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ABSTRACT. The reaction of monolacunary Dawson 2-molybdo-15-tungsto-2-
phosphate, i.e. [1,2-P,M0,W;506:]'" with Ce(SO,), in aqueous solution results
in the formation of a new polyoxometalate complex, with the stoichiometry
metal:ligand = 1:2. The new complex was isolated as potassium salt, i.e.
Kis[Ce(P,M0,W1504:),]-34H,0. The molecular formula was determined by
elemental and thermogravimetric analysis. UV-Vis, FT-IR and *P.NMR
spectroscopy were used to characterize the new compound. lon-exchange
chromatography provided evidence for covalent, inner-sphere bonding of
cerium (IV) to the monolacunary [1,2-P,Mo,W1s0¢:]"" heteropolyoxometalate
anion. The investigation results strongly suggest a sandwich-type structure
with the cerium atom coordinated by two monolacunary Dawson anions.
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INTRODUCTION

Polyoxometalates (POMs) are discrete molecular metal-oxygen
clusters with unrivaled versatility and structural variety [1-4], and therefore
they show a multitude of properties, which has led to applications, in many
fields such as catalysis [5], molecular conduction [7-9], magnetism [10],
medicine [11,12], luminescence [13], as well as materials science [14].

The synthesis of POMs is mostly rather simple and straightforward,
once the proper reactions conditions have been identified. However, the
mechanism of formation of POMSs, usually described as self-assembly, is not
yet completely understood. Therefore, the design of novel POMs remains a
challenge for synthetic chemists.
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The most rational approach for the synthesis of POMs involves the
use of lacunary species. Reaction of a stable, lacunary POM with transition
metal or lanthanide ions leads to a product in which the polyoxometalate
framework is not modified.

For instance, under hydrolytic conditions, a cluster such as the well-
known a-[P,W150¢,]> Dawson polyoxotungstate may generate lacunary
derivatives with one, three or more lacunary sites (Scheme 1) [15-17].
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The reaction of Dawson trilacunary a-pentadecatungsto-diphosphate
with molybdate, carried out in mild conditions allows the selective addition
of two molybdenum atoms in an apical. It is possible to refill the vacancy of
the resulting [1,2-P2M02W15061]1“ monolacunary Dawson anion, with transition
metal cations. Such complexes with first row transition metal cation exhibit
interesting electrocatalytic properties [18-20].
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On the other hand, two monolacunary polyoxometalate units may
coordinate large central metal ions with high coordination numbers, such as
lanthanides or actinides [21-29].

Herein we report the synthesis and characterization of a new complex
of Ce(IV) with the [1,2-P,Mo,W;506:]'>” monolacunary Dawson polyoxometalate,
isolated as aqueous soluble potassium salt K;g[Ce(P2M0,W15041)5]-34H,0 (4).
The complex 4 was characterized by elemental and thermogravimetric analysis,
UV-Vis, FT-IR and *P-NMR spectroscopy, as well as by ion-exchange
chromatography.

RESULTS AND DISCUSSION

The Ce(lV) complex was synthesized in aqueous solution by
reacting the potassium salt of the monolacunary Dawson polyoxometalate
Kio[1,2-P2M0,W1506,]-18H,0 (3) with cerium (IV) sulfate. In order to avoid
the migration of molybdenum atoms which may give numerous isomers the
synthesis must be performed in acidic solution without heating.

Elemental analysis of the cerium (IV) polyoxometalate complex is
consistent with the suggested formula.

The thermal stability of 4 was investigated by TG-DTG-DTA. The
weight loss in the 25 - 170°C range corresponds to 34 lattice water molecules.
The loss of water by heating proceeds in two steps, as observed on the DTG
curve. The dehydration process is accompanied by an endothermal process
between ~25 - 170°C, as observed on the DTA curve (Figure 1). According to
the literature, the first exothermic peak of DTA curve, which usually occurs
20-30°C after the temperature of the polyoxometalate decomposition [30, 31],
is regarded as the thermal stability sign of polyoxometalates [32]. For 4, the
first exothermic peak appeared at 489°C, indicating a good thermal stability
of the complex. The second exothermic peak at 560°C may be assigned to
some phase transitions of the resulting oxides.

