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Two different methacrylate modified barium—titanium and barium-based oxoclusters, Ba,Tiio(t3-O)s(t2-OH)s(e2-
OMc),0(O'PrOMe), (1) and [Ba(OMc)(McOH)3], (2), were synthesized by reacting methacrylic acid with barium—
titanium and barium-zirconium double alkoxides, respectively. The X-ray structure determination of oxocluster 1
shows a core consisting of a ring of 10 titania octahedra, sharing corners, that surround the two barium oxygen
decaeders which are linked by common edges to the titania octahedra and the neighboring barium decaeder. The
solid-state structure of 2 consists of zigzag chains of edge-sharing {BaOs} polyhedra linked through bridging
bidentate metacrylate anions, displaying different coordination mode of carboxylate groups. The presence of
methacrylate groups surrounding the two polynuclear compounds has been exploited for the embedding of the
oxocluster in inorganic—organic hybrid materials, and some preliminary results are presented.

Introduction focus is devoted to inorganimrganic hybrids in which the

i , . components are linked through covalent or ionic strong

M:?\tenals with new and enhanced propgrues can be chemical bonds. In this framework, a primary concern in

obtalqed by gomblnlng, at a molecular Ievel,_ inorganic and the development of inorganiorganic hybrid materials is
organic building blocks. This class of materials, known as ¢ gesign and the synthesis of suitable inorganic building
inorganic-organic h)_/brld materials, is cur_rently an inten- ks which can be embedded into the polymeric matrix
sively explored topic of research. A wide plethora of p the formation of covalent bonds, e.g., via copolymeriza-
inorganic-organic hybrid materials has been described (5, Among these precursors, suitably functionalized metal
extensively in recent papers and reviewS. Major oxoclusters, polyoxometalates, and polynuclear metal com-
plexes and compounds have received much attention because
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metal oxoclusters have been synthesized by Schubert andable 1. Crystal Data and Structure Refinement Parameterd famd 2

co-workerd®213 and by other groups. Furthermore poly-
nuclear compounds characterized by different metals, shapes,
and nuclearity were prepared and throughly characterized,
based on different transition metals such a&"%,Ti,16-18
Zr1%25 Ta2s and Hf?'! Other mixed oxoclusers were
synthesized and structurally characterized based eiY B
Zr—Ti,28 Ti—Hf—-2Zr,2! and Hf-Ti.2! To the best of our
knowledge, no barium-based oxoclusters functionalized with
polymerizable groups have been reported yet. Kessler et al.
have prepared different mixed B&r?® and Ba-Ti%%3!
species functionalized with saturated alkyl groups. Hubert-
Pfalzgraf and co-workers have reported the synthesis of
mixed polynuclear BaCe*? and Ba-Bi®® and other Ba-
based species, while the synthesis of several bimetallic
alkoxides has been addressed with the aim of developing
mixed oxide material&>-3° Polynuclear bariung-diketonate
derivatives with amino alcohols have also been structurally
characterized? Briceno et af! have synthesized a two-
dimensional barium mesaconate tetrahydrate polymeric oxo-
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1835-1839.
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122 1605.
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168 69-76.

(35) Daniele, S.; Hubert-Pfalzgraf, L. G.; Vaissermani®,alyhedron199§
17, 4249-4256.
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compound 1 2

empirical formula GgH118Ba0s7Ti10 CooH28Ba2019
My 2841.50 565.75
data collT,K 173 200

LA 0.71073 0.71073
crystal system monoclinic monoclinic
space group P2:/n (14) Cc(9)

a, 14.4641(5) 14.567(5)
b, A 31.169(1) 26.263(5)
¢, A 31.012(1) 7.251(5)

p, deg 92.991(1) 115.935(5)
vV, A3 13961.9(8) 2495(2)

z 4 4

P(calcd)d cm3 1.352 1.506
F(000) 5736 1136

u (mm2) 1.170 1.639

no. data collected 64562 8225

no. independent data 16972 3801

no. obs refins (no) 9435 3358
[IFol? > 2.00(F?)]

