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Introduction
The hydrolytic condensation of trialkoxysilanes,
RSi(OR9)3, performed in the presence of water and an
acid or a base as catalysts, leads to products that are gen-
erically called poly(silsesquioxanes) or silsesquioxanes.[1]

Their structure may vary from perfect polyhedra of
formula (RSiO1.5)n (n = even number D 6), also denoted
as Tn or POSS (polyhedral oligomeric silsesquioxanes),
to partially hydrolyzed/condensed products of generic
formula Tn(OH)x(OR9)y where T = RSiO1.5–(x+y)/2n. Figure 1
shows different structures of silsesquioxanes.

Full Paper: Silsesquioxanes obtained by the hydrolytic
condensation of (3-glycidoxypropyl)trimethoxysilane
(GPMS) in diglycidyl ether of bisphenol A (DGEBA)
were characterized by electrospray ionization time-of-
flight mass spectrometry (ESI-TOF MS) and matrix-
assisted ultraviolet laser desorption/ionization time-of-
flight mass spectrometry (UV-MALDI-TOF MS),
employing two different matrices and both positive and
negative ion modes. A bimodal distribution of molar
masses, in the 1300–6400 m/z range, was observed in
MALDI mass spectra. This distribution accounted for oli-
gomers formed in two successive generations but did not
include a cluster of higher molar-mass species present in
SEC chromatograms. Most of the peaks present in ESI
and MALDI mass spectra could be described by the gen-
eric formula Tn(OCH3)m, with m = 0, 2, and 4 for n =
even, m = 1, 3, 5 for n = odd, and T = RSiO(3n-m)/2n. This
corresponds to completely condensed polyhedra (m = 0),
incompletely hydrolyzed polyhedra (m = 1 to 3), and their
precursors (m = 4). Predominant species in the first cluster
contained 10 to 14 Si atoms whereas those in the second
cluster had 18 to 23 Si atoms. Small amounts of the fol-
lowing species: T8(OH)(OCH3), T9(OH), T10(OH)(OCH3),
and T11(OH) could be identified in MALDI MS, using
9H-pyrido[3,4-b]indole (nor-harmane) as matrix in the
negative ion mode. It was inferred that some of these spe-
cies had a relevant participation in the generation of the

second cluster of higher molar masses. The stability of the
silsesquioxane solution in DGEBA was the result of the
very small concentration of free SiOH groups available
for further condensation.
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A possible isomer of the key species T8(OH)(OCH3).
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The first generation of products formed in the reaction
may be identified and, eventually, isolated.[2–5] But the
structure of higher oligomers and the reaction path lead-
ing to them are basically unknown. A progress in this
regard has been made through the use of advanced mass
spectrometry (MS) techniques. Hong et al.[6] reported the
characterization of highly charged dendrimers with
encapsulated cuboid octasilsesquioxanes and molar
masses up to about 5500, using electrospray ionization
(ESI MS). Bakhtiar at al.[7, 8] reported the mass spectro-
metric characterization of polyhedral oligosilsesquiox-
anes and their metal-containing derivatives (with
Si1O1M bonds), using atmospheric pressure chemical
ionization (APCI) and turbo ion-spray (TISP) mass spec-
trometry. Wallace et al.[9, 10] used matrix-assisted ultravio-
let laser desorption/ionization time-of-flight mass spec-
trometry (UV-MALDI-TOF MS) to characterize broad
molar mass distributions of incompletely condensed sil-
sesquioxanes derived from various trialkoxysilanes. The
degree of intramolecular condensation was established
for the different series of oligomers. Eisenberg et al.[11]

used UV-MALDI-TOF MS to determine the molar mass
distribution of silsesquioxanes derived from the hydroly-
tic condensation of (3-methacryloxypropyl)trimethoxysi-
lane (MPMS). The distribution was multimodal with dif-
ferent peaks corresponding to oligomers formed in suc-
cessive generations. During the initial stage of the poly-

condensation, oligomers with 7–12 Si atoms were pro-
duced. They mainly consisted of incompletely condensed
polyhedra (species with 1–3 OH per molecule). Species
with more OH groups were condensed with a higher
probability, giving place to a second generation of oligo-
mers. Third and fourth generations of condensation pro-
ducts were also evidenced.

