 1612, 1380 [94]
(bbbm = 1,1'~(1,4-butanediyl)bis-1H-benzimidazole) 3) (140 °C/72 h) Av =232
@/ o) (0]
'
OH o}
kO:0' {[Zn3Mn; 5(1,3-bdc)4(1,3-Hbdc)(bpe)]-bpe}, (309) Mn" 3D Hydrothermal - [204]
(bpe = 1,2-bis(4-pyridyl)ethane)) (6) (180 °C/72 h)
Znlt
(4)
O\[/QYO
@ 5 b
KO .O' [Cus(1,3-bdc)a(dpq)2]. (275) cu! 1D Hydrothermal 1624,; 1570; 1-p3-x0:x0’: k0" [98]
: (dpq = dipyrido[3,2-d:2’,3'-f]lquinoxaline) (4/5) (120 °C/96 h) 1380, 2-x0:0
0. 0
@/ S G
' '
o O
[Coz(Hzbiim),(H20),]-(1,3-bdc)-4(H,0) (349) Co" 1D Slow evaporation Not assigned [209]
(biim = 2,2’-biimidazole) (6)
{[Ag2(dpb),]-(1,3-bdc)-9(H,0)}, (350) Ag' 1D Ultrasonic conditions Not assigned [103]
_O O_ (dpb = 1,4-bis(pyrid-4-yl)benzene) 2) MeOH:H,0 (2:1)
A A {[Ag(bpetan),]-(1,3-bdc)-8(H,0)}, (351) Ag' 2D Ultrasonic conditions - [199]
\I 1( (bpetan = 1,2-bis(4-pyridyl)ethane)) 3)
(0] (0]
{[Ag1 5(biyb)]-1.5(Ho sbdc)-4(H,0)}, (352) Ag' 1D Hydrothermal 1688 [210]
(biyb = 1,4-bis(imidazol-1-ylmethyl)benzene) 2) (140 °C/72 h)
{[Ag(bbi)](1,3-Hbdc)}, (353) Ag' Hydrothermal Not assigned [143]

I
jo)
]
T

0]

(@]

(bbi = 1,1"~(1,4-butanediyl)bis(imidazole))

(2)

(100 °C/36 h)

DMA = N,N-dimethylacetamide; DMF = N,N-dimethylformamide; DMSO = dimethy sufoxide; MeOH = methanol; EtOH = ethanol; iPrOH = isopropyl alcohol; Me,NH, =-
dimethylamine cation
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Fig. 6. Coordination modes of 1,3-bdc acting as a bridge between metal centers.

and p3-bis-chelating-monoatomic bridge (IX) modes are encoun-
tered more often for the structures of metal cations with larger
ionic radii and coordination numbers. The strong influence of the
type of metal ion and the coordination number on carboxylate
coordination mode is unquestionable [215]; however, some stud-
ies indicate that the final network structure is a result of a combi-
nation of a variety of parameters. Several factors including the non-
covalent interactions, the coordination number of the center, the
type of ligand other than the 1,3-bdc, the total charge of the metal
complex, and the presence of solvent molecules should be taken
into account to determine the carboxylate binding mode [216,217].

Lanthanide ions exhibit flexible coordination environments
owing to the large ionic radius and variable coordination number
(CN varying from 6 to 12), so they can adopt many types of 1,3-
bdc coordination modes, and, therefore, display a range of geomet-
ric configurations. Beyond the coordination modes III, IV, and V, in
general, lanthanide ions also commonly adopt p4-bridging modes,
X, XII, and XIII (Fig. 8). Concerning the diversiform of lanthanide’s
networks, several heteronuclear lanthanide-based frameworks
bearing 1,3-bdc as ligand have been reported
[168,194,204,218,219]. The possibility to obtain lanthanide-only
heterometallic frameworks may result in fascinating physical

e o S oo L o
®/ I o'( @/ o o ) OH o
XX

XXI XXII

WJQ @rJ@\f ST

XXIII XXIV XXV

Fig. 7. Coordination modes of 1,3-Hbdc and 1,3-bdc acting as terminal ligands.
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properties, such as conductivity, magnetic ordering, or photolumi-
nescent attributes [168,194,218].

