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ABSTRACT: By reaction of [As,W,404(H,0)]**", NiCl,-6H,0, and phen
under hydrothermal conditions, a new organic—inorganic tungstoarsenate
hybrid [Ni(phen);],[As,W;30¢0]{[Ni(phen),]|[H,As,W;30¢0]}-12H,O (where
phen 1,10-phenanthroline) (1) was obtained via self-assembly and
characterized by elemental analysis, infrared (IR) spectroscopy, solid UV—vis
absorption spectrum, and single-crystal X-ray diffraction (XRD). An
unprecedented 18-tungstoarsenate Dawson cluster, f-[W 3O5,(AsO;),]%,
encapsulating two pyramidal arsenite AsO;>~ anions as templates and exhibiting
interesting intramolecular As-:-As interaction is first achieved. 1 displays a one-
dimensional (1D) chain architecture constructed by alternating f-
[W15054(As05),]% and nickel(II) complexes [Ni(phen),)]*". The resulting
hybrid can act as a photocatalyst to prompt the degradation of Rhodamine B

gmpossible?

=

NO!

F[W13054(As05),]*

(RhB) with excellent efficiency.

[As,W,04,(H,0)]'*

B INTRODUCTION

Polyoxometalates (POMs) are a large family of well-known
polynuclear metal-oxo clusters consisting of Group V and VI
metals (M = W, Mo, V, Nb, etc.) in their highest oxidation
states with an unmatched structure variety, which can be finely
tuned by choice of constituent elements and countercations."
In recent years, POM:s have attracted great attention to material
chemistry and displayed potential applications in catalysis,
because of their thermal and oxidative stability, redox
potentials, (multi)electron-transfer properties, acidities, and
solubilities.>™> Besides the best known Keggin POMs, Well—
Dawson structures representing the very notable and stable
subset of POM-based clusters have received extensive develop-
ment since their initial discovery 60 years ago.’”® Well—
Dawson structures can be classified into two types: the
conventional Dawson-type POMs [M;505,(X0,),]"” (where
M = Mo, W, and X is a main-group element) incorporate two
tetrahedral anions such as PO,~° As0,*7,'° SO.2" or
ClO,."* Compared to the abundant reported conventional
Dawson-type POMs, only a few examples of unconventional
Dawson clusters hosting nontetrahedral anions, such as a
ditetrahedral anion P,O,*" (two tetrahedral sharing one corner,
as in (Bu,N),[Mo;504,(P,0,)]),"* a trigonal-prismatic anion
10 or TeOL (as in [H;W,3054(X04)]7),'" or a
pyramidal BiO;*~ or AsO;*~ (a single unit in the cluster and
two protons occupy the heteroatomic vacant site, as in
[W15054(As03)(H),05]77).'

A survey of the available literatures shows that it is difficult to
incorporate two pyramidal XO;*~ in each cluster simulta-
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neously, presumably because two lone pairs of two heteroatoms
would point toward each other, thus preventing such an
association (X,Wy,)."*~"” However, Cronin and co-workers
reported a new family of Dawson-type 18-molybdosulfites and
tungstosulfites that encapsulate two pyramidal sulfite SO~
anions as the central cluster templates which exhibit interesting
intramolecular S--S interactions.'® Inspired by the above
excellent work, we expect to introduce a new unconventional
Dawson cluster incorporating two pyramidal AsO;>~, because
arsenite is analogous to sulfite and inclined to form chemical
bonds between atoms. This type of phenomenon commonly
exists in inorganic compounds, such as skutterudite As,>~ (with
an As--As bond of 3.14 A) and realgar As,S, (with an As—As
bond of 2.45 A)."”?° We envisioned that the unconventional
Dawson cluster incorporating two pyramidal AsO,*” in each
cluster simultaneously may exhibit unprecedented properties
arising from the interesting intramolecular interacation between
the encapsulated sulfite anions, thus providing a new way to
regulate the physical properties of Dawson clusters.

