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pH-Controlled Assembly of Two Novel Dawson-Sandwiched
Clusters Involving In Situ Reorganization of Trivacant a-
[P2W15055]12- into Divacant a'[P2W15057]8-

Ling-Yu Guo,”* Marko Jagodi&,™* Su-Yuan Zeng,® Zhi Wang,® Zhi-Qiang Shi,” Xing-Po Wang,® Chen-
Ho Tung,’ Di Sun*,’

Modified classical trivacant Wells-Dawson a—[P;Wlsossllz' and the assembly of related sandwiched transition metal clusters
are of interest but surprising scarce because of the mutability of a—[PzWﬁOss]n‘ sensitive to assembly environments.
Herein, we describe the pH-controlled assembly of two novel Dawson-sandwiched clusters (H,bpz)s[Co,(P,W1¢0s7),]'22H,0
(1, bpz = 3,3',5,5"-tetramethyl-4,4’-bipyrazole) and (H,bpz)s[CosH,(P,W160s7)(P2W150s6)(H,0)]*12H,0 (2) involving in situ
transformation of ot—[PZWlsOss]lz'. Both clusters have been characterized by X-ray single-crystal diffraction, FT-IR
spectroscopy, UV-Visible spectroscopy, thermogravimetric analysis, powder X-ray diffraction, and elemental analyses. X-
ray crystallography showed both heteropolytungstates become to divacant a-[P,W150s7]* and symmetrically encapsulate
two edge-shared CoOg octahedra in the interior in 1, while only one divacant a—[PszOsy]& is observed in 2, which
combined with another trivacant a-[P,W3s0s6]™> to asymmetrically clamp three edge-shared CoOs octahedra. The a-
[PaW160s7]* heteropolytungstate should be in situ generated from the o-[P,W1s0s6] " via self-decomposition equilibria in
solution. The electrochemistry behaviors of them show characteristic multi-electrons redox process relating to W centers.
The electrocatalytic reduction performances toward nitrite, hydrogen peroxide, chlorate, bromate and iodate are fully
measured and discussed. Especially, both of them exhibit better electrocatalytic activities toward to the reduction of
bromate. Magnetic measurements indicate weak ferromagnetic exchange interactions between Co atoms sandwiched by

vacant polyoxometalates.

Introduction

Polyoxometalates (POMs) have find an important niche in the
area of inorganic chemistry and material science owing to their rich
structural motif and potential applications in many fields such as
catalysis, nanotechnology, sensor, magnetism, and medicine
delivery.1 Although Keggin-, Wells-Dawson-, Waugh-, Lindquist-,
Silverton- and Anderson-type POMs have been advanced Iargely,2
modification of these classical cluster structure to form much more
novel POM species or related inorganic-organic hybrids is still a hot
but challenge project. There are many ways to realize above targets,
such as partial reduction of W' or Mo"' to their V/VI mixed valent
counterparts, called heteropolyblue,3 replacement of heteroatom
within the cluster,” knockout of surface MOg (M = W or Mo)
polyhedra to form diverse vacant POMs,5 usage of the surface
terminal O atoms to extend transition-metal or rare-earth ions and
organic ligand to the POM-based inorganic-organic network,6 and
vacant POMs sandwiched transition-metal clusters.” Among such
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rich decoration strategies, the last is especially fascinating due to
the novelties from the facile variability of vacant POM as well as the
assembly challenge from polynuclear metal-oxo aggregates.

In vacant POMs family, mono- to trivacant species of the Keggin
(IXM1,04]™) and the Dawson ([X;M1506,]", where X = Si"¥, Ge", P",
and SV'; M= w" Mov"v) clusters have long been recognized as
nucleophilic ligands for gathering transition-metal or rare-earth ions
at the high-active vacant sites.® Recently, trivacant a—[P2W15056]12'
was found to be an instable inorganic building unit that can
experience facile reorganization to form its mono- or divacant
derivatives, a—[P2W17061]1°' and a—[P2W16059]12', respectively, which
is due to self-decomposition equilibria existed in solution.” In
addition to the skeletal change of cluster, the protonation states
also sensitively followed the solution pH.10 The above two
behaviours of trivacant a-[PZWISOSG]lz' dictate the formation of two
novel sandwich POMs in this work.

