
This article was downloaded by: [Renmin University of China]
On: 13 October 2013, At: 10:34
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gcoo20

Synthesis and characterization of a
coplanar-shaped hexa-CuII sandwiched
arsenotungstate
Jiai Hua a b , Suzhi Li a b , Xiang Ma a b , Pengtao Ma a b , Jingping
Wang a b & Jingyang Niu a b
a Institute of Molecular and Crystal Engineering, College of
Chemistry and Chemical Engineering , Henan University , Kaifeng
475004 , P.R. China
b Basic Experimental Teaching Center , Henan University , Kaifeng
475004 , P.R. China
Published online: 23 Apr 2012.

To cite this article: Jiai Hua , Suzhi Li , Xiang Ma , Pengtao Ma , Jingping Wang & Jingyang Niu
(2012) Synthesis and characterization of a coplanar-shaped hexa-CuII sandwiched arsenotungstate,
Journal of Coordination Chemistry, 65:10, 1740-1749, DOI: 10.1080/00958972.2012.680210

To link to this article:  http://dx.doi.org/10.1080/00958972.2012.680210

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &

http://www.tandfonline.com/loi/gcoo20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00958972.2012.680210
http://dx.doi.org/10.1080/00958972.2012.680210


Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
0:

34
 1

3 
O

ct
ob

er
 2

01
3 

http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Journal of Coordination Chemistry
Vol. 65, No. 10, 20 May 2012, 1740–1749

Synthesis and characterization of a coplanar-shaped

hexa-CuII sandwiched arsenotungstate

JIAI HUAyz, SUZHI LIyz, XIANG MAyz, PENGTAO MAyz,
JINGPING WANGyz* and JINGYANG NIUyz*

yInstitute of Molecular and Crystal Engineering, College of Chemistry and Chemical
Engineering, Henan University, Kaifeng 475004, P.R. China

zBasic Experimental Teaching Center, Henan University, Kaifeng 475004, P.R. China

(Received 19 December 2011; in final form 28 February 2012)

An organic–inorganic coplanar-shaped hexa-CuII sandwiched hybrid, (H2en){[Cu(en)2]2
[Cu2(en)2Cu4(H2O)2](B-�-AsW9O34)2} � 5H2O (en¼ ethylenediamine) (1), has been synthesized
via hydrothermal method and further characterized by IR spectroscopy, thermogravimetric
analysis, and X-ray single-crystal diffraction. Single-crystal X-ray diffraction analysis shows
that 1 contains an organic–inorganic hybrid polyoxoanion {Cu2(en)2Cu4(H2O)2(B-�-
AsW9O34)2}

6�, which can be described as a coplanar-shaped hexa-CuII cluster sandwiched
by two trivacant [B-�-AsW9O34]

9� fragments. Complex 1 represents a rare organic–inorganic
coplanar-shaped hexa-CuII cluster sandwiched arsenotungstate. Magnetic susceptibility mea-
surements indicate that 1 demonstrates ferromagnetic coupling interactions within the CuII

centers.

Keywords: Polyoxometalates; Arsenotungstate; Sandwich-type; Coplanar-shaped hexa-CuII

1. Introduction

Polyoxometalates (POMs), a large and distinct class of metal-oxygen clusters, with
various compositions, fascinating structures, and remarkable physicochemical proper-
ties, have received substantial attention because of potential applications in catalysis,
materials science, medicine, and electrochemistry [1–5]. As one subfamily of POMs,
transition-metal-substituted polyoxometalates (TMSPs) exhibit promising catalytic
properties due to the incorporation of TMs with POMs [6, 7]. Within this class,
sandwich-type TMSPs represent an important domain and high-nuclearity transition-
metal (TM) clusters have attracted interest in solid-state materials chemistry because of
applications in photochemistry, catalysis, and magnetism [8–16]. Among the sandwich-
type POMs, pure inorganic di- to penta-TM substituted POMs predominate,
[{SiM2W9O34(H2O)}2]

