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A rare monocapped trivacant Keggin fragment [A-α-AsIIIAsVMo9O34]
6– has been captured and an

organic–inorganic hybrid arsenomolybdate (AM) (H2en)[Ni(en)2(H2O)]{[Ni(en)2][As
IIIAsV-

Mo9O34]}∙3H2O (1) was obtained under hydrothermal conditions. The structure of 1 was determined
by X-ray single-crystal diffraction and further characterized by IR spectroscopy, X-ray powder
diffraction, scanning electron microscope with energy dispersive X-ray, and X-ray photoelectron
spectroscopy. Single-crystal structural analysis indicates that 1 contains the peculiar monocapped tri-
vacant [A-α-AsIIIAsVMo9O34]

6– fragment derived from the rare trivacant Keggin-type [A-α-AsV-

Mo9O34]
9– unit capped by a triangular pyramidal {AsO3} group. Compound 1 represents the first

Ni-substituted inorganic–organic AM containing the [A-α-AsIIIAsVMo9O34]
6– subunit.

Keywords: Polyoxometalate; Arsenomolybdate; Monocapped trivacant; Hydrothermal condition

1. Introduction

Polyoxometalates (POMs), as a class of metal-oxygen clusters [1,2], receive attention for
compositional diversity, structural versatility and potential applications in catalysis, analytic
chemistry, medicine and materials science [3–7]. An important part in this field is
transition-metal (TM)-substituted POMs (TMSPs), and a variety of TM-substituted hetero-
polytungstates with fascinating structures and properties have been obtained [8–13]. In
comparison, investigations on TM-substituted heteropolymolybdates (HPMs) are scarce
and focused on phosphomolybdates, silicomolybdates, and germanomolybdates [14–18].
Only a few arsenomolybdates (AMs) have been synthesized, [Mn2(As

VMo9O33)2]
10– [19],

[H4As
III
2As

VMoV8MoVI4O40]
– [20], [(CoIIO6)MoVI6O18(As

III
3O3)2]

4– [21], [Himi]6[As2-
Mo18O62]·11H2O [22], and [{Cu(imi)2}3As3Mo3O15]·H2O [23]. In contrast with AMs
based on traditional fragments, the unconventional POM building blocks utilized in AMs
are infrequent owing to the lacunary heteropolyarsenomolybdate behaviors with structural
liability in aqueous solution. In 2007, Wang et al. reported a series of inorganic–organic
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hybrid AMs constructed from dicapped Anderson-type [(ZnO6)(As3O3)Mo6O18]
4– and

[HxAs2Mo6O26]
(6–x)– units [24], which broaden our vision and provide us direction in

designing and synthesizing HPMs. Recently, Xue et al. addressed a series of iso-/hetero-
TM sandwich-type AM polyoxoanions such as [M2(AsMo7O27)2]

n– (M=CrIII, n = 12;
M=CuII, n= 14) and [CrFe(AsMo7O27)2]

12– based on the pentavacant [AsIIIMo7O27]
9–

fragments [25] and a cagelike AM fragment [AgAs2Mo15O54]
11– [26], which indicate

potential in exploring HPMs. Reports on TM-substituted AMs containing untraditional
fragments are rare; most are purely inorganic and synthesized with conventional aqueous
solutions, which provide us opportunity to synthesize inorganic–organic hybrid AMs based
on unconventional building blocks under hydrothermal conditions.

We are dedicated to investigating the {As-O-Mo} system and very recently prepared a
series of inorganic–organic hybrid AMs, [Cu(en)2H2O]2{[Cu(en)2][Cu(en)2As

IIIAsV-

Mo9O34]}2·3H2O, (H2en)1.5[Cu(en)(Hen)][As
IIIAsVMo9O34]3·2H2O, and [Cu(dap)2]4

[Cu(dap)2(H2O)][Cu(dap)2(As
IIIAsVMo9O34)2]·2H2O, derived from monocapped trivacant

[A-α-AsIIIAsVMo9O34]
6– fragments [27]. That AsIII is partially oxidized to AsV may be

related to system temperature. In continuation, we work out the influence of controlling
temperature on oxidation of AsIII. We synthesized an organic–inorganic TM-substituted
AM built from monocapped trivacant fragment [A-α-AsIIIAsVMo9O34]

6–, [H2en][Ni(en)2]
[Ni(en)2(H2O)][As

IIIAsVMo9O34]∙3H2O (1), which demonstrates that changing temperature
can control the oxidation of AsIII and that AsIII and AsV can coexist in the synthesis
temperature range of 130–150 °C. To the best of our knowledge, 1 represents the first
Ni-substituted inorganic–organic hybrid AM constructed from [A-α-AsIIIAsVMo9O34]

6–.