The dilacunary tungstoarsenate(II) [As,W,,04,(H,0)]"*"
(abbreviated as {As,W,,}), which is constructed of B-a-
[AsW,03;]°" units linked together by additional tungsten, is
a potential suitable precursor and may rearrange during the
course of the reaction to get “unexpected” or “unusual”
structural features.”*> We envisioned that the {As,W,,} units
may hold back the [AsW,05;]°” in the rearrangement of the
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reaction to form an unconventional 18-tungstoarsenate Dawson
cluster. In addition, organic groups that have been introduced
can act as structure-stabilizing agents to enhance the stability of
formed organic—inorganic hybrid fragments. More importantly,
the hydrothermal environment is able to make the reaction shift
from the thermodynamic to the kinetic, so that tungstoarsenate
precursor can be rearranged, which provides a necessary
precondition for constructing new fragments. By selecting
{As,W,o} as starting material to react with TM cation in the
organic components under hydrothermal conditions, herein, we
report the design and synthesis of a new organic—inorganic
POM hybrid: [Ni(phen);],[As;W,304,]{[Ni(phen),]-
[H,As,W,3040]}-12H,0, abbreviated as {[Ni(phen),]-
[H,As,W O]} (1). Fortunately, an unconventional 18-
tungstoarsenate Dawson cluster S-[W;304,(AsO;),]¢” (1a)
that encapsulates two pyramidal arsenite AsO;>~ anions as
templates was first obtained (Scheme 1). Similar to the sulfite-

Scheme 1. Synthetic Procedure of 1, Showing the
Rearrangement of Precursor {As,W,,} and the 1D Chain
Architecture Constructed by Alternating f-
[W,5054(As0;),]¢” Anions and Nickel(IT) Complexes

[Ni(phen),)] e
K14[A3,W1404,(H,0)] +NiCl,+ phen

pH=7.9
130°C, 6 days

“Color legend: green, Ni**; gray, C; blue, N; dark red, O; and teal, W.
For the sake of clarity, the H atoms have been omitted.

based Dawson cluster f-[Mo,305,(SO;),]*7,"** a short intra-
molecular As---As interaction between the two anions in the f-
[W,5044(AsO;),]% skeleton is also observed.

B EXPERIMENTAL SECTION

General Methods and Materials. All reagents were of reagent-
grade quality, obtained from commercial sources, and used without
further purification. K;,[As,W;,04,(H,0)]-30H,0 was prepared
according to the literature method.*' Elemental analyses (EA) of C,
H, and N were performed on a Vario ELIIIl elemental analyzer.
Inductively coupled plasma (ICP) analysis was performed on a Jarrel—
Ash Model J-A1100 spectrometer. Powder XRD was obtained on a
Rigaku Model D/Max-2400 X-ray diffractometer with a sealed copper
tube (4 = 1.54178 A). The infrared (IR) spectrum was recorded from
a sample powder pelletized with KBr on a Nicolet Model 170 SXFT-
IR spectrometer over a range of 4000—400 cm™'. Solid UV—vis
absorption spectrum was collected on a Hitachi Model U-4100 UV—
vis spectrometer from 200 to 900 nm with a 60-mm-diameter
integrating sphere at room temperature.

Synthesis of [Ni(phen);],[As,W;s040l{[Ni(phen),[H,As,W,;s0¢0]}
12H,0 (1). A mixture of K;,[As,W,04,(H,0)]-30H,0 (0.5821 g,
0.1 mmol), NiCl,-6H,O (0.1188 g, 0.5 mmol), and phen (0.1264 g,
0.7 mmol) in 10 mL of distilled water was stirred and its pH value was
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adjusted to 7.9 with 1 mol L™" NaOH. The resulting suspension was
sealed in a 25-mL Teflon-lined reactor and maintained at 130 °C for
six days. After cooling the autoclave to room temperature, light green
rodlike single crystals were separated, washed with water, and air-dried
(60% yield, based on {As,W,}). EA and ICP (%) caled for
CesH134A8,NyNicO 1 30Wag: C 17.05, H 1.14, N 3.31, Ni 2.48, As
2.53, W 55.91; Found: C 17.14, H 1.08, N 3.24, Ni 2.58, As 2.47, W
55.83. IR (KBr): v = 3440 (br, s), 1622 (s), 1518 (s), 1430 (s), 1145
(w), 1106 (w), 955 (s), 890 (s), 850 (w), 797 (vs) cm™.

