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ABSTRACT: Poly[(methacrylato)aluminum(IIl)] was pre-
pared by applying y-radiation to the corresponding alumi-
num(Ill) methacrylate monomer. Scanning electron micros-
copy images show pellets of ~ 500 nm for the aluminum(III)
methacrylate monomer, and submicrometric fibers-made
granules for the aluminum-containing polymers. X-ray pho-
toelectron spectroscopy measurements reveal two peaks in
the Al 2p core-level spectra of the monomer and of the
poly[(methacrylato)aluminum(IIl)], which means that two
different coordination modes for the AI(III) ions might be
present in these compounds. Infrared and Raman spectros-
copy studies confirmed that the structure for this novel co-

ordination polymer consists of hexa-coordinated AI(III) ions
linked by the carboxylate groups of methacrylate ligands,
along with hydroxyl groups and coordinated water, in a
combination of monodentate and bridging bidentate coordi-
nation modes. Hence, combination of spectroscopic meth-
ods is a helpful tool to get valuable information on the struc-
ture of nonmacrocrystalline coordination polymers. © 2006
Wiley Periodicals, Inc. ] Appl Polym Sci 102: 5212-5223, 2006
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INTRODUCTION

Polymer structures in which a metal ion is included, in
compounds known as coordination polymers, show
many prominent features, for example, redox proper-
ties, magnetism, conductivity, gas adsorption, or anion
exchange.'™ Metal-containing pollymers acquire speci-
fic physical-mechanical features,” they turned out to
be efficient and selective catalysts for various reac-
tions*® and they can have biocide activity, among
other useful properties.® Two general approaches are
the most widely used in the synthesis of coordination
polymers.” In one method, metal ions are attached to a
readily available polymer by an appropriate reaction.
The second technique consists of synthesizing a metal-
containing monomer and then polymerizing that
monomer. Reports on this subject include the reaction
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between metallic salts and poly(acrylic acid) and poly-
(methacrylic acid) to get a metal-containing monomer
as precursor of a coordination polymer.*'° Metal-con-
taining monomers are usually polymerized in solution,
with peroxides or azocompounds as catalysts''™';
however, y-radiation can also be applied over a metal-
containing monomer in solid phase to initiate the poly-
merization reaction. The efficiency of y-radiation relies
on its capability of penetration, control of the polymer-
ization ratio as a function of the applied dose, high con-
versions in short reaction times, and further purifi-
cation processes are not required because there is no
contamination by a catalyst or subproducts.'* Research
in coordination polymers has focused mainly on
properties of bulk solids. Recently, controlling the
growth of the coordination polymers under spatial
confinement has resulted in production of nanocom-
pounds.'*'® Tt has become more important to investi-
gate the unexpected chemical and physical properties
of nanometric or submicrometric coordination poly-
mers, since their possible interesting size- and shape-
dependent properties are still unexplored. Neverthe-
less, reports about preparing coordination polymers
on a nanometer or submicrometric scale have been few
to date."”'® A general problem in the characterization
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of coordination polymers arises because of the extreme
intractability of many of these materials, and the conse-
quent lack of available structural information. In addi-
tion, owing to the difficulty of obtaining single crystals,
relatively few structure determinations have been car-
ried out on coordination polymers, necessitating the
use of indirect methods of structural characteriza-
tion."”” Although poly(methacrylic acid) has been
known for many years,” to date, few metal-poly(me-
thacrylate) coordination polymers have been synthe-
sized,”'” none of them can be obtained as a single crys-
tal compound; consequently, still very little is known
about the structure of these materials; moreover, there
are relatively few recent studies based on infrared
spectroscopy, reporting on the coordination geo-
metries in polycarboxylate-metal ion complexes.'®*!
Therefore, it is essential to explore the application of
experimental methods to study the structural charac-
teristics of these potential functional materials.

In this article, we report an easy synthesis of the
microcrystalline and submicrometric novel poly[(me-
thacrylato)aluminum(III)] (PMAAL), and its structural
characterization employing X-ray photoelectronic, IR,
and Raman spectroscopic methods, and scanning elec-
tron microscopy, as well as electron paramagnetic res-
onance (EPR) and thermogravimetric analysis.