2. Experimental

All chemicals used for the synthesis were reagent grade and used without purification.

2.1. Preparation of 1

Compound 1 was prepared from hydrothermal reaction. Two solutions were prepared sepa-
rately: solution A: Na2MoO4·2H2O (0.505 g, 2.085mmol) and NaAsO2 (0.270 g,
2.078mmol) were dissolved in 8mL H2O under stirring; solution B: NiCl2·2H2O (0.375 g,
1.578mmol), 1,10-phenanthroline (0.025 g, 0.126mmol) and en (0.025mL, 0.374mmol)
were added to 5mL H2O under stirring. Then, solution B was added to solution A. The
pH of the mixture was adjusted to 6.0 with 4M HCl, and the mixture was kept at 85 °C
on an oil bath for 1.0 h. Finally, the mixture was sealed in a 20mL Teflon-lined stainless
steel autoclave and heated at 130 °C for 3 days under autogenous pressure. After slowly
cooling to ambient temperature for 48 h, dark red block crystals were isolated, washed with
distilled water, and dried at ambient temperature (28% yield based on Na2MoO4·2H2O).

2.2. Physical measurements

IR spectra were obtained from a sample powder palletized with KBr on a Nicolet 170
SXFT-IR spectrophotometer from 4000 to 400 cm�1. X-ray powder diffraction (XRPD)
measurements were obtained using a Philips X’pert-MPD instrument with Cu-Kα radiation
(λ= 1.54056 Å) at 293K. Scanning electron microscope with energy dispersive X-ray
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(EDX-SEM) analyzes were taken by using a D8 Advance X-ray diffraction analyzer Bru-
ker AXS Microanalysis GmbH. X-ray photoelectron spectroscopy (XPS) were recorded on
an Axis Ultra (Kratos, UK) photoelectron spectroscope using monochromatic Al Kα
(1486.7 eV) radiation.

2.3. X-ray crystallography

Intensity data of 1 were collected on a Bruker Apex-2 CCD detector using graphite mono-
chromated Mo K radiation (λ = 0.71073 Å) at 296K. Data integration was performed using
SAINT [28]. Routine Lorentz and polarization corrections were applied. Multiscan absorp-
tion corrections were performed using SADABS [29]. The structure was 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 [30]. No hydro-
gens associated with water were located from the difference Fourier map. Hydrogens
attached to carbon and nitrogen were geometrically placed. All hydrogens were refined iso-
tropically as a riding mode using the default SHELXTL parameters. A summary of crystal
data and structure refinements for 1 is listed in table 1.

3. Results and discussion

3.1. Synthesis

Parallel experiments show that reaction temperature, organic ligands, and pH play impor-
tant roles in the formation and crystallization of 1, especially, the reaction temperature.

Table 1. Crystallographic data and structural refinements for 1.

Empirical C10H48As2Mo9N10Ni2O38

Formula weight 2047.30
T (K) 296(2)
Crystal system Orthorhombic
Space group P2(1)2(1)2(1)
a (Å) 12.911(3)
b (Å) 13.577(3)
c (Å) 27.602(6)
V (Å3) 4839(2)
Z 4
Dc (g cm�3) 2.810
μ (mm�1) 4.477mm–1

F(000) 3928
Crystal size (mm3) 0.21� 0.14� 0.07
h range for data collections 2.10–25.00°
Limiting indices –156 h6 15

–156 k6 16
–326 l6 24

Reflections collected 24,902
Independent reflections 8507(Rint = 0.0526)
Refinement method Full-matrix least-squares on F2

Goodness-of-fit on F2 1.014
R1, wR2 [I > 2σ(I)] 0.0408, 0.0810
R1, wR2 [all data] 0.0509, 0.0846
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Table 2. The summary of synthetic information about some representative AM fragments originated from AsIII

relevant to temperature.