12� (M¼MnII/CuII/ZnII) [17], [(�-XW9O33)2M3(H2O)3]
n�

(M¼CuII/ZnII/MnII/CoII; X¼AsIII/SbIII/SeIV/TeIV) [18, 19], [Fe4(H2O)10(�-
XW9O33)2]

n� (X¼AsIII/SbIII/SeIV/TeIV) [20], [(n-C4H9)4N]11H5[Cu4(P2W15O56)2] [21],
and [Cu5(OH)4(H2O)2(A-�-SiW9O33)2]

10� [22] as well as

*Corresponding authors. Email: jpwang@henu.edu.cn; jyniu@henu.edu.cn

Journal of Coordination Chemistry

ISSN 0095-8972 print/ISSN 1029-0389 online � 2012 Taylor & Francis

http://dx.doi.org/10.1080/00958972.2012.680210

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
0:

34
 1

3 
O

ct
ob

er
 2

01
3 



K3H4Cu0.5{Cu[Cu7.5Si2W16O60(H2O)4(OH)4]2} � 9H2O [23]. Compared with inorganic

sandwich-type TMSPs, investigations of hexa-TM substituted sandwich-type POMs

remain largely unexplored. Since Kortz et al. reported the first hexa-FeIII sandwiched

germanotungstate [Fe6(OH)3(A-�-GeW9O34(OH)3)2]
11� in 2005 [24], several hexa-TM

sandwiched POMs have been obtained, such as [(CuCl)6(AsW9O33)2]
12�,

[(MnCl)6(SbW9O33)2]
12� [25], [{Ni6(H2O)4(�2-H2O)4(�3-OH)2}(�-SiW9O34)2]

10� [26],

and [Cu(enMe)2]2{[Cu(enMe)2(H2O)]2[Cu6(enMe)2(B-�-SiW9O34)2]} � 4H2O [27]. In

2008, our group also synthesized two hexa-TM sandwiched POMs, [Cu(2,20-

bipy)]2[Cu(2,2
0-bipy)2]2[Cu6(2,2

0-bipy)2(GeW9O34)2] � 3H2O, and (Cuphen)2[Cu(phen)2]2
[Cu6phen2(GeW9O34)2] � 2H2O [28]. Obviously the highest nuclear TM-sandwiched

POMs are mainly constructed by [GeW9O34]
10� or [SiW9O34]

10� building blocks;

reports on arsenotungstates (ATs) are limited although ATs are an important subfamily

possessing enormous diversity of properties and structures in POM chemistry.

Previously reported hexa-nuclear ATs are purely inorganic and synthesized by a

conventional aqueous solution method, which provides a good opportunity to exploit

the {As–O–W} system simultaneously containing organic and inorganic components

under hydrothermal conditions. To obtain organic–inorganic hybrid high-nuclear ATs,

we investigate the hydrothermal behavior of the {As–O–W} system with organic

components. Even small amounts of organic components can influence the structures of

the resulting products. By making full use of ethylenediamine (en), recently we

synthesized an organic–inorganic hybrid hexa-nuclear Zn substituted AT [Zn(Hen)]6
[B-�-AsW9O33]2 � 6H2O [29]. As a continuation of our work, herein, we report a hexa-

CuII cluster sandwiched hybrid (H2en){[Cu(en)2]2[Cu2(en)2Cu4(H2O)2](B-�AsW9O34)2} �

5H2O (en¼ ethylenediamine) (1), which represents a rare coplanar-shaped hexa-CuII

substituted sandwich-type organic–inorganic AT.

2. Experimental

Na9[�-AsW9O33] � 19H2O was prepared according to the literature [30] and confirmed

by infrared (IR) spectra. All other chemicals used for synthesis were of reagent grade

and used without purification.

2.1. Preparation of (H2en){[Cu2(en)2]2[Cu2(en)2 Cu4(H2O)2]
(B-�-AsW9O34)2} . 5H2O

A mixture of Na9[�-AsW9O33] � 19H2O (0.111 g, 0.0397mmol), Cu(NO3)2 � 2H2O

(0.096 g, 0.397mmol), en (0.036mL, 0.538mmol), C2H5OH (0.036mL, 0.538mmol),

DMF (0.017mL, 0.221mmol), and 12mL H2O was stirred for an hour in air. The pH of

the mixture was adjusted to 3.4–3.9 with 4mol L�1 HCl, and then the mixture was

sealed in a 20mL Teflon-lined stainless steel autoclave and heated at 150�C for 3 days

under autogenous pressure. After slowly cooling to ambient temperature, purple

crystals were isolated, washed with distilled water, and dried at ambient temperature

(14% yield based on Na9[�-AsW9O33] � 19H2O).