EXPERIMENTAL PROCEDURE
Synthesis of aluminum(III) methacrylate

Methacrylic acid (MAc) (Sigma-Aldrich, Mexico),
NaHCO; (Sigma-Aldrich, Mexico), and AICl; - 6H,O
(J. T. Baker, Mexico), all of them of reagent grade, were
employed without any further purification. De-ionized
water was used to prepare all the solutions in this work.
Briefly, NaHCO; (aq) (9.91 g, 117.9 mmol) was added
to an equivalent amount of MAc (10.15 g, 117.9 mmol),
and the solution was stirred for 30 min at room tem-
perature. Then, AICl; - 6H,O (9.49 g, 39.3 mmol) was

Reaction 1
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poured, while stirring, to the freshly prepared sodium
methacrylate (MANa) solution. This mixture was
stirred for 1 h at 60°C. MAAI precipitated as a white
powder, which was isolated by filtration, washed thor-
oughly with de-ionized water, and vacuum-dried.

Polymerization of MAAI

About 1 g of monomer was placed in a glass tube,
which was evacuated and then vacuum-sealed. Irradi-
ation of MAAI was carried out at room temperature in
a Gammacell-220 (AECL), having a Co y-ray source
with a dose rate of 0.25 kGy/h. Doses of 10, 20, 30, 40,
and 50 kGy were applied to the monomer. PMAALI
showed insolubility to most common solvents.

Characterization methods

A Perkin-Elmer 2380 atomic absorption spectropho-
tometer was used to calculate the monomer yield
with a standard curve of sodium from 5 to 25 ppm,
in de-ionized water.

Monomer and polymer morphologies were ana-
lyzed and imaged with a PHILIPS XL-30 scanning elec-
tron microscope (SEM) at 25 kV equipped with a detec-
tor for energy dispersive X-ray analysis (EDAX). Sam-
ples were fixed on a support with a copper film and
sputter-coated with gold to a thickness of ~ 200 A.

EPR analyses were carried out at room temperature
using a Varian E-15 electron paramagnetic spectrome-
ter operating at a frequency of 9.5 GHz. The instrument
settings were as follows: a magnetic field of 330 mT; a
scan range of 40 mT; a scan time of 8 min; a magnetic
field modulation amplitude of 0.1 mT; a modulation fre-
quency of 100 kHz; and a microwave power of 5 mW.

FTIR spectra were obtained with a Nicolet-FTIR 550
spectrophotometer using KBr pellets. Raman measure-
ments were made with a Jobin Yvon Raman microscope
Olympus BX41 in a frequency range of 4000-400 cm .

CH,=C(CH3)COOH 5y + NaHCO3,qy ——»  CH=C(CH;)COO'Na’ + H,0 + COy
Reaction 2
CH,=C(CH;)COO'Na’ + AlCly,y — P [AI(OH)x(OH,)y(0,C(CH,)C=CH,)z] + 3NaCl
Reaction 3
[AI(OH)x(OH,)y(0,C(CH;)C=CH,)z] , ™" | AI(OH)x(OH,)y[O,C(-C(CH)CH, )] ,

Scheme 1 Schematic representation of the reactions involved in PMAALI synthesis.
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The excitation source was a He-Ne ion laser, and the
spectra were collected using the 632.8 nm radiation.
Thermal degradation of monomer and polymer
samples were performed using a TA Instruments
TGA-51 apparatus, calibrated with a standard of cal-
cium oxide. Experiments were conducted from 20 to
800°C, with a heating rate of 10°C/min, under nitro-
gen atmosphere; sample weight was around 10 mg.
X-ray photoelectron spectroscopy (XPS) experimen-
tal set up was done with a VG Microtech MultilLab
ESCA 2000. The UHV system with a CLAM4 MCD elec-
tron analyzer and Mg Ka (hv = 1253.6 eV) X-ray source
was operated at 15 kV and 20 mA. The incidence angle
was 55° with respect to the surface; survey and high-
resolution narrow scan were done to constant pass
energy of 50 and 20 eV, respectively. The SDPv 4.1
software was used to analyze the experimental results.
The surface chemical composition was determined
from the corresponding peak area by using the correc-
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tion of the relative sensitivity factor (RSF) reported by
Scofield.* Corrections of charging of the scanned ele-
ments for all samples were carried out taking the posi-
tion of sa]gg)hire (AlO3) and poly(methacrylic acid) as
reference.” The vacuum level during measurements
was less than 1 x 10~® mb. The peak positions were
referenced to the background of Ag 3d°? photopeak at
367.8 eV. The full width at half-maximum (FWHM)
was maintained at 1.0 eV using Ag 3d°/.

