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RAMAN SCATTERING IN GLASSY
LITHIUM TETRABORATE ACTIVATED
WITH ERBIUM AND TERBIUM OXIDES

Spectra of Raman scattering in glassy lithium tetraborate activated with erbium and terbium
oxides to various concentrations have been studied. It is found that the main components of the
observed structures in the Raman scattering spectra of Li2B4O7 : Er2O3 and Li2B4O7 : Tb2O3

glasses obtained in the framework of a medium-order approximation are induced by mixed
vibrations of complicated boron/lithium/erbium/terbium-oxygen structural complexes.

K e yw o r d s: Raman scattering, lithium tetraborate, erbium oxide, terbium oxide, structural
complexes, mixed vibrations, phonons.

1. Introduction

Compounds based on lithium tetraborate (Li2B4O7,
LTB) are widely used in various fields of science
and technology due to their high radiation resistance,
transparency in a wide spectral interval, high val-
ues of nonlinear optical coefficients, and so forth [1–
5]. In particular, they are applied as nonlinear ele-
ments for generating harmonics and total frequen-
cies of laser radiation, as well as a material for
tissue-equivalent thermoluminescent radiation detec-
tors. Doping an LTB matrix with ions of rare earth
elements substantially improves its luminescent prop-
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erties, which allows such compounds to be used as
efficient phosphors, fiber lasers and amplifiers, opti-
cal memory devices, three-dimensional displays, and
others. LTB is also applied as a superionic conduc-
tor (solid electrolyte) for solid-state sources of elec-
tricity. For such electrolytes, important is informa-
tion on the relation between their structure and ionic
conductivity, which depends on the nature of the in-
teraction of superionic complexes in the B2O3–Li2O
system. Convenient tools for studying their structure
are Raman and IR spectroscopies.

As is known, the structure of crystalline LTB is
described by the space group 𝐼41𝑐𝑑(𝐶

12
4𝑣 ) [6, 7]. A

unit cell of tetragonal symmetry (𝑎 = 𝑏 = 9.479 Å,
𝑐 = 10.286 Å) contains 8 formula units of Li2B4O7

(104 atoms). Bulk boron-oxygen complexes [B4O9]6−
consist of two planar triangles [BO3] and two tetra-
hedra [BO4] with a strong covalent bond [8], which
are united by oxygen atoms common to neighboring
complexes into a spiral with the axis parallel to the
c-axis; by means of common oxygen atoms, those
structures create a three-dimensional rigid frame-
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Fig. 1. Raman spectra of glassy Li2B4O7 activated with
Er2O3to 0.000 (𝑎), 0.0005 (𝑏), 0.001 (𝑐), 0.005 (𝑑), 0.01 (𝑒),
and 0.05 wt% (𝑓)

work. Lithium cations are located in the channels
of this framework along the direction parallel to
the optical crystal axis. The first coordination sphere
of the lithium atom includes the four nearest oxy-
gen atoms, which create a highly deformed tetra-
hedron. The chains of lithium-oxygen tetrahedra are
wound on the 41-axis.

Taking into account that, in the framework of the
medium order approximation [9], single crystals and
glasses of lithium tetraborate are practically isostruc-
tural, we may assume that glassy Li2B4O7 has a sim-
ilar structure, but with slightly deformed unit cell
parameters, which makes some corrections to the dy-
namics of the deformed LTB structure.

It is known that the spectra of Raman scattering
(RS) in glassy materials contain information about
the short-range structure [10]. Correlations with the
spectra of crystals possessing similar structures (in
the framework of the short-range order that includes
several coordination spheres) often manifest them-
selves. In addition, RS in glasses is stronger than the
ordinary second-order RS in crystals [11, 12]. Raman
spectra of glasses can contain relatively narrow bands
typical of first-order scattering in crystals. Since glass
disordering leads to the cancellation of selection rules
at k = 0 [12], all vibrational modes can contribute to
the scattering nature [11]. This circumstance testifies
that RS in glasses is a first-order scattering and is
closely related to the density of vibrational states.

