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 Assembly of Thiometalate-Based {Mo 16 } and {Mo 36 } 
Composite Clusters Combining [Mo 2 O 2 S 2 ] 2+  Cations 
and Selenite Anions  
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       Polyoxometalates (POMs) have been the subject of a large 
number of studies due to their nanoscale size, versatile architec-
tures and tunable electronic and physical properties, [  1–4  ]  as well 
as fundamental investigations of self-assembly in supramolec-
ular chemistry. [  5,6  ]  Recent efforts to investigate the polyoxometa-
late reaction parameter space has led to exciting discoveries of 
a vast range of building blocks, however attempts to hybridise 
material families has been limited. [  7  ]  To address this we won-
dered if the combination of chalcogenides, [  8,9  ]  which are them-
selves a very interesting class of compounds in composition 
and structure, could be hybridised with POMs to yield a new 
family. This is because we envisaged that the marriage of the 
two distinct families of diverse POM based and the tunable 
chalcogen(S and Se)-based synthons could give rise to unprec-
edented architectures and emergence of unique properties. 

 In order to investigate the potential from the utilization of 
novel synthons and the interaction of oxothiometalate-based [  10  ]  
building block libraries, we demonstrate the effect of the non-
conventional heteroanion [  11  ]  on the self-assembly process and 
the fi nal structural motifs in oxothiometalate chemistry and we 
report the synthesis, solid state and solution characterization of 
two novel nanosized selenite-based oxothiometalate materials, 
namely: [(CH 3 ) 4 N] 1.5 K 5.5 Na 2 [I 3 ⊂(Mo V  2 O 2 S 2 ) 8 (Se IV O 3 ) 8 (OH) 8 ]·25
H 2 O  1  and K 13 Na 3 [(Mo V  2 O 2 S 2 ) 12 (SeO 3 ) 6 (OH) 26 (Mo V  2 O 2 S 2 ) 6 (O) 5 
(OH) 3 (CH 3 CO 2 )]·50H 2 O  2 . To the best of our knowledge  1  and 
 2  are the fi rst selenite-based oxothiometalate clusters reported 
to date. Additionally, the selenite anion exhibits the rare   μ   4 -(  η  , 
  μ  ,   μ  ) coordination mode. The compounds were characterized 
in the solid sate and in solution by X-ray structural analysis, 
UV-vis, Flame atomic absorption spectroscopy, FT-IR, TGA 
and high resolution electrospray ionization mass spectroscopy 
(ESI-MS). Furthermore, the compounds were studied for their 
potential application as electrocatalysts for the production of H 2  
gas from aqueous media where they found to be active even at 
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neutral pH conditions. Furthermore, preliminary proton con-
ductivity properties of compound  1  are reported, demonstrating 
the multifunctional nature of {Mo 16 } ring making it a prom-
ising candidate for the development of alternative conductive 
membrane materials for fuel cell applications. 

 According to our previous work in POM systems we dem-
onstrated initially that incorporation of pyramidal geometry [  11  ]  
anions direct the self-assembly process towards the formation 
of architectures which deviate substantially from the archetypes 
observed so far in POM systems that incorporate tetrahedral 
anions such as PO 4  3− , SO 4  2−  and AsO 4  3− . [  12  ]  Moreover, the non-
conventional geometry gives rise to fundamentally novel prop-
erties of the isolated materials with potential applications to 
molecular electronics and functional nano-materials. [  13  ]  