RESULTS AND DISCUSSION
Synthesis

Aluminum(IIl) methacrylate (MAAI) was synthesized
following the method reported by Galvan et al.*
where iron(Ill) methacrylate was obtained, and then
polymerized with y-radiation, having high yields of
this monomer in a two-step reaction (see Scheme 1,

CEa

0 Kn

Figure 1 EDAX spectra and SEM images showing the chemical composition and the morphologies of (A) MAAI and

(B) PMAAI-20 kGy.
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Figure 2 EPR spectra of MAAI and PMAALI obtained at 10, 20, 30, 40, and 50 kGy of y-radiation doses.

below). A yield of 89.1% was obtained in MAAI syn-
thesis, as determined by AA spectrophotometry.
Doses of 10, 20, 30, 40, and 50 kGy of y-ray radiation

were applied to the monomer, with a dose rate of
0.25 kGy/h.

Scanning electron microscopy

EDAX studies showed that only carbon (~ 67%), ox-
ygen (~ 26%), and aluminum (~ 7%), were found
on MAALI and all PMAAI samples (Fig. 1). Scanning
electron microscopy images in Figure 1 show the
morphological differences between MAAI and
PMAAI, irradiated at 20 kGy (PMAAI-20). It can be
observed that the pellets of the MAAI [Fig. 1(A)] are
closer to a spherical shape than those of PMAAI-20
[Fig. 1(B)], and with diameters of ~ 500 nm. Unlike
the monomer, the morphology of PMAAI-20 resem-
bles fibers hank [Fig. 1(B)], confirming, in such a
way, that polymer formation has occurred. Similar
fiber-type morphology has been obtained in scan-
ning electron microscopy studies of poly[(methacry-
lato)zinc(I)].** Moreover, PMAAI-20 granules have
sizes that range from 300 nm to a bit more than 1 pm,
approximately. Small pellets observed in Figure 1(B)
are believed to have come from the degradation of
the polymer, and consequent oligomer formation,
due to the action of y-ray radiation, which is a com-
mon event when this type of radiation is employed
to polymerize.*®

Electron paramagnetic resonance

Figure 2 shows the electron paramagnetic resonance
(EPR) spectra of MAAI and PMAALI samples. As can
be observed, there is no signal for MAAL however, a
well-defined signal centered at around 330 mT can

be observed for PMAAI samples, which can be asso-
ciated to the propagative radical shown below:

CHs

AI(O)x(OH)y ( ococ—C CH;
o [},

n

This radical has been studied previously by Sakai.”
Furthermore, Ichikawa®® found that the absorption of
radiation energy by methacrylate polymers always
involves the formation of this tertiary radical. The dif-
ferent EPR signal intensities of the spectra in Figure 2
are associated to the amount of radicals produced for
each applied dose. Figure 2 shows how the EPR signal
intensity increases as a function of the applied dose. It
must be pointed out that EPR measurements were car-
ried out immediately after irradiations and, that no
EPR signal was found after ~ 40 h of irradiation, as can
be observed in Figure 3 for PMAAI-20.

120 4

100 4,

Decay (%)

0 5 10 15 20 25 30 35
Post-irradiation period (h)
Figure 3 Decay of the EPR signal of PMAAI-20. [Color

figure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]
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Figure 4 XPS spectra of MANa, MAAI, and PMAAI 20 kGy; (A) survey spectra; (B) C 1s spectra; (C) O 1s spectra. (1B)
285 eV corresponds to CH, and CHj; (2B) 285.8 eV corresponds to —(CH3)C=; (3B) 287 eV corresponds to C—O in a
bridging complex; (4B) 289.3 eV corresponds to COO™ in monodentate complex for MAAI and PMAAL (1C) 531.6 eV and
(3C) 533.8 eV correspond to C=0 and C—O in monodentate complex, respectively; (2C) 532.3 eV corresponds to C—O in
bridging complex. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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Figure 5 XPS Al 2p spectra of MAAI, PMAAI-10, PMAAI-20, and PMAAI-40. [Color figure can be viewed in the online

issue, which is available at www.interscience.wiley.com.]