The study of Raman spectra of glassy Li2B4O7

doped with rare earth elements has not received due
attention in the literature, and the relevant data are
extremely limited today. The aim of this work was to
experimentally study the RS effects in doped glassy
lithium tetraborate activated with erbium and ter-
bium ions, which enter the structure of the LTB ma-
trix in the form of triply charged Er3+ and Tb3+

ions. Note that unlike other rare earth oxides, Tb2O3

forms compounds with mixed valence and a stoichio-
metric matrix structure [13–15].

2. Experimental Part

Raman spectra were studied on a micro Raman spec-
trometer XploRA PLUS (HORIBA Jobin Yvon). The
spectra were excited by means of laser radiation with
a wavelength of 785 nm. The research was carried out
at a temperature of 300 K in the spectral interval 70–
2000 cm−1 with a resolution not worse than 1 cm−1.

Glassy Li2B4O7 specimens used in this work were
synthesized following the technology described in
work [16]. Their activation with erbium and terbium
oxides was carried out to the following weight per-
centages: 0.0005, 0.001, 0.005, 0.01, and 0.05 wt%.

3. Results and Their Discussion

The results of research on the Raman spectra of glassy
LTB specimens activated with erbium and terbium
oxides to various concentrations (0.0005–0.05 wt%)
are shown in Figs. 1, 𝑏–𝑓 and Figs. 2, 𝑏–𝑓 , re-
spectively. For comparison, panels 𝑎 in both figures
demonstrate the Raman spectrum of stoichiometric
Li2B4O7. Note that the positions of seven distinct
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Raman bands observed at the frequencies 77, 353,
518, 762, 953, 1121, and 1427 cm−1 in this case are
in good agreement with literature data obtained by
other authors in the limited spectral interval 300–
1500 cm−1 [9, 17–21].

As for the nature of vibrational modes in glassy sto-
ichiometric Li2B4O7, it was considered in detail by us
in work [22]. Here, we only recall that the wide asym-
metric maximum at the frequency 77 cm−1, which
consists of several closely spaced unresolved bands,
is mainly associated with normal vibrations of the
[LiO6] frameworks. The maxima at the frequencies
353 and 518 cm−1 are associated with the superpo-
sition of vibrations of the framework groups [LiO4]
and the tetrahedra [BO4]. The most intensive max-
imum in the spectrum at the frequency 762 cm−1

is a result of oscillating symmetric deformations of
the [BO3] complexes. The broad maximum at the fre-
quency 953 cm−1 is associated with the deformation
of [BO4] tetrahedra and the symmetric stretching of
the [BO3] group. The low-intensity maximum at the
frequency 1121 cm−1 is caused by vibrations inherent
to distorted tetrahedra [23]. Finally, the broad maxi-
mum at the frequency 1427 cm−1 is associated with
the symmetric stretching of planar triangles [BO3]
and vibrations of various borate rings.

3.1. Raman spectra
of glassy Li2B4O7 : Er2O3

At the activation of Li2B4O7 with the Er2O3 impu-
rity to 0.0005 wt%, the structure of the Raman spec-
trum becomes much more complicated, which mani-
fests itself in an increase of the number of observed
features (Fig. 1, 𝑏). In particular, in the spectral in-
terval 70–600 cm−1, 10 intensive bands are observed
at the frequencies 77, 110, 152, 239, 297, 318, 381,
433, 478, and 529 cm−1. In the frequency interval
600–860 cm−1, an intensive band at the frequency
762 cm−1 and with clearly pronounced features at
the frequencies 694 and 828 cm−1 was registered;
this band is also characteristic of stoichiometric glassy
LTB (Fig. 1, 𝑎).