Silsesquioxanes derived from (3-glycidoxypropyl)tri-
methoxysilane, synthesized under different experimental
conditions, were characterized by size exclusion chroma-
tography (SEC).[11–14] Multimodal distributions were
found, with a first cluster of species assigned to cage-like
structures including the (incompletely condensed) octahe-
dron as a fundamental building block for the generation
of successive clusters. A recent paper by Matejka et al.[13]

reported the use of ESI MS to characterize species pre-
sent in the first cluster. They confirmed the presence of
polyhedra and incompletely hydrolyzed/condensed poly-
hedra (cage-like structures), containing 8–11 Si atoms.
The octahedron was the species present in a higher con-
centration. However, no precise assignment of the whole
distribution could be made due to the partial hydrolysis or
methanolysis of epoxy groups occurring during the syn-
thesis. This is the result of the difficulty in keeping the
integrity of epoxy groups in the presence of the usual cat-
alysts employed to produce the hydrolytic condensation
of (3-glycidoxypropyl)trimethoxysilane.[12, 13, 15]

Figure 1. Generic structures of silsesquioxanes.
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In previous studies [11, 14] we reported the synthesis of a
silsesquioxane derived from (3-glycidoxypropyl)trimeth-
oxysilane (GPMS), using diglycidyl ether of bisphenol A
(DGEBA) as a solvent. A multimodal distribution of molar
masses was evidenced by size exclusion chromatography
(SEC), with relative maxima for species with 4, 8, 24 Si
atoms (based on a calibration with PS standards), together
with a broad peak at high molar masses (maximum at
about 24000). In spite of the large molar masses attained
in the synthesis, the solution was significantly stable (no
gelation was observed during the heating up to 1408C or
after prolonged periods of storage at room temperature).
An interesting characteristic of this silsesquioxane was the
fact that the epoxy rings of both GPMS and DGEBA
remained intact during the synthesis, as revealed by 1H-
NMR within the experimental accuracy of this technique.
This was proved by the constancy of the ratio of the num-
ber of protons of the epoxy ring in DGEBA (2.68, 2.79,
and 3.85 ppm) and in GPMS (2.52, 2.69, and 3.32 ppm),
with respect to the number of protons of aromatic rings in
DGEBA (6.87 and 7.21 ppm) and the a-CH2 group in
GPMS (0.64 ppm).[11] A rather unusual fact was the pre-
sence of a significant amount of residual (OCH3) groups in
the structure of the final silsesquioxane. By 1H-NMR it
was estimated that about 7% of the initial Si1OCH3

groups were not hydrolyzed under the selected reaction
conditions.[11] The silsesquioxane-modified DGEBA may
be used as a starting monomer to synthesize different types
of epoxy networks.

The aim of this study is to use a combination of ESI-
TOF MS and UV-MALDI-TOF MS (with two different
matrices and using positive and negative ion modes), to
obtain an accurate description of the main species present
in the silsesquioxane dissolved in DGEBA. We will try to
explain the reasons for the high stability of the solution
and to infer some of the key steps in the reaction path.

Experimental Part

Synthesis of Silsesquioxanes

A detailed description of the synthesis was reported else-
where.[11, 14] Basically, the hydrolytic condensation of (3-gly-
cidoxypropyl)trimethoxysilane (GPMS, Sigma) was per-
formed in solution using diluted formic acid as a catalyst
(molar ratio H2O/Si = 3). A first step was carried out in tetra-
hydrofuran (THF), and the final step where most of the
large-molar-mass species were generated, was made using
diglycidyl ether of bisphenol A (DGEBA, MY790 Ciba) as a
solvent (50% of the total number of epoxy groups were sup-
plied by the solvent). Temperature was increased in steps,
with a final step carried out at T = 1408C (most of the cata-
lyst, water, and THF were eliminated in this process).