X-ray photoelectron spectroscopy measurements

Figure 4(A) shows the X-ray photoelectron spectros-
copy (XPS) survey of MANa, MAAI, and PMAAI-20.
The expected elements C, O, and Al were detected;
from this survey spectrum, an Al elemental concentra-
tion of ~ 7.1% was found in all polymers. XPS results
for MANa, MAAI, and PMAAI-20 are reported in Fig-
ures 4(B) and 4(C). Four peaks can fit the high resolu-
tion XPS spectra of C 1s core-level for MANa: 285,
285.8, 287, and 289.3 eV [Fig. 4(B)], which can be
assigned to the carbon in the CH; or CH,, C=C,
COO Na™, and COOH, respectively.” The four peaks
are also observed in the MAAI and PMAAI-20 C 1s
core-level spectra [Fig. 4(B)]. The O 1s core-level spec-
tra [Fig. 4(C)] change from two-peak fit spectrum for
MANa to three-peak fit spectra for MAAl and PMAAI-

20. This change can be attributable to the formation of
two different coordination structures between the alu-
minum ions and carboxylate groups (vide infra). In
addition, the peak at 531.4 eV [Fig. 4(C)] suggest the
presence of —OH groups bound to aluminum(IIT).* In
Figure 5, it is shown that all XPS spectra of Al 2p can be
fitted to two peaks™: 74.7 and 75.8 eV, which suggests
that after the aluminum(Ill) complex formation, two
coordination environments are involved for the alumi-
num ions.

IR and Raman spectroscopy

Carboxylate groups can coordinate to a metal ion in
three possible ways, which are shown in Figure 6.
Structure I corresponds to monodentate complex,

BR=——0C
!

O ——M

/\ V4
£l \/ | \B—M

Figure 6 Representations of the coordination modes of carboxylate ligands to metal ion: (I) mono-dentate, (II) chelating

bi-dentate, and (III) bridging-bidentate.
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Figure 7 Representations of the coordination modes of carboxylate ligands to aluminum(IIl) ion: (IV) mono-dentate,

(V) chelating bi-dentate, and (VI) bridging-bidentate.

where the oxygen atoms of three carboxylate groups
coordinate to a metal ion using single bonds. Struc-
ture II shows a chelating symmetrical bi-dentate
fashion; while, structure III corresponds to a bridg-
ing bidentate complex. These two last coordination
modes involve a bi-dentate binding; i.e., both oxygen
atoms of a carboxylate group take part in the coordi-
nation. In chelating-bidentate coordination, both ox-
ygen atoms are bound to a metal ion, whereas, in
the bridging coordination, the two oxygen atoms are
bound to two different metal ions.*”* These type of
coordination modes for carboxylate-containing ligands
have been reported previously.*® For aluminum(IIl)-
carboxylate compounds, [AI(O,CR)3], a chelating bi-
dentate coordination (Fig. 7, V) has been proposed.***
Although, there has not been spectroscopic evidence
for this mode of coordination to aluminum(III). Most
recently, Leman et al.?® demonstrated that in alumi-
num(Ill)-carboxylate compounds, using triazenide-
type ligands, there is no evidence of the chelating
bi-dentate fashion in the coordination sphere of Al
ions. In addition, Barron et al.*’*® in their profound
spectroscopic studies about aluminum(Ill)-carboxylate
complexes found only monodentate (Fig. 7, IV) and
bridging bidentate (Fig. 7, VI) coordination modes.
FTIR and Raman spectroscopy can differentiate
among these different coordination modes, specifi-
cally on the carbonyl stretching frequencies.'*** Com-
plete studies of the corresponding absorption bands
have been done for acetate complexes of known struc-
ture.”® Figure 8 shows the IR absorption spectrum of
MAc. Characteristic bands reported for MAc appear
in that spectrum.*” Bands related to CH;— (Fig. 8)
appear at 2930 cm™!, which results from the C—H
stretching in C—CHj type compounds. The bands in
the bending region at 947 and 810 cm ', associated to
the vinylidene group C=CH,, correspond to the CH,
out-of-plane wagging. Bands due to —COOH (Fig. 8)
can be assigned as follows: a broad band between
3300 and 2400 cm ™' (O—H stretching vibration), a
strong band at 1698 cm ' (C=O stretch in carboxylic

acid), and also strong bands at 1299 and 1204 cm ™’