For the Li2B4O7 : 0.0005 wt% Er2O3 compound, a
group of closely spaced lines at the frequencies 936,
953, and 1014 cm−1 can be observed in the spectral
interval 860–1050 cm−1, in contrast to the stoichio-
metric composition (Fig. 1, 𝑎), which demonstrates
a broad band with a maximum at 953 cm−1 in this

Fig. 2. Raman spectra of glassy Li2B4O7 activated with
Tb2O3 to 0.000 (𝑎), 0.0005 (𝑏), 0.001 (𝑐), 0.005 (𝑑), 0.01 (𝑒),
and 0.05 wt% (𝑓)

interval. In the spectral interval 1050–2000 cm−1, af-
ter the LTB activation with Er2O3, additional vibra-
tional bands appear at the frequencies 1086, 1223,
1342, and 1425 cm−1 against the background of the
Raman spectrum of glassy Li2B4O7 (a broad diffuse
band at the frequency 1427 cm−1).

When 0.001 wt% of Er2O3 is introduced into the
LTB matrix (Fig. 1, 𝑐), the structure of the Ra-
man spectrum (the intensities and the frequency po-
sitions of the vibrational bands) does not change sub-
stantially, except for the interval 1200–1500 cm−1

where narrow lines at the frequencies 1285, 1423, and
1450 cm−1 are clearly observed against a broad-band
background.
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As the Er2O3 concentration increases to 0.005 wt%
(Fig. 1, 𝑑), the intensities of the Raman bands in
the spectral interval 1200–2000 cm−1 grow substan-
tially, but their positions practically do not change
(Fig. 1, 𝑏–𝑑). Additionally, the broadening of the Ra-
man bands is observed within the whole examined
spectral interval, and a distinct diffuse vibrational
band appears at the frequency 1894 cm−1.

As the activator concentration increases further to
0.01 wt% (Fig. 1, 𝑒), an essential transformation of
the Raman spectrum takes place. In particular, a re-
distribution of the Raman intensity is observed in
a frequency interval of 200–1600 cm−1 and a con-
siderable expansion of the vibrational bands in the
whole frequency interval. In this case, seven bands
are observed in the Raman spectrum at the frequen-
cies 77, 468, 544, 694, 762, 1323, and 1450 cm−1,
with weakly pronounced features at 297, 380, 828,
and 953 cm−1.

At the activator concentration 0.05 wt% Er2O3

(Fig. 1, 𝑓), vibrational modes are observed in the
Raman spectrum at the frequencies 77, 98, 121, 297,
399, 493, and 560 cm−1, and an intensive broad asym-
metric band within the interval 600–1100 cm−1, with
a maximum at the frequency 809 cm−1, and weakly
pronounced features at the frequencies 694, 762, and
828 cm−1.

Note that a comparison of our Raman spectra ob-
tained at the Er2O3 concentrations 0.0005–0.005 wt%
with the Raman spectrum of single-crystalline LTB
measured in unpolarized light [19] testifies to an
almost complete coincidence of the frequencies of
vibrational modes within the spectral interval 80–
2000 cm−1. This circumstance allows us to assume
that when glassy Li2B4O7 is activated with Eg3+
ions, clustering processes occur in the disordered ma-
trix up to the concentration 0.005 wt% inclusive,
at which the structure of glassy LTB may remain
tetragonal in the framework of the medium-range or-
der. This assumption is consistent with the results of
work [24].

Let us now consider the origin of the vibrational
structure for glassy Li2B4O7 : Er2O3. For the Er2O3

concentrations 0.0005–0.005 wt%, the Raman spec-
tra consist of separate groups of closely located lines
(Fig. 1, 𝑏–𝑑). The most intensive lines are observed
in the spectral intervals 70–200, 700–800, and 1300–
1500 cm−1. In this case, according to works [25–30],
fundamental vibrations appear in the frequency in-

terval 77–1500 cm−1. The absence of vibrations with
lower frequencies testifies to the growth of the glassy
matrix stiffness and reflects the specific features of the
deformed framework structure of Li2B4O7 glass. This
is also confirmed by a certain difference between
the frequency positions of normal vibrations and the
modes in the Raman spectrum of crystalline LTB.