X-ray Crystallographic Analysis. Intensity data for 1 were
collected on a Bruker SMART APEX CCD, diffractometer with
graphite-monochromated Mo Ka (1 = 0.71073 A), using the SMART
and SAINT programs.”** Routine Lorentz polarization and Multiscan
absorption correction were applied to the intensity data. The structure
was determined and the heavy atoms were found via direct methods,
using the SHELXTL-97 program package.”® The remaining atoms
were found from successive full-matrix least-squares refinements on F>
and Fourier syntheses. Except for a few oxygen and carbon atoms,
other non-hydrogen atoms were refined anisotropically. Hydrogen
atoms within the ligand backbones were fixed geometrically at their
positions and allowed to ride on the parent atoms. Crystallographic
data for 1 are summarized in Table 1. Selected atomic coordinates and

Table 1. Crystallographic Data and Structural Refinement
for 1

parameter value

empirical formula
mol wt, M [g mol™']

C1asH 3448, NpsNigO 30Ws6 (1)
11836.86

crystal system monoclinic
space group P2(1)/c

a [A] 17.186(2)
b [A] 33.138(4)
¢ [A] 23.420(3)
f [deg] 106.093(2)
V [A3] 12815(3)
V4 2

Dy [g em™] 3.068

T [K] 296(2)

refl. collected/unique
refl. observed

m [mm™!]

F(000)

limiting indices

65322/22427 [Ryy = 0.0732]
14100
17.045
10628

—20<h<20,-39<k<32-26<1<27

R4 [I > 26(D)] 0.0711
wR,? [I > 26(I)] 0.1835
R (all data) 0.1243
wR,? (all data) 0.2053
diff peak and hole, eA™  4.506/-3.573

aRl —

y = 194.8345 for 1.

DIE = IE])/ ZIFol. "wR, = [Tw(Fy'~ F2)/ (')’ 1% w
=1/[6*(Fy®) + (xP)* + yP], P = (F,® + 2F.*)/3, where x = 0.1109 and

equivalent isotropic displacement parameters are listed in Table S1 in
the Supporting Information. Selected bond lengths and angles of 1 are
listed in Table S2 in the Supporting Information.

Catalysis. The photocatalytic activity of the catalyst 1 was tested
using RhB as the target through the following approach.”® A 5-mL
RhB solution (2 X 107> mol L™, 9.6 mg L™") was added into a quartz
test tube. Then, 10 mg of catalyst 1 was suspended into the RhB
solution and the suspension was ultrasonically dispersed for S min.
The RhB solution was then irradiated under a CHF-XM35—500W
xenon lamp (Beijing Trusttech Co. Ltd., Beijing, PRC) with intense
stirring. The temperature was maintained at 20 °C by the circulation of
cool water. The degradation of RhB was followed by monitoring of the
decrease in absorbance at 544 nm, which is due to the cleavage of the
aromatic ring of the RhB dye. The reaction mixture was withdrawn at
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Figure 1. Ball-and-stick representation of 1 in an asymmetric unit. H atoms and H,0O molecules are omitted for the sake of clarity.

regular intervals to study the progress of the reaction. In a typical
operation, 30 uL of solution was taken out with the help of a
microsyringe and then was injected into 3 mL of a water solution. The
concentration of RhB is calculated by a calibration curve. The
degradation efficiency can be calculated as
C,—C
efficiency (%) = = %100
0

where C, is the initial concentration of RhB and C, is the revised
concentration after given time intervals.

B RESULTS AND DISCUSSION

Synthesis. 1 was hydrothermally synthesized by a mixture
of {As,Wys}, NiCl,-6H,0, and phen in distilled water.
Elemental analysis (EA) and powder XRD indicated the pure
phase of its bulk sample. (See Figure S2 in the Supporting
Information.) The pH value has great influence on the isolation
of product phases in our case. Parallel experiments revealed that
the pH value of the system varied over a range of 7.0-7.9,
which favored the formation of 1. In addition, the organic
ligand and transition-metal cation play great roles in the
formation of product phases. When phen was replaced by dap
(dap = 1,2-diaminopropane), tetra-Ni sandwich-typed [Ni-
(daP)szo]z{[Ni(dap)]2[Niz(dap)zNiz(HASVW9O34)2]}
9H,0 was obtained at pH 6.5.” When the Ni** cation was
replaced by the Cu** cation in the participation of phen at pH
5.5, hexa-Cu sandwich-typed [Cu,(phen),(p-0x)]{[Cu(phen)-
(Hzo)z][Cu4(HzO)4cu2(Phen)2(ASIHW9033)2]}'6H20 was
obtained.”® When the Ni** cation was replaced by the Fe®*
cation in the participation of ethylenediamine (en), another
new S-shaped structure (enH,),[Fe,]{(HAsYWO,)-
[Fe;(H,0)](H;As"W,05,)},-8H,0 was synthesized.”” These
results indicate the {As,W,,} precursor tends to transform to
[B-a-AsWy04,]°7, [a-AsWO0,6]"'", or [B-a-AsW,03;]° frag-
ments under hydrothermal conditions and is favored to
rearrange to new POM fragments for constructing much
more-novel POMs. Therefore, systematic exploration on this
system still remains a great challenge to us, and this work is in
progress.

