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By introducing different polyoxomolybdates into the Cu-bimb system (bimb =
1,4-bis(imidazol-1-yl) benzene), three new polyoxomolybdate-based
inorganic-organic hybrids with distinct architectures,
[Cu"(bimb), s(H20)(8-M0sO26)o5] (1), (Hbimb),[Cu'(bimb)(PMo1,049)]-4H,0 (2) and
[Cul4(bimb)4(SiM01204o)]-2H20 (3), have been synthesized under identical
hydrothermal conditions and characterized by routine methods. Compound 1 displays
an interesting 2-fold interpenetrated structure constructed by two identical layers.
When the polyoxomolybdate clusters were changed from /A-[MogOxl" to
[PM012040]3', and [SiM012040]4', compounds 2 and 3 were obtained, respectively.
Compound 2 shows a highly opened three-dimensional framework while compound 3
exhibits a three-dimensional interdigitated architecture. The different structural
features of compounds 1-3 suggest that the influence of different polyoxometalate
clusters on structures should play a key role in the process of assembling.

Additionally, both the luminescent and electrochemical properties for 1-3 have been
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investigated.
Introduction

As a new generation of solid-state materials,'® the inorganic-organic hybrids
constructed from metal ions as connectors and ligands as linkers have attracted
increasing attention, owing to their enormous varieties of interesting structural
topologies and wide potential applications in several fields, such as molecular
recognition, catalysis, absorption, and photosensitive materials.'?

Polyoxometalates (POMs), as inorganic building blocks, have a large number of
surface oxygen atoms, which make them possess abundant potential active
coordination sites and show versatile coordination modes. Also, the POMs exhibit the
superior potential applications especially in catalysis and electrochemistry.3 In virtue
of their special properties a promising route is the use of the POMs as secondary
building units (SBUs) to construct POM-based inorganic-organic hybrids. This
method incorporates two important fields of both POMs and common
inorganic-organic hybrid materials and opens up new possibilities in pursuit of
multifunctional materials.*

The hydrothermal synthesis method is well known as a powerful technique for
the preparation of the POM-based inorganic-organic hybrids. Generally, the hybrids
prepared by hydrothermal reaction are poor solubility in water and in common
inorganic and/or organic solvent. This property is very advantageous to expand
applications of the POM-based hybrid materials in chemically bulk-modified

electrode and heterogeneous catalysis.5 Nevertheless, from the crystal engineering
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point of view, to realize the targeting syntheses of the resulting hybrids by
hydrothermal synthesis is still a great challenge at present, because the final structures
are frequently modulated by various factors. To date, thanks to the POM chemists,
some pioneering works have illuminated the effect of some factors on the construction
of POM-based hybrids, such as the length and flexibility of organic ligands,6 the pH
of reaction system, the temperature of reaction system and the nature of metal jons.™®
In our previous work, we have discussed the influence of steric hindrance of organic
ligands, secondary spacers, and metal ions on the structures of POM-based hybrids.”
It is well-known that POMs exhibit a wide variety of robust structural motifs of
different topologies and charge.10 So, the POM anion is another key factor which may
influence structures of POM-based hybrids. However, the influences of POM anions
on the structures of POM-based hybrid compounds have been rarely mentioned."!
Thus, to further address relationships between the final structures of hybrids and the
POM anions is desirable, which may provide guidance or new strategies for ongoing
synthetic work.

Taking this into account, in this work, the MogOs6" (Mos) octamolybdate, the
PM0120403' (PMoy») and SiM0120404' (SiMoj,) Keggin clusters are introduced into the
Cu-bimb reaction system, respectively, and three new inorganic-organic hybrids,
[Cu"(bimb); 5(H,0)(B-MogO26)o5] (1) (Hbimb),[Cu'(bimb)(PMo1,040)]-4H,0 (2) and
[Cu14(bimb)4(SiMo 12040)]-2H,0O (3) have been obtained, which show distinct
structure motifs from a (2D — 2D) 2-fold interpenetrated structure, a highly opened

3D framework to a (2D + 2D — 3D) interdigitated architecture, which shows that the
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influence of different polymolybdates is a key factor to control the structures of the
hybrid compounds. Furthermore, the luminescent and electrochemical properties for

1-3 have been investigated in details.

