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Metal isobutylsilsesquioxanes (M-POSS) with Ti'V and VV
metal centres have been prepared by direct corner-capping
of trisilanolisobutyl-POSS (1). The synthetic procedure has
been followed in solution by FTIR spectroscopy and samples
have been characterised by 2°Si{'H} NMR, FTIR, FT-Raman
and UV/Vis spectroscopy in order to study the structure and
the chemical properties of the transition metal centres incor-
porated in the synthesised compounds. The corner-capping
reaction basically lead to tetrahedrally coordinated metal
centres inserted in the siliceous cage. The hybrid inorganic—
organic nature of these compounds and the possibility of dis-
persing catalytically active metal centres in a highly efficient
way within organic matrices have been investigated by dis-
persing the title compounds at 3 wt.-% in a polypropylene

matrix by melt blending, which leads to nanocomposite ma-
terials. A study of the thermal degradation of polypropylene,
trisilanolisobutyl-POSS and metal-isobutyl-POSS composites
shows a significantly enhanced thermal stability under oxi-
dative conditions only when metal-containing silsequioxanes
are dispersed, along with an extended formation of con-
densed polyaromatic compounds (charring products). This
evidence is consistent with a possible catalytic effect favour-
ing oxidative dehydrogenation of the polymeric organic
chains occurring in the condensed phase under combustion
conditions, and highlights a possible promising use of M-
POSS as fire-retardant additives for polymers.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

Introduction

Polyhedral oligomeric silsesquioxanes (POSS) are a class
of condensed, three-dimensional oligomeric organosilica
compounds with cage frameworks having different degrees
of symmetry. These materials are present in most of the up-
to-date research topics in the field of advanced materials
development as they combine a nanodimensional, well-de-
fined geometry (given by their molecular nature) with the
structural and chemical properties of both inorganic sili-
ceous materials and organic molecules. The stoichiometry
of these compounds shows each silicon atom bonded to
one-and-a-half oxygens (sesqui-) and to a hydrocarbon
(-ane), which leads to (RSiO s) units.['3! Besides fully con-
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densed polyhedral silsesquioxanes, which are essentially
centred on cubic RgSigO;, molecules, open-corner POSS
compounds with incompletely condensed silanol groups
[with general formula R,Si;O9(OH);], which can generally
be obtained by direct synthesis from specific chloro-
silanes!' ! or by cleavage of completely condensed
POSS,[®7! are far more interesting due to the possibility of
further functionalisation both with specific organosilanes
and with heteroelements. In particular, these compounds
(Figure 1) are suitable for reaction with a variety of
transition metal complexes (in the form of alkoxides or
chlorides) to form completely condensed metal-silsesquiox-
anes (M-POSS).8121 These metal-containing cage struc-
tures have proved to be promising both as homogeneous
catalysts and as precursors for highly efficient metal-based
heterogeneous catalysts.[!3-16]

Since a wide variety of organic groups can be bound to
the silicon, the inorganic cage can also show a tunable
chemical affinity towards several organic solvents and also
for polymeric matrices. Thus, these inorganic—organic hy-
brid molecular materials may be made chemically compati-
ble towards polymers and become suitable for preparing
nanocomposites. The use of cubic silsesquioxanes in the
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Figure 1. Trisilanolisobutyl-POSS (1), V-isobutyl-POSS (V-POSS;
2) and Ti-isobutyl-POSS (Ti-POSS; 3); dimeric forms (see Figure 3
for instance) can also be present.

preparation of polymer nanocomposites has resulted in
physicochemical properties that are significantly different to
those of the parent polymer.l'’-2% For this reason, the abil-
ity to disperse homogeneous metal-containing silsesquiox-
anes in polymeric matrices can lead to the distribution of
well-exposed, coordinatively defined metallic centres within
the organic matrix which, by acting as condensed-phase
catalytic centres, can further modify the chemical behaviour
of polymers, in particular at high temperatures (i.e. combus-
tion conditions). In particular, M-POSS can deliver impor-
tant flame retarding properties as they are able to activate,
for instance, oxidative dehydrogenation reactions, thus re-
ducing polymer ablation by the formation of carbonaceous
and ceramic layers (given by the silica cage) on the polymer
surface. Fina et al., for example, have recently shown that
Al- and Zn-isobutyl-POSS are catalytic promoters of the
formation of charring products during thermal oxidation of
polypropylene.?!-22l Hence, interesting results can be ex-
pected when catalytically active transition metals are in-
serted in the siliceous cage and dispersed.