In our opinion, the broad structural diffuse band
with maxima at 1342 and 1425 cm−1, which is ob-
served in the frequency interval 1300–1500 cm−1, is a
manifestation of two-phonon states (𝜈 = 1425 cm−1).
The most probable here is the availability of over-
tones and components of vibrational tones in the fre-
quency interval 694–780 cm−1. The maximum at the
frequency 1342 cm−1 characterizes the vibrations of
borate rings and the symmetrical stretching of flat
BO3 triangles. The diffuse maxima at the frequen-
cies 1648 and 1894 cm−1 are responsible for normal
vibrations of boron-oxygen, B–O, bonds [20, 31]. Ac-
cording to the data of works [9,29,32,33], the interval
900–1050 cm−1 corresponds to the symmetric stretch-
ing of the BO3 group (at 936, 953, and 1014 cm−1),
whereas the interval 600–900 cm−1 corresponds to
the asymmetric deformation of flat BO3 triangles (at
694 cm−1) and the vibrations of oxygen bridges be-
tween a tetrahedral boron atom and a trigonal one,
as well as between a tetrahedral boron atom and two
trigonal ones.

Note that, in this frequency interval, vibrations
responsible for the distorted modes of BO4 groups
are also observed. The intensive maximum at the fre-
quency 762 cm−1 characterizes the symmetrical de-
formation of flat BO3 triangles. The interval 400–
600 cm−1 corresponds to mixed translational (at 433
and 478 cm−1) and ordinary (at 528 cm−1) vibrations
of lithium ions. In addition, the spectra of lithium bo-
rates with tetrahedral groups [LiO4] contain charac-
teristic lines in the frequency interval 200–400 cm−1,
which correspond to the vibrational modes of the
[LiO6] frameworks. The vibrations in this spectral in-
terval (200–300 cm−1) can also be attributed to the
vibrations of the BO3 and BO4 groups in the struc-
ture of the [B4O7]2− cluster as a whole, which leads
to the deformation of the latter [34].

The spectral interval 0–200 cm−1 (the lines at
71, 110, and 152 cm−1) characterizes the “external”
modes of structural complexes that are included in
the matrix of glassy Li2B4O7. In addition, normal
vibrations of ligands with Eg3+ ions in LTB struc-
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tural complexes can also contribute to this interval
(Fig. 1, 𝑏–𝑑) [31].

At an Er2O3 concentration of 0.01 wt% (Fig. 1, 𝑒),
the vibrational modes at the frequencies 1323, 1329,
and 1450 cm−1, which correspond to vibrations of
the [LiO4] clusters, partially survive in the Raman
spectrum. In the interval 400–600 cm−1, according
to work [28], a superposition of vibrations of [LiO4]
groups and [BO4] tetrahedra takes place. The bands
at the frequencies 694 and 762 cm−1, as it occurs in
the case of other spectra (Fig. 1, 𝑎–𝑑), are responsible
for the vibrations of oxygen bridges between a tetra-
hedral boron atom and a trigonal one, and between a
tetrahedral boron atom and two trigonal ones, as well
as for the symmetric deformation of planar triangles
of [BO3] groups, respectively.

In the case of the maximum studied impurity con-
centration (0.05 wt% Er2O3) (Fig. 1, 𝑓), the Ra-
man spectrum demonstrates quite clearly the max-
ima that according to their energy positions (at 77,
98, 121, 297, 399, 493, and 560 cm−1) correspond
to the Raman spectrum of Er2O3 oxide with cubic
system within the spectral interval 70–600 cm−1 and
agree well with the data of works [34–39]. Two groups
of vibrations can be distinguished in this frequency
interval of optically active phonons. Internal vibra-
tions owing to the distortion of octahedral [Er2O6]
clusters prevail in one group (above 300 cm−1), and
translational vibrations of octahedra and Eg3+ ions
(Eg3+–O–Eg3+ or O–Eg3+–O) in the glassy structure
of Eg3+−Li2B4O7 dominate in the other group (be-
low 200 cm−1).