Characterization Employing ESI-TOF MS

The positive-ion electrospray ionization time-of-flight (ESI-
TOF) mass spectra were acquired by directly infusing the

polymers solution (0.1 mg/mL methanol-THF 1:1; solvents:
Aldrich, HPLC grade) into the ESI ion source of the Mariner
PerSeptive Biosystems ESI-TOF mass spectrometer. The m/z
range of the mass spectrometer was 500–2500 Da. Metha-
nol-THF 1:1 was used as solvent stream. The spray tip
potential was +2695.9 V, the nozzle potential was +120.1 V,
and the skimmer voltage was +12.01 V. Nozzle temperature
was 1408C. A Harvard PHD 2000 syringe infusion pump at
a flow-rate of 10 lL N min–1 was used for polymer solution
introduction. The nitrogen flow rate was 0.35–0.41
L N min–1. The analyzer temperature was kept at 31.78C and
pressure at 0.55 MPa. The mass calibration was achieved by
using b-cyclodextrin (Sigma) (0.0227 mg/mL methanol-
water 9 :1; water: Milli-Q grade). All the significant peaks
present in the mass spectra, e.g. with relative intensities in
the 10–100% range, corresponded to species ionized with
sodium (M+Na+) (z = 1) and (M+2Na+) (z = 2).

Characterization by UV-MALDI-TOF MS

Matrix-assisted ultraviolet laser desorption/ionization time-
of-flight mass spectrometry was performed using a Shi-
madzu Kratos, Kompact MALDI 4 device with pulsed
extraction and tunable time delay capability. It was equipped
with a pulsed nitrogen laser (k = 337 nm; pulse width =
3 ns). TOF analyzers were used at 20 kV, and ions were
obtained by irradiation just above the threshold laser power.
Samples were measured in the linear mode, in both positive
and negative ion modes. Usually 50 spectra were accumu-
lated.

Several chemicals were used as matrices: 2-(4-hydroxy-
phenylazo)benzoic acid (HABA); trans-3-indoleacrylic acid
(IAA); 2,5-dihydroxybenzoic acid (gentisic acid, GA) and
9H-pyrido[3,4-b]indole (nor-harmane, nor-Ho)[16, 17] (Sigma),
to elucidate the possible interference of solvent (DGEBA)
and matrix aggregates on the mass spectra. Only results
obtained with both nor-Ho and HABA will be reported
because they exhibited no interference by the solvent or
matrix. All peaks obtained in the positive mode could be
assigned to (M+Na+) species, and those obtained in the
negative mode to (M–H+) species.

Both the matrix and the silsesquioxane solution in
DGEBA were dissolved in THF (Aldrich, HPLC grade), and
mixed together in different volumetric ratios. Two coatings
(0.5 lL each) were performed on the sample probe tip, and
solvent was removed by blowing air at room temperature
after each one of the coatings. In every experiment, mixtures
of the matrix and DGEBA in THF were also monitored.

Several proteins (Sigma) dissolved in aqueous 0.1% TFA
(Merck) and cyclodextrins (Sigma) in water (Milli-Q grade)
solution were used for calibration purposes.

Results and Discussion

ESI-TOF Mass Spectra

Figure 2 shows the ESI-TOF mass spectrum in the 750–
2500 m/z range, and Table 1 shows the assignment of
peaks, in decreasing order of intensities up to about 20%
of the maximum value. Theoretical masses were calcu-
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lated using the average isotopic composition of the pro-
posed compounds. The reproducibility of the mass spec-
trum was excellent, except for a few peaks that were
shifted in 1 m/z unit in different runs, as indicated in
Table 1. The shift was ascribed to a very close concentra-
tion of different isotopes in the range of the average
value. The agreement between theoretical and experimen-

tal values is excellent and comprised within the experi-
mental error of the technique.

All the species present in significant concentrations in
the explored m/z range have the generic formula
Tn(OCH3)m where T = RSiO1.5–m/2n. The generation of
these species can be ascribed to the following reactions:

Tx(OCH3)y + H2O e Tx(OCH3)y-1(OH) + CH3OH (1)

Tx(OCH3)y-1(OH) + Tn-x(OCH3)m+2-y e Tn(OCH3)m + CH3OH (2)

The absence of significant concentrations of species
with SiOH groups means that the condensation step
Equation (2) proceeded with a much higher rate than the
hydrolysis step Equation (1). This also explains the high
stability of the silsesquioxane during its heating to 1408C
(residual water and formic acid are evaporated during this
stage).

