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Decomposition of the high-frequency range of Raman spectra for 60Li,0-40SiO, melts
(Li60) into the Gaussian line shape was performed. The basic structural fragments of melts
and their ratio were determined, and the peculiarities of their interaction with the change in
temperature were identified.
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Introduction

The study of silicate systems is an important task for the optimization of the industrial technologies
and geochemical studies. Raman spectroscopy can be carried out directly in situ in the melts. Of all the
alkali-silicate systems, only sodium silicate has been studied in sufficient detail over the entire range of
compositions starting from pure SiO, to sodium orthosilicate in a wide temperature range [1, 2], while
the melts of Li,0-SiO, system were only studied for compositions <50 mol. % Li,O. Therefore studies
of strongly alkaline lithium-silicate melts by means of Raman spectroscopy is a rather critical task. The
high-frequency range of the Raman spectra of the melted silicate systems contains information about the
present silicon-oxygen tetrahedral units Q" (silicon-oxygen tetrahedral units with various numbers of
bridging oxygen atoms #) and their amounts [3, 4]. Experimental data about the melt structures can be
represented in the form of the distribution of structural units Q" as the function of the composition and
temperature.

Research methods

Synthesis of lithium pyrosilicate was carried out from the amorphous SiO, (analytical grade) and li-
thium carbonate Li,CO; (reagent grade). The charge was thoroughly mixed with alcohol in a mortar,
then dried and melted in a platinum crucible in a silit furnace at the melt temperature up to 1373 K. To
register the Raman spectra the high-temperature experimental apparatus was used, which was based on
the DFS-24 spectrometer. For all the spectra obtained, the baseline correction procedure was performed.
The spectra were processed using the software package OMNIC Thermo Nicolet. For that, the curve
fitting method of Raman spectra as superposition of the lines of Gaussian shape (RS SM) was used. The
high-frequency range of the spectrum is the most important in obtaining data about the structure of sili-
cate glasses and melts. The analysis of the patterns of the Raman spectra change as the function of com-
position, the comparison of the spectra of glasses and the corresponding crystals, the measurement of the
band polarization degree, the theoretical calculations of the fluctuations of silicate anions gave the fol-
lowing interpretation of the bands in the high-frequency range of Raman spectra of silicate glasses and
melts [3, 4, 6, 7]:

— the band crest in the range of 1050—1100 cm ' is related to the stretching vibrations of the terminal
groups of Si—O— in tetrahedral units with one terminal oxygen atom (Q°);

— the band crests in the range of 950-980 cm ™' and 900 cm ' are related to the vibrations of the ter-
minal groups Si—-O— and Si—O- in tetrahedral units with two and three non-bridging oxygen atoms (Q’
and Q"), respectively;

— the band crest at 850 cm ' is due to stretching vibrations of isolated tetrahedral units of SiO4*
with all the non-bridging oxygen atoms (Q").
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In the low-frequency region (400700 cm ) there is the band associated with symmetric stretching
and partially bending vibrations of bridges Si—O-Si. Its frequency increases systematically with increas-
ing degree of glass polymerization. In the mid-band frequency region (700800 cm ) there is the weak
depolarized band, intensity of which decreases with decreasing concentration of silica in the stacks, and
it is associated with the deformation vibrations of bridge bonds Si—O-Si in the micro-regions of glasses,
the structure of which is close to that of the glassy SiO.,.

In fact, this interpretation of Raman spectra of silicate glasses is based on the principles proposed by
A.N. Lazarev for the vibrational spectra of silicates [8]. Within this approach it is assumed that the stret-
ching vibrations of silicate anions, characterized by relatively high frequencies, do not interact with the
vibrations of the cation sublattice.

To determine the concentration of structural units Q" we use the intensity of characteristic bands in
the high-frequency region of the Raman spectra [9]. To quantify the integrated intensities of the charac-
teristic bands at different temperatures, the high-frequency spectral range of glass and melts is
represented as superposition of the lines of Gaussian shape. The project [10] considers various shapes of
lines used for simulation of Raman spectra of silicate systems. It is proven that the best of all the options
to describe the bands in the spectra of silicate glasses is the superposition of Gaussian shape lines.

The technique of curve fitting for the high-frequency region of the Raman spectra of silicate glasses
and melts is described in [9] and [10]. To simulate the strongly alkaline silicate glasses three lines of
Gaussian shape are used in [11]. More complex line shapes resulting from vibrations of structural units
Q" are used in [12], which deals with the so-called partial Raman spectra. The authors suggest that each
Q" group has its own partial spectrum, the shape of which does not depend on the concentration of the
Q"-type of a particular kind in a glass sample. In [13], a more complex interpretation of Raman spectra
is developed to describe the fine structural features of silicate glasses and melts, the authors consider not
only the immediate environment (Q"-distribution), but also the influence of the second coordination
sphere of the central silicon atoms, i.e. the influence of the neighboring silicon-oxygen tetrahedral units.
For this classification, the following designations are used: Q****, where 'a' stands for the type of the
central tetrahedral unit Q, and symbol 'b' is the type of neighboring tetrahedral units Q, connected with it
through bridge bonds. The authors suggest that the vibration frequency is not only determined by the
second coordination sphere, but also greatly depends on the structures, ring patterns in particular, into
which the tetrahedral units are included.

To describe the structure of glasses and melts of Na,0O—-SiO, system, the Raman spectra curve fitting
technique as superposition of the lines of Gaussian shape is used in [2]. In general, the curve fitting of
Raman spectra is a complex and controversial procedure. The basic curve fitting principles are as fol-
lows:

— correlation between the characteristic bands in the spectra of silicates in their crystalline, glassy
and molten state;

— the minimum number of lines used in the spectrum decomposition procedure;

— the coordinated description of spectra in a wide range of temperatures and compositions within a
single structural model;

—regular change in the position and width of the lines in the spectrum with the change of composi-
tion and temperature.