Since the first synthesis of the trivacant ot—[PZWlsOSG]lZ'
sandwiched compounds ([M4(PZWISOSG)Z(HZO)Z]IS', M = Co, Cu, Zn)
by Finke and Droege thirty years ago,11 many novel sandwich POMs
based on trivacant a-[PzW15056]12' with 2-7 metal centers
encapsulated have been isolated and related magnetic properties
and catalytic performances were evaluated.™ However, the
sandwich POMs based on the variants of a-[P2W15056]12' are very
rare, although what we have known is the instability of a-
[PZWISOSS]H' in high temperature reaction systems. In 2008,
Kogerler group isolated a semi-sandwich POM by reaction of
trivacant a-[P2W15056]1z' and bowl-shaped
[CeIVMnIVGOQ(OzCCH3)9(NO3)(H20)z] cluster at 70 °C. Interestingly,
the trivacant a-[PzW15056]12' was changed to divacant a-
[P2W16057(OH)2]10' during assembly.13 Following their work, Cronin
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group synthesized a novel Dawson-based trimeric
[K@(C02P2W16050)3]2?" cluster, in which divacant {P,W,¢} species is
in situ generated by removal of two adjacent WOg octahedra from
the "belt" region of non-vacant Ks[ot—PZWmOm].14 Thus, the
formation of divacant {P,W,¢} species in known examples are
usually sporadic and the more difficult is incorporating it into novel
sandwich POMs, and both that we have eagerly pursued.

Scheme 1. The polyhdedra representation of classical trivacant a-
[P2W15056]12' (left) and rare bivacant ot»[PZW16057]B' (right) POMs.
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We herein present two novel Co" sandwich POMs based on in
situ  generated ot-[PZW16057]8' from classical trivacant a-
[P2W15056]12' (Scheme 1). At different pH value (Scheme 2),
trivacant a-[P2W15056]12' completely or partially transformed to a-
[P2W16057]8' POM, then encapsulated different Con"-oxo clusters (n
=2 or 3) to form (H,bpz)s[Co,(P,W16057),]'8H,0 (1, bpz = 3,3’,5,5"-
tetramethyl-4,4’-bipyrazole) and
(H2bpz)s[Co3H,(P,W16057)(P,W15056)(H20)]'12H,0  (2). This  work
provides a new pH-control strategy route to construction of rare a-
[PZW16057]8' POM-based sandwich clusters with adjustable
Co"/POM ratio.

Scheme 2. The schematic representation of assembly details of 1 and 2
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Experimental

Methods. Commercially available solvents and metal salts were
used without further purification. The trivacant Nap,[a-
P,W,5056]'18H,0 was prepared according to the literature.™ IR
spectra were recorded on a PerkinElmer Spectrum Two in the
frequency range of 4000-400 cm™. Elemental analyses for C, H,
and N were performed on a PerkinEImer 2400 CHN elemental
analyzer and, for P, W, and Co, were determined with a
PLASMASPEC (I) ICP atomic emission spectrometer. Powder X-
ray diffraction (PXRD) data were collected on a Philips X’Pert Pro
MPD X-ray diffractometer with Mo K, radiation equipped with
an X’'Celerator detector. Thermogravimetric analyses (TGA) were
performed on a SHIMADZU DTG-60A thermal analyzer from
room temperature to 800 ° C under nitrogen atmosphere at a
heating rate of 10° C/min. The diffuse-reflectance spectrum
were performed on UV-Vis spectrophotometer (Evolution 220,
ISA-220 accessory, Thermo Scientific) using a built-in 10 mm

