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Two new organic-inorganic hybrid compounds, [N(CH3)4]6[CuIILo][(Ti2O)(PW11O39)2]·4H2O (1) and 

[N(CH3)4]2[H2bpp]2[CuIILo][(Ti2O)(PW11O39)2]·1.5H2O (2) (Lo = 1,2-bis(3-(2-pyridyl)pyrazole-1-

ylmethyl)benzene, bpp = 1,3-bis(4-piperidyl)propane), based on Ti-substituted polyoxometalates (abbr. 

Ti-POMs) and the metal-organic linking units constructed by CuII ions and bichelate-bridging ligands 

(Lo), have been hydrothermally prepared. The two compounds were characterized by elemental analyses, 10 

IR spectra, TG analyses, XPS spectra, power X-ray diffraction and single-crystal X-ray diffraction 

analyses. Both compounds contain a rare corner-sharing double-Keggin type POM architecture in the Ti-

POM species. In 1 and 2, the double-Keggin-type polyoxoanions connect with the butterfly-type [CuIILo] 

units to form a 1-D chain and a square plane, respectively. The photocatalytic properties of compounds 1-

2 were investigated with the methylene blue (MB) degradation model under UV irradiation, indicating 15 

good photocatalytic activities. Furthermore, to compare the photocatalytic property of the Keggin-type 

Ti-POMs with those of traditional Keggin-type POMs, another compound [CuILo]4[PW12O40] (3) was 

synthesized by combining typical Keggin-type polyoxoanions with the metal-organic [CuILo] units. A 

series of MB degradation experiments suggest that the Ti-POMs exhibit better photocatalytic activity than 

those of typical Keggin-type saturated POM species.  20 

Introduction 

The design and synthesis of organic-inorganic hybrid materials 
based on polyoxometalates (POMs) and metal-organic units have 
been paid great attention in last two decades. The introduction of 
various POM units into the metal-organic coordination polymer 25 

systems have not only dramatically expanded the structural 
topologies of hybrid materials, but also endowed them new 
functionalities and potential applications in catalysis, adsorption, 
luminescent, electronic and magnetic materials.1-5 Recently, a 
concentrating research topic in this field is the exploration of new 30 

photocatalytic systems for the dye degradation.6-15 Generally, the 
POM-based metal-organic hybrid materials possess at least three 
advantages as the photocatalytic candidates: Firstly, POMs 
usually display photo-sensitive activity, which is similar to those 
of photo-sensitive semi-conductor materials for example titanium 35 

dioxide (TiO2). Under UV irradiation, these materials can 
generate electrons to activate the hydroxyl radicals in water and 
then degrade the organic dye molecules.16 Secondly, the 
combination of POM units and metal-organic complex fragments 
can dramatically decrease the solubility of these composite 40 

materials, which can transfer soluble POM units into 
heterogeneous catalytic system, promoting the recycling of POM 
catalysts and eliminating the secondary water pollution. Thirdly, 
POMs and metal-organic moieties provide a dynamic molecular 
library to construct numerous hybrid assemblies, representing an 45 

ideal system to design and select active photocatalysts for the dye 
degradation. So far Keggin/Dawson-type POM-based hybrid 
complexes are one of the most developed catalyst systems for dye 
degradation.6-15 However, it is still difficult to evaluate that which 

type of POMs possess better photocatalytic activities due to 50 

different catalytic conditions and various composition and 
combination modes between POMs and numerous metal-organic 
species. Thus, an ongoing challenging project in this research 
filed is chemically modulating the addenda atoms of POMs with 
different metal ions and setting them in a similar hybrid system 55 

so as to evaluate the photocatalytic activity of different POM 
species and select more active photocatalysts. Ti-substituted 
POMs (abbr. Ti-POMs) has ever been estimated as a potentially 
effective photocatalyst species based on the DFT calculation.17 
Furthermore, H3PW12O40/TiO2 composite materials have 60 

exhibited high photocatalytic activities in the degradation 
process.16 Therefore, the exploration of Ti-POM-based organic-
inorganic hybrid compounds may suggest a new way to obtain 
active photocatalyst systems.  