Experimental Section

Materials and General Methods

All reagents were purchased commercially and were used without further purification.
Elemental analyses (C, H and N) were performed on a Perkin-Elmer 2400 CHN
Elemental Analyzer. Elemental Analyzer and that of Cu and W were carried out with
a Leaman inductively coupled plasma (ICP) spectrometer. The FT-IR spectra were
recorded from KBr pellets in the range 4000—400 cm™ with a Nicolet AVATAR
FT-IR360 spectrometer. A CHI660 electrochemical workstation was used for control
of the electrochemical measurements and data collection. A conventional
three-electrode system was used, with a carbon paste electrode (CPE) as a working
electrode, a commercial Ag/AgCl as reference electrode and a twisted platinum wire
as counter electrode. The powder X-ray diffraction (PXRD) data were collected on a
Rigaku RINT2000 diffractometer at room temperature.

Preparations

[Cu"(bimb); s(H20)(8-MosO24)os] (1)

A mixture of (NHs)sM07024-4H,0 (0.37 g, 0.3mmol), CuCl,-2H,0 (0.16 g, 0.9
mmol), bimb (0.08 g, 0.38 mmol) and water (10 mL) was stirred for 1h. The resulting

solution was transferred to a Teflon lined autoclave and kept under autogenous
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pressure at 160 °C for 4 days with a starting pH = 3.3-3.8 adjusted by 3 M HCI. After
slow cooling to room temperature, blue block crystals of 1 were filtered, washed with
distilled water and dried at room temperature (Yield, 48 %, based on Mo). Anal.
Calcd for CigH;7CuMosNgO14: C 21.87, H 1.73, N 8.50, Cu 6.43, Mo 38.82 %; Found:
C21.99,H 1.61, N 8.39, Cu 6.23, Mo 38.99 %.
(Hbimb),[Cu'(bimb)(PMo;,040)]-4H,0 (2)

The synthetic method was similar to that of compound 1, except that the
(NH4)6M070,4-4H,0 was replaced by H3PMo;,049. Dark brown block crystals of 2
were filtered, washed with water, and dried at room temperature. Yield: 45 % (based
on Mo). Anal. calcd. for C36H4oCuMo5N2,044P: C 16.69, H 1.56, N 6.49, Cu 2.45,
Mo 44.44%; Found: C 16.58, H 1.64, N 6.39, Cu 2.32, Mo 44.58 %.
[Cu'4(bimb)4(SiM0,049)1-2H,O (3)

The synthetic method was similar to that of compound 1, except that the
(NH4)6M070,4-4H,0 was replaced by H4SiMo0;,049. Dark brown block crystals of 3
were filtered, washed with distilled water and dried at room temperature (Yield, 43 %,
based on Mo). Anal. Calcd for C4gH44CusMo01,N604,S1: C 19.54, H 1.50, N 7.60, Cu
8.61, Mo 39.02 %; Found: C 19.64, H 1.59, N 7.49, Cu 8.79, Mo 38.81 %.
Preparation of 1-, 2- and 3-CPEs: the compound 1 modified carbon paste electrodes
(1-CPE) was fabricated as follows: 60 mg of graphite powder and 9 mg of compound
1 were mixed and ground together by agate mortar and pestle to achieve a uniform
mixture, and then 0.6 mL of nujol was added with stirring. The homogenized mixture

was packed into a glass tube with a 1.2 mm inner diameter, and the tube surface was
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wiped with paper. Electrical contact was established with a copper rod through the
back of the electrode. In a similar manner, the 2- and 3-CPEs were made with
compounds 2 and 3, respectively.