Regarding the less common metal centers present in 1,3-bdc-
based coordination networks, Pb" and Ca" must be highlighted
on account of the ps- and pg-bridging coordination modes (XIV-
XIX). Indeed, these kind of coordination modes have been noticed
only for these metal ions, besides Cd" and Co'. In general, carboxy-
late coordination bridging modes that connect more than four
metal centers are relatively rare and are rather restricted to large
metal cations, as in the case of Cd", Ca" and Pb" with ionic radii
greater than 95 pm [214]. However, despite of the small ionic
radius of Co" (65 pm for NC = 6) [214], we found two cobalt(II)-
based coordination networks with 1,3-bdc adopting pis- and pg-
bridging coordination modes (compounds 313 and 314, respec-
tively) [30], showing that coordination modes of 1,3-bdc cannot
be explained by simple ionic radius considerations. It is worth not-
ing that one of these compounds (313) is a cluster composed of six
cobalt atoms.

Furthermore, regarding the Ag' ion, another less common metal
center employed to build networks based on 1,3-bdc, we found ten
examples. In four of them, the 1,3-bdc acts as a bis-monodentate
bridging (I) ligand in its deprotonated (76-78) [113,152,169] and
partially deprotonated (81) [208] forms. In the other two struc-
tures, both 1,3-Hbdc and 1,3-bdc act as monodentate terminal
ligands (348 and 343) [94,180]. Finally, in the other four Ag'-based
structures, 1,3-bdc (350 and 351) [103,199] and 1,3-Hbdc (352 and
353) [143,210] act as counterions. The lability and coordination
flexibility of Ag' [220] may support its dynamic behavior within
coordination networks with 1,3-bdc in its fully and partially depro-
tonated forms.

Another situation that should be examined happens when a
network possesses more than one 1,3-bdc in its asymmetrical unit,
strongly contributing to the structural diversity and complexity of
the coordination modes. In numerous cases, each independent 1,3-
bdc exhibits a distinct coordination mode within the single coordi-
nation network. Furthermore, certain coordination networks even
presented three (128-130, 185, 256, and 318) [25,187,195,221]
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Table 3
Descriptions of coordination modes of 1,3-bdc, represented in Figs. 6 and 7, given in
the kappa (k) convention and the Harris notation.

Coordination kappa (k) convention Harris
mode notation
o L i o
O"'
I p-x0:x0” 2.1001
| p-x0:x%0",0™ 2.1011
111 p-x%0,0":x%0",0” 21111
v U3-x%0,0":x0”: k0™ 3.1111
\" H3-K0:x0":x0” 3.1110
VI H3-20,0":x0:x0” 3.2101
vl us-k20:x0” 3.2001
VIII H3-k0:x0:x0”,0™ 3.2011
IX ns-x20,0":1x0:x%0",0™ 3.2111
X H4-x0,0":x0™,0™ 41111
XI Ha-KO:x0:x0”: k0™ 4.2011
Xl u4—1<20,0':1<0: K0": k0" 4.2111
X1l W4-K20,0":x0:x%0",0™": k0" 42112
XIV u5—1<0:KO':KZO",O"':KO":KO"‘ 5.1122
XV Us-x20,0":x0:k0’:k%0”,0™": k0" 5.2212
XVI H5-K0:xk0":xk0":xk0": k0" 5.1112
XVII us-k%0,0":x0’:k0":x0”,0"" k0™ 5.1321
XVIII uG-KZO,O':KO:KO':KO":KO":KO'” 6.2212
XIX pG—KZO,O‘:KO:KO:KZO:KO",O:KO": 6.3113
K0":x0”
XX-XXII KO 1.1000
XXII, XXIV K0:x0O’ 2.1100
XXV 20,0’ 1.1100

or four (80, 175-179) [168] distinct coordination modes for 1,3-
bdc.

4. Aspects that affect structural versatility of 1,3-bdc
coordination networks

One major challenge faced in the development of coordination
networks with specific chemical and physical properties is the
rational design of structures. As such, the systematic investigation
on the correlation between experimental conditions and final
structures can provide a promising pathway to reasonable design;
however, even so, it is difficult to control all the governing princi-
ples in the system and predict with reasonable certainty the result-
ing molecular architecture. The construction of coordination
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networks significantly depends on various factors, such as the
metal center and the counteranion in the starting metal salt, the
ligands (shape, functionality, flexibility, and symmetry), and the
experimental approach (synthetic route, reactants ratio, tempera-
ture, reaction time, pH value, and solvent) [196,222].

