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The kinetics of the hydrolysis and self-condensation reactions of 3-(2-amino-ethylamino)propyl-trimethoxysilane
(DAMS) were investigated by in situ 29Si NMR spectroscopy using pure water and an alcoholic (80:20 w/w etha-
nol/water) solventmixture as reactionmedia. In bothmedia, the reactivity of the silanewas strongly influenced by
the pH of the medium during the initial stage of the reaction. The silanols produced by hydrolysis in water were
much more stable than those produced in the alcoholic solvent mixture, the latter of which were susceptible to
self-condensation, yielding siloxane bridges. The active silanol reactivity (SR), which is a simple parameter
that reflects the silanol content in the solution as a function of the reaction time, was proposed for evaluating
the reactivity of a solution of DAMS. SR was maintained at a good level (high silanol group concentration)
when pure water was used as the reaction medium. The pH of the reaction appears to be the predominant pa-
rameter for determining the SR during the first 2 h, regardless of the reaction solvent.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Organofunctional silanes are commonly used as surface modifiers
in various industrial applications and have been particularly used in
glass-based materials [1,2]. More recently, these alkoxysilanes have
been successfully used for the surface modification of natural fibers,
which bear surface hydroxyl groups [3–6]. Grafting of alkoxysilanes
onto such hydroxyl-bearing surfaces often occurs via intermediate
silanols, formed by the hydrolysis of silanes with water or atmospheric
moisture. The silanols, once formed, either can be adsorbed onto the
substrate, or may undergo self-condensation to yield polysiloxane
structures. Grafting efficiency is maximized by promoting the hydroly-
sis reaction while limiting the self-condensation process, given that the
latter phenomenon decreases the reactivity of the silane solution [1].

The conventional surface modification process is carried out in a
mixture of organic solvent and water. The relative ratio of the sol-
vents has a direct effect on the reaction yields (hydrolysis vs. self-
condensation); in particular, the solvent composition affects the rela-
tive abundance of various species and the reactivity of the solution
[7,8]. Many other parameters also influence the reactions between
the alkoxysilanes and water [7], such as the temperature [9], pH
[10], and concentration of the silane [11,12].

In most cases, both industrial applications and literature studies deal
only with the preparation of 1% or 2% w/w silane solutions in mixed

alcohol–water solvents [13,14]. The molar ratio of water added to the
medium is generally rather low relative to the number of hydrolysable
groups, with a maximum of 20% w/w water. Organic solvents are used
to improve themiscibility betweenwater and the silane as necessary [1].

NMR spectroscopy (especially, 29Si NMR) has been reported to be
a powerful tool for investigating the kinetics of the reactions occur-
ring with organosilanes (both hydrolysis and self-condensation)
[9,13,15-21]. Most current studies have been conducted at a concen-
tration of 10% w/w to facilitate the detection of low concentration
species and for fast reaction kinetics. This analytical technique is the
only one that allows the direct in situ observation of the evolution
of the ratios of the different silane-born structures in the medium, in-
cluding transient species. For this purpose, a commonly used nomen-
clature refers to silane structures as being of the M, D, T, or Q types
depending on the number of Si–O– bridges formed by the silicon
atom studied; these notations correspond to 1, 2, 3, or 4 Si–O– bridges,
respectively. Glaser andWilkes [22] introduced a slightly different nota-
tion by adding the index “i” to the existing notation,where i is the num-
ber of siloxane (Si–O–Si) linkages attached to the silicon atom of
interest. Therefore, when considering 3-(2-amino-ethylamino)propyl-
trimethoxysilane (DAMS) belonging to the T family structure group, i
is equal to 0 in the case of uncondensed silanes and silanols. Herein,
the notations T0H and T0R are used to denote the silane and silanol
units, respectively. For dimers or end chain units, i takes the value 1
(T1). T2 indicates parts of a linear chain, whereas T3 is associated to to-
tally condensed species belonging to a tri-dimensional network. The
structures of the DAMSmolecules corresponding to each of these nota-
tions are presented in Fig. 1. T0H and T1 are considered as the most

Materials Science and Engineering C 32 (2012) 487–493

⁎ Corresponding author. Tel.: +33 476826962; fax: +33 476826933.
E-mail address: Naceur.Belgacem@pagora.grenoble-inp.fr (M.N. Belgacem).