Some papers in the literature show the use of metal oxide
species as additives for polymeric matrices different from
polypropylene.”! In particular, composites containing TiO,
particles dispersed in poly(methyl methacrylate) or polysty-
rene have been investigated.[>*2%1 When reported, the pres-
ence of this inorganic filler showed interesting effects on the
thermal stability of composites (for instance in the study of
oxidative thermal degradation with TGA), giving a tem-
perature shift on oxidative thermal degradation of about
50 °C for PMMA with 5-20 wt.-% of TiO,. However, the
net amount of transition metal inserted and the type of dis-
persion and interfacial interactions occurring with the poly-
mer are extremely different and hard to relate to the se-
lected M-POSS. Furthermore, as reported previously,'”2%]
the introduction of silsesquioxane nanostructures can also
modify other properties of the polymeric materials (i.e. me-
chanical behaviour).

This work focuses on the synthesis of V and Ti isobutyl-
silsesquioxanes by corner-capping reactions.”?’-2° The syn-
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thetic conditions for the insertion of [(nPrO);VO] and
[Ti(OiPr),] within the cage of isobutyl-POSS have been op-
timised (solvent, temperature and reaction time) and fol-
lowed by FTIR spectroscopy. The products have been thor-
oughly characterised by 2°Si{!H} NMR, FTIR, FT-Raman
and UV/Vis spectroscopy. The materials obtained, together
with the unmodified parent silsesquioxane, have been
blended with polypropylene (to the best of our knowledge,
the preparation of these composites is reported here for the
first time) and the composites have been characterised by
thermogravimetric analysis (TGA) under nitrogen and air
in order to investigate the role of the dispersed metal during
thermal and thermo-oxidative degradation.

Results and Discussion

The occurrence of the corner-capping reaction of the
open cage silsesquioxane was observed in the 2°Si{'H}
NMR spectra. The products were diluted with the appro-
priate deuterated solvents at about 5 wt.-% concentration.
For example, sample 1 (Figure 2, A) gave a 2°Si{'H} NMR
spectrum (in C¢Dg at 25 °C) that contains three distinct
multiplet signals at 6 = —58, —66.5 and —68 ppm in a 3:1:3
ratio. After functionalisation with a metal centre [part B of
Figure 2, shows the 2°Si{'"H} NMR spectrum of V-isobutyl-
POSS], the changes in the NMR spectrum are clear. Thus,
the signal at 6 = —58 ppm due to Si—OH is substituted by a
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Figure 2. Si{'"H}NMR spectra of 1 (A) and 2 (B).
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broader signal at 6 = —61 ppm in the V-containing silses-
quioxane and, as expected, the fine structure of the mul-
tiplet signal disappears due to the presence of dipolar inter-
actions with the >'V nucleus. This result strongly supports
the introduction of a tricoordinate vanadyl group into the
cage corner of the trisilanolisobutyl-POSS, and that this is
the main product. Moreover, these signals are typical of a
monomeric structure of V-isobutyl-POSS, although possible
changes of solution concentration and temperature can fav-
our a dimer structure in equilibrium with the monomeric
one.[?8]

The Si—-OH signal is also absent in the >°Si{'H} NMR
spectrum of the titanium derivative 3, thus suggesting that
the corner-capping reaction is also successful for this com-
pound. However, the spectrum shows a complex multiplet
centred at around 0 = —66.5 ppm, which was attributed to
the presence of an equilibrium between dimeric and mono-
meric Ti-isobutyl-POSS molecules (Figure 3). This assign-
ment was suggested by the fact that similar results have
been reported for Ti-cyclohexyl-POSS.[>7]

In order to evaluate the reaction evolution, and to optim-
ise the synthesis time of V-isobutyl-POSS, the process was
followed by IR spectroscopy (Figure 4A) in the liquid phase
by collecting small amounts of the reaction medium. The
IR spectra collected at increasing reaction time show a ra-
pid disappearance of the broad absorption in the 3400-
3100 cm™! range that is attributable to the O—H stretching
of H-bonded silanols of the POSS cage. The maximum of
this absorption could not be detected due to overlap with
the C—H stretching modes of the aromatic ring of the sol-
vent. However, it is very clear that this absorption disap-
pears almost completely within five minutes.

The reaction times are longer for the synthesis of Ti-iso-
butyl-POSS, and 90 minutes are necessary to the complete
corner-capping reaction of partially condensed isobutyl-
POSS (Figure 4B).

