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A polyoxometalate [Co(phen)3][Co(en)3][Co(en)2(H2O)2][Co(en)2]0.5[PMoVI8 VIV4 O40(V
IVO)2] �

6H2O (1) (en¼ ethylenediamine, phen¼ 1,10-phenanthroline) has been hydrothermally synthe-
sized and structurally characterized by single-crystal X-ray diffraction, IR, electron para-
magnetic resonance, X-ray photoelectron spectroscopy, elemental analyses, and
thermogravimetry. The structure is an interesting 3-D supramolecular network containing
bi-capped Keggin-type molybdenum–vanadium clusters with transition metal complexes
generated in situ under mild hydrothermal conditions. Compound 1 contains four different
counteractions being coordinated complexes of cobalt. The magnetic properties of 1 have also
been studied in the temperature range of 4–300K, and its magnetic susceptibility obeys the
Curie–Weiss law, showing ferromagnetic coupling.

Keywords: Polyoxometalates; In situ template; Supramolecular; Magnetic property

1. Introduction

Crystal engineering is an important emerging area of research to obtain crystals with
various structures and functionalities for applications such as sorption media and
catalysts [1–4]. Supramolecular chemistry has developed at a tremendous rate [5]. In the
construction of supramolecular materials, a strategy is to extend low-dimensional
building blocks to high-dimensional networks through intermolecular interactions,
including hydrogen bonding, � � � �� stacking, Van der Waals interactions, etc. [6]; the
hydrogen bond is the most familiar organizing force in supramolecular assemblies by the
virtue of its unique strength and directionality that may control short-range packing [7].

In the design of supramolecular materials, it is important to choose suitable building
blocks to exploit organic substrates with structure-directing properties [8]. An attractive
building block is polyoxometalate (POM) clusters due to their structural diversity and
many oxygen atoms on spherical surface [9]. Recent promising approach toward the
synthesis lies in the selection of POMs as building blocks and organic moieties as
structure-directing agents [8, 10–14]. In order to study the structure of supramolecules
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with large template, transition metal complexes (TMCs) possessing relatively large
volumes and complicated cation structures were introduced in the reaction system. To
the best of our knowledge, there are only limited reports about TMCs as templates or
structure-directing agents, and the relationship between POMs and TMCs has been
infrequently studied [15–17].

To increase the negative charge density of heteropolymolybdates [18–28], we
substituted MoVI with lower-valence VIV [29–33]. To expand molybdenum–vanadium
POMs [34, 35], we recently focused on Mo–V clusters as structural building blocks in
the syntheses of hydrogen-bonded high-dimensional structures templated by TMCs.

In this article, we report a TMCs-templated 3-D supramolecular network based on
Mo–V clusters, [Co(phen)3][Co(en)3][Co(en)2(H2O)2][Co(en)2]0.5[PMo8V6O42] � 6H2O
(1) (en¼ ethylenediamine, phen¼ 1,10-phenanthroline). Compound 1 contains four
different coordination complexes of Co. Based on reduced polyoxoanion
[PMo8V6O42]

7�, an interesting hydrogen-bonded host network is formed and employed
to accommodate the TMCs templates. We also discuss the formation of 1 and the
function of each TMC fragment in crystallization.

2. Experimental

2.1. Material and methods

All chemicals purchased were of reagent grade and used without purification. Inductively
coupled plasma (ICP) analysis was conducted on a Perkin-Elmer Optima 3300DV
spectrometer. Elemental analysis (C, H, and N) was performed on a Perkin-Elmer 2400
CHN Elemental Analyzer. IR (KBr pellets) spectra were recorded from 450 to 4000 cm–1

using a Perkin-Elmer Spectrum One spectrophotometer. Electron paramagnetic
resonance (EPR) was carried out on a Bruker ER 200D-SRC spectrometer at 298K.
X-ray photoelectron spectroscopy (XPS) was performed on a Thermo ESCALAB 250
spectrometer with a Mg-Ka (1253.6 eV) achromatic X-ray source. Thermogravimetric
analysis (TGA) was carried out on a Perkin-Elmer TAG-7 instrument from room
temperature to 800�C with a heating rate of 10�Cmin�1. Temperature-dependent
magnetic susceptibility for 1 was recorded on a Quantum Design MPMS XL-5 SQUID
magnetometer under an applied field of 1000Oe from 4 to 300K.