Riné® 0.0876 0.0875

Re? 0.0726 0.0877

Ry (obs reflnsy 0.0493 0.0768

WR; (obs reflns} 0.1202 0.1573
GOFR 1.020 1.140

@Rt = Y|Fo? — FoX(mean)/Y[Fo?, Ri = Y ||Fol — (L/K)Fc||/3 |Fol, WRe
= [SW(Fo? — (LKFAAUIWIFLZ 412, GOF= [SW(Fo? — (LK)FA)(no —
nv)]l/z_

cluster. Further barium-based polyoxometalates have been
synthesized and described in the literattfré? Few studies
have been reported on Bai hybrid materials. BaTi@based
hybrid materials have been prepared starting from barium
and methacrylate-modified titanium alkoxid®&g%In a study

by Tang et al%’ the preparation and characterization of
BaTiO; superfine fibers-based IPN is described.

In this work, we have prepared two different barium- and
barium—titanium polynuclear species functionalized with
methacrylate groups which could be used to covalentely
anchor the oxocluster to an acrylate monomer and to embed
the oxocluster into a polymer backbone.

Experimental Section

General Comments All reaction and manipulations were carried
out under an argon atmosphere by using standard Schlenk or
septum/cannula techniques. BaTi(@Bhd BaZr(OR), purchased
by ABCR GmbH, Karlsruhe, Germany, were used as received while
methacrylic acid 99.5% (purchased by Aldrich, Milan, Italy) was
distilled in reduced pressure before use. All reactants were stored
under argon atmosphere. Methylmethacrylate (MMA) and diben-
zoylperoxide (BPO) were purchased by Aldrich, Milan, Italy.
Anhydrous KBr was purchased by Merck GmbH, Germany,

Elemental analyses were obtained in the Microanalysis Labora-
tory of the Department of Chemistry of the University of Padova
by using a Frisons EA 1108 instrument.
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Figure 1. Molecular structure of the oxocluster Hayo(us-O)s(uz-OH)s(u2-OMCc)20(O'PrOMe).

NMR Experimental Section. IH and 3C NMR spectra were Crystallography. Crystals suitable for X-ray diffraction were
obtained at different temperatures as acetnselutions on a mounted on a Bruker SMART diffractometer, equipped with a CCD
Bruker DRX-400 spectrometer operating at 400.13 and 100.61 detector, and cooled, using a cold nitrogen stream, to 173 K for
MHz, respectively, and equipped with a BVT2000 temperature and 200 K for2, respectively.
controller. The chemical shift values are givendnunits with The space groups were determined from the systematic absences,
reference to internal M&i. Suitable integral values for the proton  while the cell constants were refined, at the end of the data
spectra were obtained by a prescan delay of 10 s. The assignmentsollection with the data reduction software SAIRData were
of the proton resonances were performed by standard chemical shiftcollected by usingy-scans in the range®2< 6,2 < 27° for 1 and

correlations and 2DCOrrelation Spectroscoly (COSY), TCOtal 2° < Omax < 25° for 2. Experimental conditions and crystallographic
Correlation Spectroscoly (TOCSY), and Nuclear Overhauser  and other relevant data are listed in Table 1 and in the Supporting
Enhancement SpectroseofNOESY) experiments. ThEC reso- Information.

nances were attributed through 2D-heterocorrelated COSY experi- The intensities were corrected for Lorentz and po|arization

ments HeteronucleaMultiple QuantumCorrelation, HMQC) with  factor$? and empirically for absorption using the SADABS
Bilinear RotationDecoupling, BIRD, sequent®and HMBC* and programs3

quadrature along F1 achieved using Tirae-Proportional receiver The structures were solved by direct methods (SHELXS97)
Phaselncrementation, TPPI, methdttfor the H-bonded c:1rbon and refined by full-matrix least-squares BA(SHELXL97) using
atoms andHeteronucleaMultiple Bond Correlation, HMBC® for anisotropic displacement parameters for all non-hydrogen atoms.

the quaternary ones. Hydrogen atoms, in calculated positions, were refined using a riding
FT—-IR Study. FT—IR experiments were performed with & model (B(H)= 1.2 x B(Chonged(A?)).

NEXUS 870 FF-IR (NICOLET), operating in the transmission The scattering factors used, corrected for the real and imaginary

range 406-4000 cn, collecting 32 scans with a spectral resolution  harts of the anomalous dispersion, were taken from the liter8iure.

of 4 cn™. The measurements were recorded by dispersing the a|| cajculations were carried out by using the PC version of the
oxocluster in anhydrous KBr.