(C—O stretching). Usually, two bands, arising from
C—O stretching and O—H bending, appear in the
spectra of carboxylic acids near 1320-1210 cm ™' and
1440-1395 cm ', respectively.*! These bands involve
some interaction between C—O stretching and in-
plane C—O—H bending. The more intense band,
near 1315-1280 cm ™', is normally referred to as the
C—O stretching band and usually appears as a dou-
blet in the spectra as can be seen in Figure 8. This has
been found particularly for dimer compounds.*
Figure 9 shows the FTIR and Raman spectra for
MAAL In the IR spectrum a weak broad band from
3600 to 3100 cm ! can be observed, which re?laces the
strong-broad band from 3300 to 2400 cm™ in MAc
spectrum (Fig. 8). The band for —COOH stretching
vibration at 1697 cm ™! found in the MAc spectrum,
disappeared because of carboxylate ion formation, and
two new bands emerge. This behavior is typically
observed when the carboxylate anion is coordinated

MAc

% Transmittance

Ll — —
4000 3500 3000 2500 2000 1500 1000 500
|
Wavenumber (cm )

Figure 8 IR spectrum for methacrylic acid.
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Figure 9 IR and Raman spectra for MAAL

to a metal.*> Bands at 1590 and 1455 cm ™' can be asso-
ciated to the asymmetric and symmetric stretching
vibration of the COO™, respectively. Following the
Deacon and Philips procedure® to study carboxyl-
ate complexes by IR, the MAAI exhibits a A value
[Vasymetric (Cooi) - Vsymetric (Cooi)] of 135/ which
corresponds to the bridging bi-dentate complexes
(Fig. 7, VI). A detailed summary of the main infrared
and Raman bands for MAAl and PMAAI-20 are shown
in Table L.

The FTIR and Raman spectra of PMAAI obtained
with 20 kGy (PMAAI-20) are shown in Figure 10. Both
spectra reveal some common features: (a) the symmet-
ric stretching modes of —CHj; and CH, (either on
=CH, or —CH,—) moieties are in the 2850-3050
cm ™! frequency region; (b) the C=O stretching vibra-
tion appears in the 1645-1655 cm ' frequency region;
(c) the symmetric CO,  stretching vibration is at
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1445-1455 cm ™!, and (d) a strong band at 940-950
cm !, which can be attributed to the vibration of an
Al—O bond. However, Raman spectra do not exhibit
a band at 3692 cm !, which corresponds to the stretch-
ing modes of a hydroxyl bound to an aluminum(III)
ion, and a weak broad band at 3600-3100 cm " region
coming from —OH stretching modes. According to
Srinivasan et al.** when hydroxyl groups bound to
three octahedrally coordinated aluminum(lIl) ions, an
IR absorption frequency around 3690 cm™' occurs,
and this can be assigned to the most acidic hydroxyl
on alumina surfaces. In addition, all the IR spectra of
the alumoxanes reported by Landry et al.*> show an
absorption band between 3700 and 3400 cm ™', which
is consistent with our results. Furthermore, in the IR
spectra there is a band around 1370 cm ™', which can
be assigned to either, —CHj3; symmetric deformation
or the C—O bond vibration for metal-carboxylic com-
plexes that possess a monodentate coordination
mode. Nevertheless, the Raman spectra do not have
such a band, even though in that region usually the
—CH; symmetric deformation should appear. There-
fore, this confirms that the IR band at 1370 cm ! can
be assigned to a C—O bond vibration and that
PMAAI compounds contain also a monodentate coor-
dination mode.