Structural Description. Single-crystal structural analysis
revealed that 1 crystallized in a space group P2(1)/c. The
molecular asymmetric unit of 1 consists of two crystallo-
graphically independent 18-tungstoarsenate Dawson pS-
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[W,5054(AsO;),]%7, five hexa-coordinated nickel cations ([Ni-
(phen);]** and [Ni(phen),(0O,),]**), 12 water molecules of
crystallization, and two protons, based on charge balance (see
Figure 1). One of the two independent Dawson 18-
tungstoarsenates B-IW304,(As0;),]°" connects one [Ni-
(phen),]*" by two terminal oxygen of polyanions alternatively
to produce a one-dimensional (1D) chainlike structure. The
others nickel(II) ions were coordinated in octahedral geo-
metries with six nitrogen atoms from three phen ligands.

Interestingly, the 3-[WO5,(AsO5),]° anion has an overall
approximate D;q symmetry, with a staggered arrangement of
the AsO; moieties, in contrast to the eclipsed arrangements in

a-[Mo""4044(S05),]*~ with a mirror plan dividing the cage
into two equal parts linked together by six equatorial oxo
ligands and with Dy, symmetry (see Figure 2).'"** The
distinctive peanutlike shape of the {W4Os,} framework was
also observed for {Mo;3Os,} cages in the Dawson-type
compound  (C;6H36N),[Mo5054(SO;),]- CzH3NlSa and the
other tungstate compounds (Bu,N)g W18054(OH)3(B103) ]
and (H,N),[W,504,(0)(OH),(AsO,)]."” There are significant
differences from traditional classical dateglt -like Dawson
polyanion a-[As,W404,]% (see Figure 2b):'

(1) The classical Wells—Dawson structure can be rational-
ized as two A-type trilacunary Keggin subunits fused,
whereas the unconventional can be seen as being
composed of two B-type trilacunary Keggin subunits;
The classical Wells—Dawson structure possesses 62
oxygen atoms, rather than 60;

The classical Wells—Dawson structure holds two
tetrahedral anions, rather than two pyramidal anions;
The classical Wells—Dawson structure has two p,-oxo
and six pi;-0xo atoms, rather than six y,-oxo atoms; and
Particularly, the capping fragments in the classical
structure are W;O,; trimers of edge-sharing WOy
octahedra, whereas the capping fragments in the
unconventional structure are W;0,5 triads of corner-
sharing octahedra.

In the skeleton of the S-[W;304,(AsO;),]®" moiety, two
pyramidal arsenite AsO;>~ anions still reside in the central of
the moiety and share three oxygen atoms with three {W;0,5}
triad with As—O distances from 1.76(1) A to 1.80(2) A and
O—As—0 angles from 99.4(6)° to 100.7(7)° (see Table 2). As

)
©)
(4)
()
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Figure 2. Schematic representation of the structures of the Dawson
clusters: (a) arsenite-based Dawson cluster in 1: fS-
[W,5054(As0;),]°7; (b) a comparison with the conventional
arsenate-based Dawson anion a-[W,404,(As0O,),]¢7'% (c) sulfite-
based Dawson cluster: f-[Mo,305,(SO;),]*;"® (d) sulfite-based
Dawson cluster: @-[Mo,504,(SO5),]*",'® whereby the central anion
templates are shown in a space-filling mode. (Color legend: violet,
As*; yellow, $*; green, As®*; dark red, O; and teal, W and Mo.)

expected, the average As—O distance (1.78 A) and the
corresponding average O—As—O angles (100.1°) in la are
0.09 A shorter (1.87 A) and 2.6° larger (97.5°) than that in
(H4N),[W,504,(0)(OH),(AsO3)], respectively.'” The signifi-
cant difference may be beneficial for simultaneously holding
two AsOj; anions in the cage. Meanwhile, the fact that the
equivalent isotropic displacement parameters (U(eq), A?) for
both As(1) and As(2) of the clusters are ~0.020(1) and
0.031(1) give preliminary crystallographic evidence to support
this structure (see Table S1 in the Supporting Information). A
novel aspect of this work, similar to the sulfite Dawson cluster
anions reported,'® is the short As-As contact resulting from
the incorporation and relative orientation of the two arsenite
ions within the {W18} cage. The As--As distance of 3.09(3) A
is much shorter than the sum of the van der Waals radii of two
arsenic atoms (ca. 3.70 A).

