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Abstract

Sol-gel method opens new possibilities for synthesis of nanomaterials with application in
biotechnology and medicine as matrices for immobilization of cells, enzymes and other
biomolecules. The main purpose of the present work is to study of the sol-gel synthesis and the
structure of silica hybrid nanomaterials containing different quantities of organic component.
FT-IR spectra show that in hybrids synthesized by ETMS or MTES strong chemical bonds are
observed. The average size of nanoparticles on the sample surface is about 20 - 50 nm and
formation of self-organized structures is observed.
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Introduction

Inorganic/organic nanomaterials are a remarkable family of amorphous nanocomposite
materials, which have been studied extensively for application in biotechnology, medicine,
dentistry and other different areas [1, 2]. The material properties as thermal and electrical
conductivity, mechanical strength, flexibility, optical density, corrosion resistance can be
widely controlled by adjusting composition, nanophase size, and chemical bonds between
organic and inorganic parts [3, 4].

The development of hybrid functional nanocomposites that incorporate organic polymers
and inorganic components is a recent trend in materials synthesis. Different organic materials,
such as gelatin, alginic acid, PEG, PVA, PAAG, AA, agar and others are included In their
structure. The hybrid is formed in situ in a polymer solution by self-assembling of sol particles
generated in the course of hydrolysis of the metal-organic precursors. [5-9]

In this work, polyethylene oxide (PEO) was chosen as an organic polymer because it is a
cheap commercially available aliphatic polyether which can be linear or branched and in a
broad range of molecular masses from less than a few hundred to several millions. Another
important feature of PEO is its solubility in water and alcohols. Furthermore, PEO is
characterized by hydroxyl groups, which can be used to obtain oligomers able to react with sol-
gel reactants such as metal alkoxides [10-14].

The present study deals with preparation, structural characterization of hybrid
nanomaterials based on different type of inorganic metal alkoxide as tetraethylortosilicate
(TEOS); tetramethylortosilicate (TMOS); methyltriethoxysilane (MTES); ethyltrimethoxysilane
(ETMS) and different quantity PEO.
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Materials and Methods

Nanocomposite hybrid materials were prepared by the sol-gel method at room
temperature and strictly controlled pH conditions. Four types of inorganic precursors:
tetraethylortosilicate (TEOS); tetramethylortosilicate (TMOS); methyltriethoxysilane (MTES);
ethyltrimethoxysilane (ETMS) and the organic compound polyethylene oxide (PEO) were used
for synthesis of nanomaterials. In all the cases the ratio Precursor/H,O is kept constant and
equal to 1. A small amount of 0.1 M HCl is introduced to increase hydrolysis rate (pH~1.5) and
phosphate buffer with pH=7.00 + 0.02 at 20°C. In the process of synthesis of hybrid materials
20% percent of the silica precursors were replaced with organic component.

For studying the structure of synthesized hybrids the following methods have been used:
FT-IR (IR-MATSON 7000-FTIR spectrometer), XRD (X-ray PW1730/10 diffractometer, in
the 20 range of 50-800, Cu-Ka radiation), EDS (RONTEC EDS System), SEM (Philips-515)
and AFM (NanoScope Tapping Mode ™).

Results and Discussion
The results from the XRD-analysis (Fig.1) prove that all the studied hybrids have an

amorphous structure, which is in good correlation with the studies of Lana and Seddon [15]. At
the same time the type of the XRD pattern indicates that some processes of ordering take place.
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Fig.1. XRD patterns of nanomaterials containing PEO

The FT-IR spectra of synthesized inorganic-organic materials (Fig.2) show that in all

samples bands at 1080 cm'l, 790 cm'1 and 480 cm'1 are observed. They are assigned to vy, V
and & of Si-O-Si vibrations, but at the same time the band at 1080 cm™ can be related to the

presence of Si-O-C, C-O-C and Si-C bonds. The band at 960 em’ s due to a stretching Si-OH
vibration. The band at 1439 cm’™ is assigned to C-O-H vibrations. The characteristic bands at

around 3450 cm’ and at 1620 cm” assigned to H-O-H vibration can also be detected. These
bonds in the samples with MTES and ETMS are in narrower range. The absorption band at

2975 cm™, 1255 cm’', 880 cm™, 694 cm’, due to the presence of Si-O-R (CH, and C,H) and
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Si-C bonds have been observed. This fact directly proves the presence of strong chemical bonds
between inorganic and organic parts of nanomaterials with MTES and ETMS.