(52) BrukerAXS, SAINTIntegration SoftwargBruker Analytical X-ray

(48) Bax, A.; Subramian, Sl. Magn. Resonl1986 67, 565. Systems: Madison, WI, 1995.
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Faraday Symp. Chem. Sat979 B33 4912. Package Universita Gottingen: 1997.
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Figure 2. Structure of the metal oxo core of oxocluster

Figure 3. The metal oxo core of oxoclustéiin polyhedral representation.

following programs: WINGX3® SHELX-9734 ORTEP%’ and
DIAMOND.58 The R values for the structures are relatively high

NMR Data of BaTi(O'PrOMe)g Solution. *H NMR (8, CDCls,
298K): 3.66 (M, HCCH(O")CH,OCH;), 3.10(s, HCCH(O)CH,OCH3),
3.05(m, HCCH(O")CHAHBOCH;),2.99 (M, HCCH(O")CHAHBOCH),

0.88 (t, H;CCH(O)CH,OCHg). 3C{*H} NMR (d, CDCl, 298
K): 18.6 (HsCCH(O)CH,OCHg), 65.7 (HHCCH(O™)CH,OCHg),
78.2 (LCCH(O")CH,0CHg), 58.6 (HHCCH(O)CH,OCHs3).

Synthesis of BaTiio(uz-0)g(u2-OH)s(u2-OMC) 2o(O'PrOMe),
(1).To 1.12 g of a 0.5 M solution of BaTi(®rOMe) (0.55 mmol)
was added dropwise 1.12 g (13.0 mmol) of methacrylic acid, thus
obtaining a alkoxide/carboxylic acid molar ratio of 1/24. The
reaction mixture was then allowed to stand at room temperature
for 25 days, resulting in the separation of brown crystals soluble
in toluene and THF. The crystals were separated by the mother
liquors by decanting and then dried in vacuum for 12 h at room
temperature. Yield: 2.32 g (0.54 mmol, 91%). Elem. Anal.
Calculated for GgH11Ba0s7Ti. Found (Calc.) C: 39.95 (37.16);

H: 6.02 (4.15).

The obtained higher values in the elemental analysis can be
ascribed to the presence of residual solvent molecules remaining
entrapped in the oxocluster structure. In fact, the experimental values
are higher than those expected on the basis of the oxocluster

due to the bad quality of the crystals and to the presence of largeformula.

cavities in the crystal packing which contain disordered solvent

NMR Data of BazTi 10(/13—0)8(#2-0H)5(,L{2-OMC)20(OiPrOMe)z.

molecules. However, refinements of these structures by applying 14 NMR (8, CDCk, 298 K): 6.14 (s,HSHC=C(CH,)COO"),
suitable models for the disorder did not significantly decrease the 5 61 (s,Hta"sHC=C(CH;)CO0O")), 1.87 (s, HC=C(CH3)COO .

R values.

(55) International Tables for X-ray CrystallographWilson, A. J. C., Ed.;
Kluwer Academic Publisher: Dordrecht, The Netherlands, 1992; Vol.
C.
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(56) Farrugia, L. JJ. Appl. Crystallogr.1999 32, 837.

(57) Farrugia, L. JJ. Appl. Crystallogr.1997, 30, 565.

(58) Brandenburg, KDIAMOND. Version 3.0Crystal Impact GbR: Bonn,
Germany, 19961998.
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Table 2. Selected Bond Distances (A) for Compouhd