Dawson anions are well-known to possess interesting
electrochemical and multielectron transfer properties.’® We
envisioned that the unconventional Dawson cluster f-
[W15054(As03),]°” incorporating two pyramidal AsO;* in a
configuration causing a short, yet nonbonding intramolecular
As--As interaction between the {AsO;} anions may exhibit
unprecedented properties arising from the interesting intra-
molecular interaction between the encapsulated sulfite anions.
Cronin and co-workers reported Dawson-type 18-molybdosul-
fites that encapsulated two pyramidal sulfite SO,*>~ exhibited
unusual reversible thermochromic properties over the temper-
ature range of 77—500 K.'®* Thus, we expected that the
incorporation of nontetrahedral arseniteions in 1 could further
extend their versatility. A search of the structure revealed that
there are many structures reported for dithionates S,0¢*"and
diphosphates P,04*" ions.*"*> However, none of the As,Og,~
analogues have been reported, which should be existence
according to the property similarity of chemical elements from
the same clan in the periodic table."”” Therefore, we speculate
that the arsenite anions may undergo redox processes, similar
to the sulfite anions, at least theoretically involving their
oxidation to diarsenate As,O4*™ ions (reaction 1),

2450, — As, 04" + 2¢” (1)

This process could supply two electrons to reduce the
surrounding polyoxotungstate shell to the mixed-valence
reduction state {W"', WY, } with its characteristic blue color,
if it was possible to form a diarsenate anion. Yet, the formation
of a As-As single bond within the systems presented here
appears to be restricted by the large geometrical changes
required of the {W18} framework, since the As--As distance
would have to decrease from ~3.09 A to ~2.20 A. The
thermochromic property of 1 was also investigated over the
temperature range of 77—500 K; however, only a slight color
change occurs, from light green (300 k) to green (500 k),
which maybe due to the reducibility of tungsten(VI), which is
much weaker than that of molybdenum(VI). There is a certain
new property arising from the intramolecular electronic
interaction between the encapsulated anions, but the test data
show few useful results and this work has yet to be further
researched.

IR and UV Spectra. The IR spectrum of 1 displays the
characteristic vibration patterns derived from the Keggin
framework [B-AsW,05;]°” (see Figure S3 in the Supporting
Information). Four characteristic vibration bands, namely,

Table 2. As—O Bond Lengths and As—O—As Angles of 1, Compared to Those of [W;30,(AsO;)(H),0;]"*

bond length (A)
As(1)-0(11) 1.76(1)
As(1)—-0(15) 1.77(1)
As(1)-0(6) 1.80(2)
As(2)—0(35) 1.77(2)
As(2)—0(44) 1.78(2)
As(2)—0(40) 1.80(2)
As(1)--As(1A)® 3.09(3)
As(2)--As(2B)? 3.07(3)

Average length (A)
in1 1.78
in [W304,(AsO;) (H),05])"" 1.87

angle measurement (°)

0(11)-As(1)-0(15) 99.4(6)
0(11)—-As(1)-0(6) 100.0(6)
0(15)—As(1)-0(6) 100.5(6)
0(35)—As(2)—0(44) 100.2(8)
0(35)—As(2)—0(40) 100.7(7)
0(44)—As(2)—0(40) 99.7(7)
Average angle (°)

in1 100.1

in [W305,(AsO;) (H),05]"" 97.5

“Data obtained from ref 17. bSymmetry code: At4 —x,2—y1—-—2B1—-x-y2—z
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Figure 3. Temporal UV-vis absorption spectral changes observed for the RhB solutions, as a function of irradiation time: (a) in the presence of 10
mg of 1; (b) the absence of any catalyst (the control experiment); and (c) in the presence of 4 mg of K¢As,W;504,-9H,0.

v(W-0t), v(W—=0b), v(As—0a) and v(W—Oc), appear at
955, 890, 850, and 797 cm ™), respectively. In comparison with
those of {As,W,y}, the W—Ot, As—Oa, and W—Oc vibration
bands in 1 have different blue-shifts, which further confirmed
the rearrangement of the structure. In addition, the vibration
peaks from 1106 cm™ to 1622 cm™ are indicative of phen
ligands.® The occurrence of these resonance signals confirms
the presence of phen and water molecules, being in good
agreement with the single-crystal structural analysis.