The silsesquioxane solution in DGEBA may be used to
form an inorganic network (Si1O1Si bonds) through the
addition of water and a catalyst, or an organic network
based on the polymerization of the epoxy groups through
different possible mechanisms, or both of them, simulta-
neously or sequentially. Properties of materials based on
the organic network, e.g. silsesquioxane-modified
epoxies, are reported elsewhere.[14, 18] Both the elastic
modulus in the rubbery state and the abrasion resistance
are significantly enhanced.

Most of the species present in the ESI-TOF mass spec-
trum belong to the cluster of oligomers associated to the
first significant peak in the SEC chromatogram of the sil-
sesquioxane.[11, 14] We will refer to this cluster as the first
generation of species to differentiate it from clusters of
higher molar-mass species, formed in successive genera-

Table 1. Assignment of ESI-TOF MS peaks in decreasing
order of intensity (positive ion mode).

Exptl. m/z z Intensity Assignment Predicted
(M+zNa+)/z

977.3 2 100 T11(OCH3)3 977.3
882.2 2 88 T10(OCH3)2 882.2
1072.3 2 83 T12(OCH3)4 1072.5
1049.3 2 48 T12(OCH3)2 1049.4
1144.3 2 48 T13(OCH3)3 1144.6
829.3 1 44 T4(OCH3)6 830.1
1167.3 2 42 T13(OCH3)5 1167.6
904.8 2 41 T10(OCH3)4 905.2
1740.6; 1741.6 1 41 T10(OCH3)2 1741.4
1550.5; 1551.5 1 40 T9(OCH3) 1551.1
1406.4 1 38 T8(OCH3)2 1406.9
1239.4 2 37 T14(OCH3)4 1239.7
786.2; 787.2 2 37 T9(OCH3) 787.1
1597.5 1 35 T9(OCH3)3 1597.2
810.2 2 31 T9(OCH3)3 810.1
954.3 2 30 T11(OCH3) 954.3
1359.4 1 30 T8 1360.9
783.3 1 29 T4(OCH3)4 784.1
999.8; 1000.3 2 27 T11(OCH3)5 1000.4
1262.4 2 24 T14(OCH3)6 1262.7
1334.9 2 21 T15(OCH3)5 1334.9
1787.6 1 20 T10(OCH3)4 1787.5
1930.6; 1931.6 1 19 T11(OCH3)3 1931.7

Figure 2. ESI-TOF mass spectrum (positive ion mode) in the 750–2500 m/z range.
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tions. A residual amount of a tetramer, also present in the
SEC chromatogram, was identified in the mass spectrum.
It was assigned to species T4(OCH3)6 and T4(OCH3)4,
which are, respectively, the linear and the cyclic tetramer.

The first generation of species comprised oligomers
containing from about 8 to 14 Si atoms. They include
polyhedra (T8), incompletely hydrolyzed polyhedra (spe-
cies containing 1 to 3 methoxy groups), and their precur-
sors (species with 4 or more methoxy groups). The fol-
lowing species were present in significantly high concen-
trations: T10(OCH3)2, T11(OCH3)3, and T12(OCH3)4.

UV-MALDI-TOF Mass Spectra

This technique enables to extend the analysis to a broader
range of molar masses. Figure 3 shows the UV-MALDI-

TOF mass spectrum in the 1500–5500 m/z range, using
nor-Ho as matrix. The presence of two clusters of species
corresponding to the first and second generation of oligo-
mers is clearly evidenced, in spite of the mass discrimina-
tion in MALDI MS (in SEC chromatograms, the second
cluster of species was larger than the first one, and the
third cluster of high molar masses is not even detected by
MALDI MS).[11, 14]

Figure 3. UV-MALDI-TOF mass spectrum (positive ion mode) in the 1500–5500 range, using nor-Ho as matrix.

Table 2. Assignment of UV-MALDI-TOF MS peaks belong-
ing to the first cluster, in decreasing order of intensity (matrix =
nor-Ho; positive ion mode).