The IR spectra of M-POSS in KBr pellets (Figure 5)
show a clear similarity to that of the parent open-cage
POSS in the fingerprint region (1500 and 1000 cm™'), where
the stretching and bending modes of the isobutyl chains
and of the cage framework [v,,(Si-O-Si) around 1100 cm ']
absorb. However, only the parent trisilanolisobutyl-POSS
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Figure 4. (A) IR spectra of the reaction mixture (in C4Hg solution)
for the preparation of V-isobutyl-POSS; (B) IR spectra of the reac-
tion mixture (in n-hexane solution) for the preparation of Ti-iso-
butyl-POSS.

(1) shows a clear band at 890 cm™! (Figure 5, curve 1) due
to the bending mode of the Si-O-H groups, which is re-
placed by bands at 910 and 920 cm™! in the case of V- and
Ti-POSS respectively (Figure 5, curves 2 and 3). These
absorptions, which appear with the disappearance of the
Si—-OH bending mode!?”! of 1, can be assigned to v,4(Si-O—
V)BT and v, (Si—-O-Ti),13! respectively.

Raman spectroscopy (Figure 6) confirmed that the vana-
dyl group is present in V-POSS. In fact, a sharp new peak
at 1020 cm™, due to the V=0 stretching vibration, is found
in the Raman spectrum of V-POSS. The remaining part of
the spectrum is almost unchanged with respect to the par-
ent trisilanolisobutyl-POSS 1. The NMR, FTIR and Ra-
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Figure 3. Schematic representation of monomeric 3 and dimeric Ti-isobutyl-POSS (4).
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Figure 5. IR spectra (KBr pellet) of 1-3.
man spectra therefore provide clear evidence that silanol

groups are complexed with Ti or V metal centres leading to
the closure of the isobutyl-POSS polyhedral cage.
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Figure 6. Raman spectra of 1 and 2.

Diffuse-reflectance UV/Vis spectroscopy was used to
monitor the oxidation states of the metals in 2 and 3. Two
bands at 250 and 300 nm are found in the spectrum of V-
isobutyl-POSS (Figure 7, dotted line). These bands are as-
signed to low-energy charge-transfer (CT) transitions asso-
ciated with framework vanadium species in a tetrahedral
coordination environment.!*?! In particular, the absorption
at 250 nm is correlated to an electron-transfer transition be-
tween the bridging oxygens and the metal centre, while the
band at 300 nm is an n — w* transition due to the terminal
V=0 bond.

225 250

0.1
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Figure 7. Diffuse reflectance UV/Vis spectra of 2 (dotted line) and
3 (solid line) mixed with anhydrous BaSOj,.

The vanadium centre within this material is sensitive to
the presence of water, undergoing expansion of its coordi-
nation number in the presence of humidity. This was proved
by recording the UV/Vis spectrum of V-isobutyl-POSS
mixed with hydrated KBr. The band at 400 nm confirms a
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change of coordination of the metal centre, which passes
from tetrahedral to fivefold coordination. It should be
noted, however, that under these conditions the formation
of oxide aggregation by-products is not observed. On the
basis of these observations, the M-POSS complexes were
stored under nitrogen in order to prevent any interaction
with water.

The diffuse-reflectance UV/Vis spectrum of Ti-isobutyl-
POSS (Figure 7, solid line) is characterised by a broad band
at 225 nm, which is typical of tetrahedrally coordinated
Ti', as reported in the literature for similar samplesi*3! and
mesoporous titanosilicates.?*

Polypropylene/M-POSS Nanocomposites:
Thermogravimetric Analysis

Thermogravimetry is a well-established technique for the
assessment of the ability of nanoadditives to favour the acti-
vation of degradation pathways suitable to protect the poly-
meric matrix and delay its weight loss upon heating.[33-37]
In particular, the comparative analysis of the thermal be-
haviour of pure polymer and nanocomposite under inert or
oxidative conditions is straightforward. On the other hand,
these materials may activate catalytic reactions in the con-
densed phase due to the presence of peculiar surface and
interfacial properties, such as surface acidity or redox cata-
Iytic sites, when in contact with oxygen at a given tempera-
ture. In particular, besides oxidative phenomena (which
lead to the formation of small volatile molecules or CO,
CO, and water), oxidative dehydrogenation reactions
(ODH), which can be responsible for the formation of car-
bonaceous products, may occur. Moreover, the inorganic
fillers can provide a physical protection to the polymeric
matrix by limiting the oxygen diffusion, and thus the oxi-
dation processes, by the formation of thermally stable sili-
ceous or carbosiliceous surface layers (physical effect).