2| J. Name., 2012, 00, 1-3

silicon photodiode with a 60 mm Spectralon sphere. The
variable-temperature magnetic susceptibilities were collected
on a Magnetic Property Measurement System (MPMS), SQUID-
VSM (superconducting quantum interference device-vibrating
sample magnetometer) (Quantum Design, USA). The
electrochemical measurements were carried out on a CHI 660E
electrochemical workstation (CH Instruments, Shanghai
Chenghua Co.) with a conventional three-electrode cell
consisting of a Pt plate as the counter electrode. The Ag/AgCl (3
M KCI filled) was used as the reference electrode. The working
electrode was prepared as following: 100 mg graphite powder
and 30 mg sample 1 or 2 were mixed, and ground together by a
gate mortar and pestle to achieve an even, dry mixture; to the
mixture 300 BL paraffin oil was added under stirring with a glass
rod; then the mixture was packed into 3 mm inner diameter
glass tube, and the surface was pressed tightly onto weighing
paper with a copper rod through the back. Electrical contact was
established with copper rod through the back of the electrode.
Prior to measurement, the electrolyte was thoroughly bubbled
by purging it with nitrogen.

Synthesis of 1 and 2

A mixture of Na;p[P,W;5056]:24H,0 (44.3 mg, 0.01 mmol),
Co(NOs),-6H,0 (58.2 mg, 0.2 mmol), and 3,3',5,5'-tetramethyl-4,4'-
bipyrazole (9.5 mg, 0.05 mmol) is dissolved in 6 mL H,0O, then the
pH was adjusted to 2.05 by addition of 1 M HCI, and stirred for 5
min at room temperature. The resulting mixture was sealed in a 25
mL Teflon-lined stainless steel autoclave and heated at 160 °C for
3000 min, after which, it was cooled over 13 h to room
temperature. The product was obtained as brown rod crystals
(Yield: 51.2% based on W). Elemental analysis: Anal. Calcd (%) for
C60H112N24C02P4W320122: C, 779, N, 364, H, 122, P, 134, CO, 127,
W, 63.62 found: C, 7.67; N, 3.65; H, 1.25; P, 1.43; Co, 1.23; W,
63.73. Selected IR peak (cm'l): 3671 (w), 2988 (w), 2903 (w), 1583
(w), 1524 (w), 1405 (w), 1260 (w), 1087 (m), 943 (m), 745 (s), 585
(s), 523 (s)

The synthesis of 2 was similar to that of 1, but the pH was adjusted
to 1.84 by addition of 1 M HCI. The red brown plate crystals was
obtained (Yield: 49.8 % based on W). Elemental analysis: Anal. Calcd
(%) for CeoH124N24C03P4,W3,0456: C, 7.84; N, 3.65; H, 1.36; P, 1.35; Co,
1.92; W, 61.96. found: C, 7.78; N, 3.60; H, 1.42; P, 1.42; Co, 1.86; W,
61.79. Selected IR peak (cm'l): 3502 (w), 1591 (w), 1527 (w), 1423
(w), 1267 (w), 1084 (m), 950 (m), 884 (m), 744 (s), 583 (s), 511 (s)

Table 1. Crystal data for 1 and 2.

Compound 1 2

Empirical formula CooHosC02N24012,P4W3, CooHosC03N240126PsW3
1

Formula weight 9230.54 9169.62

Temperature/K 298.15 298.15

Crystal system triclinic monoclinic

Space group P-1 P24/c

a/A 15.082(2) 24.592(3)

b/A 15.392(2) 14.2596(17)

c/A 20.427(3) 24.846(3)

a/° 78.8374(13) 90.00

B/° 82.5853(13) 111.4003(10)

v/° 75.4572(12) 90.00

Volume/A® 4487.0(11) 8112.0(17)

z 1 2

Peac/cm’ 3.416 3.754

This journal is © The Royal Society of Chemistry 20xx
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p/mm™ 20.727 22.327
F(000) 4082.0 8134.0
Reflections 78602 45258
collected