CuII sandwiched arsenotungstate 1741
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2.2. Physical measurements

IR spectra were obtained from KBr pellets on a Nicolet 170 SXFT-IR spectro-
photometer from 4000 cm�1 to 400 cm�1. Thermogravimetric (TG) analyses were
conducted on a Mettler-Toledo TGA/SDTA 851e thermal analyzer in Fowing air with a
heating rate of 10�Cmin�1 from 25�C to 800�C. Magnetic susceptibility measurements
were obtained with a Quantum Design MPMS-XL7 SQUID magnetometer from 2K to
300K.

2.3. X-ray crystallography

Intensity data of 1 were collected on a Bruker Apex-2 CCD detector using graphite
monochromated Mo-Ka radiation (�¼ 0.71073 Å) at 296K. Both structures were
solved by direct methods and refined using full-matrix least-squares on F2. The
remaining atoms were found from successive full-matrix least-squares refinements on F2

and Fourier syntheses. All calculations were performed using the SHELXL-97 program
package [31]. Intensity data were corrected for Lorentz and polarization effects as well
as for multi-scan absorption. No hydrogen atoms associated with water were located
from the difference Fourier map. Positions of hydrogen atoms attached to carbon and
nitrogen were geometrically placed. All hydrogen atoms were refined isotropically as a
riding mode using the default SHELXTL parameters. A summary of crystal data and
structure refinements for 1 is listed in table 1.

Table 1. Crystallographic data and structural refinements for 1.

1

Empirical formula C14H72As2Cu8N14O75W18

Formula weight 5604.32

Temperature (K) 296(2)

Crystal system Monoclinic

Space group P2(1)/c

Unit cell dimensions (Å, �)

a 11.8365(19)

b 33.122(5)

c 12.232(2)

� 108.931(3)

Volume (Å3), Z 4536.3(13), 2

Calculated density (g cm�3) 4.103

Absorption coefficient (mm�1) 25.377

F(000) 4968

Crystal size (mm3) 0.48� 0.16� 0.04

� range for data collection (�) 1.82–25.00

Limiting indices Z14� h� 12;

Z39� k� 26;

Z14� l� 14

Reflections collected 22,772

Independent reflection 7965 [R(int)¼ 0.0585]

Refinement method Full-matrix least-squares on F2

Goodness-of-fit on F2 1.032

Final R indices [I4 2�(I)] R1 ¼ 0.0491, wR2 ¼ 0.1134

1742 J. Hua et al.
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3. Results and discussion

3.1. Synthesis

Compound 1 was synthesized from [�-AsW9O33]
9�, but the product contains

[�-AsW9O34]
9�, indicating that during the reaction oxidization of [�-AsW9O33]

9–
!

[�-AsW9O34]
9� occurred when the system temperature was heated to 150�C. However,

when we used Na2WO4 � 2H2O and NaAsO2 to replace [B-�-AsW9O33]
9– in the presence

of Cu(NO3)2 � 2H2O and en under similar conditions to 1, we failed to obtain 1.
Compared with [H2dap]6H8[Ni4(H2O)2(B-�AsW9O34)2]2 � 33H2O or {[Ni(dap)2(H2O)]2
[Ni(dap)2]2[Ni4(Hdap)2(B-�-AsW9O34)2]} � 4H2O [32] and [Ni(en)2]2[{Ni3(en)6(H2O)2
Ni4(H2O)2(�-PW9O34)2}] � 7H2O which were synthesized with Na8[A-�-
HAsW9O34] � 11H2O or Na9[�-PW9O34] � 16H2O [15] and TMs as reactants, where we
only obtain tetra-TM substituted sandwich-type POMs, oxidization of [�-AsW9O33]

9�

may promote formation of the high-nuclear TM cluster [29]. Appropriate pH is the key
factor. To investigate the effect of pH on the final products, a series of parallel
experiments were carried out; 1 was obtained in the pH range of 3.4–3.9. When the pH
was beyond this range, only amorphous powers were obtained, indicating that pH plays
an important role in isolation and crystallization of 1. When Cu2þ was replaced by Ni2þ

or Co2þ, we also got amorphous powers. It is obvious that many factors such as
temperature, As-containing materials, pH and TM influence the type of building blocks
and the amount of TM incorporated into the core of the sandwich-type compounds.
Therefore, further investigation is in progress.