For coordination networks based on 1,3-bdc, as we have previ-
ously discussed, the selection of metal ion is a critical considera-
tion since the type of metal ion has a particular influence on the
coordination configuration of the ligand, which, in turn, drastically
interferes in the resulting final architecture. In general, the first-
row d-block elements are a common choice for preparing coordina-
tion networks due to their availability and relatively predictable
geometric parameters producing in most cases | and p3-bridging
coordination modes for 1,3-bdc, and preferably adopting mon-
odentade modes instead of chelating ones (Fig. 8). Nevertheless,
considerable attention has also been extended to second-row tran-
sition metal ions and the f-block elements. In coordination net-
works with these metal ions as nodes, 1,3-bdc adopts an
assortment of coordination fashions especially the chelating modes
and those that link many metal centers. For instance, Zhang et al.
[31] related two coordination compounds utilizing 1,3-bdc, phen,
and Cd" (236) or Zn" (278), prepared under the same hydrothermal
conditions (160 °C for 120 h). The resulting CPs present the same
compositional structures, [M"(1,3-bdc)(phen)],, (M = Cd or Zn),
but distinct coordination modes for 1,3-bdc: chelate-bidentate
(IV) for Cd" and monodentate-bidentate (V) for Zn". These distinct
coordination environments may be attributed to the difference in
the radius of the Cd" and Zn" ions [31]. As another example, a Pb"-
based CP with 1,3-bdc and phen, also prepared under hydrother-
mal conditions (160 °C for 48 h), [Pb(1,3-bdc)(phen)], (354), exhi-
bits the coordination mode IX for 1,3-bdc [223]. Furthermore,
lanthanide-based CPs synthetized with the same building blocks
and under hydrothermal conditions also display distinct coordina-
tion configurations for 1,3-bdc. The compounds {[Ln¥(1,3-bdc)s(-
phen)](H,0)}, (Ln = La, 322; Pr, 323; or Yb, 324) (140 °C for 96 h)
exhibit coordination modes III and XII [165], while [YbY'(1,3-bdc)s(-
phen)ys], (321) (150 °C for 120 h) presents the coordination modes
I and X [63],

Lanthanide ions often exhibit higher coordination numbers and
flexible coordination geometry; therefore, remaining binding sites
are frequently occupied by solvent molecules like water and DMF.
Based on that, one can assume that is hard to construct Ln-based
compounds with higher dimensionalities [11]. Even so, lanthanides
are commonly used in coordination networks particularly on

HCu Zn HMCo cd Ln M Other centers
Q
59
,O\o
c)/
0 Q

Remaning
coordination
modes

=

o‘o
o-%

1;

1,3-bdc bridging coordination modes

Fig. 8. The most frequent 1,3-bdc bridging coordination modes and the most common metal centers for each fashion.

19



Isabelle K.V. Gongalves, Willian X.C. Oliveira, F.B. de Almeida et al.

account of their trend to form multinuclear structures with poten-
tial photoluminescent applications [224].

The starting metal salt can also impact on the resulting coordi-
nation network. To illustrate the effect of the counteranion from
the starting metal salt, Su et al. [97] reported two distinct Zn'-
based coordination networks obtained under the same reaction
conditions except that the starting metal salts are different: ZnCl,
(48) and Zn(NO3),-6H,0 (49). The first CP, 48, exhibits a neutral 2D
rectangular grid network in which 1,3-bdc adopts the bis-mon-
odentate mode (I); whereas 49 displays a 3D framework where
1,3-bdc adopts bis-monodentate (I) and chelate-monodentate (II)
coordination modes. Interestingly, neither CI~ nor NO3 appear in
the CPs frameworks.

For coordination networks employing 1,3-bdc, the auxiliary
ligand also makes a significant contribution to the final architec-
ture and their change can strongly impact the packings of the
CPs [179]. As such, added to the relevance of the metal ion choice,
the judicious selection of the ligands is the foundation to build a
wide variety of coordination networks. The multidentate N-donor
organic building blocks have been the most employed molecules
as auxiliary ligands since they facilitate the formation of single
crystals [13,14]. Terminal N-donor ligands reduce the available
metal ion binding sites and restrict the polymer growth in other
directions, generating structures with lower dimensionalities
[33]. In contrast, exo-bidentate ligands, for example, can cause a
distinct spatial effect, thus resulting in unpredicted entangled
architectures. As an illustration, Ma et al. [225] reported that
replacing the pyridine with 4,4'-bipyridine in a CP containing Mn"
and 1,3-bdc results in structures from 1D double-chain to 2D dou-
ble-layer architecture. Moreover, compared to rigid ligands, the
flexible ones can assume many types of conformations that offer
a possible way to achieve more robust polymeric structures [226].