Ba(1)-0(125) 2.740(1) Ti(6Y O(52) 2.059(7)
Ba(1)-0(131) 2.747(8) Ti(6}0(62) 2.065(10)
Ba(1)-0(3) 2.783(7) Ti(6%-0(58) 2.094(9)
Ba(1)-0(28) 2.791(9) Ti(7)-0(8) 1.785(7)
Ba(1)-0(140) 2.815(7) Ti(7¥0(9) 1.850(7)
Ba(1)-0(1) 2.851(7) Ti(73-0(69) 1.966(10)
Ba(1)-0(4) 2.960(7) Ti(73-0(81) 2.015(10)
Ba(1)-0(12) 3.006(6) Ti(73-0(64) 2.065(9)
Ba(1)-0(2) 3.020(7) Ti(7y-0(75) 2.117(8)
Ba(1)-0(5) 3.084(6) Ti(7)-Ti(8) 3.366(3)
Ba(1)-Ti(2) 3.753(2) Ti(8)-0(9) 1.784(7)
Ba(1)-Ti(1) 3.768(2) Ti(8)-0(10) 1.869(8)
Ba(2)-0(105) 2.734(10) Ti(8yO(87) 1.906(9)
Ba(2)-0(71) 2.760(12) Ti(8)0(93) 2.046(8)
Ba(2)-0(9) 2.780(7) Ti(8)-0(77) 2.048(10)
Ba(2)-0(89) 2.797(10) Ti(8Y0(83) 2.063(9)
Ba(2)-0(2) 2.829(7) Ti(9-0(10) 1.788(8)
Ba(2)-0(146) 2.835(7) Ti(9)0(11) 1.822(7)
Ba(2)-0(8) 2.898(7) Ti(9)-0(129) 1.932(7)
Ba(2)-0(1) 2.985(8) Ti(4)-0(140) 1.857(7)
Ba(2)-0(10) 3.023(7) Ti(4)0(7) 1.931(7)
Ba(2)-0(13) 3.062(6) Ti(4)}-0(50) 2.010(8)
Ba(2)-Ti(7) 3.721(2) Ti(4)-0(40) 2.073(9)
Ba(2)-Ti(8) 3.792(2) Ti(4-0(138) 2.279(9)
Ti(1)—0(3) 1.784(7) Ti(4)-Ti(6) 3.387(3)
Ti(1)—0(12) 1.856(7) Ti(5%-0(13) 1.730(7)
Ti(1)—0(123) 1.906(10) Ti(5y0(146) 1.863(7)
Ti(1)—0(119) 2.029(9) Ti(530(6) 1.905(8)
Ti(1)—0(14) 2.046(9) Ti(5)-0(46) 2.033(7)
Ti(1)—0(20) 2.060(10) Ti(5Y0(56) 2.053(10)
Ti(1)-Ti(2) 3.363(3) Ti(5)-0(144) 2.259(9)
Ti(2)—0(4) 1.775(8) Ti(6)-0(7) 1.778(7)
Ti(2)—-0(3) 1.848(7) Ti(6Y-0(8) 1.850(6)
Ti(2)—0(26) 1.913(10) Ti(6}0(13) 1.916(7)
Ti(2)—0(32) 2.032(9) Ti(9-0(99) 2.023(8)
Ti(2)—0(16) 2.056(10) Ti(9-O(111) 2.089(9)
Ti(2)—0(22) 2.129(10) Ti(9y-0(95) 2.094(8)
Ti(3)—0(6) 1.775(7) Ti(9)-Ti(10) 3.365(3)
Ti(3)—0(4) 1.857(7) Ti(10y0(12) 1.786(7)
Ti(3)—0(5) 1.913(7) Ti(10)-0(11) 1.835(7)
Ti(3)—0(34) 2.058(9) Ti(10}0(107) 1.948(9)
Ti(3)—0(44) 2.072(8) Ti(10y0(113) 2.008(8)
Ti(3)—0(38) 2.083(9) Ti(10y0(117) 2.081(9)
Ti(3)—Ti(5) 3.380(3) Ti(10y-O(101) 2.129(8)
Ti(4)—0(5) 1.740(7)

Additional signals (ca. 5%, by integration): 3.85 (m,-H

CCH(O")CH,OCHg), 3.30 (s, HCCH(O)CH,OCH3), 3.09 (m,
H3CCH(O)CH,OCHp), 1.04 (t,H;CCH(O)CH,OCHg). 3C NMR
(0, CDCl, 298 K): 173.4 (HC=C(—CHjy)-COO"), 136.2 (HC=C-
(—CHy)-CO0O"), 127.5 (HC=C(—CHj3)-CO0O"), 17.9 (HLC=C(-
CH3)-COO").

FT—IR Data of BazTi 1c(/,t3-0)8(/,£2-OH)5(u2-OMC)20(OiPrOME)2.
3338 (w br), 3022 (wpCH), 2881 (m,vCH), 2846 (w br,yO—
CHjy), 2825 (w,vO-CHy), 2767 (w br), 2485 (w br), 1869 (w),
1687 (s,yC=0), 1697 (syC=0), 1637 (syC=C), 1603 (myC—
Ofa|koxidg, 1535 (S,VaSCOU), 1456 (SﬁaSCHg,), 1411 (S,VSCOO),
1371 (s,0sCHg), 1323 (m), 1300 (m), 1261 (w), 1245 (m), 1217
(m, yCHjz), 1201 (s,yCHz), 1178 (M, vs<C—Oeste), 1095 (W,v,LC—
Oeste), 1009 (M), 935 (SPout of planC=C), 852 (w), 821 (w), 802
(m), 703 (w br), 657 (wyTi—O—Ti), 613 (m,»Ti—0), 603 (m,
vTi—0) 590 (m,»Ti—0), 542 (w), 435 (wpTi—O—Ti) cm™L.

