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abstract

This paper focuses on the determination of the speciation in calcium-silicate glasses from Raman 
spectra and describes in detail the statistical method to determine quantitatively the speciation from 
collected spectra. We developed a novel statistical method employing optimization technique to de-
termine the number of active species and partial spectral contributions for overlapped spectra. This 
method allows deconvoluting overlapping spectra from spectral data such as UV-vis, Raman, X-ray, 
photoelectron spectroscopy (XPS), or other. We treat spectral methods that have absolute and relative 
information. By viewing the data as noisy or uncertain, we put all steps to deconvolute spectral data on 
a unified statistical approach, which allows to model spectral data with more realism. The suggested 
method enables us to calculate from overlapping spectra directly the individual contributions of each 
active component (species) present in the system without making any assumptions on the shape or 
peak positions of the components in individual spectra.

To determine quantitatively the speciation in calcium silicate glasses, we have collected Raman 
spectra of the glasses in the range of 45 to 52 mol% SiO2. The spectra are strongly overlapped, and 
therefore, cannot be directly deconvoluted. Therefore, spectra were deconvoluted using our statistical 
approach. This lead to the discovery of partial spectra, which can be attributed to  contributions of three 
different species. In addition, we have determined the equilibrium constant for the reaction

2Q2 ↔ Q1 + Q3  (1)

where logK2 is found to be 1.15 ±  0.1, being in good agreement with available NMR study.
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IntroductIon
One of the common problems in spectroscopic studies on 

amorphous and melted glasses is to obtain reliable structural 
information and how to deal with the overlapped spectra and 
extract quantitative information from them. Quantitative mea-
surements of individual species in certain melt or glass are not 
trivial, especially at high temperatures and pressures. Raman 
and NMR spectroscopy are commonly used to study silicate 
glasses to obtain the speciation information. Most studies are 
performed on binary alkali silicate melts; however, the inves-
tigation of alkaline earth silicate melts is of a high importance 
for both geological and industrial applications. The lack of 
reliable information on their speciation can be explained by the 
experimental difficulties related to the preparation of glasses and 
to the fact that collected spectral data are strongly overlapped, 
noisy, and possess little information.

The mathematical treatment of spectral data is a well-de-
veloped and applied field since the late 1960s [see Malinowski 

(1991)]. The approach of spectra data treatment is known as 
factor approach and is based on techniques from linear algebra. 
The approach became a main stream technique in chemistry and 
other disciplines, which deal with spectral data, refer to Zhao 
and Malinowski (1999), Bandfield et al. (2000), Buixaderas 
et al. (2008), Suleimenov and Seward (1997), and Boily and 
Suleimenov (2006). The wide applicability of the factor method 
is based on the well-known properties of linear algebra and the 
reliance on analytical solutions. The factor approach with ana-
lytical solutions could be used without extensive computational 
power and with easy and well-understood interpretation.

The factor method for quantifying spectral data, however, has 
certain shortcomings. The method cannot explicitly deal with the 
non-negativity of the spectrum of components. It also cannot 
deal with situation where spectral data are relative rather than 
absolute, and has difficulties with outliers (large measurement 
errors). Moreover, the selection on the number of components 
(active species) in the spectra is based on ad hoc judgment of 
rank analysis.

For these reasons, we propose a new paradigm that is based 
on a statistical view of spectral data and usage optimization tech-* E-mail: herzog@swissquant.ch