Based on above consideration, we attempt to design and 65 

synthesis of Ti-POM-based organic-inorganic hybrid assemblies. 
To date, Ti-POM architectures have been constructed by a series 
of lacunary POM units, such as {PW11}, {PW10}, {PW9}, {P2W17} 
and {P2W15}.18-25 Many Ti-POMs are water soluble but unstable 
in aqueous solution, which are difficult to use as synthetic 70 

precursors to construct hybrid compounds. So far Ti-POM-based 
organic-inorganic hybrid compounds have not been reported yet. 
In this work, a {CuLo} (Lo = 1,2-bis(3-(2-pyridyl)pyrazole-1 -
ylmethyl)benzene) metal-organic complex is used to combine 
with Ti-POM species. We have ever proved that such a butterfly-75 

type {CuLo} motif exhibits quite flexible and active coordination 
capability to the surface oxygen atoms of POM species,26 which 
may stabilize the metastable POM species during the 
hydrothermal reaction process and tend to obtain crystalline 
hybrid compounds. Herein, we reported two new hybrid 80 
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compounds, [N(CH3)4]6[CuIILo][(Ti2O)(PW11O39)2]·4H2O (1) 
and [N(CH3)4]2[H2bpp]2[CuIILo][Ti2O(PW11O39)2]·1.5H2O (2) 
(bpp = 1,3-bis(4-piperidyl) propane). Both compounds contain a 
corner-sharing double-Keggin-type POM architecture, which is 
observed for the first time in the Ti-substituted POM species. In 1 5 

and 2, the double-Keggin-type polyoxoanions connect with the 
butterfly-type [CuIILo] units to form an infinite chain and a 
square plane, respectively. To our knowledge, compounds 1 and 

2 represent the first examples of hybrid compounds based on Ti-
POMs under hydrothermal synthetic conditions. The photo-10 

catalytic properties of compound 1-2 were investigated with the 
catalytic model of methylene blue (MB) degradation under UV 
light. Furthermore, another hybrid compound [CuILo]4[PW12O40] 
(3) was also synthesized as a reference sample to compare with 
the photocatalytic property of Ti-POM species. 15 

 
Table 1. Crystal data and structure refinement for 1-2. 

Experimental 

Materials and physical measurement 

All reagents and solvents for the synthesis were purchased 20 

commercially and used without further purification. The POM 
[(CH3)4N]7[PTi2W10O40]·4H2O was synthesized according to the 
literature.27 The bichelate-bridging ligand Lo was prepared by the 
reaction of 1,2-bis(bromomethyl)benzene with 3-(2-
pyridyl)pyrazole according to the reported method.28 Elemental 25 

analyses (C, H and N) were performed by using a Perkin-Elmer 
2400 CHN elemental analyzer. Cu, Ti and W contents were 
determined by using a Leaman inductively coupled plasma (ICP) 
spectrometer. The FT-IR spectra were analyzed from KBr pellets 
in the range 4000-400 cm-1 using a Mattson Alpha-Centauri 30 

spectrometer. Thermogravimetric analyses (TGA) were 
performed on a Perkin-Elmer TG-7 analyzer heated from 50-800 
oC at a heating rate of 10 oC/min under nitrogen atomosphere. 
Powder X-ray diffraction (PXRD) measurements were performed 
by using a Rigaku D/max-ⅡB X-ray diffractometer at a scanning 35 

rate of 1° min-1 ranging from 5-45° and with Cu Kα radiation (λ = 
1.5418 Å). Photocatalytic experiment was conducted in a 500 mL 
water-cooled cylindrical quartz container. The catalyst sample 
(40 mg) was added into the 400 mL 10.0 mg L-1 methylene blue 
(MB) solution, magnetically stirred in the dark for ca. 10 min. 40 

Then, the above mixture was transferred to the quartz container 
irradiated under a high-pressure 125 W mercury lamp. The 
mixture was kept stirring during irradiation. 3 mL liquid sample 
was taken out and analyzed by using a UV-7502PC UV/Vis 
spectrophotometer in every 5 min.  45 

Synthesis 

[N(CH3)4]6[CuIILo][(Ti2O)(PW11O39)2]·4H2O (1). 
[(CH3)4N]7[PTi2W10O40]·4H2O (0.3125g, 0.1 mmol) and CuCl 
(0.05g, 0.5mmol) were mixed in 10 mL distilled water with 
continuous stirring at room temperature for 30 min. The pH value 50 

of the above mixture was adjusted to ca. 3.0 with 1M HCl. Then, 
the above mixture and Lo (0.039g, 0.1mmol) ligand were put into 
a Teflon-lined autoclave. The reaction system was kept under 
autogenous pressure at 180 oC for 5 days. After slowly cooling to 