Formula T (°C)
Synthetic
method

Molar ratio of some essential
materials pH

[MM′(AsMo7O27)2]
n– (MM′=FeFe, CrFe and

CrCr) 25
80 Solvent

evaporation
As2O3 : (NH4)6Mo7O24·2H2O :
TM

6.5

=1 : 2 : 2
[AgAs2Mo15O54]

11– 26 90 Solvent
evaporation

As2O3 : (NH4)6Mo7O24·2H2O :
AgNO3 = 1 : 2 : 1

7.0

(H2en)3[(NiO6)Mo6O18 (As3O3)2]Cl2·6H2O
33 90 Solvent

evaporation
NaAsO2 :Na2MoO4·2H2O :
ethylenediamine = 1.7 : 1.7 : 45

6.1

(As6CuMo6O30){[Cu
(imi)4]3[As6CuMo6O30]}2·6H2O

34
90 Solvent

evaporation
As2O3 : (NH4)6Mo7O24·2H2O :
imidazole/1,2-propane diamine/
Acetic acid=

6.0

[Cu(enMe)2]3[As3Mo3O15]3·2 H2O
(NH4)10{Cu(H2O)4}

[AsMo6O21(OAc)3]2∙12H2O
2.4 : 0.7 : 4.8

[AsIII2Fe
III
5MMo22O85(H2O)]

n–(M=Fe3+,
n= 14; M=Ni2+ and Mn2+, n= 15) 35

90 Solvent
evaporation

As2O3 :
(NH4)6Mo7O24·2H2O= 1 : 2

6.0

[Cu(en)2H2O]2{[Cu(en)2][Cu
(en)2As

IIIAsVMo9O34]·4H2O
27

130 Hydrothermal
conditions

As2O3 : Na2MoO4·2H2O : TM :
ethylenediamine/1,2-
diaminopropane = 0.6 : 2.0 : 1.5/
1.2 : 1.2

5.4
4.6

(H2en)1.5[Cu(en)(Hen)][As
IIIAsVMo9O34]·2H2O 6.4

[Cu(dap)2]4[Cu(dap)2(H2O)][Cu
(dap)2(As

IIIAsVMo9O34)2]·2H2O
(H3NCH2CH2NH3)2(H3O)2[As

IIIAsVMoVI9O34]
36

130 Hydrothermal
conditions

As2O3 : Na2MoO4·2H2O :
ethylenediamine

4.4

=1 : 1 : 1.5
[C5H6N]6[HAs

IIIAsVMoVMoVI8O34]·3H2O
37 130 Hydrothermal

conditions
NaAsO2 :Na2MoO4·2H2O :
pyridine = 2 : 1 : 2

5.0

CoIII(en)3H3O[(Co
IIO6)

MoVI6O18(As
III
3O3)2]·2H2O

21
135 Hydrothermal

conditions
As2O3 :MoO3·H2O :
ethylenediamine

5.4

=1.2 : 1 : 1.2
[Cu(imi)2]2[(CuO6)(As3O3)2Mo6O18][Cu(imi)2]2

38
140 Hydrothermal

conditions
NaAsO2 : (NH4)6Mo7O24·2H2O :
imidazole=3.1 : 1.0 : 4.0

–

[H4As
III
2As

VMoV8MoVI4O40]
– 20 150 Hydrothermal

conditions
As2O3 :MoO3 :NaCl :
H2O= 5 : 10 : 10 : 380

–

[{Cu(imi)2}3As3Mo3O15]·H2O
23 160 Hydrothermal

Conditions
NaAsO2 : (NH4)6Mo7O24·2H2O :
imidazole = 3.1 : 0.6 : 4.0

–

[As(phen)]2[As2Mo2O14]
39 180 Hydrothermal

conditions
NaAsO2 :H2MoO4 : 1,10-
phenanthroline = 1.6 : 1.2 : 1

–

(4,4′-bipy)[Zn(4,4′-bipy)2(H2O)2]2[(ZnO6)
(AsIII3O)Mo6O18]·7H2O(1)

24
(1)-
(4) : 140

Hydrothermal
conditions

NaAsO2 :Na2MoO4·2H2O : 4,4′-
bipyridine/2,2′-bipyridine/1,10-
phenanthroline = 1 : 1 : 0.5

6.84

[Zn(phen)2(H2O)]2[(ZnO6)
(AsIII3O3)2Mo6O18]·4H2O(2)

(5)-
(8) : 130

6.54

[Zn(2,2′-bipy)2(H2O)]2[(ZnO6)
(AsIII3O3)2Mo6O18]·4H2O(3)

6.68
5.20

[Zn(H4,4′-bipy)2(H2O)4] [(ZnO6)
(AsIII3O3)2Mo6O18]·8H2O(4)

5.40

(H24,4′-bipy)[Cu
I(4,4′-

bipy)]2[H2As
V
2Mo6O26]·H2O(5)

3.25

(H24,4′-bipy)3[H2As
V
2Mo6O26]·4H2O(6)