Independent 17648 15970
reflections

Rint 0.0565 0.0581
Data/parameters 17648/1096 15970/1136
GOF 1.078 1.020

Final R indexes R:=0.0399 R, =0.0411
[1>=2a (1)] wR, = 0.1006 WR, = 0.0848
Final R indexes [all R; =0.0610 R; =0.0760
data) wR; =0.1084 WwR; =0.0987

Results and discussion

Synthetic Aspects and General Characterizations

According to incomplete statistics, in 50 reported [P,Ws]-based
sandwich clusters, we found only one compound® were
synthesized in hydrothermal condition and others were isolated
using stirring method at temperature no higher than 100 °C, then
growth of single crystals at room temperature. These facts
suggested the possible transformation or decomposition of a-
[P2W15055]12' at higher temperature. Thus, we adopted this less
dominant method to assemble novel sandwich clusters from
common a—[P2W15056]12'. On the other hand, targeted sandwich
POMs synthesis can be realized by elaborate adjustment of the
assembly environments such as stoichiometric ratio of reactant,
solvent, pH, counterions, and temperature.16 In this system, low pH
favors the formation of them and the lower pH environment is
essential to formation of 2, but neither of them can be alternatively
isolated by changing Co/a-[Pzwlsoss]u' stoichiometry, despite this
is different in the final structures of 1 and 2. The achievement of
different pH is controlled by adding the different amount of 1 M HCI
solution. The detail yield-pH correlations for 1 and 2 are plotted in
Figure 1. The best pH values for synthesis of them are 2.05 and 1.84,
respectively. The different reaction temperatures (120, 140, 160
and 180 °C) were also tried in the synthesis of 1 and 2. The best
yields are obtained at 160 °C for them. Only 2 could be isolated at
140°C with a lower yield of 28 %. Whereas only brown precipitates
were found after reaction at 180 or 120 °C for 1 and 2. Both of them
can be readily prepared in high purity with ca. 50% isolated yield
under the optimal reaction conditions.
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Figure 1. The plot of reaction pH value vs yield for synthesis of 1 and 2.

This journal is © The Royal Society of Chemistry 20xx

Compared PXRD patterns (Figure S1) indicate both 1 and 2 are
pure phases for the following characterizations. In IR spectra (Figure
S2), P-O stretching peaks appeared at 1087 and 1085 cm'l, for 1 and
2 respectively.17 The classical W-O and W-O-W bands are shown in
the region lower than 1000 em™.° The TGA curves (Figure S3) of
them show similar two steps weight losing behaviour and the first
weight loss of 4.1% (calc. 4.2%) and 2.9% (calc. 2.5%) for 1 and 2
occur at 123 and 127 °C, respectively. The strong adsorption band
below 300 nm should be attributed to O,,->Wsq4 charge transfer
transitions™® and the d-d absorption bands contributed by co" ions
were observed as a weak shoulder peaks at around 580 nm for 1
and 2, as indicated in the solid-state diffusion-reflection UV-Vis
spectra (Figure S4).

Fig 2. Side view of structures of the polyanion 1 (a) and 2 (b). All PO, units
highlighted as yellow tetrahedra and all WOg units in cyan octahedra. The
sandwiched Co ions were shown as purple balls.

Cluster Structures of 1 and 2

X-ray diffraction on claret-red single crystals of 1 and 2 show they
crystallize in the triclinic P-1 and monoclinic P2,/c space groups,
respectively (Table 1). Both asymmetric units of 1 and 2 contain a
half of complete cluster imposed by crystallographic inversion
center. The bond valence sum calculations indicate that all Co and
W centers are +2 and +6 oxidation state, respectively (Table S1). In
1, the reactant trivacant a-[PZW15056]12' has in situ gained an extra
tungsten site of W16 atom, and thus is transformed to a rare
divacant derivative of Dawson {P,Wig}, which further binds two
edge-shared but not corner-linked CoO6 octahedra (Co-O =1.993(9)
- 2.191(8) A; Co--Co = 3.24 A) in the interior using the O atoms at
the lacuna position to form the resulting sandwich cluster with an
overall G symmetry (Figure 2a). Alternatively, the anionic cluster of
1 also could be described to a layer of two internal Co ions and two
external W ions, which is sandwiched by two trivacant a-
[PZW15056]12' units upper and lower.