Compounds 1 2 

Formula C48H100N12O83P2Ti2W22Cu C58H79N12O80.50P2Ti2W22Cu 

Mr 6439.38 6498.31 

T/K 296(2) 296(2) 

Cryst. Syst. Monoclinic Triclinic 

Space group P21/n P-1 

a/Å 12.9068(5) 14.6474(9) 

b/Å 23.7447(9) 19.8814(12) 

c/Å 38.8170(17) 21.9641(14) 

α (°) 90 78.8740(10) 

β (°) 96.4510(10) 88.1130(10) 

γ (°) 90 75.6590(10) 

V/Å3 11820.8 (8) 6079.7(7) 

Z 4 2 

µ/mm-1 21.74 21.136 

F(000) 11468 5772 

Refls 67885 35214 

Rint 0.0815 0.0606 

GOF 1.006 1.061 

R1 [I> 2σ(I)]a 0.0526 0.0645 

w R2(all data)b 0.1213 0.1882 

∆ρmax,min/e Å-3 3.065 and -3.332 3.12 and -2.593 

Note: aR1 = Σ||Fo| – |Fc||/Σ|Fo|; 
bwR2 = Σ[w(Fo

2 – Fc
2)2]/Σ[w(Fo

2)2]1/2. 
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room temperature, green block crystals were filtered and washed 
with distilled water (50% yield based on W). Anal. Calcd for 
C49H100N11O83P2Ti2W22Cu: C 9.08, H 1.61, N 2.58, Cu 1.01, Ti 
1.40, W 62.91. Found: C 8.95, H 1.55, N 2.61, Cu 0.94, Ti 1.49, 
W 62.84. Selected IR (KBr pellet, cm-1): 3417(s), 3136(w), 5 

1614(s), 1504(s), 1444(m), 1386(s), 1334(s), 1232(s), 1162(s), 
1069(m), 966(w), 892(m), 810(w). 
[N(CH3)4]2[H2bpp]2[CuIILo][Ti2O(PW11O39)2]·1.5H2O (2). 
[(CH3)4N]7[PTi2W10O40]·4H2O (0.1563 g, 0.05 mmol) and CuCl 
(0.05g, 0.5mmol) were mixed in 10 mL distilled water and stirred 10 

at room temperature for 30 min. The pH of the above mixture 
was adjusted to ca. 3.0 with 1M HCl. Then, the above mixture, 
Lo (0.02g, 0.05mmol) and bpp (0.01g，0.05mmol) were 
transferred into a Teflon-lined autoclave, kept under autogenous 
pressure at 180 oC for 5 days. After slowly cooling to room 15 

temperature, deep green block crystals were filtered and washed 
with distilled water (40% yield based on W). Anal. Calcd for 
C58H79N12O80.50P2Ti2W22Cu: C 10.71, H 1.32, N 2.44, Cu 0.86, Ti 
1.40, W 62.37. Found: C 10.72, H 1.22, N 2.59, Cu 0.93, Ti 1.47, 
W 62.24. Selected IR (KBr pellet, cm-1): 3447(s), 3141(s), 20 

1614(s), 1504(s), 1444(m), 1389(s), 1336(s), 1234(s), 1071(w), 
969(w), 891(w), 809(w).  

X-ray crystallography 

The crystallographic data were collected at 296K on the Bruker 
Apex CCD diffractometer using graphite monochromatic Mo Kα 25 

radiation (λ = 0.71073 Å). A multi-scan absorption correction 
was applied. The crystal data were solved by the direct method 
and refined by a full-matrix least-squares on F2 using the 
SHELXTL-97 program.29 During the refinement of compounds 1-
2, all non-hydrogen atoms were refined anisotropically. The H 30 

atoms on organic carbon centers were fixed in calculated 
positions. Furthermore, the restraint commands “ISOR” and 
“SIMU” were used to restrain some non-H atoms with ADP or 
NPD problems in the crystal structures of 1-2. Moreover, some 
six-member and five-member rings of the Lo ligands in 1-2 were 35 

also restrained with the “DFIX”, “AFIX” and “DELU” 
commands. All above restrained refinement led to relatively high 
restraint values 138 and 848 for compound 1 and 2, respectively. 
In the final refinement, the contributions of disordered solvent to 
the structure factors in compound 1 were removed with the 40 

SQUEEZE program30 and the crystal structure was then further 
refined with new hkl file generated by the SQUEEZE calculation. 
Based on the elemental analysis, TG analysis and the SQUEEZE 
calculation results, another three water molecules were directly 
included in the final molecular formula of 1. Crystal data and 45 

structure refinement for 1-2 are list in Table 1. Selected bond 
lengths and angles for 1-2 are listed in the Supporting 
Information, Tables S1-S2. 