The selection of the synthetic route and experimental parame-
ters directly affect the structure of the resulting coordination net-
work. As presented in Fig. 9, the most common synthetic strategies
used to prepare 1,3-bdc-based networks are hydro- and solvother-
mal syntheses, as well as conventional methods (including slow
diffusion of solutions or syntheses carried out at room tempera-
ture, under heating, or reflux conditions followed by slow evapora-
tion of solvent). Syntheses employing microwave-assisted heating
or sonochemical methods were rarely reported for these networks
(Fig. 9). The hydro- and solvothermal techiniques are the most
employed presumably because these methods frequently allow
for growing single crystals suitable for X-ray diffraction experi-
ment [222]. In addition, these configurations seem to allow a better
control of the crystal growth of coordination networks, paving the
way toward their reproducibility and scalability, what is generally
more difficult to achieve by other synthetic routes. Moreover,

Hydrothermal
Solvothermal
Conventional

Sonochemical

Microwave assisted

0 50 100 150 200

Number of coordination networks with 1,3-bdc

Fig. 9. The most common synthetic methods for preparing coordination networks
based on 1,3-bdc.
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another advantage over other typical synthetic approaches is that
even insoluble reagents can be used under the hydro- and
solvothermal conditions.

Some aspects can help explain the reason why the hydrother-
mal method is vastly employed when compared to the solvother-
mal one. Besides being environmentally friendly, under
hydrothermal conditions water has its viscosity reduced, con-
tributing to a rapid diffusivity of reactants and playing an impor-
tant role while participating in the assembly of supramolecular
interactions by establishing hydrogen bonds, for instance.

Due to the coordinating flexibility of 1,3-bdc, the obtained
structure is considerably sensitive to the solvent, temperature,
reaction time, and heating/cooling rates. The solvent system also
affects the resulting composition and structure; even a subtle dif-
ference in the solvent ratio can have a profound effect on the struc-
tural variation. Zhao et al. [124] reported two distinct Cu" CPs (133
and 184) which were prepared with the same composition and
experimental conditions but distinct solvent ratios (H,O:CH3CN
2:3 and 1:1 for 133 and 184, respectively). The coordination modes
of 1,3-bdc are distinct for these CPs: 133 presents p-bridging mode
(I), whereas 184 exhibits 3-bridging mode (IV). Likewise, the
temperature is another critical controlling factor which affects
the resultant dimensionality of coordination complexes. Xu et al.
[163] reported two Cd" CPs prepared under the same hydrother-
mal conditions except for the temperature, 160 °C for 75 and
130 °C for 159. The former present a 3D framework with 1,3-bdc
adopting the p-bis-monodentate coordination mode (I), while the
latter displays a 2D grid-layer with 1,3-bdc in its bis-chelating
mode (III). These results reveal that the temperature is yet another
parameter that plays a significant role on the coordination modes
of the ligands, with greater temperature favoring products with.

Concerning other experimental parameters which affect the
final structures, it is noteworthy to mention the role of reagent
ratios. Wang et al. [25] demonstrated that the alteration of the
metal-ligand ratio in the initial reaction system yielded dyspro-
sium(IIl) structures with different dimensionalities: a 3D network
(255) and a 2D structure (256), in which the metal-ligand ratios
were 1:1 and 1:3, respectively. These observations point out that
the increase on metal content seems to provide structures with
higher dimensionalities [25]. The metal-ligand ratio also impacts
the bond between the carboxylate oxygen atoms and the metal
ions; as such, 255 presents two distinct coordination modes for
1,3-bdc (IV and X), while 256 adopts three different fashions (IV,
X and XII) [25].

Considering the variability of parameters that impact final
architectures, the construction of coordination networks with the
same reagents but different synthetic routes can be an interesting
strategy to provide insights on the rational design of an aimed
coordination network. With this in mind, we chose a system com-
prised of reagents vastly explored in the field of Coordination Chem-
istry, Cu" and phen [227-229], beyond 1,3-bdc, for our study.
Aiming at investigating this system further, we have prepared
two novel compounds (1 and 2) applying different synthetic routes
from the compounds previously related in the literature with the
same combination of reactants (3 and 4) [17,18] (see Fig. 10).
The detailed syntheses procedures of 1 and 2 are described in the
SL.

