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A metal-organic framework with the highest connectivity of 2-D
topology was first assembled from an octacobalt(ll) cluster as a
10-connected node and a new bifunctional ligand 1-(3,5-dicarboxy-
phenyl)-4-phenyl-1H-1,2,3-triazole as a 3-connected node as well
as “double bridge” linkers.

engineering because of the limited coordination numbers of
metal centers and the steric hindrance of most commonly
used organic ligand%. Recently, the utilization of metal
clusters as nodes in place of single metal ions has provided
a promising pathway toward the generation of highly con-
nected MOF$.Compared with single metal ions, nodes based
on metal clusters generally have large surface areas, indicat-

The past decade has witnessed a rapid growth of interestng more coordination sites but smaller steric hindrance when

in the field of metat-organic frameworks (MOFs) because
of their potential applications as functional materials as well

linked by organic ligands.
An effective approach for building highly connected MOFs

as their intriguing variety of molecular architectures and is the rational design of organic ligands, which should have
topologiest On the basis of the knowledge of both the metal the ability of prompting core aggregation and feasibly linking
coordination preferences and ligand geometries, diverse 2-Ddiscrete clusters into an extended network. The carboxylate-

and 3-D structures have been engineérede most common

and 1,2,3-triazole-containing ligands have extensively been

structural types found in MOFs exhibit 3-, 4-, and 6-con- shown to possess excellent coordination capabilities and
nected topologies? Examples of 7- and 8-connected MOFs flexible coordination mannefs’In this context, we designed

are relatively scarceand MOFs with connectivities higher
than 8 are still extremely rafeStructures with connectivities

higher than 4 normally adopt 3-D topologi&sand there

are few examples of 5- and 6-connected topologies having
2-D structure$.The only 2-D MOF with a connectivity larger
than 6 reported thus far is an 8-connected 2-D bilayered
structure®® The construction of highly connected MOFs,
especially for 2-D structures, is still a challenge in crystal
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Chart 1. Chemical Diagram of DCPPT
HOOC

/=
N
/

HOOC

DCPPT

. . . . . Figure 1. (a) View of one of the [CgN2(us-OH)4(CO,)12(H20)4] SBUs
and synthesized a new bifunctional ligand, 1-(3,5-dicarboXy- in1 and (b) polyhedral view of the octanuclear cluster. Color code: Col,

phenyl)-4-phenyl-H-1,2,3-triazole (DCPPTChart 1), with red; Co2, yellow; Co4, light blue; Co3 and Co5, purple-pink. Symmetry
a 1,2,3-triazole ring and two carboxylate groups providing code: A, 05— x —0.5+y, 05~z

multidentate metal-binding centers, which may favor the
goal of constructing highly connected MOFs. Herein, we

report an unprecedented (3,10)-connected 2-D network,2 N Cod and CodA 4 12 carboxvl
[Cos(DCPPT)(us-OH)(H:0)]-5H,0 (1), utilizing octa- atoms (on Co4 and Co4A), and 12 carboxylate groups
of DCPPT as well as 4 terminal @ molecules (on Co3,

nuclear cobalt(ll) clusters as 10-connected nodes and the T
ligands DCPPT as 3-connected nodes as well as “double-CO3A, €05, and Co5A). Each of the five independent Co

bridge” linkers. The obtained polymer possesses a Structureatoms shows a distorted octahedral geometry, and especially

motif never observed before in MOFs and. to the best of the Co4 octahedron is most distorted, resulting from its

our knowledge, for the first time defines a 2-D MOF with coordination accomplished by the chelating carboxylate
connectivity larger than 8 group (Figure S3 in the Supporting Information). The Col

The hydrothermal reaction of Co(NJ3-6H,0, DCPPT octahedron shares three cis edges with three neighboring
NaOH, and HO at 180°C for 3 days afforded’ purple—réd octahedra (Co2, Co4, and Co4A) forming an ideal planar

crystals of1,° which is air-stable and insoluble in water and triangular .tetramer. A pair of symmetry-related dimers of
most common used organic solvents. The puritylaas edge-sharing octahedra (Co3 and Co5), above and below the

independently confirmed by elemental analysis and similari- tetramerlc plane, respectively, graft onto the.tetramer by
ties between simulated and experimental powder X-ray sharing a cornerse-OH) of each octahedron, with the Col

diffraction (PXRD; Figure S1 in the Supporting Informa- octahedron producing the octanuclear cluster. The formed
tion). The thermogravimetric analysis (TGA) curve bf configuration is significantly different from those in the other
(Figure S2 in the Supporting Information) reveals that the reported octanuclear cobalt(ll) clusters, which display a Co