0928-4931/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.msec.2011.11.022

Contents lists available at SciVerse ScienceDirect

Materials Science and Engineering C

j ourna l homepage: www.e lsev ie r .com/ locate /msec

http://dx.doi.org/10.1016/j.msec.2011.11.022
mailto:Naceur.Belgacem@pagora.grenoble-inp.fr
http://dx.doi.org/10.1016/j.msec.2011.11.022
http://www.sciencedirect.com/science/journal/09284931


interesting species for reactions with OH-rich substrates because hy-
droxyl moieties remain available in these structures for linking with
such surfaces. Compounds possessing T2 groups are also theoretically
reactive with OH-bearing surfaces; however, steric hindrance may im-
pede such a reaction. Finally, the T3 species, which are totally con-
densed, are unsuitable for surface grafting.

In situ 29Si NMR spectroscopy has been particularly applied to the
study of the behavior of γ-amino-propyl-triethoxy-silane (APES) and
γ-diethylene-triamino-propyl-trimethoxy-silane (TAS), in water/al-
cohol solutions [23]. The high reactivity of aminosilanes makes them
particularly interesting since it has been demonstrated that the pres-
ence of the amine functionality in these molecules produces a catalytic
effect on the hydrolysis reaction in the presence of water. Moreover,
aminosilanes exhibit excellent solubility in water, which could allow
for the possibility of working in a purely aqueous medium; this in
turn could offer important environmental advantages. This is particu-
larly important within the context of the modification of natural fibers.

Based on the aforementioned considerations, our aim is to investi-
gate the possibility of using aminosilanes for the modification of cellu-
lose using pure water as a medium. Herein, the kinetics of the
hydrolysis and self-condensation reactions of the aminosilane mole-
cule, 3-(2-amino-ethylamino)propyl-trimethoxysilane (DAMS, struc-
ture below), in pure water were compared with the kinetics in an 80/
20 w/w ethanol/water mixture. The effect of pH was evaluated in both
media. The reactions were monitored by in situ 29Si NMR spectroscopy
for a period of 48 h.

To the best of our knowledge, there is currently only one report on
amino-bearing silane in pure water; however, that study focused on
blending [15]. The in situ observation of the hydrolysis and condensa-
tion structures formed by DAMS has been reported in one study; how-
ever, in that study, observations were made in an alcoholic medium
only [16].
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2. Experimental

2.1. Materials

Reactions were carried out in two different media: (i) pure deute-
rium oxide was used as a model for a purely aqueous medium and (ii)
a solution of deuterium oxide and ethanol-d6 (20:80 w/w) was used
as an aqueous alcoholic solvent. In both media, experiments were
performed under two different pH conditions: (i) at an unmodified
pH of 10.5 and (ii) at a pH of 4 after the addition of an adequate vol-
ume of glacial acetic acid. The choice of pH values was motivated by
our previous studies involving other silane coupling agents, which
showed that the self-condensation reaction was accelerated in basic
pH, whereas acidic pH stabilizes the formation of silanol-bearing
derivatives.

Reference under Glaser and Wilkes’ 
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Fig. 1. Structure of DAMS and its hydrolysis and self-condensation products. The silicon atom of interest is encircled.

488 O. Paquet et al. / Materials Science and Engineering C 32 (2012) 487–493



Download	English	Version:

https://daneshyari.com/en/article/1429127

Download	Persian	Version:

https://daneshyari.com/article/1429127

Daneshyari.com

https://daneshyari.com/en/article/1429127
https://daneshyari.com/article/1429127
https://daneshyari.com/