2.2. Synthesis of [Co(phen)3][Co(en)3][Co(en)2(H2O)2][Co(en)2]0.5[PMoVI8 VIV
4

O40 (V
IVO)2] � 6H2O (1)

A mixture of KH2PO4 � 2H2O (0.7 g, 0.5mmol), (NH4)6Mo7O24 � 4H2O (0.71 g,
0.57mmol), VOSO4 � 2H2O (0.80 g, 4mmol), CoCl2 � 2H2O (0.60 g, 2.5mmol), phen
(0.50 g, 2.5mmol), and H2O (20mL) was mixed, stirred for 30min, and the pH was
adjusted to 8 with en. The resulting suspension was transferred to a Teflon-lined
autoclave (25mL) and kept at 180�C for 3 days. After cooling gradually to room
temperature for 2 days, black prism crystals were obtained by filtering, washing with
distilled water, and drying in a desiccator at ambient temperature. The yield was
47% based on Mo. Elemental Anal. Calcd (%) for 1: C48H88Co3.50Mo8N18O50PV6
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(3027.75): C, 19.41; H, 2.93; N, 8.33; Co, 6.81; Mo, 25.35; V, 10.09; P, 1.02. Found (%):
C, 19.26; H, 3.01; N, 8.29; Co, 6.92; Mo, 25.19; V, 10.38; P, 1.09.

2.3. X-ray crystallography

The crystal structure was determined by single-crystal X-ray diffraction analysis.
The data were collected on a Bruker-AXS Smart CCD diffractometer (Mo-Ka,
�¼ 0.71073 Å) at room temperature with !-scan mode. Empirical absorption
corrections were applied. The structure was solved by direct methods and refined by
full-matrix least squares on F2 using SHELXTL-6.10 [36]. All non-hydrogen atoms
were refined anisotropically except for C-37 and C-42. A summary of crystal data and
structure refinement for 1 is provided in table 1. Selected bond lengths of 1 are listed in
table 2. Some hydrogen bonding data is listed in table S1.

3. Results and discussion

3.1. Synthesis

Compound 1 was prepared with good yield through hydrothermal reaction at pH 8.
The hydrothermal method is effective for syntheses of POMs [37, 38]. Small changes in
one or more of reaction factors, such as pH value [39], temperature [40], reaction time,
molar ratio of the reactants, etc., may have profound influence on final reaction
products. The pH is crucial for formation of 1; no compound was obtained when pH is
more than 8.5 or less than 7.5. To study the structure of POMs with TMCs possessing
different volumes, we selected two ligands, phen and en. When other reaction

Table 1. The crystallographic data for 1.

Compound 1

Empirical formula C48H88Co3.50Mo8N18O50PV6

Formula weight 3027.75
Crystal system Monoclinic
Space group P21/n
Unit cell dimensions (Å, �)
a 24.094(5)
b 13.219(3)
c 28.505(6)
� 94.22(3)
Volume (Å3), Z 9054(3), 4
Calculated density (g cm�3) 2.221
Absorption coefficient (mm�1) 2.396
F(000) 5942
� range for data collection (�) 2.10–26.11
Limiting indices �29� h� 29; �16� k� 16; �35� l� 35
Reflections collected/unique 76,419/17,976 [R(int)¼ 0.0452]
Completeness to � (%) 99.8
Data/restraints/parameters 17976/0/1203
Goodness-of-fit on F2 1.035
Final R indices [I4 2�(I)] R1¼ 0.0380, wR2¼ 0.0955
R indices (all data)a R1¼ 0.0519, wR2¼ 0.1027
Largest difference peak and hole (e Å�3) 1.573 and �0.938

aR1¼�||Fo|�|Fc||/�|Fo|; wR¼ [�w(F2
o �F

2
c )2/�w(F2

o)
2]1/2.
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conditions were unchanged, crystal products of 1 were obtained with lower yield when
VOSO4 � 2H2O was replaced with V2O5 or NH4VO3. Compound 1 is insoluble in water
and common organic solvents (such as methanol, ethanol, ether, DMF, and DMSO),
and is decomposed in nitric acid. The compound is stable in atmosphere.