Synthesis of [Ba(OMc}(McOH) 3], (2). 1.68 g (0.55 mmol) of
a 0.33 M solution of BaZr(@rOMeRY) in n-butanol was mixed
with 1.64 g (19 mmol) of methacrylic acid, thus obtaining an
alkoxide/carboxylic acid molar ratio of 1:35. The reaction mixture

was then allowed to stand at room temperature for 25 days, resulting

NMR Data of [Ba(OMc) 2(McOH) 3],. IH NMR (6, CDCl, 298
K): 6.21 and 6.01 (two mH®HC=C(—CH,)-COO"), 5.64 and
5.32 (two m,H""SHC=C(—CHz)-COO"), 1.93 and 1.79 (two s,
H,C=C(—CH3)-COO"). The two sets integrate in the ratio 9:1,
respectively. Additional signals (ca. 10%, by integration): 3.95 (m,
H3CCH(O™)CH,0OCHg), 3.45 (s, HCCH(O)CH,OCH3), 3.21 (m,
H3CCH(O")CH,0CH;) 1.04 (t, GH3CH(O)CH,OCHy).

FT—IR Data of [Ba(OMc) 2(McOH)3],. 3101 (w,»CH), 2960
(w, vCH), 2927 (w,vCH), 2858 (w br), 2684 (w br), 2570 (w br),
2491 (w br), 1869 (m), 1697 (8C=0), 1687 (syC=0), 1637 (s,
vC=C), 1574 (syal0O0"), 1535 (5,v,CO0"), 1456 (s,0CHy),
1423 (s,vL0O0"), 1371 (s,0 -CHg), 1323 (m), 1300 (m), 1261
(m), 1245 (m), 1217 (myCHjs), 1201 (s,yCHs), 1178 (m,».C—
Oeste)y 1095 (mWasC_Oeste): 1009 (m)x 935 (Séout of plan4C=C))y
883 (w), 852 (m), 821 (m), 802 (s), 660 (m), 617 (m), 590 (m),
542 (m), 503 (m), 467 (m), 422 (m), 400 (m) ch

Synthesis of the Inorganic-Organic Hybrid Materials. To a
weighed amount of B&i10(ut3-0)g(tt2-OH)s(tt2-OMC)o( O PrOMe),

(1), dissolved in toluene, was added MMA to achie:&IMA
molar ratios of 50, 100, and 200. To this solution was added the
thermoinitiator BPO (3% w/w with respect to the monomer), and
the solution was stirred and heated to°@Dfor 6 h. After removal

of the solvent by heating at 70C in vacuum for 12 h, glassy,
transparent materials were obtained.

Results and Discussion

Description of the Structures. The BaTiig(us-O)s(u2-
OH)s(u2-OMc)0(O'PrOMe) (1) oxocluster consists of two
BaO,o cores moieties surrounded by 10 Fi@ctahedra. The
resulting “oxocluster core” is surrounded by a shell of 10
methacrylate groups acting as bridging ligands between
titanium atoms (Figure -13).

In addition two 3-methoxy-2-propanolate ligands are
coordinated to the oxocluster (of which one is disordered
with two equivalent positions (C97, C98A/B, C99A/B,
C10A/B)). Eightus-O (013, 045, 064, O77, 0114, 0127,
0140, 0142) and fiveu,-OH (032, 0141, 0143, 0144,
0145) groups act as bridging atoms between the metals
(Figure 2). Theu,-OH groups (0142, 0143) form the edges
shared by the two Baf@polyhedrons. In both polyhedra long
Ba—O0 separations (Ba10143: 299.3(3) pm, Bat0144:
282.9(3) pm, Ba20143: 281.9(3) pm, Ba20144: 300.3-

(3) pm) are present and form unsymmetrical bridges to the
two bonded Ba-atoms. All the Ti®ctahedra are connected

by corner-shared oxygen atoms forming a sort of helical
environment around the Ba@polyhedra. Four Ti@poly-
hedra display edge-sharing contacts to one of the two,BaO
octahedra. Selected distances are listed in Table 2, and details
of the structure analysis are shown in Table 1.