Compound 1 consists of the neutral [Cu(1,3-bdc)(phen)(H,0);]
complex cocrystallized with the cationic [Cu(1,3-Hbdc)(phen)
(H,0),]" as a perchlorate salt, due to presence of partially proto-
nated 1,3-Hbdc (Fig. 11A). Both Cu" centers are pentacoordinate,
chelated by one phen molecule and one 1,3-bdc ligand in a termi-
nal monodentate mode, besides two water molecules. The geome-
try of the Cu" centers are mostly close to square pyramid on the
analysis of the t parameter [230], being equal to 0.10 for Cul
and 0.09 for Cu2. Compound 2 (Fig. 11B) is a neutral 1D CP built
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A Hydrothermal synthesis
1,3-H,bdc + Cu(ClO,),-6H,0 + phen 1
150 °C/36 h
Hooc LOCH 3-H,bde + [Culphen)cl 1) Et;N/H,0/EtOH, 80 °C 3
1,3-H,bdc + [Cu(phen)C
1,3-H,bdc 2 2 2) DMF/ H,0, rt
Hydroth | synthesi
1,3-H,bdc + Cu(NO,),-3H,0 + [Cu(phen)Cl,] —m oo SYNAess
7\ A Et;N, 140 °C/ 120 h
_N\CU/N_
a” al
1,3-H,bdc + CuCl,2H,0+ phen —2MF /4 months 4
[Cu(phen)Cl,]

rt = room temperature

Fig. 10. (A) Structures of the building blocks 1,3-bdc and [Cu(phen)Cl,] and (B) schematic representation of reactional conditions for the syntheses of 1 and 2, and the CPs

previously reported 3 and 4 [17,18].

Fig. 11. Coordination spheres around the Cu" in
zigzag 1D CP for 2-4.

up by a Cu" center coordinated by phen, one water molecule, and
1,3-bdc bridging the Cu" ions; one DMF crystallization molecule
per Cu" center fills the voids in the structure. The Cu" centers are
in hexacoordinated environments, in which three oxygen atoms
belong to two different 1,3-bdc ligands (see Fig. S3). The 1,3-bdc
ligand in this structure exhibits the coordination mode p-xO:
k20”,0”” (I). The structure can be described as a zigzag CP with
a bending angle of 106.47(1)° with the Cu" centers in 2 being
10.0011(7) A far from each other. See the SI for a detailed descrip-
tion of the structures of 1 and 2.

Concerning the previously reported compounds, the first exam-
ple, 3 [18] (Fig. 11C), has no solvates and the CP intercalates square
pyramid and square planar geometries for the Cu" ions. The coor-
dination spheres are filled with a phen, a water molecule and two
monodentate carboxylate groups for the square pyramid metal
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(A)1,(B) 2, (C) 3, and (D) 4, featuring the asymmetric unit of 1 with the neutral and cationic complexes cocrystallized and

atom, one phen, and two monodentate carboxylate groups for
the square planar metal center. Although there are two different
copper atoms in 3, all 1,3-bdc ligands adopt a p-k0:x0” coordina-
tion mode (I). The second example, 4 [17] (Fig. 11D), is a DMF and
water solvated CP, with Cu" ions in square pyramid geometry,
coordinated to one phen, one water molecule and two monoden-
tate carboxylate groups. For 4, we also found the p-x0:k0” coordi-
nation mode (I) for the 1,3-bdc ligand. In 3 and 4 a coordinated
water molecule is found filling the apical positions of the square
pyramids.

Regarding the geometries and packings of the CPs 2-4, on the
one hand, we observed that 2 and 3 have a similar bending angle
to that of the zigzag polymer (102.4° and 106.47° for 2 and 3,
respectively), and 4 has a considerably smaller bending angle
(64.2°), causing a compression of 4 along the axis on which the
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polymer extends (Fig. 11). On the other hand, 2 and 4 present crys-
tallization solvent molecules (one DMF for 2 and one DMF and one
water for 4), while 3 is not a solvate.

Compounds 1 and 3 were prepared using hydrothermal method
but subjected to different experimental conditions (e.g., metal
source, pH, temperature, and reaction time), which rendered com-
pletely distinct structures. Compound 1 was produced under
milder conditions compared to 3, with shorter reaction time and
without any pH adjustment, which favored the presence of the
monodeprotonated species, 1,3-Hbdc. Hydrothermal synthesis
performed only for 36 h, as used for yielding 1, is unusual for
obtaining CPs as can be observed in Table 2, where most CPs were
prepared in reaction times higher than 72 h. Therefore, reaction
time can be one of the most relevant factors that influenced the
formation of a discrete complex instead of the expected CP.