3.2. Crystal structure description of 1

Single crystal X-ray diffraction analysis reveals that 1 consists of a bi-capped �-Keggin
polyoxoanion [PMoVI8 VIV

4 O40(V
IVO)2]

7�, four different countercations,
[Co(1)(phen)3]

2þ, [Co(2)(en)3]
2þ, [Co(3)(en)2(H2O)2]

2þ, and [Co(4)(en)2]
2þ, and six

lattice water molecules. As shown in figure 1, the polyoxoanion [PMoVI8 VIV
4

O40(V
IVO)2]

7� can be described as an �-Keggin core [PMo8V4O40] with two additional
five-coordinate terminal {VO}2þ units capping two opposite {Mo4O4} square holes and
contains a distorted {PO4} tetrahedron in the center. The P–O distances are in the usual
range of 1.532(3)–1.543(3) Å and P–O–P bond angles vary from 108.79(17) to
110.74(18)�. In the �-Keggin core [PMo8V4O40], four {MoO6} octahedra form a
{Mo4O18} ring via the corner sharing and edge sharing, and the two {Mo4O18} rings

Table 2. Selected bond lengths (Å) for 1.

P(1)–O(42) 1.532(3) Mo(6)–O(38) 1.805(3) V(4)–O(20) 1.956(4)
P(1)–O(41) 1.538(3) Mo(6)–O(37) 1.821(3) V(4)–O(24) 1.970(3)
P(1)–O(39) 1.538(3) Mo(6)–O(34) 2.048(3) V(5)–O(13) 1.627(3)
P(1)–O(40) 1.543(3) Mo(6)–O(27) 2.064(3) V(5)–O(22) 1.891(3)

Mo(1)–O(1) 1.710(3) Mo(6)–O(41) 2.447(3) V(5)–O(15) 1.911(3)
Mo(1)–O(18) 1.796(3) Mo(7)–O(7) 1.700(3) V(5)–O(16) 1.976(3)
Mo(1)–O(17) 1.806(3) Mo(7)–O(35) 1.797(3) V(5)–O(19) 1.980(3)
Mo(1)–O(16) 2.050(3) Mo(7)–O(36) 1.805(3) V(6)–O(14) 1.626(4)
Mo(1)–O(15) 2.065(3) Mo(7)–O(31) 2.052(3) V(6)–O(28) 1.897(3)
Mo(1)–O(39) 2.447(3) Mo(7)–O(34) 2.076(3) V(6)–O(34) 1.901(3)
Mo(2)–O(2) 1.695(3) Mo(7)–O(42) 2.437(3) V(6)–O(31) 1.966(3)
Mo(2)–O(21) 1.790(3) Mo(8)–O(8) 1.699(3) V(6)–O(27) 1.974(3)
Mo(2)–O(20) 1.808(3) Mo(8)–O(32) 1.803(3) Co(1)–N(6) 2.078(4)
Mo(2)–O(15) 2.061(3) Mo(8)–O(33) 1.804(3) Co(1)–N(5) 2.081(4)
Mo(2)–O(19) 2.083(3) Mo(8)–O(31) 2.051(3) Co(1)–N(1) 2.084(4)
Mo(2)–O(40) 2.434(3) Mo(8)–O(28) 2.086(3) Co(1)–N(3) 2.090(4)
Mo(3)–O(3) 1.697(3) Mo(8)–O(42) 2.474(3) Co(1)–N(2) 2.103(4)
Mo(3)–O(23) 1.791(3) V(1)–O(9) 1.604(3) Co(1)–N(4) 2.103(4)
Mo(3)–O(24) 1.815(3) V(1)–O(32) 1.942(3) Co(2)–N(11) 2.116(5)
Mo(3)–O(22) 2.047(3) V(1)–O(25) 1.948(3) Co(2)–N(12) 2.126(5)
Mo(3)–O(19) 2.067(3) V(1)–O(36) 1.952(3) Co(2)–N(10) 2.126(5)
Mo(3)–O(40) 2.435(3) V(1)–O(23) 1.958(3) Co(2)–N(7) 2.130(5)
Mo(4)–O(4) 1.700(3) V(2)–O(10) 1.613(3) Co(2)–N(8) 2.137(5)
Mo(4)–O(25) 1.793(3) V(2)–O(29) 1.936(3) Co(2)–N(9) 2.153(5)
Mo(4)–O(26) 1.811(3) V(2)–O(33) 1.943(3) Co(3)–N(14) 2.048(10)
Mo(4)–O(16) 2.065(3) V(2)–O(26) 1.951(3) Co(3)–N(16) 2.058(6)
Mo(4)–O(22) 2.068(3) V(2)–O(17) 1.961(3) Co(3)–N(13) 2.078(6)
Mo(4)–O(39) 2.430(3) V(3)–O(11) 1.597(4) Co(3)–N(15) 2.153(9)
Mo(5)–O(5) 1.713(3) V(3)–O(21) 1.942(3) Co(3)–O(1W) 2.164(5)
Mo(5)–O(29) 1.790(3) V(3)–O(37) 1.947(3) Co(3)–O(2W) 2.164(4)
Mo(5)–O(30) 1.809(3) V(3)–O(18) 1.947(3) Co(4)–N(18)#1 1.896(8)
Mo(5)–O(27) 2.052(3) V(3)–O(30) 1.963(3) Co(4)–N(18) 1.896(8)
Mo(5)–O(28) 2.061(3) V(4)–O(12) 1.603(3) Co(4)–N(17)#1 1.907(7)
Mo(5)–O(41) 2.460(3) V(4)–O(38) 1.937(4) Co(4)–N(17) 1.907(7)
Mo(6)–O(6) 1.693(4) V(4)–O(35) 1.943(3)