Exptl. m/z Intensity Assignment Predicted
(M+Na+)

2076 100 T12(OCH3)2 2076
1886 94 T11(OCH3) 1886
2266 64 T13(OCH3)3 2266
2220 59 T13(OCH3) 2220
2410 47 T14(OCH3)2 2410
1696 39 T10 1695
2600 30 T15(OCH3)3 2601
2030 26 T12 2030
2456 22 T14(OCH3)4 2456
1932 21 T11(OCH3)3 1932
1742 20 T10(OCH3)2 1741

Table 3. Assignment of UV-MALDI-TOF MS peaks belong-
ing to the second cluster, in decreasing order of intensity (matrix
= nor-Ho; positive ion mode).

Exptl. m/z Intensity Assignment Predicted
(M+Na+)

3746 100 T22(OCH3)2 3748
3601 97 T21(OCH3)3 3604
3411 96 T20(OCH3)2 3414
3935 91 T23(OCH3)3 3938
2745 69 T16(OCH3)2 2745
3268 69 T19(OCH3)3 3269
2934 68 T17(OCH3)3 2935
3079 68 T18(OCH3)2 3079
3556 67 T21(OCH3) 3558
3222 63 T19(OCH3) 3223
3791 62 T22(OCH3)4 3794
4268 58 T25(OCH3)3 4273
4080 57 T24(OCH3)2 4083
2791 54 T16(OCH3)4 2791
4125 52 T24(OCH3)4 4129
3457 42 T20(OCH3)4 3460
4413 31 T26(OCH3)2 4417
3890 29 T23(OCH3) 3892
4225 29 T25(OCH3) 4227
4460 28 T26(OCH3)4 4463
3124 27 T18(OCH3)4 3125
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Table 2 shows the assignment of peaks of the first clus-
ter, in decreasing order of intensities up to about 20% of
the maximum value. Theoretical masses were calculated
using the average isotopic composition of the proposed
compounds. Again, an excellent agreement was found
between experimental and predicted values.

Peaks present in significant concentrations in the first
cluster may be described by the generic formula
Tn(OCH3)m, in agreement with ESI-TOF MS results.
However, more condensed species appear in high concen-
trations in MALDI mass spectra using nor-Ho as matrix.

Polyhedra (T10 and T12) and incompletely hydrolyzed
polyhedra like T13(OCH3), T14(OCH3)2, and T15(OCH3)3,
are present in relatively high concentrations in the
MALDI mass spectrum and were not recorded among the
significant species present in the ESI mass spectrum.

Figure 4 shows an amplification of the second cluster
of species present in the 2700–4500 m/z range, and Table
3 shows the peaks present in significant concentrations
together with their assignment. In this m/z range there is a
systematic shift, with an average value of about 2 Da,
between predicted and experimental values. These small

Figure 4. Amplification of the UV-MALDI-TOF mass spectrum (positive ion mode) in the 2700–4500 m/z
range, using nor-Ho as matrix.

Figure 5. UV-MALDI-TOF mass spectrum (positive ion mode) in the 1300–6500 m/z range, using HABA
as matrix.
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shifts, in one sense or the other (an example is provided
by the MALDI mass spectrum obtained with HABA as
matrix), were ascribed to an imprecise calibration.

All the peaks present in significant concentrations in
the second cluster correspond to species of generic for-
mula Tn(OCH3)m. Those with 1 to 3 (OCH3) groups may
be represented by cage-like structures whereas those with
4 or more (OCH3) groups may be described as precursors
of these structures.

Figure 5 shows the UV-MALDI-TOF mass spectrum in
the 1300–6400 m/z range, using HABA as matrix. With
this matrix there is a much better definition of the second
cluster. The assignment of significant peaks is shown in
Table 4. The systematic shift of 2–3 Da between experi-
mental and predicted values is in the range of the calibra-
tion error.

Again, all species present in significant concentrations
contain a few unhydrolyzed (OCH3) groups but no resi-
dual SiOH group. An interesting observation is the fact
that the five species present in a higher concentration in
the first cluster are the same as those recorded with ESI-
TOF MS. Only two of these species are recorded among
the five more important of the first cluster when using
nor-Ho as matrix in MALDI MS. This means that there is
a discrimination of the nature of the particular species in
the ionization/desorption process that depends on the
selected matrix, e. g. nor-Ho seems to be more efficient
to detect more condensed species than HABA.