Interestingly, for 2, two slices of "bread" are different to thatin 1,
one trivacant a-[P2W15056]12' and another bivacant a-[P2W16057]8'
(Figure 2b), and the "meat" layer is also dissimilar to that in 1. Three
Co06 octahedra (Co-O = 1.993(9) - 2.178(9) A; Co--Co = 3.19 - 3.33
R) are edge-shared to form a defected cube, then asymmetrically
clamped by one trivacant a-[PzW15056]12' and one bivacant a-
[P2W16057]8'. Since the external Col and W1 statistically occupied,
molecular symmetry of 2 is essentially an overall C; point group,
although the sandwich anion of 2 sits on an inversion center in the
crystallography. Until now, there are only two bivacant a-

J. Name., 2013, 00, 1-3 | 3
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13,14

[P2W16057]8' based compounds. One is in situ transformed from

trivacant a—[P2W15056]12', giving a half-sandwich cluster, whereas
another is a trimer of [C02P2W16060]8' from non-vacant [a-
P2W18062]6'. However, the genuine sandwich POM cluster from in
situ generated bivacant a—[P2W16057]8' is unprecedented.
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Figure 3. Cyclic voltammograms of (a) 1-GCE, (b) 2-GCE in 0.5 M Na,SO,-
H,SO4 aqueous solutions (pH = 2.52) at different scans (from inner to outer:
20, 50, 100, 200, 300, 400, 500 mV st ). Inset: variation of the second
cathodic peak current intensity as a function of the square root of the scan
rate.
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Figure 4. Cyclic voltammograms showing the electrocatalytic activity of (a)
1-GCE, (b) 2-GCE in 0.5 M Na,S0,-H,SO, aqueous solutions (pH = 2.52) with
scan rate of 20 mV s™, in the presence of different concentration of nitrite.
(c) Graph of CAT versus concentration of NO, for 1-GCE and 2-GCE, (/p
values of cathodic peak at -0.85 V for NO;).

Electrochemical properties and electrocatalytic activities of 1 and

4| J. Name., 2012, 00, 1-3

The Naphthol-modified glassy carbon electrode (GCE) were
fabricated as working electrode to investigate the electrochemical
properties of 1 and 2 in 0.5 M Na,S0O,-H,S0, aqueous solutions (pH
= 2.52) using cyclic voltammograms (CV). As shown in Figure 3, the
potentials of three pairs of reversible redox peaks are -0.180 and -
0.201 V (I-I'), -0.454 and -0.489 V (II-1'), -0.633 and -0.679 V (llI-1II')
for 1-GCE and -0.172 and -0.212 V (I-I'), -0.442 and -0.518 V (II-II), -
0.644 and -0.70 V (IlI-1I') for 2-GCE, respectively. The half-wave
potentails £y, = (Epa + Epc)/2 of I/I', II/I', and 1II/III" are -0.190, -
0.470 and -0.656 V for 1-GCE, and -0.192, -0.480 and -0.672 V for 2-
GCE (scan rate: 20 mV s'l), which are ascribed to the multi-electrons
redox process of w" (:enters,19 whereas redox peaks of co" ions
were not observed under our experimental conditions. Moreover,
the peak current of the second cathodic wave is proportional to the
square root of the scan rate between -0.85 to 0.75 V, suggesting a
diffusion-controlled redox process (see inset plots in Figure 3a and
3b).