Hence, the IR spectra of all PMAAI have bands at
1596-1590 cm ! and 1459 ecm ™!, which is consistent
with a bridging bidentate mode of coordination. In
addition, IR and Raman spectra of the samples show
a band approximately at 1650 cm™' and IR spectra
contain one additional band at 1370 cm ™!, indicative
of monodentate coordination in aluminum-carboxy-
late complexes.”> Similar results were found for
[Me,Al(1-O,CR)], and Al(O,CR) (salen) [R=CHj,,
CsHiy;, H (salen) = N,N'-ethylenebis(salicylidene-
amine)],*® where IR bands, providing evidence of the
presence of monodentate and bridging bidentate alu-
minum(III)-carboxylate compounds, were obtained.

TABLE 1
Summary of the Infrared and Raman Bands for Mac, MAAI], and PMAAI-20
Mac MAALI PMAAI-20

IR IR Raman IR Raman

Peak assignment (em™Y) (cm™) (em™Y) (em™h (em™Y)
OH in COOH 3600-3100 N/P? N/P N/P N/P
Al—OH stretching N/P 3692 N/P 3694 N/P
C—H in C—CHj 2938 2972 2984 2973 2983
C—H in C—CH,—C N/P N/P N/P 2927 2929
C=0 in COOH 1698 N/P N/P N/P N/P
C=0 in COO™ monodentate N/P 1650 1653 1648 1654
C—0O in COO™ monodentate 1375 1374 N/P 1373 N/P
COO™ asymmetric in bridging N/P 1588 N/P 1587 N/P
COO™ symmetric in bridging 1455° 1449 1453 1443 1454
Al—O bond N/P 944 952 943 953

4 N/P, not present.
> COO™ in COOH.
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It is well known that water molecules attached to
metal ions can have certain acidity, which can give
origin to hydroxyl species,

M(H,0),]™" — [M(Hzo)x_l(OH)]H"*l) LH

2[ Al(H,0), ] 3 e | (OHyA

At higher pH values (7-12), polymeric species can be
formed, which includes octahedral bridges of Al ions
and OH moieties.”” Also, protonation of an oxo ligand
has been proposed by Barron and coworkers.*®* They
found, in their study about the reaction of bohemite
with several carboxylic acids, an increase in the num-
ber of hydroxyl groups throughout the protonation of
oxo ligands as shown in the following reaction,

R
0 /’El:“:\
07" ™o
AI/ \AI + RCO-H —— = | |
A|\O/N
|

Therefore, presence of water and hydroxyl ligands
in PMAAI as a part of the coordination sphere of the
Al ions, and accordingly to the method of synthesis
employed, was expected.

A common feature of hydroxo complexes is the for-
mation of hydroxo bridges of the following types:

H H
| | '
| /D“\ M’/O\‘M |
it ] e 10]
ARG \:/ M/O"'\'*;M

M M | |
H
The loss of a second proton from the coordinated

water can lead the formation of oxo compounds,
which can be of several types:*’

VILCHIS-NESTOR ET AL.

Acidity of aqua ions can vary in concordance to the
metal ion to which they are attached, in case of Alions,
Ka (AI’") = 1.12 x 10~7; hence, solutions of AI(III) ions
will usually exhibit an intensive hydrolysis.47 The
above hydrolysis reaction is the simplest one; however,
hydroxyl species can give rise to a dimer at a pH of ~ 5.

|
0
/AI(HQO)4 *  +2H" +2H,0

|
H

0 /0‘\

M—O0—M
M"/ \‘M M“\D/M
M

Mg o2 i |

O M/-' "!.i”M O

M w1
M M/ \MM

Exchange of bridge and terminal oxo groups is
known to occur in solution. Furthermore, this kind
of oxo bonding is not new, oxygen centered triangles
are units found widely in so-called ““basic”” carboxy-
lates and some other bridging anions of many met-
als. When the metal ion has an oxidation state of +3,
as in MAAI and PMAAI, they have the general for-

Wavenumber (cm™)

4000 3500 3000 2500 2000 1500 1000 500
L L 1 1 1 1 1

' VS

1 PMAAI-20

T T T T T T T
4000 2500 el ] 2500 2000 1500 1000 a0

Raman Shift (cm™)

Raman Intensity
% Transmittance

Figure 10 IR and Raman spectra for PMAAI-20.
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Figure 11 Schematic representation of the possible struc-
ture of MAAL

mula [M30(O,CR)eLs], where L is usually a ligand
such as H,0.