(H24,4′-bipy)3[As
V
2Mo6O26]·4H2O(7)

(H24,4′-bipy)2.5(H3O)
[AsV2Mo6O26(H2O)]·1.25H2O (8)

3.46
3.42

[AgAs2Mo15O54]
11– 26 90 solvent

evaporation
As2O3 : (NH4)6Mo7O24·2H2O :
AgNO3 = 1 : 2 : 1

7.0

728 X. Ma et al.
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During the preparation of {As-O-Mo}, we found that temperature controls the AsIII being
partially oxidized in the final products at 130 °C, resulting in coexistence of AsIII and AsV

in [AsIIIAsVMo9O34]
6– [27]. When temperature was higher than 150 °C, AsIII being oxi-

dized entirely led to the formation of two 1-D chain AMs [Cu(phen)(H2O)2]2[H2As
V
2-

Mo6O26] [31] and [Cu4(en)4O2(H2O)2][H2As
V
2Mo6O26] [32]. When the system

temperature was lowered to 90 °C, AsIII remain stable in the AM fragment, and we
obtained a di-capped Anderson-type POM (H2en)3[(NiO6)Mo6O18(As3O3)2]Cl2·6H2O [33].
The above conclusion can be also supported by previous reports [20–27,33–39], which are
listed in table 2, and the representative complexes are shown in figure 1.

1,10-Phenanthroline serves as an inhibitor, preventing AsIII from being oxidized to some
extent [24]. To investigate the effect of pH on final products, a series of parallel experi-
ments have been carried out; 1 was obtained in the pH range of 5.0–6.5, the most optimal
pH was 6.0. When the pH value was lower than 5.0 or higher than 6.5, we only obtained
amorphous powers.

Reaction temperature, organic ligands and pH contribute to AsIII being partially oxidized
in the final products, especially the temperature. Finally, the monocapped trivacant Keggin
[AsIIIAsVMo9O34]

6– fragment was obtained in the formation of 1.

3.2. Crystal structures of 1

Single-crystal X-ray diffraction analysis reveals that the structural unit of 1 (figure 2(a))
consists of a monocapped trivacant fragment [A-α-AsIIIAsVMo9O34]

6– (figure 2(d)) linked
by one [Ni(en)2]

2+ (figure 2(b)) and one [Ni(en)2(H2O)]
2+ (figure 2(c)) via bridging

oxygens. In the structure of 1, tetrahedral {AsO4} (figure 2(e)) is located in the center of

Figure 1. Summary of some representative AM fragments originated from AsIII relevant to temperature.
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[A-α-AsVMo9O34]
9– and shares four oxygens with three {Mo2O10} groups and a

{Mo3O13} triad; the {AsO3} group (figure 2(f)) caps the square window of the [A-α-AsV-

Mo9O34]
9– fragment surrounded by a {Mo3O3} cluster and a {Mo2O10} group. The three

oxygens of {AsO3} are in two kinds of chemical environments: one oxygen belonging to
bridging oxygen within the {Mo3O13} unit, while the other two oxygens are bridging
between {Mo3O13} and {Mo2O10}. Therefore, the As–O bond distances in {AsO3} can be
classified into two kinds, two short As–O bond distances (As(2)–O(19): 1.799(6) Å and
As(2)–O(24): 1.807(6) Å) and one long As–O distance of 1.857(6) Å (As(2)–O(30)), aver-
age: 1.821 Å. The triply bridging oxo-group (O(30)) associated with the long As–O bond
exhibits pyramidal geometry and those associated with short As–O distances are more
nearly trigonal planar. In the central {AsO4} tetrahedron, As(1)–O bond distances are
1.667(6)–1.685(6) Å, average: 1.679 Å. On the basis of valence sum (∑s) calculations
[40], the oxidation states of Mo are +6 (∑s = 5.95–6.28), As1 associated with {AsO4} tet-
rahedron is +5 (∑s = 5.08), As2 associated with the triangular pyramidal {AsO3} group is
+3 (∑s = 2.76), and Ni are +2. Ni2+ exhibits two kinds of coordination modes, rare in
reported POMs (figure 2(b) and (c)).