From the data of BET analysis it has been established that the surface area is in the
range from 520 to 260 rnz/g dependence on silica sources. The results showed that the surface
area depends on the type of precursor. The obtained results can be applied as carriers for cell
immobilization.
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Fig.2. FT-IR-spectra of silica nanomaterials
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Fig.3. BET analysis of silica nanomaterials

However more detailed information on the nanostructure of the matrices is obtained
from the SEM and AFM studies (Figs. 4-7). A very good agreement between SEM and AFM
data of synthesized hybrid materials is found. In the case of MTES+20 % PEO the SEM study
shows the presence of microaggregates dispersed in flat and relatively homogeneous matrix.
This type of variation of microstructure is confirmed by the AFM images (Figs.4, 6). The
observed nanoscaled formations could be assigned to the surface structure of the particles
building the aggregates registrated by SEM.
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Flg 7. SEM, AFM image and roughness analysis of the hybrids with MTES containing 20% PEO

The results of the both studies givecomplete information about the evolution processes
of the self-organizing structures of synthesized materials. Complete coincidence between the
sizes of nanoparticles (about 20-50 nm) determined by SEM and AFM is observed. In the AFM
image the nanostructural evolution is also well presented.
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Conclusion

Inorganic-organic silica hybrid amorphous nanomaterials containing PEO are obtained
via sol-gel method at room temperature. Self-organized nanostructures have been observed by
AFM and the size of nanoparticles is from 20-50 nm. IR investigations show strong chemical
bonds between inorganic and organic parts in the synthesized materials. The presence of an
hybrid nanostructure with well-defined nanounits with spherical geometry and their aggregates,
formed by self-organizing processes, is clearly observed by AFM studies. The surface
morphology and structure of nanobuilding blocks in each synthesized hybrid is different and
dependeds on its chemical composition.

References

[1] J. Kim, J. Choi, M. Colas, D. Kim, H. Lee, Gold-based hybrid nanomaterials for biosensing
and molecular diagnostic applications, Biosensors and Bioelectronics, 80, 2016, p. 543.

[2] N. Moghimi, F. Rahsepar, K. Leung, Supported binary hybrid nanomaterials and their
applications, Coordination Chemistry Reviews, 320-321, 2016, p. 82.

[3] J. Li, J. Z. Zhang, Optical properties and applications of hybrid semiconductor
nanomaterials, Coordination Chemistry Reviews, 253, 2009, p. 3015.

[4] K. Juarez-Moreno, A. Pestryakov, V. Petranovskii, Engineering of Supported
Nanomaterials, Procedia Chemistry, 10, 2014, p. 25.

[51 S. Raman, P. Gurikov, I. Smirnova, Hybrid alginate based aerogels by carbon dioxide
induced gelation: Novel technique for multiple applications, The Journal of
Supercritical Fluids, 106, 2015, p. 23.

[6] J. Retuert, Y. Martinez, R. Quijada, M. Yazdani-Pedram, Highly porous silica networks
derived from gelatin/siloxane hybrids prepared starting from sodium metasilicate, Journal
of Non-Crystalline Solids, 347, 2004, p. 273.

[7] K. Xie, Y. Yu, Y. Shi, Synthesis and characterization of cellulose/silica hybrid materials
with chemical crosslinking, Carbohydrate Polymers, 78, 2009, p. 799.

[8] A. Romo-Uribe, J. Arcos-Casarrubias, M. Hernandez-Vargas, A. Reyes-Mayer, M. Aguilar-
Franco, J. Bagdhachi, Acrylate hybrid nanocomposite coatings based on SiO,
nanoparticles by in-situ batch emulsion polymerization, Progress in Organic Coatings,
97,2016, p. 288.

[9] M. Morales-Acosta, C. Alvarado-Beltran, M. Quevedo-Lopez, B. Gnade, A. Mendoza-
Galvan, R. Ramirez-Bon, Adjustable structural, optical and dielectric characteristics in
sol-gel PMMA-SiO, hybrid films, Journal of Non-Crystalline Solids, Volume 362,
2013, p. 124.

[10] S. Markovié, V. Raji¢, A. Stankovié, L. Veselinovic, J. Belosevié-Cavor, K. Batalovié, N.
Abazovié, S. Skapin, D. Uskokovi¢, Effect of PEO molecular weight on sunlight induced
photocatalytic activity of ZnO/PEO composites, Solar Energy, 127, 2016, p. 124.

[11] M. Lampi, X. Wu, K. Schilke, J. McGuire, Structural attributes affecting peptide
entrapment in PEO brush layers, Colloids and Surfaces B: Biointerfaces, 106, 2013, p.
79.

[12] E. Masoud, A. El-Bellihi, W.ABayoumy, M. Mousa, Organic—inorganic composite
polymer electrolyte based on PEO-LiClO4 and nano-Al,O; filler for lithium polymer
batteries: Dielectric and transport properties, Journal of Alloys and Compounds,
Volume 575, 2013, p. 223.

http://www.ijcs.uaic.ro 21



G.E. CHERNEYV et al.

[13] M. Aliabadi, M. Irani, J. Ismaeili, H. Piri, M. Parnian, Electrospun nanofiber membrane of
PEO/Chitosan for the adsorption of nickel, cadmium, lead and copper ions from aqueous
solution, Chemical Engineering Journal, 220, 2013, p. 237.

[14] R. Madathingal, S. Wunder, Thermal degradation of PEO on SiO, nanoparticles as a
function of SiO, silanol density, hydrophobicity and size, Thermochimica Acta, 523,
2011, p. 182.

[15] S.Lana and A.Sedon, X-Ray Diffraction Studies of Sol-Gel Derived ORMOSILs Based on
Combinations of Tetramethoxysilane and Trimethoxysilane, Journal of Sol-Gel Science
and Technology 13, 1998, p. 461.

Received: October 30, 2016
Accepted: January 12, 2017

22 EUR J MATER SCI ENG 2, 1, 2017: 17-22