The building blocks of compound can be represented
as [Ba(OMc)(McOH);], and consists afigzagchains built
by edge-sharingBaQy} polyhedra running along the [0 O
1] direction. The chains are linked through bridging bidentate
methacrylate anions (Figures-8). The contacts between
adjacent Ba-Ba in the chains are ca. 4.4 A.

The divalent barium ions are coordinated by nine oxygen

in the separation of colorless crystals soluble in toluene and THF. atoms at distances in the range 2289 A, from eight
The crystals were separated by the mother liquors by decantingcarboxylate groups, displaying different coordination modes.

and then dried in vacuum for 12 h at room temperature.

The resulting coordination geometry around the Ba atom,
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The 1D polymers in2 span the same direction but on
alternating planes stacking perpendicular to the crystal-
lographicb-axis at with an interlayer distance of 11.26 A
equal to/,b. The packing reveals also that there are not
relevant interactions between the polymer chains.

NMR Analysis. In the *H NMR spectrum ofl, broad
signals atd 6.14,6 5.61, andd 1.87 due to the olefin and
methyl protons of the methacrylate can be observed. The
position and the line width of these resonances do not change
significantly on lowering the temperature from 298 to 228
K, indicating that, in these experimental conditions, no
dynamic exchange of the methacrylate between the non-
equivalent position found in the solid-state groups can be
detected. Thé&*C NMR resonances, which appeadat73.4,

0 136.2,0 127.5, and 17.9 for the carbonyl, the C-2, the
C-1, and the methyl carbon in the methacrylate moieties,
respectively, behave similarly. It is evident that, in solution,
the crystalline interactions are mainly released, giving rise
Figure 4. Ortep-Ill view of the gmrdin_atign g_f mlethacrylitc altl;id m%lecules to near-equivalent methacrylate moieties. Finally, no signals
o Ty e el o, rbutable to OH proton are observable.

Two sets of less-intense NMR signals indicate also the
partial (ca. 5%) esterification 2-(1-methoxy)propoxy residues
with methacrylic acid, accordingly to the proposed mecha-
nism for the formation of the oxoclust&tThe ester signals
were identified by comparison with the spectra of references
samples.

The 'H NMR spectrum of CDGI solutions of the2
compound show two sets of large resonance® &.21, 6
5.64,6 1.93) and ¢ 6.01,6 5.32,6 1.79) due to methacrylic
moieties which integrate in the approximate molar ratio of
9:1. A very broad band, centered@8.0, is attributable to
the OH protons of methacrylic acid. Even in this case, the
position and the line width of the resonances do not change
significantly on lowering the temperature up @0 °C.

Figure 5. Fragment of polymer showing the different coordination modes Two additional sets of NMR signals indicate the partial
of the ligand in2. (ca. 10%) esterification of some 2-(1-methoxy)propoxy

. ) ) . residues with methacrylic acid. The presence of the ester
shown in Figure 4, may be described as a distorted jy104ct in both the compounds could justify the results
rectangular monocapped antiprism. of the elemental analysis, which reveal fbra content of

The asymmetri_c unit contains five_ independent Iigand both carbon and hydrogen higher than expected. The
molecules, three in the protonated acid form and two in the presence of residual ester could be ascribed to the not

anionic form, as confirmed by the-€0 bond distances (see complete removal of this byproduct due to to the very mild

Table 3). The _former a}cts as _monodentate groups, Wherea%onditions applied to dry the two crystalline compounds after
the latter function as bridging ligands generating the polymer they were separated by the mother liquors.

chains. . ) FT—IR Analysis. By analyzing the IR spectra of oxo-

n parthular, the O1E-C1E-O2E carb0>2<ylate (c':olo'red N cluster1, the nature of the interactions between the metals
blue in Figure 5) adopts ayn-syn u—* coordination 54,0 and the carboxylate groups could be elucidated. The
fashion to brld_ge adj_ace_nt metal centers, while QlD_'ClD' spectrum, shown in Figure 1SM in the Supporting Informa-
02D (col_ored n req in Figure 5) d'Spl".in. a co_mb_|na_t|on of tion, is characterized by the presence of two bands at 1535
symmetrical F:helatmg anc_j mpnoatonaou—_anu bridging and 1411 cm? assigned, respectively, to the asymmetric and
mode;, "?‘”OW'”Q the CPO“?"”""“O” to three dlffergnt Ba atoms. symmetric stretching of the carboxylate group, in agreement