The striking feature is that 1 contains a monocapped trivacant Keggin [AsIIIAsV-

Mo9O34]
6– (figure 2(d)), which is derived from the rare trivacant Keggin [A-α-AsV-

Mo9O34]
9– (figure 3(a)) capped by a triangular pyramidal {AsO3} group. The [A-α-

AsIIIAsVMo9O34]
6– unit in 1 is different from the monocapped trivacant [A-β-AsIIIAsV-

Mo9O34]
6– isomer reported in 1999 [36], which is a derivative from the common trivacant

Keggin [A-β-AsVMo9O34]
9– (figure 3(b)). Compared with the [A-β-AsVMo9O34]

9– frag-
ment, the [A-α-AsVMo9O34]

9– can be obtained by the {Mo3O13} trimer of the former
rotating 60°. It is obvious that A-α-type or A-β-type trivacant Keggin fragment is derived
from removal of a {Mo3O13} trimer from the saturated A-α-Keggin-type or A-β-Keggin-
type (figure 3(c) and (d)). It is rare that the A-α-type trivacant Keggin fragment is stable in

Figure 2. (a) Combined polyhedral/ball-and-stick representation of 1. (b) The coordination mode of Ni12+. (c)
The coordination mode of Ni22+. (d) Combined polyhedral/ball-and-stick representation of [A-α-
AsIIIAsVMo9O34]

6– subunit. (e) The tetrahedral {AsO4} group in 1. (f) The triangular pyramidal {AsO3} group in
1. Lattice waters are omitted for clarity. Color code: MoO6 octahedra: green; As: teal; Ni: turquoise; N: blue;
O: red; C: black. (see http://dx.doi.org/10.1080/00206814.2013.770484 for color version.)
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the solid structure. Only NaAsO2 served as AsIII starting material, whereas AsV was
observed in the [AsIIIAsVMo9O34]

6– fragment. Therefore, part of NaAsO2 must be oxi-
dized during the course of the reaction. Similar phenomenon can be observed in previous
reports [18,41].

Design of supramolecular architectures is of interest in supramelocular chemistry and crys-
tal engineering because they can provide topology structures and functional materials [42–
45]. Keggin-based supramolecular architectures serve as promising materials potentially
applied in chemistry, biology and material sciences [46,47]. From the viewpoint of supramo-
lecular chemistry, taking into consideration strong hydrogen-bonding interactions between N
of en and O of [AsIIIAsVMo9O34]

6– fragments or water molecules, the 3-D supramolecular
structure of 1 is generated through N–H···O hydrogen bonds with N···O distances of 2.687–
3.393 Å and N–H···O angles of 123.63°–171.95° (figure 4). Hydrogen-bonding interactions
play an important role in stabilization of 3-D supramolecular architecture.

3.3. XRPD spectrum

The phase purity of 1 was confirmed by a comparison of the experimental XRPD pattern with
the simulated pattern from single-crystal X-ray diffraction (Supplementary material). Owing
to variation in preferred orientation of the powder sample during collection of the experimen-
tal XRPD, the intensities of the experimental and simulated XRPD patterns are different.

3.4. IR spectrum

The IR spectrum of 1 (Supplementary Material) is recorded between 400 and 4000 cm–1

with KBr pellet, useful for the identification of characteristic vibration bands of POMs and

Figure 3. (a) Polyhedral representation of the trivacant Keggin fragment [A-α-AsVMo9O34]
9–. (b) Polyhedral

representation of the trivacant Keggin fragment [A-β-AsVMo9O34]
9–. (c) Polyhedral representation of the

[A-α-AsMo12O40]
3– Keggin type. (d) Polyhedral representation of the [A-β-AsMo12O40]

3– Keggin type. Lattice
waters are omitted for clarity. Color code: MoO6 octahedra: green; As: violet tetrahedron. (see http://dx.doi.org/
10.1080/00206814.2013.770484 for color version.)
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organic components. Four characteristic bands assigned to ν(AsV–O) or ν(Mo–Ot), ν(As
III–

O), ν(Mo–Ob) and ν(Mo–Oc) vibrations appear at 868, 836, 753 and 647 cm–1, respectively
[24,26,27]. The absorptions centered at 3245 and 3297 cm–1 may be attributed to ν(N–H),
which confirms the presence of –NH2 of en. The band at 3446 cm–1 is attributed to ν(O–
H) of water. The IR spectrum is in agreement with the result of X-ray diffraction structural
analysis.