3.2. Crystal structures of 1

The single-crystal X-ray diffraction analysis reveals that 1 crystallizes in the monoclinic
space group P2(1)/c and its molecular structure unit contains one Cu6-substituted
sandwich-type polyoxoanion {Cu2(en)2Cu4(H2O)2(B-�-AsW9O34)2}

6� (figure 1a), one
isolated (H2en)

2þ as counter ion, two pendant [Cu(en)2]
2þ cations, and five crystalli-

zation water molecules. The Cu6-substituted sandwich-type polyoxoanion
{Cu2(en)2Cu4(H2O)2(B-�-AsW9O34)2}

6� is constructed from a coplanar hexa-CuII

{Cu2(en)2Cu4(H2O)2} ({Cu6}) cluster (figure 1b) sandwiched by two trivacant Keggin
[B-�-AsW9O34]

9� units (figure 1c) (formed by removing three edge-sharing WO6

octahedra belonging to one edge-sharing W3O13 triad from saturated Keggin structure)
in a staggered configuration, resulting in a rare bi-TM-supported sandwich-type
structure with idealized Ci symmetry. There are three kinds of oxygen atoms in the
trivacant Keggin [B-�-AsW9O34]

9� subunit: W–Ot (terminal) 1.693(11)–1.719(11) Å,
W–Ob,c (bridge) 1.772(11)–2.063(11) Å, W–Oa (central) 2.334(10)–2.371(11) Å, and
As–O 1.658(9)–1.693(11) Å. The hexa-CuII {Cu2(en)2Cu4(H2O)2} cluster in 1 represents
a rare hexa-CuII cluster sandwiched by two [B-�-AsW9O34]

9� fragments via 14 bridging
oxygen atoms from lacunae of two [B-�-AsW9O34]

9� units, two �4-O from two AsO4

tetrahedra and 12�2-O from 12 WO6 octahedra. In the central {Cu6} cluster of 1, Cu1,
Cu2, and Cu3 form a {Cu6} cluster by the structure-directing role of lacunary sites of
two [B-�-AsW9O34]

9� units, six Cu2þ exhibit three kinds of coordination environments.
Both Cu1 and Cu2 form two distorted octahedral coordination configurations
(Cu–OPOM: 1.973(10)–2.210(9) Å, Cu–OW: 2.091(11) Å), which are just located
at the four vacant sites of two [B-�-AsW9O34]

9� moieties to form a sandwich

CuII sandwiched arsenotungstate 1743
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[Cu4(B-�-AsW9O34)2]
12� fragment. The independent Cu1 and Cu2 ions exhibit

different coordination environments. Cu1 is coordinated by six oxygen atoms from
two [B-�-AsW9O34]

9� fragments, whereas Cu2 is defined by five oxygen atoms from
two [B-�-AsW9O34]

9� units and one H2O (figure 1d), different from previously reported
hexa-TM clusters [27]. Cu3 adopts a distorted square-pyramidal geometry defined by
two nitrogen atoms from an en (Cu–N: 1.963(15)–2.013(14)) Å) and three oxygen atoms
(Cu–OPOM: 1.947(10)–2.421(11) Å) from two [B-�-AsW9O34]

9� units. In the skeleton of
1, as a result of Jahn–Teller distortion, the five-coordinate Cu4 adopts a distorted
square-pyramidal geometry, with four nitrogen atoms from two en [Cu–N: 1.971(17)–
2.015(16) Å] and one bridging oxygen [Cu–O: 2.641 Å] from the POM backbone
situated on the basal plane.