The electrocatalytic reduction activities toward nitrite, hydrogen
peroxide, chlorate, bromate, iodate are fully studied in 0.5 M
Na,S0,-H,S0O, aqueous solutions (pH = 2.52) using CVs with the scan
rate of 20 mV s™. The catalytic efficiency is defined as CAT = [/,
(POM, substrate) — I, (POM)] / I, (POM) x 100%, where /,(POM,
substrate) and /,(POM) are the peak currents for the reduction of
the POM with and without the presence of substrate (nitrite,
hydrogen peroxide and so on),20 Figure 4a and 4b showed that 1-
and 2-GCE have moderate electrocatalytic activity towards the
reduction of nitrite, as revealed by the changes peak current upon
the addition of nitrite, that is, the cathodic current gradually
increases with a continuous increase in the concentration of nitrite,
while the corresponding anodic current decreases. Based on the
reduction peak currents at -0.85 V, the catalytic efficiencies (CAT) of
1-GCE are calculated to 0%, 43.6%, 106.7%, 165%, 193%,
corresponding to the concentration of nitrite varied from 0 to 20
mM, whereas the CAT values for 2-GCE are 0%, 42.2%, 120.37%,
182.6%, 226.5% under the same measurement condition, which
indicates that 2-GCE is better than 1-GCE on electrocatalytic
reduction of nitrite (Figure 4c).

As shown in Figure S5a and S5b, the 1- and 2-GCE also exhibit
electrocatalytic reduction ability to H,0, in the potential range of -
0.85 - 0.75 V. For 1-GCE, with the addition of H,0,, the reduction
peak (Il1) currents increase while the corresponding oxidation peak
currents decrease. Additionally, the second redox peaks gradually
become undistinguished and the first redox peak currents are
almost constant with the increase concentration of H,0,, which
indicates they has negligible electrocatalytic contributions to the
reduction of H,0, For 2-GCE the redox peak profiles dramatically
changed along with the increase of the concentration of H,0,, but
the gradually increased cationic peak currents are still observed in -
1 - 0V, suggesting its electrocatalytic activity towards to the
reduction of H,0,. The highest CAT values are 334.0% and 242.0%
for 1- and 2-GCE, respectively, when the concentration of H,0, is 60
mM.

The electrocatalytic reduction abilities of 1- and 2-GCE toward
ClO3, BrO; and 103 are evaluated in the same electrolyte using
cyclic voltammograms (CV). As shown in Figure S6a-S6h, it was
clearly seen that both 1- and 2-GCE should have the same order of
electrocatalytic reduction abilities toward XO3; (X= Cl, Br and 1), that
is, BrO3’, 103, and ClO;3". As given in Figure S6b and Sé6e, for both 1-
and 2-GCE, the second (Il) and the third (lll) reduction peak currents
increase while the corresponding oxidation peak currents decrease
when increasing concentration of BrO;. The increment of the third

This journal is © The Royal Society of Chemistry 20xx

Page 4 of 8



Page56f8—

reduction peak currents are much larger than the second one,
suggesting that the third reduction peak mainly contributes the
electrocatalytic activity to the BrOs reduction. In addition, the first
redox peaks are nearly constant upon addition of BrOj3, indicating
the little electrocatalytic contribution to the BrO; reduction.
Differently, with the addition of 103, all reduction peak currents
increase with similar degrees while the corresponding oxidation
peak currents decrease, which indicates that all reduction peaks
have electrocatalytic activity to 103 reduction. The best
electrocatalytic reduction performances of 1- and 2-GCE on BrO;
are further proved by counting the CAT values of them as shown in
Figure S6g and Séh. For example, the CAT values of 1-GCE are 8.6%,
231.67%, 62.7%, respectively, when the concentration of ClO3,
BrO;, 105 reaches to 6 mM. The electrocatalytic reduction
efficiency to BrO;z is 27 times higher than that to ClO;, and 3.7
times higher than that to 105, which indicates the selectively
electrocatalytic ability toward low concentration of BrO;" with 1-
GCE. A similar electrocatalytic reduction performances are also
found for 2-GCE. These results are well accordant with the
strongest oxidization ability of BrO; with respect to the others.”!
Furthermore, the electrocatalytic efficiencies of 1- and 2-GCE are
also compared in Figure S6g-S6h, 1-GCE has higher CAT value than
2-GCE towards the reduction of ClO;, BrO; and 10;5. In the
electrolyte solution containing 4 mM ClO;, BrO;, 105, the
corresponding CAT values of 1-GCE are 5.7%, 160.0%, 39.8%, and
those of 2-GCE are only 2.0%, 60.2%, 23.3%.