X-ray Crystallographic Study

Single-crystal X-ray diffraction data collections of 1-3 were performed using a
Bruker Smart Apex CCD diffractometer with Mo-Ka radiation (4 = 0.71073 A) at 293
K. Multi-scan absorption corrections were applied.12 The structure was solved by
Direct Methods and refined by full-matrix least-squares on F* using the SHELXTL 97
crystallographic software package."> Anisotropic displacement parameters were used
to refine all non-hydrogen atoms. The organic hydrogen atoms were generated
geometrically. All H atoms on C and N atoms were fixed at the calculated positions.
The H atoms on water molecules in 2 were fixed at the calculated positions, while the
H atoms on water molecules in 1 and 3 can not be found from the residual peaks and
were directly included in the final molecular formula. A summary of the crystal data,
data collections and refinement parameters for 1-3 are listed in Table 1.
Crystallographic data for the structures reported in this paper have been deposited in
the Cambridge Crystallographic Data Center with CCDC Number: 1014808 for 1,

1014809 for 2 and 1014810 for 3.

Table 1 Crystal data and structure refinement for 1-3.

1 2 3
Empirical formula C,3H{7,CuMo4N¢O, 4 C36H40CuMo,N,04,P C43H44CuyMooN;604,S1
Mr 988.67 2590.58 2950.53
Crystal system Monoclinic Triclinic Triclinic
Space group P2/ P1 P1
a, A 10.6473(19) 11.158(5) 10.9784(9)
b, A 19.752(4) 12.946(5) 14.0480(11)

Page 6 of 26



Page 7 of 26

¢, A

a, deg

B, deg

7, deg

Vv, A’

z

Deareas 8 em”
Temperature K

Absorption  coeff.(x)

mm’!
Omaxs Omin (°)

F(000)

Independent
reflections
Goodness-of-fit on F2
“Ril 'wR, [I226(1)]
Largest diff. Peak and
hole e A”

New Journal of Chemistry

13.4070(16)
90
113.396(10)
90
2587.8(8)

4

2.533
293(2)
2.777

25.07,1.95
1896.0
4599 [R(int) = 0.0835]

1.030
0.0553/0.0995
1.152 and -0.799

13.292(5)
97.478(5)
112.381(5)
104.018(5)
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1
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2.450 and -1.504

14.5469(12)
110.234(2)
107.408(1)
102.658(1)
1873.7(3)

1

2611
293(2)
3.164

25.14, 1.64
1410.0
6693 [R(int) = 0.0302]

1.041
0.0534/0.0944
1.202 and -0.965
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Results and discussion

Hydrothermal synthesis has recently been proved to be a powerful method in the
synthesis of POM-based hybrid compounds. Many factors can affect the produce of
final products during a specific hydrothermal synthesis, such as the starting
concentrations of reactants, time, pH values, mineralization and temperature. In our
case, parallel experiments show that the pH values of the reaction system are crucial
for the formation of the compounds. Compound 1 could only be obtained at pH value
of 2.5, and compounds 2 and 3 could be obtained at pH values of 3—4. When the pH
value was lower or higher than that specific value, the expected crystals could not be

obtained. The networks of compounds 1-3 were analyzed by using the Olex

14
program.
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Description of the Crystal Structure

Crystal Structure of compound 1

X-ray crystal structure analysis reveals that compound 1 consists of one
crystallographically Cu(Il) ion, one and a half bimb ligands, and half a [#-MogO5s]*"
anion (abbreviated as Mog) (Fig. 1). The Mog cluster, exhibits the most compact
structure of eight edge-sharing [MoQOg] octahedra with two [Mo4O;3] subunits
stacking together.15 The Cu®* cation is five-coordinated in a trigonal biyramid
coordination geometry achieved by three nitrogen atoms (N1, N2, N5) from three
bimb ligands and two oxygen atoms respectively from one terminal oxygen atom (O7)
of Mog anion and one water molecule. The bond lengths around the Cul atom range
from 1.957(10) to 2.008(10) A for Cu-N and from 2.118(7) to 2.138(8) A for Cu-O.
All of these bond lengths are within the normal ranges observed in other

Cu(II)-containing complexes.'®

Fig. 1 Asymmetric unit of 1 and the coordination environment of the Cu" center in 1. (All of the

hydrogen atoms are omitted for clarity; Symmetry codes: #1: x, y, 1+z.)