Due to the high affinity of isobutyl-POSS for polypropyl-
ene,’® the prepared M-isobutyl-POSS complexes were dis-
persed in a polypropylene matrix by melt blending to give
inorganic—organic nanocomposite materials. During the
preparation of composite materials in a microextruder, the
extrusion process was performed in the absence of humidity
at 190 °C in order to avoid possible interactions between
the metal centres and the water molecules. On the basis of
the results of the NMR spectra collected on solutions (dis-
cussed above) in which the concentration of M-isobutyl-
POSS is higher than in the composites, assuming a similar
efficient dispersion of the nanofiller within the polymeric
organic matrix, it can reasonably be expected that a large
amount of M-POSS within PP exists as the monomeric spe-
cies. The polymer was also blended with open cage trisilan-
olisobutyl-POSS (i.e. without metals in the siliceous cages),
following the same procedure, for comparison. This proved
to be helpful to discriminate the physical and chemical role
of the dispersed nanofillers (e.g. the role of metal centres in
promoting ODH reactions).

TGA measurements run under nitrogen showed that the
maximum decomposition rate of pure polypropylene (Fig-

Eur. J. Inorg. Chem. 2007, 585-591
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ure 8, curve A) occurs at about 454 °C (see the weight loss
derivative curves, DTG, in the bottom panel). The addition
of trisilanolisobutyl-POSS (Figure 8, B) and Ti-isobutyl-
POSS (Figure 8, D) does not significantly change the ther-
mal behaviour of the polypropylene, whereas in the pres-
ence of V-isobutyl-POSS (Figure 8, C) the degradation oc-
curs at slightly higher temperature (464 °C).
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Figure 8. TGA measurements (10 °Cmin!) under nitrogen (the de-
rivative curves, DTG, are shown in the bottom panel) for PP (A),
PP-trisilanolisobutyl-POSS (3 wt.-%; B), PP-V-isobutyl-POSS
(3 wt.-%; C) and PP-Ti-isobutyl-POSS (3 wt.-%; D).

On the other hand, large modifications of the thermal
degradation behaviour were observed with both Ti- and V-
isobutyl-POSS when heating the composites in air (Fig-
ure 9). In an oxidative atmosphere, the thermal oxidation
of pure polypropylene occurs with maximum rate (mea-
sured from the DTG curve) at 327 °C (Figure 9, A) and the
presence of trisilanolisobutyl-POSS (Figure 9, B) has only
a limited effect, shifting the maximum weight loss rate to
335 °C. The effect of the presence of V-isobutyl-POSS (Fig-
ure 9, C) and Ti-isobutyl-POSS (Figure 9, D) is well evident
from curves C and D in Figure 9, where a significant shift
of the whole thermal oxidation process towards higher tem-
perature can be observed. In detail, the degradation onset
temperature (calculated when the decomposition reaches
5% of weight loss) for composites with M-isobutyl-POSS,
reported in Table 1, are shifted to 290 and 303 °C, respec-
tively, an increase of 43 and 56 °C with respect to pure poly-
propylene (onset temperature: 247 °C). The temperatures of
maximum decomposition rate (by DTG profiles), which
were found to be 327 °C for the pristine PP matrix, 390 °C
for the PP-Ti-isobutyl-POSS composite and 375 °C for the
PP-V-isobutyl-POSS composite, further confirmed this evi-
dence. This effect can be attributed to the presence of Ti
and V catalytic centres, which are active in ODH reactions
and promote the formation of thermally stable char prod-
ucts. This is demonstrated by the presence of a meaningful
amount of degradation products, which are oxidised only
at temperatures higher than 400 °C. Indeed, while the resi-
dues of polypropylene and the PP-trisilanolisobutyl-POSS
composite oxidised above 400 °C are very low, a far greater
amount (about 20 wt.-%) can be detected with M-isobutyl-
POSS (in particular Ti-isobutyl-POSS; Table 1).
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Figure 9. TGA measurements (10 °Cmin') under air (the deriva-
tive curves, DTG, are shown in the bottom panel) for PP (A), PP-
trisilanolisobutyl-POSS (3 wt.-%; B), PP-V-isobutyl-POSS (3 wt.-
%; C) and PP-Ti-isobutyl-POSS (3 wt.-%; D).

