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Methylcellulose/Si0, hybrids: sol-gel preparation
and characterization by XRD, FTIR and AFM
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Abstract: Methylcellulose (MC) / SiO, organic / inorganic hybrid materials have been prepared from MC and methyltriethoxysilane
or ethyltrimethoxysilane, and characterized by XRD, FTIR and AFM. XRD showed peak shifts. FTIR shows intermolecular hydrogen
bonding between MC and Si0,. AFM depicts surface roughness which depends on the silica precursor and MC content.
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1. Introduction

Sol-gel methods have been widely applied [1-3].
The sol-gel reaction can be divided into the following
steps: (1) alkoxysilane hydrolysis; (2) condensation of
hydrated silica to form siloxane (£Si-O-Si=), and (3)
polycondensation by linkage of additional silanols to
cyclic oligomers. The product properties can be altered
by a number of factors including pH, temperature,
reagent concentrations, reaction time, rates of hydrolysis
and condensation, catalyst, efc. [4].

Organic / inorganic hybrids are a relatively new
type of composite with interesting mechanical, optical,
electrical and thermal properties, which arise from the
combination of organic polymers and inorganic minerals.
A simple preparation method is to mix an organic
polymer with a silicon alkoxide such as tetraethoxysilane
(TEOS) or tetramethoxysilane (TMOS) followed by sol-
gel reaction with a small amount of acid or base catalyst
under mild conditions. Hydrogen bonding between the
organic polymer and the inorganic mineral plays an
important role in avoiding phase separation and yielding
transparent free standing films [5]. Such hybrids are
promising materials for various applications: solid-state
lasers, optical materials, biocatalysts, and anti-corrosion
and scratch resistant coatings [6-10].

Methylcellulose is one of the simplest cellulose
derivates [11]. It has excellent fiim and emulsion
forming ability with TiO, and SiO, [12-15], proteins
(B-lactoglobulin and B-casein [16]), molecular sieves
(montmorillonite [17] and AISBA-15 [18]), chitosan
[19-21], alginates [22], and some metal ions [23].
It shows cell attachment [24,25], lipid barrier function
and a low oxygen transmission rate [26,27]. It has been
extensively used in the food [26,28,29], pharmaceutical
[20,30,31] and tissue engineering [30,32-34] industries.

We previously investigated the synthesis of
hybrid materials containing MC and SiO, using
tetraethylorthosilicate (TEOS) or methyltriethoxysilane
(MTES) [35,36]. We observed that SiO, hybrids obtained
from MTES are more stable than these obtained from
TEOS [35]. MC / SiO, hybrids obtained from MTES or
ETMS were successfully used as immobilization matrices
for the filamentous yeast Trichosporon cutaneum strain
R57. These were used in cadmium and copper sorption
from waste water [36].

The main purpose of the present study was to obtain
new MC / SiO2 organic/inorganic hybrids using two
different silica precursors (MTES and ETMS), and to
investigate their structural characteristics via XRD, FTIR
and AFM.
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2. Experimental Procedure

The hybrid materials were produced using MC, MTES or
ETMS, which belong to the family of organosiloxanes of
the type RnSiO(4_n)/2, where R=alkyl group and n=1-3.

The structure of the hybrid materials obtained
depends on: (1) the type of R and (2) the R/Si ratio. The
R/Si ratio and SiO, content are given by the reactions:
R SiX,,—R Si(OH), —R SiO, ..
where R=alkyl, X=alkoxy and n=1-3, given by Rao et
al. [37].

2.1. Materials

Pure MC (average Mw~ 86 000) from Sigma-Aldrich
was used without further purification. MTES and ETMS
were used as silica precursors. C,H,OH and HCI were
purchased from Merck. Distilled water was used for
hydrolysis and HCI (37%) as catalyst.

2.2. Hydrolysis of MTES and ETMS

MTES or ETMS were added to C,H,OH and H,0 to form
a solution in the molar ratio MTES (ETMS):C,H,OH:H,O
=1 (1) :1:3.3. In this system, the hydrolysis reaction
is moderate when the molar ratio HCI:MTES (ETMS)
is about 0.01. The hydrolysis reaction was conducted
at room temperature under intense stirring at 25°C for
1 hour at pH ~2 for each silica precursor. The reaction
mixture was transparent and homogeneous during the
whole process. The solution obtained is denoted Sol A.

2.3. Preparation of MC solution

MC solutions (5 wt%, 20 wt% and 50 wt%), were
prepared by dissolving of 0.06750 g, 0.2720 g or
0.6750 g MC in 15 ml cold distilled water under stirring
at room temperature. The transparent, homogeneous
solution was denoted Sol B.

2.4. Hybrid preparation
Sol B was slowly added to Sol A under magnetic stirring
for 2 hours. The Sol C obtained was also transparent
and homogeneous. Gelation and drying were carried
out at 50°C for 12 h.