Results and discussion 

Synthesis 50 

During the synthesis, several important synthetic factors should 
be emphasized: i) The pH of the initial reaction mixture should be 
carefully controlled in the range of 3.0 – 3.5, otherwise, no Ti-
substituted POMs can be isolated from the synthetic system. 
When the pH is adjusted from 3.5 to 5.0, the Keggin-type POM 55 

unit [PW12O40]
3- is isolated from the reaction system (see the 

synthesis of compound 3 in ESI). It is speculated that the double-
Keggin-type POM unit [Ti2O(PW11O39)2]

8- might be just stable in 
the pH range of 3.0 – 3.5. ii) The CuCl should be used as the 
copper ion sources while not CuCl2. During the reaction process, 60 

CuCl is less soluble in water at room temperature. However, in 
the hydrothermal reaction system, the Cu(I) can be slowly 
oxidized into soluble Cu(II) ions by the mixed O2 from air. These 

in situ generated Cu(II) ions are coordinated with the bichelate-
bridging ligand Lo, forming the [CuLo]2+ fragment and then 65 

assembling with the double-Keggin-type POM clusters. However, 
when the Cu(II) ions were directly added in the reaction system, 
only blue amorphous powders were obtained. It is presumed that 
the reactions between soluble Cu(II) ions and Ti-substituted 
POMs may be too quick and large initial Cu(II) ions just led to 70 

precipitates while not crystalline products. iii) The organic Lo 
ligands should be directly placed under the bottom of the 
autoclave and then the initial mixture containing POM and CuCl 
was directly covered on the Lo ligands. Since the organic ligand 
is insoluble in water, it is unnecessary to pre-mix Lo with POM 75 

and CuCl in aqueous solution. Otherwise, such organic ligand 
will stick on the glass wall and decrease the final yield of the 
crystalline products 1-2. iv) The reaction temperature should be 
above 180 oC in order to prompt the solubility of the organic 
ligands. Below 180 oC, no crystalline sample can be obtained. v) 80 

The introduction of bpp ligand into the reaction system initially 
intended to change the metal-organic fragments, however, such 
ligands just led to the different assembling modes between POM 
units and the [CuLo] fragments in compounds 1 and 2. Based on 
the structural features of 1 and 2, it is presumed that the 85 

protonated bpp ligands might affect the orientations of [CuLo] 
units in the double-Keggin-type POM clusters, leading to the 
different final assemblies.  

Crystal structures of 1–2 

 90 

Fig. 1 Polyhedral view of the double-Keggin-type polyoxoanion in 1 and 
2. 
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Fig. 2 (a) Ball-and-stick view of [CuIILo] unit in 1 and 2; Side view of 
[CuIILo] unit in 1 (b) and 2 (c), showing the different dihedral angles and 
O-Cu-O angles. 

The single crystal X-ray diffraction analysis showed that both 
compounds contain a double-Keggin-type POM unit (Fig. 1) and 5 

a butterfly-type [CuLo] metal-organic moiety (Fig. 2). The POM 
architecture can be viewed as two α-Keggin-type units linking 
together via a corner-sharing mode. According to the composition 
of such POM moiety, this POM unit can be separated into three 
parts, that is, two monovacant Keggin-type α-{PW11O39} 10 

fragments and one {Ti2O} bridge (Fig. 1). The vacant site of each 
α-{PW11O39} unit is occupied by the Ti center and two vacant 
POM units link together via the {Ti-O-Ti} bridge. The bond 
lengths of Ti-O range from 1.758(13) to 2.427(17) Å for 1 and 
range from 1.797(18) to 2.365(16) Å for 2, respectively. The 15 

bond angles of Ti-O-Ti are 158.7(8)° for 1 and 149.0(12) ° for 2, 
respectively. These bond lengths and angles are quite similar to 
the reported Ti-substituted polyoxotungstates.18-25 It is worth 
mentioning that {Ti-O-Ti} bridge is a common fragment in most 
of the reported Ti-substituted polyoxotungstates. However, the 20 

vacant POM units are always linked together by multiple {Ti-O-
Ti} bridges.18-25 In this case, the double-Keggin skeleton is only 
connected by one {Ti-O-Ti} linker, which is observed for the first 
time in the Ti-substituted POM species.  

