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A new {P2W18} polyoxometalate cluster modified with copper
complex based on pz, 2,2–bipy, and in situ amino acid

YANGLEI XU, KAI YU, BAIBIN ZHOU*, ZHANHUA SU and JIANG WU

Key Laboratory of Synthesis of Functional Materials and Green Catalysis, Colleges of
Heilongjiang Province, Harbin Normal University, Harbin, P.R. China

(Received 5 October 2012; in final form 4 January 2013)

A new organic–inorganic hybrid compound, [{Cu2(2,2′–bipy)2(pz)(gly)}2P2W18O62]·H2O (bipy=bipyri-
dine, pz= pyrazine, gly= glycine) (1), has been hydrothermally synthesized and characterized by
elemental analysis, IR, thermal gravimetric, and single- crystal X-ray diffraction. Compound 1 is an
infinite one-dimensional (1-D) chain constructed from [P2W18O62]

6� clusters and {Cu2(2,2′–bipy)2(pz)
(gly)}2

6+ linker exhibiting an alternating-type structure via equatorial terminal oxygens of the polyanion.
The 1-D chains are further extended into 2-D layers and 3-D supramolecular network via weak interac-
tions. The copper complex of 1 consists of three ligands, in which an in situ glycine from pyrazine
precursor was observed. Additionally, the electrochemical and electrocatalytic properties of 1 have been
studied.

Keywords: Hydrothermal synthesis; Wells–Dawson polyoxometalates; In situ ligand

1. Introduction

Polyoxometalates (POMs) are anionic metal–oxygen clusters with a variety of robust
structures, properties and a multitude of potential applications [1–12]. One approach for
the construction of POM hybrid materials is to build connections between the surface
oxygens of POMs and organic ligands or metal coordination compounds [13–16]. Transi-
tion-metal-substituted POMs (TMCs) have received attention. In comparison with Keggin-,
Anderson- and Lindquist-type POM clusters, Dawson-type hybrids are relatively few due
to its larger size and high charge [17–24], but have been used in preparation of various
complexes retaining its structural integrity under hydrothermal conditions. Hence, interest-
ing research is the exploration of feasible synthetic routes to construct an extended frame-
work based on saturated Wells-Dawson polyoxometalate and TMCs. The selection of
ligand and transition metal is an important step to construct TMCs POMs. Cu(II) possesses
flexible coordination number and favors N and O donors, which make Cu(II) a good
candidate in constructing TMCs. However, most copper-based hybrids are mononuclear
[25–28]; multinuclear TMCs for modifying POM-based inorganic–organic hybrid
compounds are less common [29, 30]. Multinuclear TMC subunits in reported POM-based
compounds are usually built from one type of ligand. It is relatively rare that multinuclear
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TMCs and mixed ligands are linkers for the construction of POM-based compounds. As
an extension of our ongoing effort in the design of POM-templated multinuclear TMCs
with mixed–ligands, we select two organonitrogen ligands, 2,2′–bipyridine- and pyrazine.
They contain adjacent nitrogens and tend to bridge TM ions forming multinuclear coordi-
nation polymers. Moreover, they may generate ligands through dehydrogenative and
hydroxylation via in situ ligand synthesis under hydrothermal conditions.

In situ ligand synthesis is of interest because it may produce new structures and provide
evidence for organic reaction mechanisms [31, 32]. Systematic designs of coordination
polymers involving in situ ligand syntheses are not common, compared with those with
ligands maintaining integrity, especially in modified POMs. Based on the mentioned
considerations and previous work [33–36], we have investigated the hydrothermal reaction
of copper, pyrazine, 2,2′–bipyridine, and Wells–Dawson polyoxometalate. Here, we
prepared [{Cu2(2,2′–bipy)2(pz)(gly)}2P2W18O6]·H2O, which represents the first Wells–
Dawson-type chain linked by tetranuclear TMC subunits and mixed–ligands.