 The addition of Na 2 SeO 3 ·2H 2 O (0.2 g) in an aqueous 7.4 mL 
solution of the dimeric [Mo 2 O 2 S 2 ] 2+  (1 M) unit, followed by the 
adjustment to the solution to pH 5 by the addition of aqueous 
2 M NaOH and heating at 60 °C, resulted in the formation of 
a dark red solution which yielded crystals of  1  after two weeks. 
Alternatively, the addition of increased amount of Na 2 SeO 3  
(0.347 g) in 7.4 mL solution of the dimeric [Mo 2 O 2 S 2 ] 2+  (1 M) 
unit and adjustment of the pH to higher value (6.8) by dropwise 
addition of K 2 CO 3  (2 M) led to the formation of small red cubic 
crystals of  2  after three months. Crystallographic studies revealed 
 1  as [N(CH 3 ) 4 ] 1.5 K 5.5 Na 2 [I 3  ⊂ (Mo V  2 O 2 S 2 ) 8 (Se IV O 3 ) 8 (OH) 8 ]·25H 2 O 
whereby the anion [I 3  ⊂ (Mo V  2 O 2 S 2 ) 8 (Se IV O 3 ) 8 (OH) 8 ] 9−  1a  adopts 
a nano-sized, 1.6 nm, “star”-shaped ring structure,  Figure   1 , 
which contains sixteen Mo V  centers within the main structural 
unit. Each molybdenum atom exhibits octahedral coordina-
tion and is bonded to a terminal oxo group [1.691(9) Å], two 
  μ  -S 2−  ions [2.317(4) Å], one   μ  -OH bridge [2.101(9) Å] and two 
  μ  -selenite oxygen atoms [2.237(8) Å]. The sixteen Mo V  atoms 
form eight edge shared binuclear units [Mo  2   V -(  μ  -S) 2 O 2 ] 2+  with 
a Mo V –Mo V  separation of 2.831(1) Å (single bond). The eight 
[Mo 2  V (  μ  -S) 2 O 2 ] 2+  moieties are connected further to each other by 
eight selenite ligands and eight hydroxo bridges. All the selenite 
anions exhibit a   μ   4 -(  η   2 :  η   2 -O:O) bonding mode (Figure  1 ) with 
Se-O bonds spanning the range 2.105(8) – 2.375(8) Å. Each one 
of the   μ   4 -SeO 3  2−  bridges three [Mo 2  V (  μ  -S) 2 O 2 ] 2+  dimeric moieties 
where the selenites and the Mo V -dimers are alternating above 
and below the plane defi ned by the ring in a cyclic fashion with 
the lone pair of electrons of the selenium atom pointing towards 
the centre of the ring. The centre of the ring is occupied by an 
I 3  −  anion which originates from the stage of oxidation with I 2 /KI 
during the preparation of the dimeric [Mo 2  V (  μ  -S) 2 O 2 ] 2+  species 
(see Supporting Information).  

 The nanosized rings are stacked together in space, forming a 
columnar architecture,  Figure   2 , where the rings are separated 
mbH & Co. KGaA, Weinheim 6245wileyonlinelibrary.com
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      Figure 1.  Ball and stick representation of  1  selenite-based oxothiometa-
late ring. Colour code: Mo: light grey; Se: blue; S: yellow; O: red; I: pink. 
Counter ions and protons are omitted for clarity. 

      Figure 3.  Ball and stick representation of anion’s  2a  fragments. 
A) Horseshoe formation {(Mo V  2 O 2 S 2 ) 6 (Se IV O 3 ) 3 (  μ  -OH) 13 }; B) Hexa-
meric {(Mo V  2 O 2 S 2 ) 3 (  μ   3 -O) 2 ( μ  3 -OH) 2 } unit; C) The distorted ring and 
the hexameric units are connected together via O-bridges; D) two 
{[(Mo V  2 O 2 S 2 ) 6 (Se IV O 3 ) 3 (  μ  -OH) 13 ][(Mo V  2 O 2 S 2 ) 3 (  μ   3 -O) 2 (  μ   3 -OH) 2 ]} units 
are connected further via two O-groups and one CH 3 COO −  bridge. Colour 
code: Mo: light grey polyhedra/spheres; S: yellow; Se: blue; O: red; C: 
black. 
by a distance of ~3.5 Å while the adjacent columns of tubes are 
~2.8 Å apart (closest proximity) and are separated by a layer 
of charge balancing counterions (Na +  and K + ). Bond valence 
sum (BVS) calculations for the terminal and selenite oxygen 
atoms are >1.7 (non-protonated), while the   μ  -O bridges gave 
an average value of 1.1 indicative of their monoprotonated 
wileyonlinelibrary.com © 2013 WILEY-VCH Verlag Gm

      Figure 2.  Perspective view along the crystallographic c axis showing a 
columnar-type framework formation that are partially fi lled with H 2 O 
molecules and Na + /K +  cations. Colour code: Mo: light grey polyhedra; S: 
small yellow spheres; Se: blue spheres; O: red spheres. 
state. In a similar fashion, the BVS calculations for the 
crystallographically independent molybdenum atoms gave an 
average value of 5.1.  