gradual weight loss of 5.4% from 30 to 126 corresponds cage, a fring, or itgegular arrangements or consist of0z0
to the loss of five lattice and four coordinated water ¢Y°@ne ragmeq ' ]
molecules (calcd 6.3%). The decompositionidiappened The coordination modes of the three symmetry-indepen-
above 285C. dent DCPPT inl can be characterized as 3.1111, 5.2111,
X-ray structural analystreveals that crystallizes inthe ~ @nd 7.22111 in the Harris notatlﬁn_(Flgure S3 in the
centrosymmetric space group2/c with an octanuclear S'upportmg Infgrmgtlon). Of further interest are the four
cobalt(ll) cluster [CaN(uz-OH)s(CO,)1o(H;0)] as the sec- different coor_dmatlon mode_s of the carboxylate groups
ondary building unit (SBU; Figure 1), which has the (Scheme ?1l|n the Supporting Infqrm_anon): onle tlermlnal
crystallographically imposed 2-fold axis passing through Co1 cheélatingiy=:* mode, one doubly bridgingynsyr s ":u.
mode, one triply bridgingynsynsyn#;*»2us mode, and one
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Figure 2. (a) 2-D framework ofl viewed from thea axis and (b) its
topology. Color code: light blue, the CdgClet; red, the (4,4) net constructed
with “double bridges”.

boxylate groups in one complex is rather rare and plays an

important role in the formation of the octanuclear cluster.
One of the most striking features flies in its network
topology. As shown in Figure 2a, each [BB(us-OH).-
(CO)12(H20)4] SBU is surrounded by 14 DCPPT to form a
2-D net parallel to thébc plane. The 8 doubly bridging
DCPPTs (Harris notation: 3.1111 and 5.2111), with each
pair connecting two SBUs, form 4 “double bridgédand

each of them is considered as one connection (Figure S4 in

the Supporting Informationl: Thus, with each SBU acting

as a 10-connected node and each triply bridging DCPPT

(Harris notation: 7.22111) as a 3-connected nddiefines
a 2-D (3,10)-connected net of vertex type?{f3(38.414.512.611)]

Figure 3. Temperature dependencey@f andywT of 1 in the range 5300
K in the field of 1.0 T.

isolated high-spin Cbions (15.0 crd mol™* K), in ac-
cordance with the well-documented orbital contribution of
octahedral Chions. The negative Weiss constant and the
decrease gfuT indicate an overall strong antiferromagnetic
interaction and/or spin-orbital coupling between thé ©os.
The more remarkable decrease from 5.3 amol~* K at 10

K to 3.7 cnf mol™ K at 5 K may be caused by the zero-
field splitting of the ground state of the cluster, which is
typically large for complexes containing high-spin six-
coordinate Cbtions?!®> Because the octanuclear clusters are
quite well isolated by large DCPPT ligands, the magnetic
behavior is interpreted as being due to antiferromagnetic
coupling within the octanuclear cobalt(ll) clusters.

In summary, a novel 2-D MOHR with a topology that
defines the highest connectivity of known 2-D nets has been
constructed by using octanuclear cobalt clusters as 10-
connected nodes and organic ligands as 3-connected nodes
as well as “double-bridge” linkers. Our study not only
provides an intriguing example of chemical topology but also
confirms the concept of using metal clusters as building
blocks for constructing new highly connecting solid-state

(Figure 2b), which represents the highest connected toPOlogymateriaIs

of 2-D MOFs to date and has not been reported in any known

structures. The coexistence of four “double bridges” in 2-D  Acknowledgment. This work was financially supported
MOFs is comparatively rare, especially in highly connected by the 973 Program (Grant 2006CB932900), National
structures owing to the steric hindrance of organic ligands. Natural Science Foundation of China (Grant 20671091), and
This unprecedented 2-D topology can be considered as beind-ujian Province (Grants A0420002, 20051017, and 2004J039).

composed of a (3,6)-connected Cg@eét (light blue part in
Figure 2b) formed by the SBUs and the triply bridging

DCPPT and a (4,4) net (red part in Figure 2b) constructed

by “double bridges”. The 2-D nets are stacked alongahe
direction with interlayerz—sm interactions between the
triazole and phenyl rings (Figure S5 in the Supporting
Information).

The variable-temperature magnetic susceptibifiyfor
the powder sample of was investigated in the-5300 K
range in a 1.0 T field (Figure 3). Above 50 K, the magnetic
susceptibility follows Curie-Weiss law withC = 27.8 cn?
mol™* K and § = —71.7 K. The Curie constant is signifi-
cantly higher than the expected spin-only value of eight
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Supporting Information Available: Crystallographic data for
1 in CIF format, materials and measurements, crystal structure
analyses, and figures of TGA curve, coordination modes of
DCPPT ligands, the (4,4) net constructed by the “double bridges”,
the interlayerr—s interactions inl, and PXRD diagrams of.
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