2. Experimental

2.1. Materials and general procedures

Chemicals were obtained from commercial sources and used without purification.
a-K6P2W18O62·15H2O was prepared according to the literature method and verified by IR
spectrum [37]. Elemental analyses (C, H, and N) were performed on a Perkin–Elmer 2400
CHN Elemental Analyzer. P, W, and Cu analyses were performed on a PLASMA-SPEC(I)
inductively coupled plasma atomic emission spectrometer. IR spectra were obtained on an
Alpha Centaurt Fourier transform IR (FT–IR) spectrometer with KBr pellets from 400 to
4000 cm�1. Thermal gravimetric analyses were carried out in N2 on a Perkin–Elmer DTA
1700 differential thermal analyzer with a rate of 10 °C min�1. Electrochemical measure-
ments were performed with a CHI660 electrochemical workstation. A conventional three-
electrode system was used. The working electrode was a carbon paste electrode (CPE), a
platinum wire was the counter electrode and Ag/AgCl (3M KCl) electrode, was used as a
reference electrode.

2.2. Synthesis of [{Cu2(2,2′–bipy)2(pz)(gly)}2P2W18O62]·H2O

A mixture of a-K6P2W18O62·15H2O (0.10mM, 490mg), Cu(NO3)2 (0.99mM, 180mg), pz
(0.67mM, 60mg), and 2,2′–bipy (0.7mM, 96mg) was dissolved in 25mL of distilled
water at room temperature. The resulting suspension was stirred for 30min, then sealed in
an 30-mL Teflon-lined reactor and heated at 160 °C for 3 days. The autoclave was cooled
to room temperature. Blue black crystals were filtered, washed with water, and dried at
room temperature (Yield 60%, based on W). Anal. Calcd for C52H48Cu4N14O67P2W18

(5566.28): C, 11.21; H, 0.86; N, 3.52; Cu, 4.55; P, 1.11; W, 59.45%. Elemental analysis:
found: C, 11.20; H, 0.84; N, 3.55; Cu, 4.56; P, 1.12; W, 59.46%.

2.3. X-ray crystallography

Single-crystal X-ray data of 1 were collected on a Bruker SMART CCD diffractometer
equipped with graphite-monochromated Mo-Kα radiation (λ = 0.71073Å). The structure
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was solved by direct methods and refined by full-matrix least-squares on F2 using the
SHELXTL-97 package [38, 39]. All non-hydrogen atoms were refined anisotropically.
Hydrogens on carbon and nitrogen were included at calculated positions and refined with
a riding model. The crystal data and refinement parameters of 1 are summarized in table 1.
Selected bond lengths and angles are listed in table S1.

3. Results and discussion

3.1. Crystal structure of [{Cu2(2,2′–bipy)2(pz)(gly)}2P2W18O62]·H2O

Single-crystal X-ray diffraction analysis shows that 1 consists of a mixed ligand cation
{Cu2(2,2′–bipy)2(pz)(gly)}2

6+, a polyoxoanion [P2W18O62]
6� (simplified as P2W18) and a

lattice water. The basic building unit Wells–Dawson polyoxoanion, which is made up of
two [a-PW9O31]

3� units linked through corner-sharing with elimination of six oxygens,
contains only two structurally distinct types of tungsten (6 polar and 12 equatorial) and
has the point group symmetry D3h. Bond valence sum calculations indicate that all tung-
stens are in the +VI oxidation state. All W exhibit a {WO6} octahedral environment and
W–O distances are 1.687(16)–1.729(18)Å for terminal oxygens, 1.876(16)–1.987(16)Å
for u2-bridging oxygens and 2.329(16)–2.410(15)Å for u3-bridging oxygens, in the normal
ranges [40, 41]. {Cu2(2,2′–bipy)2(pz)(gly)}2

6+ is coordinated by three ligands, 2,2′–bipy,
pz and gly, in which the gly was formed in situ (figure 1), generated from a POMs-medi-
ated reaction through simultaneous dehydrogenative coupling and hydroxylation of
pyrazine (scheme 1).