Magnetic properties

The temperature dependence of the magnetic susceptibility
x(T) of 1 and 2 was investigated between 2 K and 300 K in a
magnetic field of 1000 Oe. Magnetization curves M(H) where
measured at 2 K in magnetic fields up to 80 kOe. All magnetic
measurements were performed on a SQUID magnetometer. Before
analysis the data were corrected for sample holder contribution and
the Larmor core diamagnetic contribution as obtained from Pascal’s
tables.”

The xT(T) curves for both samples (inset on Figure 5) are
constant above approximately 50 K and increase when approaching
lower temperatures, which indicates ferromagnetic interactions
between Co centers. By fitting the y(T) data (Figure 5) with the
Curie-Weiss model, y = C/(T — ), above 50 K a Curie constant
C =10.5emuK/mol and a Curie-Weiss temperature 6 = 7.2 K
were obtained for 1, yielding an effective magnetic moment
Uerr = +/8XT = 6.5 ug per Co atom. This value matches 6.54 g
which is the theoretical value for Co(ll) atoms when J = |L + S|.”*
For 2 € = 6.9 emu K/mol and 6 = 4.1 K were obtained, yielding
an effective magnetic moment p,rr = 4.3 up per Co atom, which
is closer to 4.8 up the usually measured value for Co(ll) ions with
non-zero orbital contribution to the magnetic moment.?* Positive
values of 8 for both samples further support weak ferromagnetic
interactions between Co atoms.

This journal is © The Royal Society of Chemistry 20xx
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Figure 5. Temperature dependence of magnetic susceptibility measured at
1000 Oe for samples 1 (green circles) and 2 (blue squares). The
corresponding Curie-Weiss fits are shown as red full lines. In the inset the
xT(T) curves are shown.
The magnetic field dependences of magnetization for 1 and 2 are
shown in Figure 6. The curves do not show any coercivity and both
saturate above 20 kOe. The data were fitted with the function
g/ugH

M= M"BI( kT )
where M, is the saturation magnetization, B, is the Brillouin
function, g the g-factor, J the total angular momentum and i the
Bohr magneton. For 1 the values g = 4.8 and J = 2.8 were obtained,
whereas for 2 g = 4.4 and J = 2.2 gave the best fit. Both values for g
are close to 4.3 which is the approximate value for a Co(ll) atom
with octahedral coordination.”> The obtained J values for both
samples are close to 5/2, which is the theoretical value for a Co(ll)
atom.

M (1/Co atom)

—8|O —6|0 —40 —éO 0 20 40 60 80
H (kOe)

Figure 6. Magnetization curves versus magnetic field measured at 2 K for
samples 1 (green circles) and 2 (blue squares). The fits with the Brillouin
function are shown as red full lines.

Conclusions

We isolated and structurally characterized two novel Dawson-
sandwiched clusters, the formation of which are depended on pH
values and involves completely or partially in situ transformation of
trivacant a—[PzW15056]12' to rare divacant a—[P2W16057]8'. The
sandwiched Con”-oxo clusters are also different in 1 and 2, thus
giving an adjustable Co"/POM ratio. Characteristic multi-electrons
redox process relating to W"' centers are also found in cyclic

J. Name., 2013, 00, 1-3 | §




Dalton Transactions

voltammograms. Both of them exhibit best electrocatalytic
activities toward to the reduction of bromate, compared to chlorate
and iodate. Intra-cluster weak ferromagnetic interactions between
Co" atoms of both 1 and 2 are confirmed by magnetic susceptibility
measurements. This work demonstrated here releases a new
approach to controllable strategy for assembly and
functionalization of POM-based materials for various applications.
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