 Compound  2  crystallizes in the monoclinic space group 
 C 2/ m  and exhibits a nanosized (1.6 × 1.9 nm) anion with the for-
mula [(Mo V  2 O 2 S 2 ) 12 (Se IV O 3 ) 6 (  μ  -OH) 26 ][(Mo V  2 O 2 S 2 ) 6 (  μ   3 -O) 5 (  μ   3 -
OH) 3 (CH 3 CO 2 )] 16−  2a . The anion is constructed by an “open” 
distorted ring-shaped (horseshoe) formation built-up by 
six face shared dimeric [Mo 2  V (  μ  -S) 2 O 2 ] 2+  moieties, with 
a Mo V –Mo V  separation of 2.835(3) Å (single bond), bridged 
together via two   μ  -OH groups [2.15(1) Å] and one   μ  -selenite 
oxygen atom [2.29(1) Å],  Figure   3 A. The Mo V −Mo V  separation 
of the neighbouring dimeric [Mo 2  V (  μ  -S) 2 O 2 ] 2+  units is 3.228(2) 
Å. All the distances found to be in good agreement with previ-
ously reported oxothiometalate species. [  10   ,   11b  ]  The ring forma-
tion is completed by a hexameric {(Mo V  2 O 2 S 2 ) 3 (  μ   3 -O) 2 (  μ   3 -OH) 2 } 
unit, Figure  3 B, which is connected via three   μ  -OH [2.17(1) Å], 
two   μ   3 -O groups [2.13(1) Å] and one   μ  -selenite oxygen atom 
[2.18(1) Å], Figure  3 C. Two of the above distorted rings are con-
nected further via the hexameric units with two   μ   3 -O groups 
and one acetate anion, see Figure  3 D, creating a complicated 
architecture with a  C  2  symmetry axis passing through the 
carbon atom of the acetate bridge. To the best of our knowl-
edge, this is the largest selenite-based oxothiometalate species 
reported so far. BVS calculations in this case for the terminal 
and selenite oxygen atoms gave values higher than 1.6 (non-
protonated), whilst all the   μ  -O bridges gave an average value 
of 1.1, indicative of their monoprotonated state. Within the 
hexameric unit, two of the peripheral   μ   3 -O groups gave a value 
higher than 1.7, while the central and the remaining oxo-group 
bH & Co. KGaA, Weinheim Adv. Mater. 2013, 25, 6245–6249
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      Figure 5.  Negative ion mass spectra of  1  in water, showing the discrete 
{Mo 16 } ring, {[(Mo V  2 O 2 S 2 ) 8 (Se IV O 3 ) 8 (OH) 8 ](H 2 O) 6 H 6 } 2− , the {Mo 16 } 2  
dimer, {[(Mo V  2 O 2 S 2 ) 8 (Se IV O 3 ) 8  (OH) 8 ] 2 (H 2 O) 20 K 4 H 9 } 3−  and the {Mo 16 } 3  
trimer, {[(Mo V  2 O 2 S 2 ) 8 (Se IV O 3 ) 8 (OH) 8 ] 3 (H 2 O) 20 Na 8 K 8 H 4 } 4−  at m/z = 
1785.24, 2479.25 and 2807.11. Inset: expanded distribution envelope of 
the discrete {Mo 16 } wheel. 

      Figure 4.  Ball and stick representation of the novel “trapped” hexanuclear 
moiety (LEFT) and the PO 4  3−  templated thio-analogue (RIGHT). Colour 
code: Mo: light grey; S: yellow; P: green; O: red. 
were found to be mono-protonated with a BVS value of 0.9. In 
a similar fashion, the BVS calculations for all the molybdenum 
atoms gave an average value of 5.1.  

 It should be noted that the self-assembly process of the 
molybdenum oxothiometalate system, in the presence of 
the pyramidal selenite anion at higher pH values, reveals the 
entrapment of a hexanuclear oxothiometalate species which 
exhibits an oxo-centered structure. Even though such an hexa-
nuclear oxo- and thio-based species, [  14  ]  templated by phosphate 
and arsenate anions has been reported before, this is a very rare 
example [  15  ]  where such a hexanuclear moiety can be formed 
without a templating tetrahedral anion. Another noteworthy 
feature of the {(Mo V  2 O 2 S 2 ) 3 (  μ   3 -O) 2 (  μ   3 -OH) 2 } unit is that it rep-
resents a compact structure, since the three [Mo V  2 O 2 S 2 ] 2+  units 
are shifted in relation to each other, forming a ~70 o  angle, see 
 Figure   4 . Furthermore, an additional Mo-S bond [2.56(6) Å] is 
formed between the molybdenum(V) centre of a [Mo V  2 O 2 S 2 ] 2+  
moiety and the sulphur bridge of the neighbouring dimer unit, 
contributing to the overall integrity/rigidity of the architecture. 
It is quite intriguing that the “horseshoe” shaped fragment acts 
as a molecular pincer, which “traps” this unique hexanuclear 
building unit. This fi nding demonstrates the potential for the 
discovery of novel archetypes, and the potential of mixing dif-
ferent sets of building blocks to develop hybrid inorganic clus-
ters further.  