Comparing the CPs 2-4, almost the same structure was
obtained from the three distinct synthetic approaches. CPs 2 and
4 were obtained by conventional methods with a great difference
in time (7 days and 4 months, respectively). While 2 was prepared
by recrystallizing the previously obtained (H,O/EtOH, 80 °C) solid
in DMF, crystals of 4 were yielded after slow diffusion of the start-
ing materials in DMF. CP 2 may refer to a kinetic product, whereas
4 can be the result of a thermodynamically favored self-assembly;
therefore, the preliminary stage of heating the reagents could be a
key factor in achieving the desired product quickly. Furthermore,
although the conventional synthetic approach for obtaining CPs
is currently less employed than hydro/solvothermal techniques,
it remains an interesting option to synthesize CPs since it does
not require long reaction times and high energy consumption.

5. Probing coordination M-0 bonds of 1,3-bdc using Fourier-
transform infrared spectroscopy (FTIR)

The coordination modes of carboxylate anions, and therefore
1,3-bdc, in a complex can be inferred by analyzing the absorption
bands in the infrared spectrum related to the asymmetric and sym-
metric stretching of COO~ groups. This highlights the relevance of
this powerful technique to probe the configuration of the carboxy-
late around a metal ion within a metal complex. The difference
between v,,(COO~) and v{(CO0~), Av (cm~!), in a coordination
compound (compared to the corresponding values for the sodium
or potassium salts of the fully deprotonated ligand) can be
employed to determine the coordination mode of the carboxylate
group around the metal center [231-233]. Therefore, this tool is
relevant to support the characterization of amorphous or polycrys-
talline materials whose single crystal growth is not feasible. Addi-
tionally, once the coordination modes were unambiguously proved
by X-ray diffraction experiments, this tool helps to cooroborate the
presence of the same modes in the bulk sample. Moreover, this
complementary characterization is helpful to easily monitor the
purity of samples since it distinguishes between monodentate
(x0), chelating (x%0,0"), bridging bidentate (x0:0’), and monoa-
tomic bridging (k0:k0) coordination modes [234].
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For all carboxylate groups, the energies of the stretching modes
are dependent on the covalent contribution of the bond established
between the metal ion and carboxylate oxygen atoms. Especially
for monodentate interactions, in which M-Ocgrpoxyiace distances
are usually well defined [235,236], the covalency is higher than
for bidentate carboxylate modes. Indeed, a wide range of M—0Oc,-
boxylate distances can be observed for bidentate carboxylate due to
different possibilities of coordination modes. Thus, a high Av value
would be expected for the monodentate mode [pseudo-ester con-
figuration (R-COO-M)] for which there is no equivalence of the
two oxygen atoms of the carboxylate. This non-equivalence of
the two oxygen atoms of the carboxylate in the monodentate mode
causes an increase in the asymmetric stretching v,s(COO~) and a
decrease in the symmetric stretching v,s(COO™), which raise the
separation (Av) between the v(COO~) frequencies relative to val-
ues for the free carboxylate ion [237]. On the contrary, medium
and low Av values are anticipated for the bridging bidentate and
chelate interactions, respectively [234], and the lower Av values
for chelating modes are presumably a result of the formation of
an extra M—Ocarpoxyiae bond formed, which is less energetically
favorable causing a weakening of the M-O bonds and, as a conse-
quence, the elongation of the M-O bond [238,239].

In this respect, it is expected that the M—Ocarpoxyiare bond from a
bidentate carboxylate will be slightly longer/weaker than that
observed for a monodentate carboxylate [239]. For the monoden-
tate mode, there is no equivalence of the two oxygen atoms of
the carboxylate. Therefore, the C—O bonds are differently affected
by the coordination to the metal center, causing an increase in the
Av value in comparison to the carboxylate ion in the sodium/
potassium salt of the ligand [201]. For the chelate and bidentate
bridging modes, there are no differences in the bond orders and,
consequently, the separations are similar to the values found for
the sodium salt [201]. Concerning the monoatomic bridging, a
weaker bond is usually observed since the electronic density in
the single oxygen atom is shared with two different metal centers,
causing the greater Av among the coordination modes presented
in this section [232,240]. Finally, we summarize the correlation
of Av values to the coordination modes through the order shown
in Fig. 12.

