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G R A P H I C A L A B S T R A C T

An unusual 2, 12-connected 3-D open framework with a new {26·448·612}{2}6 topology based on {As2Mo6O26}-type polyoxometallate and {Cu(pry)2} complexes has
been hydrothermally synthesized. Compound 1 exhibits good fluorescent properties in solid state at room temperature and bifunctional electrocatalytic activities for
oxidation of ascorbic acid (AA) and reduction of nitrite (NO2

−).
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A B S T R A C T

An unusual 3-D organic-inorganic hybrid based on arsenomolybdate, [{CuI(pyr)2}6(As2Mo6O26)]·H2O (1)
(pyr= pyrazole) has been synthesized under hydrothermal conditions and structurally characterized by ele-
mental analysis, IR, TG, PXRD, UV–vis, and single-crystal X-ray diffraction. In compound 1, basic structural unit
{As2Mo6O26} (abbreviated as {As2Mo6}) as dodeca-dentate ligand utilizes all of its terminal oxygen atoms (12)
of {Mo6O24} ring to connect with 12 {Cu(pyr)2} linkers at its periphery. Two {Cu(pyr)2} complexes are bonded
together to form binuclear complex unit {Cu2(pyr)4} via sharing two u3-O atoms, which can be viewed as
bidentate linker to further connect with adjacent two {As2Mo6} clusters. The coordination number and modes of
{As2Mo6} cluster and Cu+ ions together result in a 2, 12-connected 3D open-skeleton with a new {26·448·612}
{2}6 topology, which represents the highest connection of {As2Mo6}-based inorganic-organic hybrid. Compound
1 exhibits good fluorescent properties in solid state at room temperature and bifunctional electrocatalytic ac-
tivities for oxidation of ascorbic acid (AA) and reduction of nitrite (NO2

−).
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1. Introduction

The rapid development of polyoxometalates (POMs) is derived not
only from their rich structure but also from their ideal properties, which
give them wide applications in electrochemistry [1–3], photochemistry
[4,5], catalysis [6–8], and adsorption [9–11]. At present, more and
more researchers are interested in the construction of POM-based or-
ganic-inorganic hybrid materials. One of the important characteristics
of these materials is the integration of POMs inorganic building blocks
and organic ligands through establishing a linkage between the active
oxygen atoms on the surface of POMs and organic ligand molecules or
transition metal (TM) complexes [12–14]. The organic ligands are
grafted into inorganic skeletons via this connection. Implantation of
organic ligands dramatically enriches the structure of hybrid deriva-
tives. The synergistic effect between organic and inorganic constituents
endows hybrid derivatives with composite and novel properties. In
addition, these kinds of hybrid compounds can be finely modulated on
the molecular level, which are potential novel catalyst and ideal func-
tional materials with photoelectric properties [15]. Many hetero-
polymolybdate hybrids have been reported recently due to the re-
versible redox properties of molybdenum [16,17]. Compared with
many reported phosphomolybdate hybrids, arsenomolybdate analogues
receive little attention. In particular, [HxAs2Mo6O26](6−x)− (abbre-
viated as {As2Mo6}) clusters are still less common [18–27]. Since the
{As2Mo6}-type POM cluster based on molybdenum organoarsonate was
first synthesized by Pope, in 1976, A- and B-type {As2Mo6} structures
were analyzed by X-ray diffraction and characterization techniques
[18–20]. Zubieta's and Ma's teams reported a series of organic-inorganic
compounds based on {As2Mo6} cluster and organic arsenic [21,22].
Then some extended hybrid materials based on inorganic arsenomo-
lybdate clusters were reported by Wang and Niu et al. [23,24]. Re-
cently, a series of hybrids based on {As2Mo6} POMs and TM complexes
were obtained using NaAsO2 as raw material of arsenic by our group
[25–27]. However, 3-D high-connected compound based on {As2Mo6}-
type POMs has not yet been synthesized so far. Literature studies have
shown that the maximum number of covalent connections for the kind
of hybrids is no more than four. Thus, it would be a challenging and
promising subject to synthesize this kind of derivatives.