These results agree with the data of work [24] The
cited authors, on the basis of EXAFS (extended X-
ray absorption fine structure) spectra and theoretical
calculations, showed that, when glassy LTB is acti-
vated, the hybridization of triply charged ions of rare
earth elements (in our case, Eg3+) with the LTB ma-
trix takes place. Since B4O7 borates in the Li2B4O7

matrix are connected by strong covalent bonds, the
Er3+ ions most likely occupy the positions of Li+ ions
(the latter are connected with basic borates via ionic
bonds [40]) and form structural complexes [Er3+–
Li2B4O7] through the bonds with oxygen atoms with
coordination numbers within an interval of 6–8. It
should be noted that erbium atoms are much heav-
ier than oxygen ones; therefore, the motion of oxy-
gen atoms plays a dominant role in the vibrational
stretching modes of Er–O bonds [41].

The broad diffuse maximum observed in the fre-
quency interval 600–1000 cm−1 (Fig. 1, 𝑓), as it is in
the other spectra, arises due to the asymmetric defor-
mation of flat BO3 triangles (the feature at 694 cm−1)
and the superposition of vibrations of oxygen bridges
between tetragonal and trigonal boron atoms. In ad-
dition, the superposition of indicated vibrations and
the vibrations of octahedral [ErO6] complexes can
also contribute to this band.

3.2. Raman spectra
of glassy Li2B4O7 : Tb2O3

In the researched Raman spectra of glassy
Li2B4O7 : Tb2O3, four intervals can be conditionally
distinguished. They correspond to the main groups
of observed maxima within intervals of 70–600,
600–850, 850–1200, and 1200–2000 cm−1.

When activating Li2B4O7 with the Tb2O3 admix-
ture to 0.0005–0.05 wt%, the structure of the Ra-
man spectra becomes substantially complicated in
comparison with that for the stoichiometric composi-
tion (Fig. 2, 𝑏–𝑓). For instance, in the spectral inter-
val 70–600 cm−1, instead of three bands (Fig. 2, 𝑎),
eight intensive vibrational bands are observed at the
frequencies 95, 119, 169, 246, 301, 387, 441, and
538 cm−1, as well as a low-intensity band at the
frequency 488 cm−1. The positions of those bands
practically do not change as the Tb2O3 concentra-
tion grows. The only exception is the band observed
at the frequency 169 cm−1 when the Tb2O3 concen-
tration equals 0.0005 wt% (Fig. 2, 𝑏). With the fur-
ther increase of the impurity concentration (Fig. 1, 𝑐–
𝑓), this band shifts towards lower frequencies (to
153 cm−1). At the same time, if the Tb2O3 concen-
tration grows further from 0.001 to 0.05 wt%, the
position of this band does not change. At the max-
imum Tb2O3 concentration of 0.05 wt%, there ap-
pears a band in the Raman spectrum at the fre-
quency 70 cm−1 (Fig. 2, 𝑒), which was absent at
lower activator concentrations (Fig. 2, 𝑏–𝑒). As the
concentration of Tb2O3 grows, changes in the inten-
sity ratios of the vibrational bands are observed in
the considered spectral interval (70–600 cm−1). Addi-
tionally, a clear broadening of those bands is observed
for the compositions Li2B4O7 : 0.005 wt% Tb2O3 and
Li2B4O7 : 0.01 wt% Tb2O3 (Fig. 2, 𝑑, 𝑒).

In the spectral interval 600–850 cm−1, instead of
the broad band with a maximum at the frequency
762 cm−1 (Fig. 2, 𝑎), a narrower band with a max-
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imum at the frequency 768 cm−1 is observed ir-
respective of the activator concentration (0.0005–
0.05 wt.%). The intensity of this band increases with
the increasing impurity concentration (Figs. 2, 𝑏–
𝑒). In addition, in the considered spectral interval,
there is also a low-intensity band at the frequency
838 cm−1, which appears in the Raman spectra in the
form of a rather clear maximum at all activator con-
centrations, except for 0.005 wt% Tb2O3 (Fig. 2, 𝑑).