The butterfly-type [CuLo] coordination unit can be viewed as a 25 

Cu(II) center surrounding with a four-dentate chelate ligand. The 
oxidation state of the Cu(II) center was confirmed by the bond-
valence sum (BVS) calculation, six-coordinated environment, and 
the green coloration of the crystals. In both compounds, the Cu(II) 
center is six-coordinated with four N atoms derived from one Lo 30 

ligand and two terminal oxygen atoms from two adjacent double-
Keggin-type polyoxoanions (Fig. 2). The bond lengths of Cu-N 
are in the range of 1.953(16)-2.052(17) Å for 1 and 1.937(16)-
2.029(17) Å for 2, and those of Cu-O are 2.475(5)-2.766(7) Å for 
1 and 2.639(6)-2.684(3) Å for 2, respectively. It is found that the 35 

pypz groups in the [CuLo] unit are not in the same plane, and the 
dihedral angels between two pypz groups are 36.404(6)° for 1 
and 38.403(7)° for 2, respectively (Fig. 2). Furthermore, the O-
Cu-O angles of the [CuLo] units are 157.242(4) ° for 1 and 
149.557(2) ° for 2, respectively. Such differences may lead to 40 

various assembling modes between [CuLo] and double-Keggin-
type POM units in 1 and 2.  

 

Fig. 3 1-D chain in 1 based on [CuIILo] and [(Ti2O)(PW11O39)2]
8- units. 

Compound 1 crystallizes in the monoclinic space group P21/n. 45 

The basic structural unit contains a double-Keggin-type 
polyoxoanion [(Ti2O)(PW11O39)2]

8- , a [CuLo]2+ moiety and six 
[N(CH3)4]

+ cations (Fig. S1, ESI). In 1, the [CuLo] and POM 
units alternately link together to form a 1-D chain (Fig. 3 and Fig. 
S2, ESI). In such a chain, only one Keggin-type part of POM 50 

clusters is used to link with [CuLo] fragments, assembling into a 
helical chain. In the packing arrangement, all the 1-D chains are 
parallel with each other along b axis (Fig. S3, ESI). There are no 

obvious intermolecular interactions between two adjacent chains. 
The counter cations [(CH3)4N]+ and lattice water molecules reside 55 

in the interspaces formed by these hybrid chain units. 

 

Fig. 4 Square plane cluster in 2 based on [CuIILo] and 
[(Ti2O)(PW11O39)2]

8- units. 

Compound 2 crystallizes in the triclinic space group P-1. The 60 

basic structural unit contains one double-Keggin-type 
polyoxoanion [(Ti2O)(PW11O39)2]

8-, one [CuLo]2+ fragment, two 
[N(CH3)4]

+ and two protonated bpp ligands (Fig. S4, ESI). In 2, 
two double-Keggin-type polyoxoanions [(Ti2O)(PW11O39)2]

8- and 
two [CuⅡLo] units link together, forming a molecular square 65 

plane (Fig. 4, Fig. S5, ESI). The molecular square plane is central 
symmetric and the symmetric center resides in the center of the 
square plane. In comparison with the structure of 1, both Keggin 
parts of the POM clusters attend the assembly of final molecular 
square plane. In the packing arrangement, all these molecular 70 

square planes adopt the same orientation and are parallel with 
each other on the bc plane (Fig. S6, ESI). There are no obvious 
intermolecular interactions between two adjacent hybrid clusters. 
The [(CH3)4N]+ cations, protonated bpp ligands and lattice water 
molecules reside in the interspaces formed by the molecular 75 

square moieties of 2.  