Table 1. Comparison of the degradation processes of PP, PP-trisil-
anolisobutyl-POSS and PP-M-isobutyl-POSS composites from
TGA data under oxidative conditions.

Tonset [°Cl  Tmax [°C] Residue at 400 °C
Polypropylene (PP) 247 327 2.5%
PP-trisilanolisobutyl-POSS 255 335 2.5%
PP-V-isobutyl-POSS 290 390 6%
PP-Ti-isobutyl-POSS 303 375 20%

Further evidence for the role of M-POSS on the oxidat-
ive thermal degradation of the polymeric matrix can be
found by monitoring the weight loss under isothermal con-
ditions in air (Figure 10). When setting the temperature to
the beginning of the degradation of the pure matrix (i.e.
250 °C), neat PP and trisilanolisobutyl-POSS showed a very
similar behaviour, with a rapid degradation that led to a
residue of around 10 wt.-% in only 50 min (Figure 10,
curves A and B). On the contrary, polypropylene compos-
ites containing both V- and Ti-isobutyl-POSS showed a
massive formation of thermally stable products. After
250 min, in fact, residues of 28 and 42 wt.-% were found
for V-isobutyl-POSS (Figure 10, C) and Ti-isobutyl-POSS
(Figure 10, D), respectively. These results can be explained
by the presence of catalytically active metal centres dis-
persed within the polymeric matrix, which result in the for-
mation of thermally stable charring products, and suggest
that the phenomenon is sensitive to the chemical nature of
the metal centres.

The p-ATR-IR spectroscopic data of composites con-
taining Ti- and V-isobutyl-POSS were recorded on the resi-
dues at 250 °C. As shown in Figure 11, the presence of a
band at 1600 cm™' suggests that the metal-containing nano-
fillers activate the early formation of unsaturated moieties
as degradation products of the polypropylene matrix in the
presence of oxygen. The bands observed at 1770 and
1710 cm™! can be attributed to the formation of oxidised
species (i.e. y-lactones and ketones).?”! The formation of
extended conjugated unsaturated regions, which is favoured
by the catalytic role of the metal centres, could be responsi-
ble for the stabilization of the thermal behaviour of the
polymer, in agreement with the thermogravimetric analysis.

www.eurjic.org 589
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Figure 10. TGA measurements under isothermal conditions
(250 °C) in air for PP (3 wt.-%; A), PP-trisilanolisobutyl-POSS
(3 wt.-%; dotted line, B), PP-V-isobutyl-POSS (3 wt.-%; C) and PP-
Ti-isobutyl-POSS (3 wt.-%; D).

Further studies on the mechanism acting within the M-
POSS polypropylene composites carried out with several
spectroscopic techniques highlight and confirm the solid-
state catalytic activity of the nanofillers within the poly-
meric matrix.[ 0]
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Figure 11. p-ATR-IR spectra of the residues obtained at 250 °C
under air flow for PP-Ti-isobutyl-POSS (solid line) and PP-V-iso-
butyl-POSS (dashed line).

When polypropylene is blended with Ti-POSS, the stabi-
lisation effect on the polymer is more effective. These results
are far more remarkable when the extremely low amount of
metal dispersed in the material is considered (less than
0.2 wt.-%).

Conclusions

This article focuses on the synthesis of V- and Ti-func-
tionalised cubic silsesquioxanes, which are reported for the
first time with an isobutyl substituent on the cage corners.
A detailed characterisation during the synthetic procedure
has highlighted that the reaction times are very short with
respect to the results published on POSS with different or-
ganic substituents. Besides solution 2°Si{'H} NMR, FTIR
spectroscopy is a sensitive probe for the monitoring of the
corner-capping reaction and the characterisation of the
products, while Raman spectroscopy can often provide
complementary information about the nature of the transi-
tion metal centres inserted into the cage. The coordination
state of the metallic centres has been investigated by diffuse
reflectance UV/Vis spectroscopy.

Due to their chemical affinity, these compounds have
been used as additives (3 wt.-%) in polypropylene by melt
blending to give nanocomposite materials. The thermal de-
gradation of these materials under an inert or oxidative at-
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mosphere was followed by thermogravimetric analysis.
Whilst metal-free additives (i.e. trisilanolisobutyl-POSS)
have limited effects on the degradation pathway of the poly-
meric matrix, Ti-POSS and V-POSS shift the oxidative de-
gradation significantly to higher temperature (around 70—
80 °C). Moreover, under isothermal conditions, while neat
polypropylene and metal-free PP-POSS composites degrade
rapidly at 250 °C in air (leaving less than 10% of residue
after 50 min), in the presence of V- and Ti-POSS the degra-
dation is significantly slower and leads to large amounts
of residues: 28% and 42 % respectively after 250 min. This
suggests that metal-bearing nanofillers can operate chemi-
cally on the polymeric matrix degradation pathway, thereby
inducing significant modifications to the high temperature
oxidative processes. In particular, oxidative dehydrogena-
tion reactions, which lead to thermally stable charring prod-
ucts, are seemingly favoured in this case.