In the frequency interval 850–1200 cm−1, instead
of two bands located at the frequencies 956 and
1121 cm−1 in the case of stoichiometric composition
(Fig. 2, 𝑎), an intensive band with a maximum at the
frequency 1024 cm−1 and a low-intensity band at the
frequency 956 cm−1 are observed at all activator con-
centrations (Figs. 2, 𝑏–𝑓). In addition, a band with
a maximum at the frequency 1093 cm−1 is observed
in the Raman spectra at the activator concentrations
0.0005, 0.001, and 0.05 wt% Tb2O3 (Figs. 2, 𝑏, 𝑐,
𝑓), and a band at the frequency 1121 cm−1 at the
Tb2O3 concentration 0.01 wt% (Fig. 1, 𝑒). In the indi-
cated frequency interval, the intensity ratios between
the Raman bands also change with the increase of
the activator concentration. The minimum intensity
of the bands in this spectral interval is observed for
the Tb2O3 concentrations 0.005 and 0.01 wt%.

In the frequency interval 1200–2000 cm−1, instead
of the broad peak located at the frequency 1427 cm−1

in the case of stoichiometric LTB (Fig. 2, 𝑎), a num-
ber of bands (at 1232, 1293, 1350, and 1436 cm−1)
are observed in the Raman spectra of activated speci-
mens; their clear manifestation changes as the Tb2O3

concentration increases (Figs. 2, 𝑏–𝑓). Furthermore,
their intensity ratios also change. In particular, with
the increase of the activator concentration, the inten-
sity of the band with a maximum at the frequency
1350 cm−1 becomes lower than the intensity of the
neighboring band with a maximum at the frequency
1436 cm−1, which reaches its maximum at the Tb2O3

concentration 0.01 wt% (Fig. 2, 𝑒). At the same con-
centration, a band with a maximum at the frequency
1293 cm−1 distinctly manifests itself in the Raman
spectrum; at other activator concentrations, it re-
veals itself very weakly (Figs. 2, 𝑏–𝑑, 𝑓). At the max-
imum examined concentration of 0.05 wt.% Tb2O3,
the intensity of the band with a maximum at the
frequency 1350 cm−1 increases again, whereas the
neighboring band (at 1436 cm−1) is only weakly vis-
ible against its background (Fig. 2, 𝑒). As for the

band at the frequency 1232 cm−1, it appears rather
clearly in the Raman spectra of activated LTB only
at the impurity concentrations 0.0005 wt% Tb2O3

and 0.05 wt% Tb2O3 (Figs. 2, 𝑏, 𝑓). Note also that
in this spectral interval, diffuse vibrational bands
with maxima at the frequencies 1653 and 1891 cm−1

are observed in the Raman spectra of activated
LTB. The intensities of those bands increase with the
growing activator concentration and reach the max-
imum values at the Tb2O3 concentration 0.01 wt%
(Fig. 2, 𝑒). With further increase of the Tb2O3 con-
centration decreases the intensity of those bands sub-
stantially (Fig. 2, 𝑓). On the other hand, at the con-
centration 0.01 wt% Tb2O3 (Fig. 2, 𝑒), two bands
with maxima at the frequencies 1605 and 1653 cm−1

are observed instead of one band with a maximum at
the frequency 1653 cm−1.

Let us now consider the origin of the vibrational
structure of glassy Li2B4O7 : Tb2O3. When interpret-
ing the observed Raman maxima, we based our anal-
ysis on the known vibrational frequencies of the struc-
tural complexes [LiO4], [LiO3], [BO4], and [BO3] in
various compounds on the basis of Li2B4O7 [9, 18–
20, 28, 29, 32–34], as well as on the infrared and Ra-
man spectra of Tb2O3 and Tb4O7 single crystals [13–
15, 34, 39].