Only four kinds of organic–inorganic hybrid hexa-TM cluster sandwiched POMs
have been reported. As shown in figure 2, although the coplanar hexa-CuII cluster
(figure 2a) in 1 is similar to the reported hexa-CuII {[Cu(enMe)]2Cu4O14} cluster in
[Cu(enMe)2]2{[Cu(enMe)2(H2O)]2[Cu6(enMe)2(B-�-SiW9O34)2]} � 4H2O [27] (figure 2b),
two essential differences are observed: (a) the hexa-CuII cluster in 1 contains four CuO6

octahedra and two CuO3N2 square pyramids via edge-sharing mode. However, the
hexa-CuII {[Cu(enMe)]2Cu4O14} cluster is constructed from two CuO6 octahedra, two
CuO5, and two CuO3N2 square pyramids; (b) the POM backbone in 1 is AT, whereas
the latter is silicotungstate. This hexa-CuII cluster in 1 represents a rare organic–
inorganic hybrid ATs in the family of sandwich-type TMSPs. Very recently, our lab
reported a hexa-CuII [Cu4(H2O)4Cu2(phen)2]

12þ cluster sandwiched AT [Cu2(phen)2
(�ox)]{[Cu(phen)(H2O)2][Cu4(H2O)4Cu2(phen)2(AsW9O33)2]} � 6H2O [33], which

Figure 1. (a) Combined polyhedral/ball-and-stick representation of 1. Lattice molecules are omitted for
clarity. (b) Ball-and-stick view of {Cu2(en)2Cu4(H2O)2}

12þ. (c) Polyhedral view of the [B-�-AsW9O34]
9�

fragment. (d) The coordination environment around Cu2. Color code: WO6 octahedra: green; As: teal; Cu:
turquoise; N: blue; O: red; C: black.

1744 J. Hua et al.
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exhibits a hexa-CuII cluster (figure 2c): the alternate arrangement of two five-coordinate
Cu2þ ions and a six-coordinate Cu2þ forms a coplanar six-member ring. In 2011, the
organic–inorganic hexa-nuclear Zn substituted AT [Zn(Hen)]6[B-�-AsW9O33]2 � 6H2O
[29] was reported by us, in which the hexa-Zn cluster in the sandwich displays a turbine-
shaped alignment with end-on coordination of en (figure 2d).

3.3. IR spectrum

The IR spectrum of 1 (Supplementary material) shows similar asymmetric vibrations to
other [B-�-AsW9O34]

9�-containing species [34]. In the low-wavenumber region, four
characteristic bands assigned to the v(W–Ot), v(As–Oa), v(W–Ob), and v(W–Oc) appear
at 953, 879, 857, and 737 cm�1, respectively, indicating the presence of polyoxoanions.
In addition, characteristic bands at 3151–3317 cm�1 are ascribed to stretching
vibrations of N–H which confirms the presence of en. Vibration at 3493 cm�1 can be
assigned to –OH stretch. The IR spectrum is in good agreement with the result of X-ray
diffraction structural analysis.

3.4. TG analysis

The TG curve of 1 (Supplementary material) exhibits two steps of weight loss from
25�C to 600�C. The first step occurs from 25�C to 125�C, corresponding to loss of five
crystallization water molecules (1.65%) in agreement with the calculated value (1.60%).
The second weight loss of 12.21% from 125�C to 490�C can be assigned to loss of seven
en ligands, two coordination water molecules, partial As2O3, and oxygen from
decomposition of two [B-�-AsW9O34]

9� fragments (Calcd 12.44%) [35, 36]. The whole
weight loss (13.86%) is consistent with the calculated value (14.04%).

Figure 2. Comparison of ball-and-stick illustrations of some representative inorganic–organic hybrid hexa-
TM clusters.

CuII sandwiched arsenotungstate 1745
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3.5. Magnetic property