Symmetry codes for 1: #1�x, �yþ2, �z.
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sandwich four {VO5} pyramids through corner sharing. All vanadiums and
molybdenums show a distorted {VO5} square pyramidal and distorted {MoO6}
octahedral environment. The Mo/V–O bond distances are divided in three groups:
Mo–Oc 2.430(3)–2.474(3) Å (Oc, center O atoms); Mo–Ob 1.790(3)–2.086(3) Å, V–Ob
1.891(3)–1.980(3) Å (Ob, bridge O atoms); and Mo–Ot 1.693(4)–1.713(3) Å, V–Ot
1.597(4)–1.627(3) Å (Ot, terminal O atoms) (table 2). The O–V–O and O–Mo–O bond
angles range from 72.76(12)� to 172.92(15)� and from 68.62(11)� to 169.62(15)�,
respectively.

There exist four different cobalt complexes, and the Co centers exhibit octahedral
and square planar coordination geometries (figure 2). Co-1 is surrounded by six
nitrogens from three 1,10-phen ligands with the Co–N distances of 2.078(4)–2.103(4) Å
and N–Co–N angles varying from 79.61(17)� to 172.37(17)�; Co-2 is defined by six
nitrogens from three en ligands with the Co–N distances of 2.116(5)–2.153(5) Å and

Figure 2. Four different countercations in 1.

Figure 1. (a) Combined ball-and-stick and (b) polyhedral representation of the polyoxoanion
[ðPO4ÞMoVI8 VIV

4 O36(V
IVO)2]

7� showing the bi-capped �-Keggin structure.
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N–Co–N angles in the range of 80.36(18)�–171.8(2)�; Co-3 is described as a distorted

octahedron formed by four nitrogens from two en ligands [2.048(10)–2.153(9) Å] and

two waters [2.164(5) and 2.164(4) Å]. In contrast to the octahedral coordination

geometry of the other three cobalt centers, Co-4 completes its square planar

configuration by four nitrogens from two en ligands with the Co–N distances of

1.896(8)–1.908(7) Å and N–Co–N angles in the range of 86.7(3)�–180.0(4)�.
The heteropolyanions are linked by O-3W via hydrogen bonding [O-3W � � �O-1a,

2.885(6) Å; O-3W � � �O-13b, 2.882(6) Å; (a) x� 1, y, z; (b) 1.5� x, 0.5þ y, 0.5� z.],

giving a 1-D infinite supramolecular helical chain with a pitch of 13.219(3) Å along b

axis (figure 3). Adjacent helical chains are connected by [Co(en)2(H2O)2]
2þ fragments to

form a 2-D supramolecular layered structure along ab through hydrogen bonds (figure

S1), [O-1W � � �O-5, 2.942(7) Å; O-1W � � �O-24a, 2.793(6) Å; O-2W � � �O-14b, 2.767(6) Å;

O-2W � � �O-7b, 2.910(6) Å; (a) x, 1þ y, z; (b) 1.5� x, 0.5þ y; 0.5� z.]. [Co(2)(en)3]
2þ

fragments uniformly fill in the holes as templates (figure 4 and table S1).

Figure 4. View of the 2-D supramolecular layer of 1 along c showing the in situ template [Co(en)3]
2þ as

space-filling presentation.

Figure 3. The single-helix chain with a pitch of 13.219(3) Å along the b axis in 1.