/\O

Q
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l\D/ | o (m) =
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According to the previous explanation, and the spec-
troscopy results obtained, which indicate that the
carboxylate of the methacrylate ligands can bind the
Al ions in a bridging bidentate mode, and also in a
monodentate fashion, a possible representation of a
part of MAALI structure is shown in Figure 11. The
presence of bridging bidentate carboxylate groups,
where a carboxylate links two adjacent aluminum
ions is unambiguous, as proved by IR and Raman
spectroscopy studies. However, the formation of the
carboxylate-aluminum(Ill) monodentate complex
would be rationalized as a part of the MAAI and
PMAALI submicrometric particle surface, as it is clear
from the XPS analyses, where two different elec-
tronic environments for the aluminum(Ill) ions can
be distinguished. A similar aluminum(III)-carboxy-
late complex structure might be present for the
PMAALI obtained at different doses in this study.

Thermogravimetric analysis

TG and DTG curves are shown in Figure 12(a—c) for
MAAIL PMAAI-10, and PMAAI-40, respectively. All
TGA data are listed in Table II. For all samples,

monomer, and polymers, the first mass loss indicates
evaporation of noncoordinated water at around
135°C, which agrees with the results obtained by
McNeill and Zulfigar*® and Rufino and Monteiro™
for metals salts of poly(methacrylic acid). A further
mass loss of 13-18% occurs between 310 and 340 °C.
Based on results of Landry et al.*> and Rufino and
Monteiro,?! related to thermal studies on bohemita
and metallic salts of poly(methacrylic acid), respec-
tively, the second mass loss can be attributed to the
dehydration of the aluminum(IIl) complex. The third
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Figure 12 TG and DTG curves of (a) MAAIL (b) PMAAI-
10, and (c) PMAAI-40.
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TABLE II
Summary of the Temperatures of Mass Loss and
Percentage of Residue at 800°C for MAAIl and PMAAI’s

Loss Weight Residue at
Sample temperature (°C) loss (%) 800°C (%)
MAAI 319.2 13.62 422
450.0 40.79
136.5 4.28
PMAAI-10 326.9 17.68 31.5
453.8 57.10
134.6 5.60
PMAAI-20 334.6 17.57 32.0
453.8 50.23
209.6 6.00
PMAAI-30 319.2 16.94 31.7
451.9 57.71
226.9 6.28
PMAAI-40 319.2 16.39 32.0
453.8 55.56
226.9 5.14
PMAAI-50 319.2 16.74 32.0
453.8 52.12

stage occurs above 400°C for all the PMAAI and at
450°C for MAAL The residual mass, at 800°C, was 42%
for MAAI and 32% for PMAAL The chemical composi-
tion of the residue obtained at this last step, and the
mechanisms involved in the decomposition process,
have been discussed in the literature by McNeill and
Zulfigar® and Zulfigar and Masud® for transition
metal-polymethacrylates complexes.

CONCLUSIONS

Aluminum(Ill) methacrylate was obtained by an
easy synthetic procedure. Polymerization of this
monomer was initiated with y-radiation, producing
the novel coordination polymer: poly[(methacryla-
to)aluminum(Ill)], PMAAI, which has a submicro-
metric size. Structural studies by IR and Raman
spectroscopy revealed that monodentate and bridg-
ing bidentate coordination modes are present in the
coordination sphere of the Al ions. Moreover, there
are two different coordination spheres for Al ions
according to XPS studies. As it is known, many coor-
dination polymers cannot be obtained as single crys-
tals suitable for X-ray diffraction studies; therefore,
the use of spectroscopic methods to elucidate the
structure of these type of coordination monomer and
polymers offers a good alternative to get more
insight about these important materials and their
potential applications. Therefore, the reported results
imply an important perspective for these alumi-
num(IIl)-containing polymers to be used as catalysts.
Evaluation of PMAALI as catalyst for the dehydration
of 2-propanol is currently underway.
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