 The stability and characterization of both compounds were 
investigated in solution using UV-vis and ESI-MS spectroscopy. 
These studies showed that their stability is directly related to 
the pH of the solution rather than the nature of the medium 
used for the study. For example, compound  1  was found to be 
stable over a period of 48 h providing that the pH value of the 
aqueous solution was at least 5. In the case of compound  2  a 
similar behaviour was observed. At pH < 5, a rapid decompo-
sition was observed. Also, compound  2  showed suffi cient sta-
bility over a period of 30 hrs in a phosphate buffer medium 
(pH = 7.2), see SI. 

 To investigate these two clusters in more detail, we opted to 
study the clusters further in solution using ESI-MS. [  16  ]  These 
studies revealed that both the {Mo 16 } and {Mo 36 } oxothio-
metalate species are present in solution. The observation of 
a series of partially overlapping envelopes is due to the exist-
ence of multiple charged states of the same moiety, resulting 
from the variable number of protons and counterions, which 
consequently leads to the observation of overlapping isotopic 
© 2013 WILEY-VCH Verlag GmAdv. Mater. 2013, 25, 6245–6249
distribution envelopes. This type of behaviour is quite common 
in aqueous solution studies of POM compounds. In the case of 
the {Mo 16 } 8−  wheel, the observed envelopes centred at m/z = 
1785.2, 2479.2 and 2807.2 could be assigned unambiguously to 
−2, −3 and −4 charged species ( Figure   5 ). The doubly charged 
species can be assigned to the discrete ring with the typical for-
mula {[(Mo V  2 O 2 S 2 ) 8 (Se IV O 3 ) 8 (OH) 8 ](H 2 O) 6 H 6 } 2− , while the −3 
and −4 charged moieties can be assigned to the “stacked” ring 
assemblies with formulae, {[(Mo V  2 O 2 S 2 ) 8 (Se IV O 3 ) 8 (OH) 8 ] 2 (H 2 O
) 20 K 4 H 9 } 3−  (for the dimer) and {[(Mo V  2 O 2 S 2 ) 8 (Se IV O 3 ) 8 (OH) 8 
] 3 (H 2 O) 20  Ν a 8  Κ  8 H 4 } 4−  (for the trimer), in agreement with the 
crystallographic studies. In the case of the {Mo 36 } 16−  species, 
the spectra appeared to be more complicated due to a higher 
multitude of overlapping envelopes, arising from the co-exist-
ence of different species with the same core structure but 
different degree of protonation, hydration and number of potas-
sium cations (Figure S11, Supporting Information). Also in this 
case, ESI-MS studies have been proven to be an important tool 
in our effort to confi rm the integrity, the composition and the 
intermolecular interactions of such complicated nano-sized sys-
tems in solution.  

 Furthermore, we opted to investigate the potential of our 
clusters as electrocatalysts for the evolution of H 2   gas from 
aqueous media. The cyclic voltammograms (CV) were meas-
ured in phosphate buffer solution at pH 7.2 for both com-
pounds. An electrocatalytic peak observed in both cases 
initiating at −500 mV vs. Ag/Ag +  (−303 mV vs NHE) and 
−570 mV vs. Ag/Ag +  (−373 mV vs NHE) for compound  1  and 
 2  respectively. Relative to the blank buffer solution, the reduc-
tion current increased dramatically, which indicates that the 
compounds exhibit considerable degree of electrocatalytic 
behaviour (Figure S14). Also, the presence of [(CH 3 ) 4 N] + /I 3  −  
ions as hydrogen-bonding chains which interact with water 
6247wileyonlinelibrary.combH & Co. KGaA, Weinheim
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      Figure 6.  (LEFT) RH dependence of the conductivity ( σ ) for  1  at 298 K. (RIGHT) Arrhenius-type 
plot of the conductivity of  1  at various temperatures and under ~97% RH condition. 
molecules (proton carriers) creating proton-conducting path-
ways, [  17,18  ]  makes  1  a promising candidate to be used as proton-
conducting solid material with potential applications in fuel cell 
technology. Moreover, proton-conducting property of materials 
is mainly infl uenced by relative humidity, temperature and the 
content of doped compound. Thus, we employed AC imped-
ance technique for the investigation of the proton conductivity 
of the solid sample taking into account the above parameters. 
The humidity dependence of proton conductivities of  1  are 
shown in  Figure   6 , which are measured at temperatures span-
ning the range 20 to 55 °C and under relative humidities 
ranging from 53% to 97% RH. The low-frequency tail observed 
in the Nyquist plots (Figures S16–S18) is consistent with 
blocking effects at the electrode, as would be expected for ionic 
conduction. Analysis on  1  at 97% RH gave a very good con-
ductivity of 1.2 × 10 −2  S cm −1  at slightly elevated temperatures 
(55.0 °C). The activation energy measured was 0.77 eV, indi-
cating a highly effi cient “vehicle”-type mechanism [  17  ]  which is 
refl ected by the considerable increase of the conductivity from 
6.06 × 10 −4  S cm −1  at 20 °C to 1.2 × 10 −2  S cm −1  at 55 °C. The 
observed conductivity value at 55 °C appears to be improved 
compared with a few MOF-based materials which were recently 
reproted [  18  ]  even though it is still a less effi cient proton con-
ductor if we compare with nafi on-type membranes.  