3.5. XPS spectra

The bond valence sum (BVS) calculations of 1 indicate that the oxidation states of all Mo
and Ni atoms are +6 and +2, and the oxidation states of all As atoms are +3, +5, respec-
tively, which are further confirmed by XPS spectra (figure 5). The XPS spectra of 1 for
Mo exhibit two peaks with binding energies of 231.5 and 234.6 eV attributed to Mo6+

(3d5/2) and Mo6+ (3d3/2), respectively [18, 26]. The spectra of As show two pair of peaks
(39.8 and 44.4 eV ascribed to As5+ (3d5/2) and As5+ (3d3/2), 38.8 and 43.5 eV are assigned
to As3+ (3d5/2) and As3+ (3d3/2) [26, 48–53], indicating that valence states for As in 1 are
+5 and +3. The XPS spectra of Ni show two peaks with binding energies of 854.9 and
879.5 eV assigned to Ni2+ (2p3/2) and Ni2+ (2p1/2), respectively [18]. These XPS estima-
tions obtained on the valence state values are in reasonable consistence with those calcu-
lated from BVS calculations and in agreement with the structure analysis.

3.6. Scanning electron microscope with energy dispersive X-ray

EDX-SEM has been used to characterize the composition of the compounds. SEM images
of 1 as well as the corresponding spectra recorded for the marked areas are provided in

Figure 4. (a) The connection mode of hydrogen bonds between [Ni(en)2(H2O)]{[Ni(en)2][As
IIIAsVMo9O34]

2+

units. (b) Polyhedral and ball-stick representation of the 3-D supramolecular framework structure of 1 via
hydrogen bonds.
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Supplementary Material. According to the EDX spectra, the compositions of the
compounds were detected with approximate ratio of Ni : As : Mo of 1.09 : 1.00 : 4.67 for
1. Owing to error estimated, these results have been checked using multiple samples
to reduce the error in the values. We selected four of them in Supplementary Material.
Using both the structural data and analysis by EDX, BVS, charge balance arguments,
we estimate the formula of 1 is (H2en)[Ni(en)2(H2O)]{[Ni(en)2][As

IIIAsVMo9O34]}∙3H2O
(Ni : As : Mo= 2 : 2 : 9).

3.7. Catalytic studies

Catalytic studies on POMs have received extensive attention [54–56]. We have investi-
gated photodegradation of RhB upon 500W Xe lamp irradiation for 3 h. In the absence of
1, RhB aqueous solution hardly degrades (figure 6(a)). On the contrary, when 20mg of 1
was added to the system in 200ml (2� 105 mol L1) RhB solution, conversion of RhB can
reach 97% irradiation for 3 h. The changes in the UV–vis absorption spectra of RhB aque-
ous solution in the presence of 1 (figure 6(b)) show that the absorbance of RhB
(λ= 555 nm) decreases from 1.23 to 0.02 upon increasing time of irradiation from 0 to
180min. Correspondingly, figure 6(b) shows that Ct/C0 decreases with increasing time (Ct

is the RhB concentration after given time intervals; C0 is the RhB concentration at the start
of radiation (t= 0)). The proposed mechanism may be attributed to: POMs with large band

Figure 5. (a) XPS spectra of 1 for Mo 3d5/2 and Mo 3d3/2. (b) XPS spectra of 1 for As 3d5/2 and As3d3/2. (c)
XPS spectra of 1 for Ni 2p3/2 and Ni 2p1/2.
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gaps share photochemical characteristics similar to that of TiO2 semiconductor producing
considerable holes and electrons, which can oxidize the RhB substrate in solution [57, 58].
Reaction of the excited catalyst with H2O may produce OH radicals that can oxidize the
RhB substrate [59,60]. Excitation of the O–M charge transfer band of POMs in the near
UV region produces charge transfer from O2 to Mo6+, forming O and Mo5+. The large sur-
face area of the POM may lead to an increase in catalytic efficiency, for the surface area is
an essential factor allowing reactants to be accessible to a great number of active sites.

4. Conclusions

A rare monocapped trivacant fragment [AsIIIAsVMo9O34]
6– has been captured by using

TMC under hydrothermal condition, whose successful preparation provides opportunities
and guidance in designing and creating novel multi-dimensional hybrid POM materials by
modification of traditional fragments. Compound 1 represents the first Ni-substituted inor-
ganic–organic hybrid AM based on [A-α-AsIIIAsVMo9O34]

6–. The synthesis of 1 not only
enrich the diversity of AMs chemistry, but also shows that hydrothermal techniques offer
an effective way for making AMs, a promising perspective to develop the family of com-
plexes based on AMs fragment. We will explore further investigation in this domain.

Supplementary material

CCDC 873838 for 1 contains the supplementary crystallographic data for this article.
These data can be obtained free of charge from The Cambridge Crystallographic Data
Center via www.ccdc.cam.ac.uk/data_request/cif.
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