When a solution of 4 was loaded onto the sodium form (P-SOs;'Na*)
of the cation-exchange column, no retention of the Ce(lV) complex was
observed. The FT-IR spectrum of the eluant confirmed the integrity of the
eluted parent complex, 4. In a second series of experiments, a sample of 4
was loaded onto an anion-exchange column in its Cl form, P-NR;'CI". In
this case the Ce(IV) polyoxometalate complex was retained on the column.
Control experiments were carried out with aqueous solutions of Ce(SOy),.
As expected, the cerium cations were retained on the cation-exchange
column but passed through the anion-exchange column. Consequently,
these simple ion-exchange experiments provide good evidence for inner-
sphere bonding of the Ce(IV) cations to 3 [33].

35



A.-R. TOMSA, D. CIOLOBOC, A.-M. TODEA, L. MURESAN, V. PASCALAU, M. RUSU

Weight loss (%)

6.62% TG

0 100 200 300 400 500 600
Temperature ( °C)

Figure 1. Thermogravimetric and thermodifferential curves of 4.

UV spectra of the ligand (3) and complex (4) (Figure 2) show two
characteristic absorption bands assigned to the dm-pm charge transfer
transitions M<—0O; (v;) and MO, (v,) respectively (M is Mo or W; O, is a
terminal oxygen and O, is a bridging oxygen) [34]. The v; band shows a
significant red shift in 4 when compared to the monolacunary Dawson ligand.
On the other hand, the molar absorption coefficient of the v, band, which is
proportional to the number of addenda atoms, is almost twice greater in
complexes than in the ligand (e = 3.46x10° vs. 1.76x10° L mol™* cm™), indicating
the existence of two monolacunary ligand units in 4 [35].
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Figure 2. UV electronic spectra of 3 (blue) and 4 (red),
recorded in 10° M aqueous solution.
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The 3P NMR spectrum of 4 in D,O (Figure 3) showed a clean two-
line spectrum with signals at -8.27 and -13.22 ppm, confirming its purity and
single-product nature. The low-field peak has been assigned to the P(1)
phosphorous atom close to the coordination site of Ce(IV) [36-38]. It is
easily seen that, the chemical shift of the P2 (remote phosphorus) resonance
does not vary greatly in going from the lacunary structure to the Ce(IV) complex.
The chemical shift of the P1 (near phosphorus atom) resonance, however,
experiences pronounced up field shift upon complexation with Ce(1V).
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Figure 3. *P NMR spectrum of 3 and 4 recorded in D,O

The IR spectrum of 4 (Figure 4) is closely related to that of the parent
Dawson monolacunary ligand 3 in the 400-1200 cm™ range, suggesting that
the polyoxometalate framework is maintained.

It is well known that the most characteristic changes in the IR spectra
of the molybdotungstophosphates, are observed for the P-O stretching
vibrations band in the 1000-1200 cm™ range, when comparing the saturated
species, lacunary derivatives and their complexes [39]. For instance, when
a transition metal cation is added into the vacancy of a monolacunary Dawson
polyoxometalate, the whole symmetry of the anion is restored, at least as
far as IR spectra are concerned, and the spectra of the transition metal
derivatives are very close to the spectrum of complete Dawson anion [36].
A different situation is observed in the case of complexes of monolacunary
Dawson polyoxometalate with larger cations (i.e. lanthanides or actinides)
which cannot fill the vacancy and therefore coordinate only through the four
oxygen atoms that surrounded the addendum vacancy. The IR spectra of
such complexes are very close to the spectra of the lacunary Dawson
polyoxometalates [27].
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As expected, in the spectra of 3 and 4, the band assigned to P-O
asymmetric stretching vibrations is split into three components (1086, 1051

and 1016 cm™, respectively).
The bands in the 1000-700 cm™ range were assigned to the asymmetric

stretching vibrations of the bridges (M-O,-M) and of the terminal bonds (M-Oy)
[40].
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Figure 4. FT-IR spectra of 3 and 4, recorded in KBr pellets.

On the basis of the analytical and spectral data, a sandwich-type
structure is proposed for the Ce(lIV) complex 4. In this structure, the Ce(1V)
ion is in a square antiprismatic environment with eight oxygen atoms, four
from each of the two monolacunary Dawson ligands, as shown in figure 5.