Photocatalytic properties 

Nowadays effectively decomposing waste organic molecules 
plays a crucial role in environment pollution.31 Methylene blue 
(MB) is often employed as a typical model dye contaminant to 80 

estimate the photocatalytic effectiveness of POMs.6,9 It is known 
that a wide range of POMs possess photocatalytic activities in the 
degradation of organic dyes under UV irradiation. Herein, we 
want to investigate the photocatalytic activitity of Ti-substituted 
Keggin-type polyoxotungstates. However, Ti-substituted POM 85 

salts are generally water-soluble and less stable in water, which 
may induce the secondary pollution if they are directly used as 
photocatalysts for the above purpose. So we prepared POM-based 
inorganic-organic hybrid compounds to decrease the solubility of 
catalysts. Furthermore, compound 3, [Cu(I)Lo]4[PWVWVI

11O40], 90 

consisting of the typical Keggin units and the metal-organic 
complex was synthesized and used for comparison. The synthesis 
and structures for compound 3 was shown in the supporting 
information. Moreover, the blank MB aqueous solution without 
any catalyst was also checked as the control experiments. In the 95 

process, MB (400 mL, 10.0 mg L -1) combined with the catalyst 
(compounds 1-3; 40 mg) were exposed to UV light (125 W). 3 
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mL of the upper clear liquid was taken out from the beaker every 
5 min for UV-vis analysis.  

 

Fig. 5 Absorption spectra of the MB aqueous solution during the 
photodegradation under UV light irradiation with (a) 1, (b) 2, (c) 3, (d) no 5 

catalyst. 

 

Fig. 6 Plot of Ct/C0 of MB versus reaction time. 

 

Fig. 7 The PXRD patterns of compound 1(a) and 2(b) with simulated 10 

(black, below), as-synthesized (Orange) and blue lines (after four-circle of 
catalytic process) 

As shown in Fig. 5, those in the presence of 1-2 dramatically 
decreased nearly the same level only within 60 min under UV 
irradiation. However, it takes 70 minutes for compound 3 to 15 

degrade. Plot of Ct/C0 of MB versus reaction time showed that 
MB degrades from 54.8% (no catalyst) to 89.2%, 93.8%, and 
78.4% for compound 1-3, respectively, after 60 min irradiation 
(Fig. 6). In our previous research work, the [CuLo] species have 
been proved no catalytic activity in the dye degradation process.26 20 

Therefore, the Keggin-type Ti-substituted polyoxotungstate units 
in compounds 1-2 demonstrate better catalytic activities than 
those of typical Keggin-type polyoxotungstates in compound 3. 
The stability of these hybrid compounds have been confirmed by 
the PXRD patterns (Fig. 7 and Fig. S17, ESI). After four cycles 25 

of photocatalytic degradation of MB, compounds 1-3 keep the 
similar catalytic activities and the structures have no change (Fig. 
S18-20).  

Moreover, a supposed mechanism was proposed, involving 
that the UV-induced excited state POMs react with H2O to 30 

generate the active hydroxyl radical (OH•), which may oxidize 
the MB into the degradative products. Simultaneously, the 
reduced POM species were easily recovered into oxidative POMs 
by O2 in the reaction system. The existence of active OH• radicals 
in the reaction system was confirmed by the active species 35 

trapping experiments (as shown in Fig. S21). The photocatalytic 
MB degradation activities of compounds 1-2 (Ti-based POMs) 
were also compared with the P25-type titanium oxide. Both Ti-
based POM compounds exhibit better catalytic activity than the 
one of P25(as shown in Fig. S22). Based on above experimental 40 

results, it can be presumed that the introduction of Ti elements 
into the POM structures may promote the electron transition and 
the easy generation of OH• radicals. Moreover, the introduced Ti 
element may help the separation of photoelectron (e-) and 
photohole (h+), or the Ti2O group that introduced owns the 45 

photocatalytic activity, which can accelerate the photocatalyic 
MB degradation. 

Conclusions 

In summary, we presented two new organic-inorganic hybrid 
compounds based on Ti-substituted POM units. In these 50 

compounds, the corner-sharing double-Keggin-type POM cluster 
is observed for the first time in the Ti-substituted POM species. 
The degradation of methylene blue (MB) under UV irradiation 
with compounds 1-3 proved that the Keggin-type Ti-substituted 
polyoxotungstates showed better photocatalytic activities than 55 

those of typical Keggin-type polyoxotungstate species. The 
introduction of potentially efficient POM species into the 
organic-inorganic hybrid compound systems may pave the ways 
for exploring new catalyst systems in UV-irradiated dye 
degradation. This work is ongoing in our group. 60 
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