Molybdenum–vanadium polyoxoanions 399

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
3
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



Adjacent supramolecular layers are further connected by [Co(4)(en)2]
2þ fragments via

robust hydrogen bonding [N-18 � � �O-2 and C-48 � � �O-2] with distances of 3.025(8) and

3.250(10) Å, resulting in an interesting host supramolecular network (figure 5a). Each

POM center connecting with three [Co(3)(en)2(H2O)2]
2þ fragments, two O-3W, and one

[Co(4)(en)3]
2þ is viewed as a six-connected node; correspondingly, each

[Co(3)(en)2(H2O)2]
2þ fragment connecting with three POM centers is regarded as a

Figure 5. (a) View of the 3-D hydrogen-bonded host supramolecular framework constructed by POM,
[Co(en)2]

2þ and [Co(en)2(H2O)2]
2þ fragments along the b axis and the dimension of channel. (b) Schematic

representation of the (3, 6)-connected supramolecular topological network with the Schläfli
symbol (43)(45 � 69 � 8) of 1 [six-connected nodes (POMs) are depicted in purple and three-connected nodes
([Co(en)2(H2O)2]

2þ fragments) in cyan].
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three-connected node and the two different kinds of nodes in 1 : 1 ratio interconnect to

form a 3-D (3, 6)-connected network with the Schläfli symbol (43)(45 � 69 � 8) (figure 5b).

The most striking feature of the host supramolecular network is that, there exist large

channels running along the b axis. The approximate dimension of the channels is

8.4� 19.8 Å. The large volume templates [Co(phen)3]
2þ, generated in situ under mild

hydrothermal conditions, are incorporated into the host framework through extensive

multipoint C–H � � �O hydrogen bonding interactions (table S1) with their nearest

polyanions (figure 6).

Figure 6. (a) and (b) View of the 3-D host supramolecular framework of 1 along b showing the guest
[Co(phen)3]

2þ fragments as space filling presentation.
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Although the polyoxoanion [PMoVI8 VIV
4 O40(V

IVO)2]
7� has a high negative charge and

high nucleophilicity by substituting lower valent VIV for MoVI [32–35], and the
countercation [Co(4)(en)2]

2þ possessing unsaturated-coordinated square geometry is a
good candidate for linker in the formation of polymer of POMs clusters which have
been demonstrated by a large number of facts [32–34], the [PMoVI8 VIV

4 O40(V
IVO)2]

7�

units have not been linked via [Co(4)(en)2]
2þ to form an extended structure. We

speculate that [Co(1)(phen)3]
2þ and [Co(2)(en)3]

2þ with large volumes fill channels
preventing Co(4) from linking polyoxoanions to generate a high-dimensional covalent
structure. The [Co(4)(en)2]

2þ fragments are restricted in the large spaces constructed by
[Co(1)(phen)3]

2þ fragments and the heteropolyanions, and the shortest distance of
Co(4) and terminal oxygen of the heteropolyanions is 3.472(4) Å, larger than covalent
bonding distance. If the [Co(1)(phen)3]

2þ and [Co(2)(en)3]
2þ are absent, the polyanions

should be covalently linked through [Co(en)2]
2þ, and the results have demonstrated our

inference [34]. We draw the conclusion that the in situ generated [Co(phen)3]
2þ and

[Co(en)3]
2þ act as structure-directing agents and guests in the construction of 1.

3.3. Characterization of 1

3.3.1. Bond valence sum, XPS, and EPR spectrum. The assignment of oxidation states
for the molybdenum and vanadium atoms are consistent with their coordination
geometries and are confirmed by valence sum calculations [41] and XPS analysis. The
values are 5.92, 5.97, 5.98, 5.93, 5.90, 5.91, 5.93, and 5.90 for Mo(1), Mo(2), Mo(3),
Mo(4), Mo(5), Mo(6), Mo(7), and Mo(8), respectively, with an average of 5.93; the
calculated valence sums for V(1), V(2), V(3), V(4), V(5), and V(6) are 4.09, 4.05, 4.13,
4.06, 4.05, and 4.08, respectively, with an average of 4.08. The calculated results indicate
that all Mo centers are in the þ6 oxidation state and all V centers are in the þ4
oxidation state.