 In conclusion, using non-conventional selenite anions with 
pyramidal geometry has led to the isolation of the symmetrical 
1.6 nm {Mo 16 } oxothiometalate wheel and the largest oxothi-
ometalate-selenite material reported so far: a 1.9 nm sized 
{Mo 36 } species. The isolated compounds represent the highest 
chalcogen (S + Se) content reported so far: 29.9 and 24.7% for 
compound  1  and  2 , respectively. The control of the interplay 
between the pyramidal geometry, the lone pair of electrons and 
the ionic radius of the selenite anions has been proven to be 
crucial for the directed self-assembly of the [Mo 2 O 2 S 2 ] 2+ -based 
building blocks and the engineering of the appropriate curva-
ture, which led to the formation of wheel shaped species. The 
use of the selenite anion introduced an intriguing diversity to 
the oxothiometalate system, giving us access to novel libraries 
of building blocks and, consequently, led to the formation of 
unprecedented architectures. Moreover, the fruitful utilization 
of inorganic ligands of pyramidal geometry demonstrates the 
potential for development of new building-block libraries and 
novel self-assembly routes, opening up a new dimension for 
further discoveries and the designing of new chalcogen-hybrid 
248 wileyonlinelibrary.com © 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Wein
metal-oxide systems. Finally, both com-
pounds found to be promising electrocata-
lysts for the proton reduction process even at 
neutral pH values in aqueous media. Finally, 
 1  found to be an effi cient proton conducting 
material with a value of 1.2 × 10 −2  S cm −1  
at slightly elevated temperatures (55 °C). In 
the future, we will focus our investigations 
on the exploitation of these novel building 
block libraries and identify potential correla-
tions between structure and observed prop-
erties, towards the designing of functional 
nanomaterials.  
  Experimental Section 
  Synthesis of [N(CH 3 ) 4 ] 1.5 K 5.5 Na 2 [I 3  ⊂ (Mo V  2 O 2 S 2 ) 8 (Se IV O 3 ) 8 (OH) 8 ]·25

H 2 O ( 1 ) : Na 2 SeO 3 ·2H 2 O (0.2 g, 0.9 mmol) was added to 7.4 mL of 
the oxothiometalate dimer [Mo 2 O 2 S 2 ] 2+  solution. The pH subsequently 
adjusted to pH 5.0 by addition of aqueous 2 M NaOH followed by 
heating of the mixture at 60 °C for 10 minutes resulting in a dark red 
solution. The reaction mixture cooled down and fi ltered. The clear dark 
red solution left in a 50 mL Erlenmeyer fl ask at room temperature. Deep 
red rod shaped crystals formed after one week. Yield: 400 mg, (10%, 
based on Mo). Elemental analysis for [(CH 3 ) 4 N] 1.5 K 5.5 Na 2 [I 3  ⊂ (Mo V  2 O 2 S 2 ) 
8 (Se IV O 3 ) 8 (OH) 8 ]·10H 2 O, C 6 H 46 I 3 K 5.5 Mo 16 N 1.5 Na 2 O 58 S 16 Se 8 , MW = 4388 
gmol −1 , calcd (found): S 11.68, (12.20); C 1.64 (1.20), H 1.05 (1.14), 
N 0.47 (0.44), Na 1.04, (0.98); K 4.90, (5.17); Mo 35.00 (36.86). FT-IR 
(KBr): v̄  /cm −1  3404 (br), 1616 (wk), 1105 (wk), 948 (s), 887 (m), 723 
(wk), 635 (s), 555 (m), 512 (m), 463 (m). 