As can be seen from Figure S4 in the Supporting
Information, the solid UV-vis absorption spectrum of 1 exhibits
excellent light absorption properties in the 190—700 nm range
(two strong absorption wavelength centered at 190 and 300 nm
and a broad adsorption in the visible range (S50 nm)) with
BaSO, as a background. The two strong bands near 190 and
300 nm are attributed to the ligand-to-metal charge transfers of
O0,»W and O, .—W, respectively, where electrons are
promoted from the low-energy electronic states (mainly
comprising O 2p orbits) to the high-energy states (mainly
comprising metal d orbits).® The broad band near 550 nm
corresponds to typical metal-to-ligand charge transfer (MLCT)
from a low-oxidation-state Ni** ion to the low-energy z* orbits
of phen.

Catalysis. In recent years, POMs have been considered as
efficient photocatalysts for removing organic dyes from
wastewater,”> > because of the similar photocatalytic charac-
teristics to semiconductors.*® However, compared with TiO,
and ZnO, POMs show high solubility in water and it is difficult
to recover the photocatalyst from the solvent for reuse.>” On
the other hand, the photodegradation of dye pollutants by
POMs is mainly driven by UV light; however, the UV light only
accounts for ~5% of sunlight, which limits the application of
POMs as a photocatalyst. The design of a highly active and
recyclable heterogeneous catalyst is expected for effective
applications for the degradation of organic dyes.

Taking into consideration the broad adsorption of 1 in the
UV-vis region, the photocatalytic property of 1 toward a
Rhodamine B (RhB) solution was also investigated through a
heterogeneous process. The absorption spectra of RhB aqueous
solution at different irradiation times during the photo-
degradation process are shown in Figure 3; and the decrease
of absorption intensity from 2.09 to 0.04 within 6 h at A, =
554 nm indicates the degradation of RhB molecules. During the
sunlight irradiation process, no new absorption peaks appeared
and the absorption maximum of the solution did not exhibit a
significant hypsochromic shift in the 500—600 nm regions. This
confirms the absence of N-de-ethylation of RhB. Therefore, the
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decrease in the absorbance was due to the cleavage of the
aromatic ring of the RhB dye. In addition, the color of the RhB
in an aqueous solution changed from rose-bengal to almost
colorless after sunlight irradiation for 6 h, which indicated
almost-complete degradation of RhB. A control experiment
without catalyst showed that the absorption peak of RhB
obviously decreased from 2.20 to 1.28 under similar conditions.
The conversion of the RhB calculation result showed that the
conversion of RhB was significantly improved by 1, from 41.8%
to 98.1%. It should be noted that catalyst 1 is more superior to
the previously known KgAs,W 3O, homogeneous catalyst,
which exhibits a 82.8% decolorization rate for RhB solution
under the same conditions.*® It may be deduced that 1 can be
induced by visible light and improve the efficiency of visible
light. In addition, crystals of 1 were easily isolated from the
reaction suspension by filtration alone and reused three times,
displaying only a slight decrease in activity (see Table S3 in the
Supporting Information). These results suggest that 1 may be a
potential heterogeneous photocatalyst with photocatalytic
activities in the reduction of some other organic dyes.

Bl CONCLUSIONS

In summary, a new organic—inorganic hybrid exhibiting a
heterogeneous catalytic performance for degradation of Rhod-
amine B (RhB) under sunlight in an aqueous solution was
achieved. It is worth mentioning that [Ni-
(phen);]4[As,W;sO4]{[Ni(phen),][H,As,W,O04,] }-12H,0
(where phen = 1,10-phenanthroline) (1) displays a one-
dimensional (1D) chain architecture constructed by alternating
nickel(II) complexes [Ni(phen),)]** and unprecedented 18-
tungstoarsenate Dawson cluster, f-[W;305,(AsO;),]®”, which
encapsulates two pyramidal arsenite AsO;>~ anions as templates
and exhibits interesting intramolecular As--As interaction
between the two anions. It endows us with great opportunities
and considerable challenges in designing and creating novel
hybrid POM materials.
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