To corroborate the aforementioned observations, we analyzed
the Cu-Ocarpoxyiare distances present in different Cu" coordination
compounds based on 1,3-bdc. Table S6 presents the Cu-Ocarpoxylate
distances of selected Cu" complexes containing 1,3-bdc reported
over the last 20 years. We limited the analysis to Cu'’-based com-
pounds aiming at facilitating the analysis by avoiding the discrep-
ancy in the bonding forces, which strongly depend on other factors
including oxidation state, coordination number, axiality, and non-
covalent interactions. Table S6 shows that in the monodentate
coordination mode the Cu-Ocgrpoxyiace distance is in the range
1.916-2.284 A (Cu-O,verage = 1.972 A) with an average bond dis-
tance shorter than those observed for bidentate chelating (Cu-0,,.
erage = 2236 A) and bidentate bridging (Cu-Ogyerage = 2.007 A)
modes, which may be an indication that the monodentate coordi-
nation mode is the most stable for Cu'' complexes. This difference
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chelate

lonic

Fig. 12. Decreasing order of Av values [Av = v,(CO0~) - vs(COO)] for some coordination modes of the carboxylate group.

22



Isabelle K.V. Gongalves, Willian X.C. Oliveira, F.B. de Almeida et al.

can be more evident in the cases where Cu-0 bond is elongated in
the axial position due to the Jahn-Teller effect arising from its 3d°
electron configuration [49,241]. The compression along the z axis
for Cu' complexes, although equally favorable in terms of energy,
is much less reported [242]. As an example, for the polymer 2
described herein, a tetragonal distortion in the octahedral geome-
try was observed. In this case, the 1,3-bdc adopts the bidentate
mode, showing the Jahn-Teller elongated distortion with the Cu-
Oaxi%l being 2.563(3) A while the Cu-Ocquatorial distance is 1.997
(2) A

Focusing on FTIR analysis of the 1,3-bdc-based compounds, one
can use the sodium 1,3-benzenedicarboxylate salt [Na(1,3-bdc)]
as a reference, with the v,,(COO~) centered at 1567 cm~! and vs(-
CO07) at 1383 cm™! (Av of 184 cm™!). As an application of the
considerations in this section — FTIR spectroscopy concerning the
carboxylate group as the coordinating site — we carefully analyzed
the spectra of the two novel compounds described in this study (1
and 2). The FTIR spectra of 1,3-bdc, Nay(1,3-bdc), 1, and 2 are
shown in Fig. S5.

In the FTIR spectrum of 1, an absorption band centered at
1662 cm™! was observed indicating that one of the carboxylate
groups is protonated [221]. It also showed one v,5(COO™) stretch-
ing mode at 1568 cm~! and two v{(COO™) stretching modes cen-
tered at 1370 and 1387 cm™'. The resulting Av values of 198 and
181 cm™! point out the presence of two different coordination
modes of the carboxylate groups around the Cu" centers in 1: the
Av =198 cm~! suggests a monodentate coordination mode, while
Av =181 cm™! indicates a deprotonated carboxylate group. This
result corroborates the crystallography data, that shows carboxy-
late groups adopting monodentate (R-COO-M), noncoordinated
ionic (RCOO™), and protonated (R-COOH) fashions. In summary,
there are two types of 1,3-bdc ligands in the structure, one acting
as monodentate/noncoordinated ionic and the other as monoden-
tate/protonated.

The FTIR spectrum of 2 showed a band centered at 1554 cm™
assigned to the asymmetric stretching vibration v,s(COO~) and
bands centered at 1360 and 1382 cm™! attributed to the symmet-
ric stretching vibration modes vs(COO™). The two distinct v5(COO™)
values resulted in two different Av values: 194 and 172 cm™.
These values, when compared to the corresponding value for the
salt Na,(1,3-bdc) (Av = 184 cm™!), are in a good agreement with
the monodentate and bidentate coordination modes of the car-
boxylate groups, respectively. The coordination modes (monoden-
tate and bidentate) of the 1,3-bdc carboxylate in 2 were also
observed for complexes reported previously (see Table 2).

Regarding the other absorption bands observed in both spectra
of 1 and 2, we can highlight the v(C=C/C=N) modes of phen; bands
centered at 1611, 1512, 1502, 1485, 1425 (1) and 1603, 1519, 1491,
and 1421 cm~! (2) are in agreement with the coordination to Cu"
centers as chelate bidentate via the pyridyl-nitrogen atoms [243].
In 1, the intense absorptions in the range 1088-1000 cm~! with
a strong band centered at 1058 cm™! corroborates the presence
of perchlorate anions [244]. In 2, the band at 1674 cm™! in the
spectrum is assigned to the presence of DMF molecules [245].
Finally, broad absorption bands centered at 3334, 3231 cm™! (1)
and at 3299 cm~! (2) are attributed to the presence of water mole-
cules involved in hydrogen bonds.