Thus, Raman spectra of the melts of sodium-silicate systems have been simulated, and the new in-
terpretation of the high-frequency region has been proposed [2]. The data obtained have allowed to carry
out the complete investigation of the sodium-silicate system and to determine the quantitative characte-
ristics of the structural units of melts and glasses.

Results

1. Decomposition of high-frequency Raman spectra region of Li60 melts
Figure 1 shows the Raman spectra of melts of Li60 composition, obtained in the temperature range
1223-1373 K, which were discussed in sufficient detail in [5], so let us briefly highlight the key aspects
herein.
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Fig. 1. Raman spectra of Li60 melts depending on the temperature [5]

The spectra of melts with this composition have two dominating and the most intense bands with
crests around 630 cm ' and 900 cm ', which relate to vibrations of bonds in groups Si-O—Si and SiO,,
respectively. With the melt cooling, narrowing of the bands is observed, and the high-frequency region is
represented by two peaks near 820 cm ' and 970 cm . It is likely that at the temperature 1223 K, the melt
crystallization starts, which is accompanied by the formation of individual clusters of stoichiometric
compositions.

2. Decomposition of high-frequency Raman spectra region of Li60 melts

Raman spectra of lithium-silicate melts have been represented as the superposition of lines of
Gaussian shape, according to the RS SM. The table shows the positions of bands, designations of the
structural units and their interpretation for the lithium pyrosilicate melts.

Interpretation of the characteristic bands in the Raman spectra of lithium pyrosilicate melts

Frequency Designation . .
range, cm ! of Q"-units Band interpretation
825-830 Q’ Isolated tetrahedral unit with four non-bridging bonds
360-864 Q" Termlnal tetrahedral unit located at the end of the chain structure of finite
size
290898 Q' Terminal tetrahedral unit connected with the other similar tetrahedral unit
through a bridge bond, i.e. a dimer component
2 Tetrahedral unit with two bridge bonds, connected with terminal tetrahe-
929-932 Q N
dral units Q
965-970 Q? I:I‘:[ahedral unit connected with the similar units Q°, i.e. a chain compo-
3 Tetrahedral unit connected with the chain tetrahedral units Q7
1013-1025 Q . . . .
i.e. a branching point of the chain structure

Figure 2 shows the decomposition of the high-frequency region of the spectrum for the Li 60 melts
into the superposition of six lines, according to the above interpretation. It is obvious that in the spec-
trum of the melt obtained at 1223 K, the band around 820 cm ' dominates, that proves the prevailing
content of tetrahedral units of Q-type, and the less intense band about 980 cm ™' corresponds to the pres-
ence of tetrahedral units Q”. Furthermore, other five minor bands corresponding to structural units Q'
Q*, Q¥ and Q’, are allocated in the spectrum curve fitting. They correspond to vibrations of atoms in the
respective tetrahedral units [2]. With a rise in temperature, structural changes take place in the melt, as
indicated by increasing intensity of the bands around 900 cm ', 940 cm ™' and 970 cm ', which corres-
ponds to the growing concentration of the tetrahedral units of Q', Q* and Q°.
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Fig. 2. Curve fitting of high-frequency region of the Raman spectra of Li60 melts

The line intensities obtained from the Raman spectra, corresponding to the vibrations of certain
structural units Q', Q* and Q” in the melts of Li60 composition are shown in Figure 3. It is clear that the
intensities of the lines corresponding to the vibrations of the tetrahedral units Q* and Q remain practi-
cally unchanged with the rise in temperature, whereas the intensity of the lines corresponding to vibra-
tions of the tetrahedral units Q' and Q’ decrease. It can be assumed that Q' and Q’ are prevailing in the
melt, while the units of Q’ are of low content. In order to obtain the data on the concentration of struc-
tural units in the melts, we suggest the calculation of conversion factors from intensities to concentra-
tions, similar to sodium-silicate system [2].
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Fig. 3. Change of integral intensities of the bands cor-
responding to variations in structural units Qn in melts
of Li60 composition depending on the temperature
(square symbols correspond to structural units Q7
triangular, cruciform and rhombic ones - to Q1, Q® and
Q°, respectively)
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CTPYKTYPA PACTINABOB NMMPOCUITUKATA JIUTUA
MO AAHHbIM BbICOKOTEMMNEPATYPHOMU CMNEKTPOCKONUHU
KOMBUHALMNOHHOI'O PACCEAHUA

O.H. Koponeea', T.B. MocyHoga?
" fOxHO-Yparnbckuli 2ocydapcmeeHHbill yHugepcumem, ¢urnuan 8 2. Muacce
2 OxHO-Ypanbckuli 2ocydapcmeeHHbill yHusepcumem, 2. YensabuHek

ITpoBeneHO pa3noxKeHHEe BHICOKOUACTOTHON 00NACTH CIEKTPOB KOMOMHALMOHHOTO pac-
cestHMA paciiaBoB coctaBa 60Li1,0-40Si0, (manee Li60) Ha muHMM rayccoBckoil popmsal. Orm-
peneeHsl OCHOBHBIC CTPYKTYPHBIC (DparMeHThI PaciulaBOB U MX COOTHOIICHHUE, a TAKKE BbI-
SIBJICHBI OCOOCHHOCTH MX B3aI/IM0I[eI7ICTBI/I$[ C UBMCHCHUEM TEMIICPATYPHI.

Knrwouesvle cnosa: cmpykmypa pacniaga, CUTUKAMHbLe PACNIAGb, CNEKMPOCKONUL KOM-
OUHAYUOHHO2O PACCEAHUSL.
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