In {Cu2(2,2′–bipy)2(pz)(gly)}2
6+, there are two pairs of crystallographically identical

coppers segregated to two pairs of centrosymmetric positions. All coppers are + 2 oxidation

Table 1. Crystal data and structure refinement for 1.

Empirical formula C52H48Cu4N14O67P2W18

Formula weight 5566.28
Temperature/K 273(2)
Crystal system Monoclinic
Space group P n
a (Å) 13.4789(13)
b (Å) 22.551(2)
c (Å) 16.4302(16)
α (°) 90.00
β (°) 104.6120(10)
γ (°) 90.00
V (Å3) 4832.6(8)
Z 2
μ (mm�1) 22.324
F (0 0 0) 4944.0
h Range (°) 2.39–28.27
Reflections 23,934/5126
Collected/unique [R(int) = 0.0473]
GOF on F2 1.030
R1 (I > 2σ(I))a R1= 0.0525
wR2 (all data)

b 0.1159

aR=∑ ||Fo| – |Fc||/∑ | Fo|.
bRw= {∑w[(Fo)

2� (Fc)
2]2/∑w[(Fo)

2]2}1/2.

{P2W18} Polyoxometalate 1305
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state, consistent with valence sum calculations and coordination environments, and each is
five-coordinate with square pyramid geometry; Cu1 and Cu3 are five-coordinate with two
nitrogens from 2,2′–bipy, an oxygen from glycine, a nitrogen from pyrazine and a terminal
oxygen located in the equatorial site of [P2W18O62]

6� , while Cu2 and Cu4 are five-coor-
dinate with two N from 2,2′–bipy, a nitrogen from pyrazine and an oxygen and nitrogen
from glycine. The Cu–O distances are 1.96(2) – 1.998(14) Å and Cu–N lengths are 1.97(2)
– 2.04(2) [42–44]. Glycine, which is synthesized from pyrazine, is formed at central
positions linking coppers. In 1, {P2W18O62}

6� polyanions are bidentate connecting two
coppers [45] (see figure S1).

The four metal centers are linked by four μ-O, two μ-N and four μ3-N bridges to form
tetranuclear complexes with a quadrate hole composed of four coppers, two pyrazines, and
two glycines. The pz and glycine as bridging linkers connect adjacent Cu ions to form a
mixedligand {Cu2(pz)(gly)}2 ring.

Each Wells–Dawson cluster is connected to two adjacent copper-organic complexes to
form infinite 1-D chains via two Cu–O bonds between equatorial terminal O of polyanion
and copper (Cu1–O27 = 2.218(16), Cu3–O54 = 2.293(16)). The tetranuclear complexes are
counter-charge ions and also link the Wells-Dawson cluster to form ABAB-type structure
(figure 2). Thus, 1-D chains are linked by Cu2 and Cu4 to achieve a 2-D layer. Another

Figure 1. Combined polyhedral and ball-stick representation of the structure unit of {Cu2(2,2′–bipy)2(pz)(gly)}2
6+.

Scheme 1. In situ generation of glycine from pyrazine ligands.
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remarkable aspect of 1 is that these 2-D layers are further extended by P2W18 via
connecting the O(20)/O(46) to form 3-D frames. The distances of these weak interactions
are: Cu4…O41 2.854(16)Å, Cu2…O29 2.807(12) Å, O20…O46 3.032Å (see figure 3)
[46–48]. These adjacent 2-D layers and 3-D frames are further supported by supramolecu-
lar interactions (see figure S2).

3.2. IR spectrum

In the IR spectrum of 1, there are four characteristic peaks of POMs, 1190 cm�1 ascribed
to ν(P-Oa), 950 cm�1 ascribed to ν(W–Ot), 869 cm�1 ascribed to ν(W–Ob–W) and
799 cm�1 ascribed to ν(W–Oc–W), showing that the title polyoxoanion still retains
Dawson-type structure [49]. Bands from 1459 to 1630 cm�1 are characteristic of pyrazine,
glycine, and 2,2′–bipy (see figure S3).