A similar Ba coordination has been found in polymeric  mip b o bonding mode shown in the X-ray structure.
species based on mesaconic acid as ligand. To the best o\tN Moreover, it is worth noticing that a difference between

oulr kncf)wledge, this co(;npoubnd |s|'onelc(;f the only tvI\I/o rr;]etal the symmetric and asymmetric stretching vibratidy) Of
salts ofo.f-unsaturated carboxylic acids structurally char- g0+ 124 ¢mit is ascribable to the bidentate bridging

acterized'>:5° F At PO 1 =
coordinatiorf® At 1637 cn1? the band of &C double bond
(59) Allen, F. H.: Kennard, OChem. Des. Autom. New§93 8, 1, 31— of the methacrylate groups surrounding the oxocluster can
37. be recognized, while at 940 cththe band of the CH out-

3464 Inorganic Chemistry, Vol. 46, No. 9, 2007




Methacrylate-Functionalized Ba and BaTi Oxoclusters

Figure 6. A view down a of zigzagchains of{ BaQy} polyhedra in the structure &.

Table 3. Selected Bond Distances (A) for Compoud This is in agreement with the X-ray structure, which shows
Ba—O(1A) 2.816(11) C(2ByC(3B) 1.31(3) two of the five independent ligand molecules in the anionic
Ba—O(1B) 2.780(11) C(2B}C(4B) 1.45(3) form.

Ba—0O(1C) 2.778(12) C(1G)Y0(2C) 1.27(2) . .
Ba—O(1D) 2.871(11) C(16)0(10) 1.23(2) A further band at 1637 cr_ﬁ |_s ascrlbed_ atthe€C dpubl(_e
Ba—O(1E) 2.784(12) Cc(1G)C(2C) 1.51(2) bond present in methacrylic ligand, while the two vibrations
ga—ggggﬁ ggggg% 882})288 1%% at 1697 and 1687 cm are due to &O vibration of free

a— . R . Ly . .
Ba-O(2D)#3 2.836(11) C(1D)O(2D) 1.240(18) methacrylic aC|d.|n the polymeric barium strupttﬁ%e.
Ba-O(2E)#2 2.765(12) C(1>)O(1D) 1.289(17) Use of the BaTi1o(uz-O)s(tt2-OH)s(12-OMC) .o O'PrOMe),
Ba-Ba#3 4.433(2) C(1DyC(2D) 1.52(2) 1) for the Development of PMMA-Based Inorganic-
C(1A)—O(1A) 1.19(2) C(2DY-C(3D) 1.38(3) (02 ic Hvbrid Mp als —Prelimi £ 9
C(1A)-O(2A) 1.31(2) C(2D)-C(4D) 1.39(2) ganic yori aterials re |m|nary Xperlments.
C(1A)—C(2A) 1.49(2) C(1E}O(1E) 1.232(18) The BaTiig(us-O)s(u2-OH)s(u2-OMC)0(O'PrOMe), (1) oxo-
C(2A)—-C(3A) 1.34(3) C(1E}O(2E) 1.259(18) ; .
Clam)-Clan) 125(3) CU1EY C(2E) 14902) _cluster _vias us_edh f(;r_dthe pr_erfaratlor; o_f I':‘jl\/kI)MA bas_ed
C(1B)-0O(1B) 1.190(19) C(2E)C(3E) 1.35(3) Inorganic-organic nyori materlassynt esize yreaCtlon
C(1B)—0O(2B) 1.37(2) C(2E}C(4E) 1.45(3) of the oxocluster with MMA by using MMA molar ratios
C(B)-C(2B) 1.46(3) of 50, 100, and 200. The hybrid materials, so obtained, were

characterized by solid-state NMR, IR, and TGA-DSC

of-plane deformation was pointed out. The bands at 1456 analyses. Compound is effectively embedded in the

1 . : )
and 1371 cm! are ascribed to the asymmetric and symmetric polymer matrix, and the resulting materials display a good