The XPS for 1 (Supplementary material) shows a peak at 515.8 eV attributed to
VIV2p3/2, at 780.1 eV ascribed to CoII2p3/2, along with two peaks at 232.0 and 235.0 eV
attributed to MoVI3d5/2 and MoVI3d3/2, respectively [42, 43]. The EPR spectrum of 1
exhibits the V4þ signal at 293K with g¼ 1.963 (figure S2). All these results further
confirm the structure analysis.

3.3.2. Infrared spectrum and TGA. In the IR spectrum for 1 (figure S3), the strong
bands at 1034, 960–910, 869–770, and 727–645 cm–1 should be attributed to the
vibration modes for �(P–O), �(M–Ot), �(M–Ob–M), and �(M–Oc–M) (M¼Mo or V),
respectively [2, 23, 33]. The broad band of 3315 cm�1 are from coordination and
crystallization water; peaks at 3274 and 3156 cm�1 are attributed to stretching
vibrations of N–H in en, peak at 3058 cm�1 is due to stretching of C–H in phen, peaks
at 2945 and 2881 cm�1 should be attributed to the stretching of –CH2– in en, peaks at
1626, 1583, 1518, and 1426 cm�1 are attributed to the stretching of C¼C and C¼N
bonds of phen, and peaks in the range of 1339–1104 cm�1 are characteristic of C–N
bonds in en [23, 33, 44].

TG curve of 1 exhibits three steps of weight losses (Supplementary material). The first
weight loss of 3.66% (Calcd weight loss 3.57%) corresponds to the release of six lattice
waters below �140�C. The second weight loss is 6.95% (Calcd 7.14%) in the
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temperature range 280–430�C, corresponding to the decomposition of three en
molecules and two coordinated water molecules. The remainder (in the range 470–
610�C) are attributed to the decomposition of three en and three phen molecules (Calcd
weight loss 23.81%; found 23.26%). The final products are MoO3, V2O5, and CoO, and
the oxidation of VIV into VV occurred in the process of heating. The whole weight loss
(33.87%) is in good agreement with the calculated value (32.94%).

3.3.3. Magnetic property. Preliminary magnetic studies have been performed on a
crystal sample of 1 from 5 to 300K. Figure 7 shows the magnetic behavior of 1 in the
form of 	eff versus T and 
M versus T plots. The room temperature value (	eff¼ 8.56	B)
is bigger than expected (	eff¼ 7.64	B) for 2.5 uncoupled S¼ 1/2 spins of Co2þ, 1
uncoupled S¼ 3/2 spins of Co2þ atoms, and 6 uncoupled S¼ 1/2 spins of VIV atoms
(assuming g¼ 2.68 for Co2þ and g¼ 2.00 for VIV), indicative of ferromagnetic coupling.
Upon cooling, the 	eff continuously increases to a maximum value of 9.68	B at 42K,
indicating the presence of the ferromagnetic exchange interactions. The magnetic data
of 1 obey the Curie–Weiss law in the range of 50–300K, and give values
C¼ 9.40 emumol�1K and �¼ 6.20K, characteristic of ferromagnetic interactions.
Unfortunately, no suitable theoretical model is available in the literature [45] for such a
complex system.

4. Conclusion

We have synthesized and characterized a TMCs-templated 3-D supramolecular
network based on polyoxoanions. The 3-D supramolecular network contains bi-capped
Keggin-type Mo–V clusters and templated TMC generated in situ under mild
hydrothermal conditions. Furthermore, we discussed the formation and the function
of each component in the crystallization process. The magnetic susceptibility of 1 obeys
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Figure 7. The effective magnetic moment 	eff and molar susceptibility vs. temperature for 1.
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the Curie–Weiss law, showing ferromagnetic coupling. In order to understand and
master the influences of different ligands and transition-metal centers constructing
in situ templates on the structures and performances of synthesized POMs-based
compounds, further relevant research is underway in our group.

Supplementary material

CCDC number 733428 contains the supplementary crystallographic data for 1. These
data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/retrieving.html,
or from the Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2
1EZ, UK; Fax: (þ44) 1223-336-033; or Email: deposit@ccdc.cam.ac.uk. Selected bond
lengths (Å) and angles (�) of N(C)–H � � �O hydrogen bonding for 1; view of 2-D
supramolecular-layered structure constructed from single-helix chains and
[Co(en)2(H2O)2]

2þ fragments through hydrogen bonding in 1; EPR spectrum of 1; IR
spectrum of 1; XPS for Mo, V, and Co in 1; thermogravimetric pattern for 1.
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