A structural feature of 1 is a 2-fold interpenetrated 4% sql topological structure,'”’
which can be described in detail as follows: as shown in Fig. 2a and 2b, there is a (4, 4)

undulated layer comprised of double-dentate 5-Mog anions and Cu-bimb ladder-like

8
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chains. In the undulated layer, there are two kinds of approximately rectangular
cavities (A and B). The A cavity is comprised by four Cu atoms and four bimb ligands
with the size of the window ca. 13.407 x 13.512 A, while the B cavity is comprised
by four Cu atoms, two bimb ligands and two S-Mog anions with the size of ca. 13.407
x 12214 A. As is known, large structural cavities are often occupied by solvent
molecules or guest molecules to achieve the structural stabilization. Otherwise, the
interpenetration phenomena may occur, that is, the cavities associated with one
framework are occupied by one or more independent frameworks to fill the spaces. In
1, the void space of the single undulated layer is so large that two identical 2D layers
interpenetrate each other to form a (2D — 2D) 2-fold interpenetrated sql net. (Fig. 2¢
and 2d). In the very recently, the progress of the POM-based interpenetrated
structures was well-documented in a comprehensive review organized by Su, Lan and
their coworkers.'® According to the reviewer’s comments and the searching results of
CSD database, there are five examples of POM-based compounds showing the 2D —
2D) 2-fold interpenetration structures have been reported till now, and all of them are
constructed from the flexible multidentate ligands btx and tth."” Compared to five
examples, compound 1 represents an exceptional POM-based 2-fold interpenetrated
case assembled from the rigid ligand bimb. Furthermore, after detailed view of the
structure compound 1, there exist two kinds of interpenetrating motifs (A and B). The
motif A is composed of two different structural fragments: Cu-bimb-Mog ladder and
Cu-bimb ladder (Fig. 3a), while, the motif B is composed of identical structural

fragments: two Cu-bimb-Mog ladders (Fig. 3b).
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Fig. 2 (a) View of the 2D network in 1. (b) Topology of the 2D network in 1. (c) Topology of the
2D undulated layer. (d) Topology of the (2D = 2D) 2-fold interpenetrating layer.
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Fig. 3 Detailed view of the two kinds of interpenetrating motifs in 1.

Crystal Structure of compound 2

X-ray crystal structure analysis reveals that compound 2 consists of one
crystallographically independent Cu(I) ion, one bimb ligand, two free protonated
bimb ligands and one PMo;,04> polyanion (abbreviated as PMo;;) (Fig. 4). The
PMo; anion exhibits the well-known a-Keggin configuration,20 consisting of central
PO, tetrahedron corner-sharing four triad {Mo3O;3} clusters. The central four ps-O
atoms are observed to be disordered over eight positions with each oxygen site
half-occupied, which is a usual phenomenon for Keggin clusters.”! If Cu™O
interactions (3.032 A) were considered as weak interactions, the Cul ion would be

six-coordination in distorted octahedral geometry achieved by two nitrogen atoms

10
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from two bimb ligands and four oxygen atoms from two PMo;, polyanions. The bond

lengths around the Cu ions are 1.867 A (Cu-N), 2.865 A (Cu-0).

Fig. 4 Asymmetric unit of compound 2 and the coordination environments around the Cu atoms.
(All of the hydrogen atoms are omitted for clarity; Symmetry codes: #1: 1-x, 2-y, 2-z ; #2: 1-x, 1-y,
2-2.)

In 2, each the PMo;, polyanion as a double-dentate inorganic ligand links two
neighboring Cu-bimb chains to give rise to a 2D (4*) sql net with the dimensions of
each window ca. 14.903 x 13.292 A (Fig. 5a). Furthermore, as shown in Fig. 5b and
5c, the adjacent sql nets are connected together by the hydrogen bonding interactions
between PMoj;, polyanions and lattice water molecules to form a highly opened 3D
supramolecular framework (typical hydrogen bondings: Olw—Hla 03 = 3.042 A,

Olw-Hl1a017 =2.975 A, Olw—H1b""N4 = 3.22 A).

(@ 14.903 &

b 3 0234 oA
‘\‘ 103 b ‘l 1y 241
‘ 5\ @ Y ‘
o jo

Fig. 5 View of the Structural motifs in 2: (a) the 2D grid layer, (b) the hydrogen bonding
interactions between PMo;, polyanions and lattice water molecules, (c) the highly opened 3D

supramolecular framework.