—CHs bending of the methacrylic group, respectivelyn degree of polymerization and a higher thermal decomposition

the !ower wavenumbers region,. several absorp_tion bandstemperature than the undoped PMMA. The characterization
ascribed to M-O bonds were evidenced and attributed on of the hybrid is still in progess, and the final results will be

the basis of literature referenc®$2In particular, the band described in a forthcoming communicatiéh.

at 657 cm* was ascribed to the stretching vibration of the

Ti—O—Ti bond of the Ti-oxo bridges, whereas the bands in conclusions

the range 596613 cm! were ascribed to O vibrations. ) _ o ) ) )
Similar features were observed in the IR spectrum of the BY reaction of bariurtitanium and bariumzirconium

polynuclear compoun® shown in Figure 2SM in the d_ouble alkoxides with an excess o_f mgthgcryhc aC|d,_the two

Supporting Information. Also in this case, in the IR spectrum different methacrylate modified bariutitanium and barium-

three bands ascribed to carboxylate group could be observedPased oxoclusters, BBi1o(us-O)s(uz-OH)s(uz-OMC)2o(O'-

The two bands at 1574 and 1535 ¢mvere assigned to the ProMe} (1) and [Ba(OMc)McOH)q|n (2), were synthesized

asymmetric COO stretching, while the vibration at the 1423 and stucturally characterized. While the oxoclusleis

cm* band was attributed to the symmetric CO@bration® characterized by a core consisting of a ring of 10 titar_1ia
octahedra, sharing corners, that surround the two barium

(60) Nakamoto, Klnfrared and Raman Spectra of Inorganic & Coordina- ~ OXygen decaeders which are ”nked_ by common edges to the
tion Compoungdth ed.; Wiley-Interscience Edition: New York, 1986.  titania octahedra and the neighboring barium decaeder, the

(61) Silverstein, R. M.; Bassler, G.; Morill, T. Gpectrometric Identifica- T : : i
fion of Organic Compoundsth ed.; John Wiley & Sons: New York, oxocluster2 is instead characterized by an inusual solid

1963. state structure based on zigzag chains of edge-sharing
(62) Bezrodna, T.; Puchkovska, G.; Shymanovska, V.; Baran, J.; Ratajczak, i idai i _

H. 3. Mol Strict.2004 700, 175181 {BaQy} polyhedra linked through bridging bidentate meth
(63) Hwang, U. Y.; Park, H. S.; Koo, K. KInd. Eng. Chem. Re2004

43, 728-734. (64) Faccini, F; Gross, S.; Mier, K. Manuscript in preparation.

Inorganic Chemistry, Vol. 46, No. 9, 2007 3465



Albinati et al.

acrylate anions. The two oxoclusters were further character-are acknowledged for financial support. Italian Rectors
ized by NMR and FFIR spectroscopy. Conference (CRUI), Ministero degli Affari Esteri, Rome,
The common feature of the two oxoclusters, i.e., the Italy, Osterreichischer Austauschdienst AD), Vienna,

presence of methacrylate groups surrounding the inorganicAustria, and Deutscher Akademischer Austauschdienst
polyhedra cores, would allow their use as inorganic building (DAAD), Bonn, Germany are gratefully acknowledged for
blocks for the development of (meth)acrylate-based inorganic  the funding of the researchers mobility in the framework of
organic hybrid materials. As a matter of fact, the oxocluster ltaly—Germany and ItalyAustria bilateral programs. S.

1 has already been incorporated into a PMMA-based polymer goss gratefully thanks the DAAD, Bonn, Germany, also

network by reacting it with MMA monomers. The prelimi- ¢4 the awarding of a DAAD grant (Stipendium) to finance
nary results show an effective embedding of the oxocluster 5 ogearch period in Germany.

in the polymer matrix and a slight improvement in the

thermal properties with respect to the pristine polymer. Supporting Information Available: IR spectra of compounds
Acknowledgment. Prof. Giuliano Bandoli and Prof. 1 and 2,.text, an_d a.table. of crystallographic da.ta (also as a CIF

Eugenio Tondello, University of Padova, is acknowledged file). This material is available free of charge via the Internet at

for helpful discussions. The University of Padua, Italy, the MtP:/pubs.acs.org.

Italian INSTM, and the National Research Council (CNR) 1C0615630

3466 Inorganic Chemistry, Vol. 46, No. 9, 2007