When following the synthesis of this silsesquioxane
using size exclusion chromatography,[11, 14] it was
observed that: a) the first cluster was initially rich in spe-
cies containing 8 Si atoms (based on PS standards), b) the
second cluster was generated at the expense of part of the
population of the first one. By analyzing the distribution
of species shown in Table 4, it was observed that the six
species present in a higher concentration in the second
cluster can be generated by reaction of the corresponding
six species present in a higher concentration in the first
cluster, with T8(OH)(OCH3). Corresponding reactions
are:

T10(OCH3)2 + T8(OH)(OCH3) e T18(OCH3)2 + CH3OH (3)

T11(OCH3)3 + T8(OH)(OCH3) e T19(OCH3)3 + CH3OH (4)

Table 4. Assignment of UV-MALDI-TOF MS in decreasing
order of intensity (matrix = HABA; positive ion mode).

Exptl. m/z Intensity Assignment Predicted
(M+Na+)

1934 100 T11(OCH3)3 1932
2124 91 T12(OCH3)4 2122
2269 80 T13(OCH3)3 2266
1743 78 T10(OCH3)2 1741
2078 78 T12(OCH3)2 2076
2459 63 T14(OCH3)4 2456
3607 60 T21(OCH3)3 3604
3272 57 T19(OCH3)3 3269
3796 50 T22(OCH3)4 3794
2315 49 T13(OCH3)5 2312
3462 48 T20(OCH3)4 3460
3416 45 T20(OCH3)2 3414
3082 44 T18(OCH3)2 3079
3128 40 T18(OCH3)4 3125
2794 40 T16(OCH3)4 2791
3941 40 T23(OCH3)3 3938
2603 39 T15(OCH3)3 2601
2413 38 T14(OCH3)2 2410
2937 38 T17(OCH3)3 2935
3653 37 T21(OCH3)5 3650
1888 35 T11(OCH3) 1886
2650 35 T15(OCH3)5 2647
4131 34 T24(OCH3)4 4129
1980 30 T11(OCH3)5 1978

Figure 6. Possible isomers of the key species T8(OH)(OCH3).



2432 R. J. J. Williams et al.

T12(OCH3)2 + T8(OH)(OCH3) e T20(OCH3)2 + CH3OH (5)

T12(OCH3)4 + T8(OH)(OCH3) e T20(OCH3)4 + CH3OH (6)

T13(OCH3)3 + T8(OH)(OCH3) e T21(OCH3)3 + CH3OH (7)

T14(OCH3)4 + T8(OH)(OCH3) e T22(OCH3)4 + CH3OH (8)

Possible isomers of the key species T8(OH)(OCH3) are
shown in Figure 6. Obviously, other species containing
OH groups must be present to account for the broad dis-
tribution of species present in the second cluster. The
hydrolysis of Si(OCH3) groups of species belonging to
the second cluster and its further condensation with spe-
cies of the first or second clusters explains the generation
of the high-molar-mass peak present in size exclusion
chromatograms. At the end of this process no significant
concentration of species bearing SiOH groups is
observed.

Matejka et al.[12] analyzed the molar mass distribution
of a silsesquioxane synthesized from (3-glycidoxypro-
pyl)trimethoxysilane, in bulk at 808C, using benzyldi-
methylamine (BDMA) as catalyst, and a molar ratio H2O/
Si = 1.5. After 1 h reaction, a bimodal distribution of
molar masses was observed by SEC. ESI-TOF mass spec-
tra showed the presence of the following species belong-
ing to the first cluster (in decreasing order of intensity):
T8, T8(OH)(OCH3), T9(OH), T9(OH)2(OCH3), T10-
(OCH3)(OH), T10, etc. In this case some ambiguity results
from the possibility of producing partial hydrolysis or
methanolysis of epoxy groups, as stated by the authors.
Besides, the homopolymerization of epoxy groups
initiated by BDMA may also take place in parallel. In
spite of this, it is indeed possible that the identified spe-
cies containing SiOH groups behave as active intermedi-
ates in the generation of the second cluster.