Crystal Structure of compound 3

11
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Single-crystal X-ray structural analysis reveals that the structure of 3 contains four
Cu(l) ions, four bimb ligands and one [SiM012040]4' anion (abbreviated as SiMoy;)
(Fig. 6). The SiMo), anion also exhibits the well-known a-Keggin configuration.”
There are two crystallographically independent Cu ions in the structure. Both the Cul
and Cu2 atoms adopt the T-shaped geometry, coordinated by two nitrogen atoms (N1
and N7 for Cul, N4 and N5 for Cu2) from bimb ligands and one oxygen atom (O1 for
Cul and O11 for Cu2) from SiMoy; anion. The Cu—N and Cu—O bond lengths range

from 1.864(12) to 1.873(13) A and 2.561(2) to 2.729(3) A, respectively.

Fig. 6 Asymmetric unit of compound 3 and the coordination environments around the Cu atoms.
(All of the hydrogen atoms are omitted for clarity). (Symmetry codes: #1: 2-x, 2-y, 2-z; #2:
-14x, -1+y, -142.)

There are two structural features for 3. The first one is that there exist the left- and
right-handed helical chains running along the [100] direction with an identical
screw-pitch of ca. 15.381 A, as shown in Fig. 7a. Another interesting structural
feature is the (2D + 2D — 3D) interdigitated architecture that can be described as
follows: each SiMoj, polyanion in 3 acts a di-dentate inorganic ligand to link two
neighboring Cu-bimb chains. Consequently, a POM-Cu-bimb rail chain is formed.
Further, the adjacent POM-Cu-bimb rail chains are connected together via covalent

bonds [(Cul-O1), 2.572 A] to giving rise to a 2D layer (Fig. S1 and Fig. 7b). From

12
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the topological view, if the Cul and Cu2 cations are considered as 3-connected nodes,
SiMoj; anion is considered as 4-connected nodes, respectively. The topology of the
2D layers is the 3,4L90 type.” (Fig. 7c). Interestingly, the 2D layer is poly-pendant
layer observed from the given direction (Fig. 8, left), in which the bimb ligands as
pendants are appended to the two sides of the layer. These concavities of layers are
occupied by the protrudent bimb ligands from the adjacent layers to forming a (2D +
2D — 3D) interdigitated architecture (Fig. 8). Complementary intermolecular
non-classical hydrogen bondings existing between the two adjacent layers stabilize
this structure (All of the hydrogen bondings have been list in Table S1). To the best of
our knowledge, the 3 represents the rare example of POM-based inorganic-organic

hybrids consisting of both helical and interdigitated motifs up to now.
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Fig. 7 View of the Structural motifs in 3: (a) the left- and right-handed helical chains, (b) the 2D
layer and (c) the topology of the 2D layer.
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Influence of size and charge of different POMs polyoxoanions on structures of
the POMs-based inorganic-organic hybrids

The size and charge of different polyoxoanions are known to be two important
factors in the modification of the structures of the POM-based inorganic-organic
hybrids, however, synergistic reaction of such two effects are seldom considered in
the assembly of POM-based hybrids.23 In this work, the Mog, PMo; and SiMo;
POMs clusters are introduced into an identical Cu-bimb reaction system, respectively
(Scheme 1). Compound 1 shows a (2D — 2D) 2-fold interpenetrated structure. When
the f-Mog cluster (ca. 6.4 A) was replaced by PMoy; and SiMoy; clusters (ca. 10.4 10\),
respectively, the interpenetrated feature was prevented. It is coincident to the previous
investigation that the nanosized POM clusters could break the interpenetrated
structures with ease.”* On the other hand, different charge of the polyoxoanions may
also influence the final structures. Generally, from the charge point of view, as the
charge density on the surface oxygen atoms of the POM increases, there should
appear a significant affinity for the polyoxoanions to highly coordinate to transition
metal complex cations.”* In Keggin group, the PMoj, and SiMoy; clusters possess

similar size, and obviously different negative charge (-3 for PMo;; and -4 for SiMoj,

14
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polyoxoanions). Thus, in compound 2, the PMoy, cluster as a di-dentate inorganic
ligand to link Cu-bimb chain forming an inorganic-organic 2D grid layer. In contrast
to compound 2, in compound 3, the SiMo,;, cluster acts a tetra-dentate inorganic
ligand to link four neighboring Cu-bimb chains finally achieving a 2D + 2D — 3D
interdigitated architecture. Overall, the informative structures of the three compounds
contribute to further understanding of the effect of both size and charge of
polyoxoanions on assembly of POM-based hybrids. The further work is still under

way in our laboratory.