In this work, {Cu(pyr)2} complexes are introduced into {As2Mo6}
skeleton to result in an unusual 2,12-connected 3-D open framework,
[{CuI(pyr)2}6(As2Mo6O26)]·H2O (1), which represents the highest con-
nection of {As2Mo6}-based inorganic-organic hybrid.

Single-crystal X-ray diffraction analysis (Table S1) reveals [28,29]
that the basic unit of compound 1 consists of a {As2Mo6O26} cluster, six
{CuI(pyr)2} linkers, and a lattice water molecule, as shown in Fig. S1.
The {As2Mo6O26} cluster is a highly symmetrical ring whose six
{MoO6} octahedra and two {AsO4} tetrahedra are obtained by sym-
metric operations of one crystallographically independent Mo and As
atom, respectively (Fig. S1). These {MoO6} octahedra are edge-con-
nected to form a {Mo6O24} ring, which was further capped by two
{AsO4} tetrahedra on the both faces of the ring. Each {AsO4} terahe-
dron links with six {MoO6} octahedra through three u3-O atoms sharing
by two molybdenum atoms and one arsenic center. The bond lengths of
AseO and MoeO are in the range of 1.65(3)–1.76(2) Å and
1.71(2)–2.348(19) Å, respectively. The bond angles of OeAseO and
OeMoeO are in the normal ranges (Table S2).

Each {As2Mo6} cluster as a dodeca-dentate ligand uses all of term-
inal oxygen atoms (12) of {Mo6O24} ring to bond with peripheric
twelve {Cu(pyr)2} segments (Fig. 1). There are two crystallographically
independent Cu atoms exhibiting two kinds of coordination environ-
ments in compound 1. Cu1 atom adopts a tetrahedron geometry which
is defined by two nitrogen atoms from two pyr moleculars with the
distance of Cu1–N2, 1.89(2) Å and two u3-O atoms shared by two Cu
atoms and one Mo atom with Cu1–O2, 2.41(3) Å. Each Cu2 center
exhibits hexa-coordinated octahedron geometry defined by two ni-
trogen atoms from two pyr moleculars with Cu2–N1, 1.91(2) Å and two

u3-O atoms shared by two Cu atoms and one Mo atom, and two u2-O
atoms shared by a Cu atom and one Mo atom. The average bond length
of CueO is 2.715 Å. Two {Cu(pyr)2} complexes are connected together
to form binuclear complex unit {Cu2(pyr)4}, which acts as bidentate
linker to connect adjacent {As2Mo6} clusters. Each {As2Mo6} cluster
links with six binuclear complex units {Cu2(pyr)4} via terminal O atom
of {Mo6O24} ring, in which four {Cu2(pyr)4} linkers further connect
four {As2Mo6} clusters along 101 crystal to form 2-D layer (Figs. 2 and
S2). The other two {Cu2(pyr)4} units projecting from the 2-D layer, are
linked to two {As2Mo6} clusters of the adjacent two layers to give rise to
a complicated 3D inorganic-organic hybrid network (Figs. 3 and S3).

In this 3-D structure, each {As2Mo6} cluster links six peripheric
analogs by six binuclear complex {Cu2(pyr)4} linkers. Meanwhile each
binuclear complex is shared by two {As2Mo6} clusters. The structure of
1 can be simplified to a 2,12-connected 3-D topological framework with
{26·448·612}{2}6 topology (Fig. 4). In this simplification, the 12-con-
nected nodes are {As2Mo6} clusters, and the 2-connected nodes are Cu
centers (Table 1).

Bond-valence sum (BVS) calculations [30] show As, Mo, and Cu

Fig. 1. The Coordination environment of {As2Mo6} clusters in compound 1;
Symmetry code: A: y, −x+ y, −z; B: −x+ y, −x, z; C: −x, −y, −z; D: −y,
x− y, z; E: x− y, x, −z.

Fig. 2. The 2D layer of compound 1 linked by {Cu(pry)2} linker (pry ligands
were omitted for clarity).
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