In order to search traces of species with SiOH groups
in the silsesquioxane/DGEBA solution, UV-MALDI-
TOF mass spectra in the negative mode were recorded
using different matrices. Mass spectra of DGEBA and the
corresponding matrix were also recorded to discard peaks
contributed by the solvent/matrix combination. For most
matrices, including HABA, only signals of the solvent/
matrix appeared in the spectra, a fact that indirectly indi-
cates the difficulty of extracting a H+ from a Tn(OCH3)m

species. But when using nor-Ho as matrix, the mass spec-
trum shown in Figure 7 was obtained. Apart from the
peaks contributed by the DGEBA/nor-Ho combination,
four extra peaks at m/z = 1370, 1516, 1706, and 1850
were detected. They were assigned to the following (M–
H)– species: T8(OH)(OCH3), T9(OH), T10(OH)(OCH3),
and T11(OH), with theoretical values of m/z equal to
1369, 1513, 1704, and 1848, respectively. The small
shift between measured and predicted values lies in the
range of the experimental error. It may be inferred that
these species were active intermediates during the syn-
thesis of the silsesquioxane.

Nonami et al.[16, 17] and Erra-Balsells et al.[19] showed
that nor-Ho as UV-MALDI matrix allows to see oligosac-
charides and proteins as protonated species, (M+H)+, in
the positive ion mode, and deprotonated species, (M-H)–,
in the negative ion mode. They suggested that the simul-
taneous presence of the acid indole NH group and the
basic pyridine N group in nor-Ho structure accounts for
its special behavior.

Conclusions
The combined use of ESI-TOF MS and UV-MALDI-
TOF MS, using two different matrices and positive and

Figure 7. UV-MALDI-TOF mass spectrum (negative ion mode) in the 650–2650 m/z range,
using nor-Ho as matrix.
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negative operation modes, enabled us to characterize a
silsesquioxane based on (3-glycidoxypropyl)trimethoxy-
silane, synthesized in an epoxidized solvent (DGEBA).
Some characteristics of the advanced mass spectrometry
techniques as applied to silsesquioxanes could be also
discerned.

Most of the species present in significant concentra-
tions in the silsesquioxane had the generic formula
Tn(OCH3)m, distributed in clusters differing in their aver-
age molar masses. The absence of SiOH groups was
ascribed to the high ratio of condensation vs. hydrolysis
rates. Predominant species present in the first cluster
were completely condensed polyhedra: T8, T10, and T12,
incompletely hydrolyzed polyhedra: T10(OCH3)2,
T11(OCH3), T11(OCH3)3, T12(OCH3)2, T13(OCH3),
T13(OCH3)3, T14(OCH3)2, and their precursors:
T10(OCH3)4, T12(OCH3)4, and T14(OCH3)4. Predominant
species present in the second cluster were incompletely
hydrolyzed polyhedra: T18(OCH3)2, T19(OCH3)3,
T20(OCH3)2, T21(OCH3)3, T22(OCH3)2, T23(OCH3)3, and
their precursors: T20(OCH3)4, T22(OCH3)4, etc. It was
inferred that predominant species of the second cluster
were generated by the reaction of predominant species
found in the first cluster with active intermediates like
T8(OH)(OCH3) and T10(OH)(OCH3). These intermediates
could be detected by operating the UV-MALDI-TOF MS
in the negative mode and using nor-Ho as matrix. The
findings reported in this study explain: a) the high stabi-
lity of the silsesquioxane/DGEBA solution, derived from
the very low concentration of SiOH groups, b) the growth
of the second cluster of species at the expense of the first
cluster, as observed by SEC. They also confirm the fact
that cage-like structures are prevalent in the reaction mix-
ture.[11, 12]

When using nor-Ho as matrix and operating in the
negative mode, UV-MALDI-TOF MS could detect spe-
cies containing SiOH groups in the presence of a large
amount of generic species Tn(OCH3)m, that were not
detected by this technique. It was also found that the nat-
ure of the selected matrix discriminated among species
with different condensation degrees; e.g. nor-Ho exhib-
ited a higher efficiency than HABA to the desorption/
ionization of more condensed structures.
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