Scheme 1. Summary of the influences of size and charge of the different POM clusters on the
structures of compounds 1-3.

Analyses of BVS, IR spectra and PXRD

In 1-3, all Mo atoms are in +VI oxidation state obtained by bond valence sum (BVS)
calculations.”® All copper atoms are in +II oxidation states in 1, and +I oxidation
states in 2 and 3, respectively, which was confirmed by the BVS calculations,
coordination environments, crystal colors and charge balance.

The IR spectra of compounds 1-3 are shown in Fig.S2. The IR spectra exhibit the
characteristic peaks at 963, 891, 799 and 688 cm™ in 1, 1046, 937, 873 and 780 cm™

in 2, 1051, 931, 882 and 774 cm’ in 3, which are attributed to v(Mo=0t),

15
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Vas(Mo-Ob-Mo) and v,s(Mo-Oc-Mo) from fS-Mog clusters,lsa v(P-0), v(Mo=0t),
ves(M0o—Ob-Mo) and v,((Mo-Oc-Mo) from PMo;, clusters,27 v(Si-0), v(Mo=0t),
Ves(M0—Ob-Mo) and v, ;(Mo-Oc-Mo) from SiMo;, clusters,w"‘ respectively.
Additionally, the bands in the region of 1638-1151 cm™ could be ascribed to the
character peaks of bimb ligands in 1-3.38

To indicate the phase purities of compounds 1-3, the PXRD experiments are carried
out. We have refitted by Powder Cell 2.3. As shown in Fig. S3, from the results of
fitting, we can see that purity of compound 1 and 2 is good. However, in the PXRD
pattern of compound 3, the diffraction peaks of both simulated and experimental
patterns do not match well in some positions may be just ascribed to that the sample
has been deposited for long time and might be partly pulverized. And the stability of
compound 3 is inferior.
Photoluminescent properties
Recently, inorganic-organic hybrid coordination polymers, especially comprising
aromatic system, have been intensively investigated for attractive fluorescence
properties and potential applications as new luminescent materials.” In the present
work, the photoluminescence properties of compounds 1-3 are investigated in the
solid state at room temperature. Meanwhile, in order to understand the nature of the
luminescence, the emission spectrum of free bimb ligand was also investigated under
similar experimental conditions. As shown in Fig. 9, it can be observed that the free
bimb ligand exhibits a intense emission peak at ca. 442 nm when excited at 334 nm,

which can be assigned to an intraligand (m-m*) charge—transfer.30 However, the

16
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emission peaks of compounds 1-3 are found at ca. 467, 517 and 541 nm, respectively,
when excitation occurs at 351 nm for 1, 373 nm for 2 and 387 nm for 3. Meanwhile,
compared to the free bimb ligand, we can observe that the emission spectra of
compounds 1-3 are red-shifted. The origin of the emission of compounds 1-3 can be
tentatively attributed to ligand-to-metal charge transfer (LMCT).*" And the significant
red-shift compared to the free bimb ligand may be due to the effect of the
coordination between ligands and metal ions.” Since 1-3 are insoluble in common
polar and nopolar solvents, they may be good candidates for potential solid-state

luminescent materials.

bimb
Compound 1

Compound 2
Compound 3

Intensity (a.u.)

T T T T
400 450 500 550 600 650 700
Wavelengh (nm)

Fig. 9 The emission spectra of bimb ligand and compounds 1-3 in room temperature.