1

6. Conclusion and outlook

Exploring benzenedicarboxylates as platforms in Coordination
Chemistry, Supramolecular Chemistry, and Materials Chemistry is an
incredibly effervescent approach to isolate fascinating molecular
materials. Compounds based on this family of linkers have been
proposed and synthesized at an impressive rate over the last two
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decades. It is related to the fact that self-assembled tailored mate-
rials, including CPs, have vast potential to be applied in different
fields, rendering benzenedicarboxylates excellent building blocks
for creating robust molecular-based materials. More interesting,
the richness of chemical structures is governed by the diverse coor-
dination modes adopted by the carboxylates when connecting
metal-ions within metal-organic structures.

Understanding the nature and features of the metal-carboxylate
bonds, the coordination modes present as well as the structural-
spectroscopic correlation are keys for opening the doors for the
design of new functional materials based on benzenedicarboxy-
lates. In this study, we focused on exploring in detail several
metal-organic crystal structures based on 1,3-benzenedicarboxy-
late, looking closely at the behavior of this ligand when coordi-
nated to different transition metals and lanthanides. We
succeeded in extracting and compiling useful information and
behavioral tendencies that will pave the way for advancements
in the field. For example, we were able to track the most employed
synthetic methodologies to grow single crystals of the “desired”
materials. The “quotes” signalize the unpredicted structures iso-
lated in the playground and show that sometimes the rational
approach fails, which is intriguing but at the same time motivating
since it highlights the untapped potential of this research field.

Pursuing single crystals is, in many cases, a reflection of a stay
in the “comfort zone”, though. This study brought to light that in
the past two decades at least, FTIR spectroscopic data for 1,3-
bdc-based compounds are extremely underexplored. Definitely, it
is not due to the lack of knowledge since advancements in the FTIR
spectroscopic analysis of carboxylates have been reported since the
early 1980s [237]. The structural analysis is commonly based
solely on terms of single crystal structures, which is often treated
by peers as a mandatory tool for proceeding with other character-
izations and further applications of the isolated materials.

As a result, we detected the lack in exploring modern synthetic
approaches including mechanosynthesis or Liquid-Assisted Reso-
nant Acoustic Mixing (LA-RAM), for example, which are environ-
mentally friendly approaches shedding lights for scale production
of polycrystalline and amorphous metal-organic systems
[246,247]. This technique is vastly faced as an alternative route
for the preparation of “known” materials only, although it can also
render new crystalline phases. Moreover, a better exploration of
the spectroscopy data could build a cheap and reachable platform
for characterizing mechanosynthesized solids and those countless
materials which have failed in all attempts to crystallize using var-
ied methods. This “limitation” seems to be preventing the field of
solid-state metal-organic materials to evolve. In fact, these poly-
crystalline and amorphous materials represent the large extent of
the “iceberg”, while the reported crystal structures are only its
“tip”.

Although tackling the issue of characterizing coordination
modes of benzenedicarboxylates within metal-organic structures
using FTIR spectroscopy sounds like an alluring possibility, we rec-
ognize there is one major obstacle. Probing carboxylate groups in
polycrystalline and amorphous materials is an exceedingly hard
task due to their versatility and unexpected behavior in several
cases. In this sense, the structural-spectroscopic correlation is
extremely welcome to support the creation of libraries to provide
researchers in the field with a stronger database.

Other point to highlight from this systematic study is that there
is a lack of standardization in data interpretation and structure
description, which made difficult a more accurate analysis of the
data compiled.

Finally, we believe that the development of metal-organic
structures especially using 1,3-bdc is a promising field of research,
with many corners still unexplored. The combination of multiple
functionalities in its derivatives will undoubtedly expand the rich-
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ness of these structures and open new avenues in the field. We are
optimistic that the data compiled in this systematic study will pave
the way for the development and implementation of the next gen-
eration of benzenedicarboxylates-based metal-organic structures
as well as support a more accurate description of the FTIR spec-
troscopy data in the future publications in this field.

Crystallographic data for the structures reported in this paper
have been deposited with the Cambridge Crystallographic Data
Centre as supplementary publication CCDC numbers 2035305 (1)
and 2035306 (2). Copies of the data can be obtained free of charge
from www.ccdc.cam.ac.uk/conts/retrieving.html.
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