3.3. TG analysis

Thermal gravimetric curve of 1 is shown in figure S4 with four weight loss processes. The
first (0.32%) from 0 to 250 °C is attributed to loss of one lattice water (Calcd: 0.32%).

Figure 2. View of the 1D chain of 1 constructed by POMs and {Cu2(2,2′–bipy)2(pz)(gly)}2
6+.

Figure 3. View of the 2D frame of 1.

{P2W18} Polyoxometalate 1307
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The second (2.69%) from 250 to 300 °C is in accord with the removal of two glycines
(Calcd: 2.70%). The third weight loss (2.88%) from 300 to 500 °C is equivalent to the loss
of the two pz (Calcd: 2.89%). The fourth (11.12%) from 500 to 800 °C is attributed to the
loss of four 2,2′–bipy (Calcd: 11.22%). The final residual substance is P2W18O62.

3.4. Voltammetric behavior of 1-CPE

Compound 1 is insoluble in water and most organic solvents. Thus, 1-bulk-modified
carbon paste electrode (1-CPE) was fabricated as the working electrode to study redox
properties. The electrochemical studies of 1-CPE were carried out in 1M H2SO4 at differ-
ent scan rates. Figure 4 shows the cyclic voltammogram of 1-CPE from �0.8 to 0.6V.
The fourth oxidation peak (IV) at 210mV (20mV s�1) is attributed to redox processes of
the Cu(II). Three reversible redox waves are obtained with half-wave potentials (E1/2) of
�140(III–III′), �360(II–II′), and �600(I–I′) mV (20mVs�1), where E1/2 = (Epc +Epa)/2 Epc

and Epa are the cathodic and anodic peak-potentials, respectively. The redox peaks, I–I′,
II–II′, and III–III′ correspond to three consecutive two-electron processes of W [50]. When
scan rates were varied from 20 to 140mV s�1 for 1-CPE, the peak potentials change
gradually with the corresponding anodic peak potentials to the positive direction and the
cathodic peak potentials to the negative direction. Peak-to-peak separations between the
corresponding cathodic and anodic peaks increase, but the average peak potentials do not
change [51, 52]. The cyclic voltammetry measurements indicate that 1 retains the redox
properties of the parent polyanion.

3.5. Electrocatalytic activity of CPE for reduction of H2O2

Figure S5 shows the cyclic voltammograms of 1-CPE in 1M H2SO4 aqueous solution in
the absence and presence of H2O2. With the addition of hydrogen peroxide, for the redox

Figure 4. The cyclic voltammograms of 1-CPE in 1M H2SO4 at different scan rates (from inner to outer: 20,
50, 80, 110 and 140mV s�1).
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couples at �0.52V, cathodic peak currents increased, while the corresponding anodic peak
currents decreased; the other two cathodic peak currents of 1-CPE redox couple were
almost unchanged, suggesting that H2O2 is mainly reduced by the six-electron-reduced
species of P2W18 polyanion [53–55]. 1-CPEs exhibit electrocatalytic activity toward the
reduction of H2O2.

4. Conclusions

We have synthesized a 1-D chain based on saturated Wells–Dawson POMs and
tetranuclear copper units under hydrothermal conditions. Compound 1 represents the first
Wells–Dawson-type chain linked by tetranuclear TMC subunits with mixed ligands. The
copper complex consists of three ligands and has a quadrate hole with Cu, pyrazine, and
glycine. Electrochemical analysis shows that 1-CPE displays good electrocatalytic activity
to reduce hydrogen peroxide. The synthesis of 1 may provide a new model for the
construction of POM-based TMCs.

Supplementary material

CCDC 830810 contains the Supplementary material.doc for this article. Copy of the data
can be obtained free of charge on application to CCDC, 12 Union Road, Cambridge CB2
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