The MC / SiO, hybrid synthesis pathway is given in

Scheme 1.
Sol A
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Scheme 1. Sol-gel synthesis of MC / SiO, hybrids.
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2.5. Characterization methods

The MC / SiO, hybrid structures were examined by X-ray
diffraction (XRD) analysis, Fourier-transform infrared
(FTIR) spectroscopy and atomic force microscopy
(AFM).

Powder XRD spectra were collected from
20 = 4° to 80° with a constant 0.02° 20 step at 1s/step
using a Bruker D8 Advance diffractometer with CuK
radiation and SolX detector. The spectra were evaluated
with the Diffracplus EVA package.

FTIR transmission spectra were recorded on a
Bruker Tensor 27 spectrometer with scanning velocity
10KHz, using an MCT detector, with 64 scans and
1 cm™ resolution. KBr pellets were prepared by mixing
~1 mg of the samples with 300 mg KBr.

AFM images were taken in air at room temperature
with a NT-MDT SOLVER equipped with a NSGO1
cantilever (Golden Silicon Probes).

3. Results and Discussion

3.1. FTIR of methylcellulose (MC)
Fig. 1 depicts the FTIR spectrum of pure MC.

As can be seen, pure MC had O-H stretching
vibrations at 3459 cm™ [17,38-40]. C-H stretching
at 2932 and 2843 cm™ [17,38,40-42]. C-O carbonyl
stretching from the glucose in the cellulose at 1647 cm
overlaps adsorbed water [17,40,42,43]. C-O stretching
from the asymmetric oxygen bridge at 1126 cm™ and
ring stretching at 945 cm™" are in the “fingerprint region”
[38,40,43,44]. Moreover, the spectrum also showed
characteristic cellulose peaks in the range 1000-
1200 cm™. The 1126 cm™ peak was ascribed to the
asymmetric C-O-C stretch [40,44]. The 1379 cm' peak
corresponds to MC C-H bending [40]. In agreement
with Filho et al. [41] we also observe the MC bands at
1460, ~1380, ~1320 and 950 cm™. On the other hand,
we did not observe the bands at 1730, 1620, 1595 and
1512 cm™ [42] as the MC used was purified.

Transmittance, a.u.

Figure 1. FTIR spectrum of pure MC.
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3.2.FTIR of Si0, (MTES) and Si0, (ETMS),

prepared via the sol-gel method.
The FTIR spectra of sol-gel SiO, from MTES or ETMS
produced at 25°C and dried at 50°C for 12 h are shown
in Fig. 2.

The FTIR spectra of the dried silica gels obtained
from MTES or ETMS show common bands. Fig. 2, curves
1 and 2 showed a broad band centered at 3454 (3465)
cm™ due to overlap of the OH stretchings of hydrogen
bonded H,O and surface Si-OH hydrogen-bonded to
water [45,46]. The Si-O stretching of Si-OH appears at
908 cm™[46,47] and adsorbed H,O at 1651-1639 cm”’
[47,48], H,O adsorption can be considered to measure
the materials’ hydrophobicity. Intense Si-O vibrations
appear mainly in the 1007 cm™ (curve 1) — 1158 cm"'
(curve 2) range showing dense silica structures, where
oxygen bridges two silicon sites [37,46,49-51]. In
the case of ETMS (curve 1) the 1046 cm™ band was
attributed to the C-C-O vibrations of C,H,OH [47]. This
band overlapped Si-O-Si of condensed silicate. The Si-
O-Si bending mode appears at 446 (435) cm™ [49]. The
low energy band at 557 (579) cm™ could be assigned
to Si-O stretching of SiO, network defects [45]. From
Fig. 2, curve 1 shows the presence of C-H stretching at
2973 and 2887 cm™ and C-H deformation at 1468 cm
[45]. The 1257 cm™ C-H bend [45,46,48,49,52] is less
intense than that of MTES at 1289 cm™ (curve 2). This
decrease could be due to steric hindrance of the C,H,
group in ETMS compared to the CH, group in MTES
[45]. The bands at 888 and 755 cm™ (curve 1) and a
band at 777 cm™ (curve 2) could be ascribed to Si-C
[45]. Some authors assumed that the peaks | at ~1270
and ~2970 cm™ are from Si-C bonds and —CH, from
the silica precursor in the mixed sol [53]. Further, the
690 cm™ (curve 1) and 908 cm™ (curve 2) peak are
assigned to the Si-O symmetric stretch and to the Si-O-
in-plane stretch [45].

3.3. FTIR of the synthesized hybrids
FTIR spectra were obtained to examine interactions
between SiO, and MC. Results are in Figs. 3 and 4.
Comparing the FTIR spectra of pure MC (Fig. 1),
SiO, (Fig. 2) and MC / SiO, (MTES or ETMS) hybrids
(Figs. 3 and 4), the pure MC and SiO, peaks all appear
in the hybrids’ spectra except for slight band shifts. FTIR
shows no significant change of the two components
after hybrid preparation. However, increasing gelation
temperature from 25 to 50°C causes significant change
in the OH stretching and bending peaks at 3459 and
1647 cm™ (Fig. 1). The 3459 cm™ peak for pure MC

Transmittance, a.u.