The nonmagnetic polyoxoanion framework not only guarantees effective magnetic
isolation of the TM cluster, providing good opportunity to investigate magnetic
exchange interactions and electron delocalization, but can also control the magnitude of
magnetic couplings [37, 38]. Since 1 incorporates hexa-CuII cluster sandwiched by
nonmagnetic fragments, it is exciting to probe its magnetic properties, thus, the solid
state direct-current magnetic susceptibility of 1 has been measured on polycrystalline
samples from 2K to 300K. The magnetic data for 1 are plotted in figure 3 as �M and
�MT versus T. The temperature dependence of �M shows a slight increase from 0.010 to
0.099 emumol�1 from 300K to 40K and then exponentially reaches the maximum
value of 1.729 emumol�1 at 2K. Correspondingly, the �MT of 2.93 emu K mol�1 at
300K is consistent with the theoretical value (3.00 emuKmol�1) expected for eight
noninteracting CuII cations (S¼ 1/2) in 1 supposing g¼ 2. Upon cooling, the value of
�MT increases to the maximum value of 4.549 emuKmol�1 at 7K. Further decrease in
the temperature results in a decrease in the �MT product, which takes the value of
4.478 emuKmol�1 at 2K. This behavior agrees with the presence of dominant
ferromagnetic exchange interactions within the belt-like hexa-CuII clusters mediated by
the oxygen bridges. The dependence of the reciprocal susceptibility data is well fitted by
Curie–Weiss expression [�M¼C/(T – �) with C¼ 2.924 emuKmol�1, �¼ 25.5K]
(figure 4), which consolidates the presence of overall ferromagnetic coupling within
copper centers. In addition, a sudden decline of �MT below 25K may be attributed to
weak intermolecular interactions and/or antiferromagnetic interactions [11, 27].

In view of the structure and connection motif of coppers in 1, the overall
ferromagnetic exchange interactions occur in the belt-like {Cu6} cluster in the sandwich
belt constructed from Cu1, Cu2, Cu3, Cu1A, Cu2A, and Cu3A cores. Similar dominant
ferromagnetic coupling interactions have been reported previously in [Cu(en)2]2
[Cu(deta)(H2O)]2[Cu6(en)2(H2O)2(B-�GeW9O34)2] � 6H2O [11] and {[Cu(enMe)2
(H2O)]2[Cu6(enMe)2(B-�-SiW9O34)2]} � 4H2O [27]. Previous research suggests that
the nature and strength of the magnetic exchange interactions are mainly affected by
Cu–O–Cu bond angles. The classical viewpoint on the relationship between the

Figure 3. Temperature dependence of the molar magnetic susceptibility �M (g) and the �MT (�) product for
1 between 2K and 300K.

1746 J. Hua et al.
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magnetic coupling constants and Cu–O–Cu bond angles illustrate that the coupling is
antiferromagnetic for angles higher than 98� whereas it is ferromagnetic for those lower
than 98� [39–41]. Although the Cu–O–Cu bond angles in 1 are 78.3(5)–100.0(4)�, the
number of Cu–O–Cu bond angles lower than 98� are more than the ones higher than
98�. Therefore, the overall ferromagnetic coupling within Cu centers should be expected
and the continuous increase in �MT on decreasing temperature confirms the point
before 6K. Ferromagnetic exchange interactions of multi-copper substituted POMs

have been already observed in previous studies [10, 25, 42]. For example, the
ferromagnetic hexa-Cu sandwiched POM polyoxoanion [(CuCl)6(AsW9O33)2]

12� has
been reported by Yamase et al. [25]. The predominant ferromagnetic exchange
interactions in octa-CuII substituted POMs [Cu(H2O)2]H2[Cu8(dap)4(H2O)2(B-
�XW9O34)2] (X¼ SiIV, GeIV) [10] and H4[Cu8(dap)4(H2O)2(B-�-GeW9O34)2] � 13H2O
have been reported by Zhao et al. [42].

4. Conclusion

A coplanar-shaped hexa-CuII cluster sandwiched AT, which contains the largest
number known of paramagnetic TMs of all sandwiched AT, has been hydrother-
mally synthesized and structurally characterized. The preparation provides oppor-
tunities and guidance in designing and creating multi-dimensional hybrid POM
materials by structural transition of lacunary AT. The synthesis of 1 not only
enriches the diversity of sandwich-type TMSPs chemistry, but also shows that
hydrothermal technique offers an effective way for making high-nuclearity TMSPs

based on lacunary polyoxoanions. Further work in this area will focus on making
other high-nuclear metal cluster aggregations. We believe that much more inorganic–
inorganic high-nuclear TMSPs will be investigated in due time; pertinent work is
under way in our laboratory.

Figure 4. Temperature evolution of the inverse magnetic susceptibility ��1M for 1 between 2K and 300K.
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Supplementary material

CCDC 851928 for 1 contains the supplementary crystallographic data for this article.
These data can be obtained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.
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