  Synthesis of K 13 Na 3 [(Mo 2 O 2 S 2 ) 12 (SeO 3 ) 6 (OH) 26 (Mo 2 O 2 S 2 ) 6 (O) 5 (OH) 3 
(CH 3 CO 2 )]·50H 2 O ( 2 ) : Na 2 SeO 3 ·2H 2 O (0.3 g, 1.4 mmol) was added 
to 7.4 mL of the oxothiometalate dimer [Mo 2 O 2 S 2 ] 2+  solution. The pH 
subsequently adjusted carefully to the pH value of 6.8 by drop wise 
addition of aqueous 2M K 2 CO 3  solution upon stirring. The reaction 
mixture fi ltered and the clear dark orange-red solution left in a 50 mL 
Erlenmeyer fl ask at room temperature. Small bright-red cubic shaped 
crystals formed over a 2 month period of time. Yield: 40 mg (1% based 
on Mo). Elemental analysis for K 13 Na 3 [(Mo 2 O 2 S 2 ) 12 (SeO 3 ) 6 (OH) 26 (M
o 2 O 2 S 2 ) 6 (O) 5 (OH) 3 (CH 3 CO 2 )]·50H 2 O, C 2 H 132 K 13 Mo 36 Na 3 O 140 S 36 Se 6 , 
MW = 8056 gmol −1 , calcd (found) : H 1.63, (1.25); S 14.33, (13.90); Na 
0.86, (0.74); K 6.31, (5.96); Mo 42.86 (43.52). FT-IR (KBr) v̄  /cm −1  3409 
(br), 1613 (m), 1051 (wk), 943 (s), 887 (m), 730 (m), 667 (s), 601 (m), 
509 (m). 

  Crystal data for  1   :  K 5.5 Na 2 [(CH 3 ) 4 N] 1.5 [I 3  ⊂ (Mo V  2 O 2 S 2 ) 8 (Se IV O 3 ) 8 (OH) 8 
]·25H 2 O, C 6 H 76 I 3 K 5.5 Mo 16 N 1.5 Na 2 O 73 S 16 Se 8 ,  M r   = 4659 gmol −1 , 
tetragonal, space group  P 42/ mbc ,  a  = 34.7352(8),  c  = 19.7947(5) 
Å,  V  = 23883(1) Å 3 ,   α   =   β   =   γ   = 90  ο  ,  Z  = 8,  ρ  calc  = 2.592 g cm −3 , 
  λ  (Mo-Ka) = 0.7107 A°,  T  = 150(2) K, 183639 refl ections measured, 
11685 independent refl ections ( R  int  = 0.1067),  R 1  (fi nal) = 0.0448, 
w R 2   = 0.1325, GoF = 0.922. 

  Crystal data for  2   :  K 13 Na 3 [(Mo V  2 O 2 S 2 ) 12 (Se IV O 3 ) 6 (  μ  -OH) 26 ]
[ ( M o  V   2  O  2  S  2  )  6  (   μ    3  - O )  5  (   μ    3  - O H )  3  ( C H  3  C O  2  ) ] · 5 0 H  2  O , 
C 2 H 132 K 13 Mo 36 Na 3 O 140 S 36 Se 6 ,  M r   = 8056 g mol −1 , monoclinic, space 
group  C 2/ c ,  a  = 37.336(3),  b  = 20.0038(12),  c  = 32.751(2) Å,  V  = 23220(3) 
Å 3 ,   β   = 108.325(6) o ,  Z  = 4,   ρ   calc  = 3.453 g cm −3 ,   λ  (Mo-Ka) = 0.7107 A˚,  T  = 
150(2) K, 124349 refl ections measured, 14274 independent refl ections 
( R  int  = 0.1342),  R 1  (fi nal) = 0.0619, w R 2   = 0.1896, GoF = 1.045. CCDC-
919275 and CSD-919275 electronic fi les contain the supplementary 
crystallographic data for  1  and  2  respectively. These data can be obtained 
free of charge from The Cambridge Crystallographic Data Centre via 
www.ccdc.cam.ac.uk/data_request/cif for compound  1  and from the 
Fachinformationenzentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, 
Germany, (fax: +49 7247–808–132, email: crysdata@fi z-karlsruhe.de) for 
compound  2 .  
heim Adv. Mater. 2013, 25, 6245–6249
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 Supporting Information is available from the Wiley Online Library or 
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