The Electrocatalytic Activity of 1-3-CPEs

The POMs possess the ability of undergoing reversible multi-electron redox
processes, which makes them very attractive in chemically-modified electrode and the
electrocatalytic study.33 Due to the title compounds are insoluble in water and
common organic solvents. Thus, the bulk-modified carbon paste electrode (CPE)
becomes the optimal choice to study the electrochemical properties, which is

. - 34
inexpensive, easy to prepare and handle.
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The cyclic voltammograms for 1-3-CPEs in the 1 M H,SO,4 aqueous solution at
different scan rates are presented in Fig. 10. It can be seen clearly that two reversible
redox peaks (I-I’, II-II”) appear in the potential range from +0.65 to -0.1 V for 1-CPE.
The mean peak potentials E/, = (Eya+ Epe)/2 are +0.38 (I-I’) and +0.17 V (II-II’) (scan
rate: 50 mV-s™), which can be ascribed to redox of Mog polyanions.35 In the same
potential range for 2- and 3-CPEs, it can be seen that there are three pairs of reversible
redox peaks with the mean peak potentials Ei,=(Ey.+ Ep.)/2 are +0.39 V (I-I"), +0.22
V (II-1I1"), -0.032V (III-1I’), and +0.42 V (I-I’), +0.25 V (II-1II’), -0.028V (III-1IT")
which can be ascribed to redox of PMo;, and SiMo;, polyanions, respectively.27’19"‘
When the scan rates increased, the cathodic peak currents and the corresponding
anodic peak currents increased simultaneously, which are proportional to scan rates

(Fig. S4), suggesting that the redox processes of 1-3-CPEs is surface-controlled and

the exchanging rate of electrons is fast.*

a) b)

04 T 0.9

24
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08 T T T T - v v
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E/V E/V E/V

Fig. 10 (a) Cyclic voltammograms for 1-CPE; (b) 2-CPE; (c) 3-CPE in 1 M H,SO, aqueous
solution at different scan rates (from inner to outer: 50, 75, 100, 125 and 150 mV s'l), respectively.

The electrocatalytic properties of 1-3-CPEs have also been investigated toward
reduction iodated (I03") in 1 M H,SO4 aqueous solution. The results show that the 1-,
2- and 3-CPEs have electrocatalytic activities for iodated. As shown in Fig. S5, with

addition of iodated, all the reduction peak currents increase gradually while the
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corresponding oxidation peak currents decrease suggesting that the reduction of
iodated is mediated by the reduced species of Mog polyanions in 1, PMo;, polyanions
in 2 and SiMoy; polyanions in 3. The dependence curves of reduction peak currents I
on concentration of iodated are presented in Fig. S6. As shown in Fig. S6, the nearly
equal current steps for each addition of I0; also demonstrate stable and efficient
electrocatalytic activities of the CPEs.

To compared the electrocatalytic activity of 1-, 2- and 3-CPEs for iodated, the
CATs (catalytic efficiencys) of 1-, 2- and 3-CPEs can be calculated by using CAT
formula.’” As shown in Fig. 11, the CAT of 1-, 2- and 3-CPEs towards 20 mM 105,
were calculated to be 291 %, 43 % and 92 %, respectively. The 1-CPE has the best
electrocatalytic efficiency towards the reduction of iodated, which suggests that
compound 1 has potential applications in detection of iodated. Additionally, the
stability experiments for 1-3-CPEs have been investigated by cyclic voltammetry
scanning for 40 cycles in 1 M H,SOy solution, respectively. As shown in Fig. S7, it
can be seen that the electrode exhibits almost no loss in the current signal after 40

cycles, which suggests that the catalyst of 1-3-CPEs have high stabilities.

Fig. 11 Chart of the CATs (catalytic efficiencies) vs concentration of the iodated (IOS').
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Conclusions

In summary, three new polyoxomolybdate-based inorganic-organic hybrids have been
synthesized by introducing different polyoxomolybdates into the Cu-bimb system, to
investigate influence of the size and charge of different polyoxoanions in the
assembly processes. The informative structures of the title compounds illustrates that
size of the polyoxometalate clusters can play a key role on controlling the
interpenetration of frameworks, but also further confirms that the charge of
polyoxoanions is another important factor in the assembly processes. To some extent,
this work may provide a useful example for step by step understanding the influences
of polyoxometalate clusters on the assembly processes in hydrothermal conditions and
shows the perspective for synthesis of new polyoxometalate-based hybrid materials

through reasonable selection of the polyoxometalate clusters.
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