A comparison of our spectra with the Raman spec-
tra of single-crystalline Tb2O3 with cubic system in a
frequency interval of 70–600 cm−1 [15] demonstrates a
good (if we take into account the inclusion of Tb2O3

into the disordered LTB matrix) coincidence of the
frequencies of the maxima at 95, 119, 169 (153),
301, 387, 441, and 538 cm−1, which are observed in
both spectra. The indicated frequencies correspond
to one-, two-, and three-dimensional symmetric vi-
brations of the structural complexes included in the
matrix of Li2B4O7 : Tb2O3. In the considered fre-
quency interval (70–600 cm−1), two groups of opti-
cally active vibrations can be distinguished. In our
opinion, internal vibrations associated with distor-
tions of octahedral [Tb2O7] clusters prevail in the first
group (>200 cm−1), whereas translational vibrations
of these octahedra and Tb3+ ions (Tb3+–O–Tb3+ or
O–Tb3+–O) in the glassy structure of Tb3+−Li2B4O7

dominate in the second group (<200 cm−1). Note
that terbium atoms are much heavier than oxygen
ones. That is why the motion of oxygen atoms plays
a dominant role in the vibrational stretching modes
of Tb–O bonds.
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Note also that normal vibrations of the [LiO6]
frameworks also contribute to a frequency interval of
70–450 cm−1 [17, 18, 23, 25, 26, 28–32, 42, 43]. The-
refore, in this interval, the shifts of the maximum po-
sitions in the Raman spectra of the Li2B4O7–Tb2O3

system with respect to the normal frequencies of in-
ternal vibrations of Tb3+–O–Tb3+ or O–Tb3+–O are
possible due to distortions of the octahedral clusters
[Tb2O7] and the octahedral complexes [TbO7].

In the considered frequency interval (70–600 cm−1),
mixed translational (at 441 and 488 cm−1) and vi-
brational (at 538 cm−1) oscillations of lithium ions
also appear [27], as well as vibrational oscillations of
oxygen atoms (at 246 cm−1) [42]. In this case, the
intensities of the bands with the maxima at the fre-
quencies 441 and 538 cm−1 are much higher than in
the case of stoichiometric composition (Fig. 2, 𝑎). In
our opinion, this is a result of changes in the length
of chemical bonds and the angles between them in
the LTB matrix owing to the inclusion of octahedral
structural units of the Tb2O3 oxide.

The frequency interval of 70–600 cm−1 also in-
cludes the frequencies of “external” vibrations of
the structural complexes included in the matrix of
glassy LTB, vibrational oscillations of [LiO6] frame-
works, and vibrational oscillations of groups [BO3]
and [BO4] in the structure of the [B4O7]2− cluster
as a whole [19, 31, 42]. However, the contribution of
those vibrations to the revealed structure of the Ra-
man spectra of activated LTB is insignificant.

Let us now consider the structure of Raman spectra
that is observed at frequencies above 600 cm−1. Ac-
cording to the available data [9,14,15,19,20,29,31–33]
and taking into account the deformation of the glassy
Li2B4O7 matrix, the observed maxima can be ex-
plained as a result of vibrations related to symmetric
deformation (at 768 cm−1), symmetric stretching (at
956 cm−1) of [BO3] groups, and deformation of [BO4]
groups (at 1024, 1093, and 1121 cm−1). The broad
structural diffuse band with maxima at the frequen-
cies 1293, 1350, and 1436 cm−1 arises due to the su-
perposition of vibrational oscillations of borate rings
(at 1350 cm−1), symmetric stretching of [BO3] groups
(at 1436 cm−1), and vibrations of [TbO6] structural
complexes (at 1293 cm−1). In addition, a certain con-
tribution to the intensity of the maximum at the fre-
quency 1293 cm−1 is also given by the normal vibra-
tions of boron-oxygen (B–O) bonds. Note that the
activation of glassy LTB with terbium oxide leads to

an increase in the frequencies of symmetric deforma-
tion (from 763 to 768 cm−1) and symmetric stretching
(from 1428 to 1436 cm−1) of the [BO 3] group.