A more detailed multi-technique investigation, which is
currently in progress, is needed to highlight the chemical
reactivity induced by the presence of M-POSS and the re-
lated evolution of the species that are formed within the
polymeric matrix.

Experimental Section

Materials: Trisilanolisobutyl-POSS (1) from Hybrid Plastics Com-
pany was used as precursor for the preparation of M-isobutyl-
POSS by a corner-capping reactions. The preparation was per-
formed under inert conditions (nitrogen). All solvents, freshly
opened, were used without further purification.

V-Isobutyl-POSS (2): An equimolar solution of [(#nPrO);VO] (98 %,
Sigma Aldrich) and trisilanolisobutyl-POSS was prepared by add-
ing a 2-mL solution of [(nPrO);VO] (288 pL, 1.27 X 103 mol) in
benzene to a solution of 1 (1.00 g, 1.27 X 103 mol) in 20 mL of
benzene under vigorous stirring. As found by IR spectroscopy, tris-
ilanolisobutyl-POSS was almost completely transformed within a
few minutes; however, the mixture was stirred for 1.5 h to complete
the reaction. Filtration through a fine sintered glass funnel, and
solvent removal in vacuo, led to the isolation of 900 mg of V-iso-
butyl-POSS as a white amorphous foam.

Ti-Isobutyl-POSS (3): [Ti(OiPr)4] (375 uL, 1.27 X 1073 mol; 97%,
Sigma Aldrich) was added with vigorous stirring to a solution of 1
(1.00 g, 1.27 X 103 mol) in 160 mL of n-hexane. The reaction solu-
tion was carefully purged with nitrogen to prevent the rapid hydrol-
ysis of [Ti(OiPr),]. After addition, the temperature was raised to
60 °C and the mixture stirred for 90 min. In this case, FTIR spec-
troscopy showed that the transformation of trisilanolisobutyl-
POSS was almost complete within 1.5 h. Subsequently, the solvent
was evaporated until a white powder (900 mg) was obtained.

Both complexes were stored under nitrogen in order to prevent any
interaction with water.

Melt blending of M-isobutyl-POSS in a polypropylene matrix (3
wt %) was performed using a Basell Moplen HP501L Polypropyl-
ene Homopolymer (density: 0.9 gecm3). The melt flow rate (MFR)
(230 °C/2.16 kg) was 6.0 g/10 min. The mixing was performed using
a Haake twin screw microextruder at 190 °C for 10 min. The ex-
truder was driven at 100 rpm.

Characterisation: 2°Si{'H} NMR spectra of the samples dissolved
in C¢Dg (concentration: 0.1 M) at room temperature were recorded
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with a Jeol Eclipse Plus spectrometer equipped with an 8-T magnet.

Infrared (IR) spectra of solid samples in KBr pellets were recorded
in the range 4000400 cm ' at 4-cm™' resolution with a Bruker
Equinox 55 spectrometer.

ATR spectra of the samples were recorded in the range 4000—
500 cm™! at 4-cm™! resolution with a Perkin-Elmer Spectrum GX
FTIR SystemMultiscope FTIR Microscope.

Raman spectra were recorded in the range 4000-50 cm ™! at 4-cm™!
resolution (500 scans) with a RFS 100 Bruker FT-Raman spec-
trometer equipped with a 1064-nm wavelength excitation laser. The
laser power was set at 100 mW.

UV/Vis spectra were recorded in the range 190-750 nm with a
Perkin—Elmer Lambda 900 spectrometer equipped with a diffuse
reflectance sphere attachment (DR-UV/Vis). The samples were dis-
persed in anhydrous BaSO, (10 wt.-%).

Thermogravimetric analyses (TGA) of composite materials (M-iso-
butyl-POSS dispersed in polypropylene) were performed in air or
nitrogen (60 mLmin~!) with a Q500 TA Instruments thermobal-
ance, heating from 50 to 600 °C at 10 °Cmin ' or under isothermal
conditions, with 10-mg samples.
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