Figure 5. Proposed structure of the polyoxometalate complex 4.
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CONCLUSIONS

A Ky[Ce(P2Mo,W15041),]-34H,0 complex was prepared by the reaction
of Ce(S0,), with the potassium salt of monolacunary Dawson 2-molybdo-15-
tungsto-2-phosphate Kio[1,2-P,M0,W;50¢:]-18H,0 after establishing optimal
synthesis conditions. Analytical and spectroscopic data, as well as ion
exchange chromatography experiments suggest a sandwich-type structure
for the complex, in which the cerium ion is coordinated by four oxygen atoms
of the two monolacunary Dawson anions.

EXPERIMENTAL SECTION

Materials

Reagent grade chemicals were used and all syntheses and investigations
were carried out in distilled water.

The Dawson precursors Ke[a-P\W1g0g]-XHO (1), Nag[o-PW150s6)-21H,0
(2) and Kyo[1,2-P,M0,W;1506;]-18H,0 (3) were prepared according to the
literature [41-43].

SyntheSiS of K16[Ce(P2M02W15061)2]'34H20 (4)

A sample of Ce(S0,),-4H,0 (0.202 g, 0.5 mmol) was dissolved in
water (10 mL) and added dropwise, while stirring, to a solution of
Kio[1,2-P2M0,W1506;]-18H,0 (5 g, 1 mmol) dissolved in 110 mL of molar
acetic acid — lithium acetate buffer (pH=3.5). The resulting yellow solution
was left under stirring for 30 min and then 50 mL saturated solution of KCI
was added. A yellow precipitate appeared immediately. After 10 min the
resulting yellow precipitate was filtered on a sintered glass frit, washed with
ethanol and diethyl ether, and dried in air.

Calcd. for K16[Ce(P2M02W15061)2]-34H20 P: 1.32; K: 6.69; Mo: 4.10;
Ce: 1.50; W: 58.97. H,0O 6.55. Found: P: 1.28; K: 6.72; Mo: 4.02; Ce: 1.44;
W: 58,88. H,O 6.62. FT-IR (polyoxometalate region, cm™): 1086, 1059, 1018,
943, 924, 889, 796, 725, 602, 565, 526, 474.

Methods

The contents of cerium, phosphorous, molybdenum, and tungsten were
determined by inductively coupled plasma atomic emission spectroscopy on a
Rigaku Spectro CIROS®“ spectrometer. Potassium was determined by FEP with
an Eppendorf flame photometer. The water content was thermogravimetrically
determined, by means of a METTLER-TOLEDO TG/SDTA 851 thermogravimeter
(Pt crucible, 20 mL/min nitrogen flow, 5°C/min heating rate).

A JASCO 610 FTIR spectrophotometer was used to record the FTIR
absorption spectra in KBr pellets.

39



A.-R. TOMSA, D. CIOLOBOC, A.-M. TODEA, L. MURESAN, V. PASCALAU, M. RUSU

UV-Vis spectra were recorded on a Shimadzu UV-3101PC instrument
using Teflon-stoppered quartz cells with a path length of 1 cm.

*'P-NMR spectra were recorded at 101.2561380 MHz using an ARX
250 spectrometer. Chemical shifts are reported in ppm using DsPO, as external
reference.

For the ion-exchange chromathography experiments, degassed water
(50 mL) was added to the strongly acidic macroreticular resin (10 g), Vionit CS3
(H~ form; P-SO3H where P = macroreticular polymer). The resin was repeatedly
washed in water until the aqueous phase was clear and colourless. The resin
was then packed into a column (27 cm x 1 cm; length x diameter) and a solution
of 4% NaOH was eluted through the column. The resulting P-SOsNa column
was washed five times with distilled water (50 ml). A solution of 4 (0.5 g) in
H,O (10 ml), was loaded onto the column. The eluant was collected and the
solvent removed by evaporation. The FT-IR spectrum of the collected Ce(1V)
complex appeared unchanged when compared with the FT-IR spectrum of
the complex before elution. An anion exchange column of identical size was
packed with strongly basic resin, Amberlyst A-27 (C1 form; P-NR;'CI). A sample
of 4 was loaded onto the column in a manner similar to that described for
the cation exchange resin. All samples were retained by the resin, in the
upper half of the column.
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