Vibrations of octahedral structural complexes
[TbO6] are also responsible for the appearance of
maxima at the frequencies 1605 and 1653 cm−1

(Fig. 2, 𝑒). As concerning the broad diffuse band with
a maximum at 1891 cm−1, in our opinion, it arises
due to the superposition of linear vibrations of the
Tb3+–O–Tb3+ or O–Tb3+–O chains in the structure
of octahedral [Tb4O7], [Tb2O3], and [TbO2] clusters,
as well as B–O–B chains in structural [B4O7] com-
plexes [13–15].

Unfortunately, the currently available data [9, 13–
15, 18–20, 28, 29, 31–34, 39] are insufficient to un-
ambiguously explain the nature of the strongly pro-
nounced maximum at the frequency 70 cm−1, which
appears in the Raman spectrum at the maximum ac-
tivator concentration of 0.05 wt% [Fig. 2, 𝑓 ], as well
as the nature of the weakly intensive maxima at the
frequencies 838 and 1232 cm−1.

4. Conclusions

Raman scattering spectra of glassy lithium tetrab-
orate activated with erbium and terbium oxides to
various concentrations (0.0005–0.05 wt%) have been
studied. It is shown that the introduction of the
Er2O3 and Tb2O3 impurities into the LTB matrix
leads to a substantial complication of Raman spectra
even at the minimum impurity concentrations. In this
case, the structure of the Raman spectra for glassy
Li2B4O7 : Tb2O3 does not practically change if the
impurity concentration increases. At the same time,
a qualitative change in the structure of Raman spec-
tra is observed for Li2B4O7 : Er2O3 at high impurity
concentrations (0.01–0.05 wt%).

The identification of the obtained Raman spectra is
carried out. It is found that most vibrational modes
of Li2B4O7 : Er2O3 and Li2B4O7 : Tb2O3 glasses are
induced by mixed vibrations of various types. In
the framework of the medium order approximation,
those vibrations are connected with one another
by means of a deformed framework structure con-
sisting of boron-oxygen and erbium/terbium-oxygen
complexes.

The obtained results testify to the hybridization of
the orbits of tricharged Er3+ and Tb3+ ions in the
Li2B4O7 matrix. As a result, as the concentration of
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the Er2O3 and Tb2O3 impurities increases, the struc-
ture of glassy LTB becomes clustered with the forma-
tion of crystallites in the Er/Tb–B4O7 system, which
gives rise to a partial inclusion of the cubic symmetry
of Er2O3 and Tb2O3 into the tetragonal symmetry of
Li2B4O7.

The changes revealed in the Raman spectra of
glassy LTB activated with erbium and terbium oxides
can provide information on the spectroscopic manifes-
tation of impurity scattering, and they can be used to
determine the crystallographic parameters of borates
of various types.
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КОМБIНАЦIЙНЕ РОЗСIЮВАННЯ СВIТЛА
СКЛОПОДIБНИМ ТЕТРАБОРАТОМ ЛIТIЮ,
АКТИВОВАНИМ ОКСИДАМИ ЕРБIЮ ТА ТЕРБIЮ

Дослiджено спектри комбiнацiйного розсiювання склоподi-
бного тетраборату лiтiю, активованого оксидами ербiю та
тербiю рiзної концентрацiї. Встановлено, що основну части-
ну структури спектрiв комбiнацiйного розсiювання дослi-
джених зразкiв скла Li2B4O7 : Er2O3 та Li2В4О7 : Tb2О3 у
межах усередненого порядку зумовлено змiшаними коли-
ваннями складних бор/лiтiй/ербiй/тербiй-кисневих стру-
ктурних комплексiв.

Ключ о в i с л о в а: комбiнацiйне розсiювання, тетраборат
лiтiю, оксид ербiю, оксид тербiю, структурнi комплекси,
змiшанi коливання, фонони.
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