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Abstract

Characterization of the structural units of glasses is an essential part of amorphous ma-
terials research, with implications for all kinds of properties, from chemical reactivity to
crystallization. The relative proportions of units in silicate glasses can be quantified by
magic-angle spinning 29Si nuclear magnetic resonance (MAS-NMR) spectroscopy. Simpler
alternatives include Raman spectroscopy, which is affected by luminescence, and infrared
spectroscopy, which requires the use of deconvolution techniques to resolve structural infor-
mation from the broad absorption bands. Furthermore, if the materials under study are
nano-sized, extracting quantitative information about their structure from infrared spec-
troscopy is even more complicated, as the effect of porosity needs to be taken into account
through so-called effective medium theories.
In this work, silica nanoparticles produced from the hydrolysis of tetraethyl orthosilicate
have been investigated using infrared micro-reflectance spectroscopy and nuclear magnetic
resonance spectroscopy. Colloidal silica was chosen because of its chemical and structural
simplicity, with only H atoms acting as modifiers of the glass network. The use of micro-
reflectance, instead of transmittance or attenuated total reflectance, allows for greater ac-
curacy and reproducibility between samples. The results are analyzed through the Landau-
Lifshitz-Looyenga effective medium approximation (1) and a robust deconvolution procedure
for the absorption bands, in which each component is attributed to a microscopic origin (2).
Excellent agreement is found between infrared and NMR spectroscopies, lending credence
to this technique as a simple and accurate, albeit less precise, alternative for structural unit
quantification. Because of the generality of this technique, it could be easily extended to
other silicate nanomaterials (3).
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