Figure 2. FTIR spectra of dried SiO, from (1) ETMS, and (2) MTES.
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Figure 3. FTIR spectra of MC / SiO, (MTES) hybrids: (1) 5 wt%;
(2) 20 wt%; (3) 50 Wt% MC.
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Figure 4. FTIR spectra of MC / SiO, (ETMS) hybrids: (1) 5 wi%;
(2) 20 wt%; (3) 50 wt% MC.

shifted to ~3440 cm-' for the MTES hybrids (Fig. 3) and

~3475 cm' for the ETMS hybrid (Fig. 4). At the same

time, the 1647 cm™ peak slightly shifted by ~10 cm™

and decreased in intensity in the hybrids. These shifts

suggest intermolecular hydrogen bonding, similar to

other hybrids [39,40,43,54-57].

Scheme 2 shows a plausible way of linking MC and
SiOo
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Figure 5. XRD of pure MC.
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Figure 6. XRD of silica, obtained from hydrolyzed (1) ETMS and
(2) MTES.

Scheme 2. Possible interactions between methylcellulose and
silica derived from organosiloxanes

3.4. X-ray diffraction data for the hybrids.
Figs. 5 and 6 present X-ray diffraction data of pure MC
and for hydrolyzed pure silicate precursors MTES and
ETMS.

X-ray diffraction for pure MC (Fig. 5) showed a
semicrystalline structure. The patterns exhibited a sharp
peak at 26=8.9° and a broad peak centered at 26=19.8°.
In agreement with Pinotti et al. [19], we ascribe the
8.9° peak to glucose-type crystalline order in the MC.
Rimdusit et al. [17] concluded that peaks at 26=9-21°

B
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Figure 7. XRD for the MC / SiO, (MTES) hybrids: (1) 5 wt%,
(2) 20 Wt%, and (3) 50 Wi%.
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XRD for the MC / SiO, (ETMS) hybrids: (1) 5 wi%,
(2) 20 Wi%, and (3) 50 wt%.

Figure 8.

Table 1. Position of the peaks maximum of the precursors and the
synthesized hybrids.

Peak maximum

Sample Figure, (26, degrees)
(curve)
First Second

MC 5 8.93 19.89
ETMS 6 (1) 8.03 21.69
MTES 6 (2 10.57 22.28
MTES-5 wt% MC 7(1) 8.91 21.81
MTES-20 wt % 7(2) 8.58 21.64
MC
MTES-50 wt% 7(3) 8.91 21.31
MC
ETMS-5 wt% MC 8 (1) 8.58 21.81

indicate the intermolecular structure of the MC. Others
postulated that the 26=8° peak represents the degree
of cellulose modification [41]. On the other hand, silica
obtained from both precursors (Fig. 6) exhibited typical
diffraction patterns associated with amorphous silica
[58].

The hybrid materials’ XRD data are presented in
Figs. 7 and 8.

XRD patterns of the hybrids are similar to those for
pure MC and silica from the precursors. Two similar
peaks are observed for the hybrid materials containing
up to 50 wt% MC. Figs. 7 and 8 show that the intensity

Brought to you by | Technische Hochschule Wildau
Authenticated
Download Date | 5/24/17 3:47 PM




Methylcellulose/SiO, hybrids: sol-gel preparation
and characterization by XRD, FTIR and AFM

(b)

AFM images of MC / SiO, (MTES) hybrids: (a) 5 wt% MC; (b) 50 wi% MC.

(@)

(b)

AFM images of MC / SiO, (ETMS) hybrids: (a) 5 wt% MC; (b) 50 wt% MC.
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of the peaks decreases with increasing initial MC. Yano
et al. [59] and Wojciechowski [60] observed the same
dependence on silica content for HPC / silica hybrids.
They concluded that HPC molecules are incorporated
into the silica network. HPC crystallites may have formed
in the hybrids’ HCP-rich phase.

The changes of peak position in the hybrids compared
with those in pure MC (Fig. 5) and MTES or ETMS
(Fig. 6, curves 1 and 2) are summarized in Table 1.

The 206 values differ between the hybrids. Similar
results have been reported [17,19,61]. We hypothesize
that the hybrids are produced after formation of the
hydrogen bonds and electrostatic interactions between
the two components.

Figs. 9 and 10 depict AFM surface topography
images of the MC / SiO,, hybrids.

AFM showed mesopores in the range of 2 -
2.5 ym, probably due to water and solvent (alcohol)
vapor release during drying. AFM also showed that
MC content and silica precursor influence not only the
chemical nature of the hybrids, but also the surface
morphology. The 50 wt% MC / SiO, (MTES) shown
in Fig. 9b was very uniform and smooth, while large
particles (mostly globular) were found in 50 wt%
MC / SiO, (ETMS) in Fig. 10b. With higher MC content
larger aggregates can be observed with ETMS as silica
precursor. The surface has many islands dispersed
on the silica surface. In the case of MTES with higher
MC content (Fig. 9b) the surface roughness increased
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