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The concentration series of the lithium-vanadate-borate glass samples of xLi2O–2V2O5–(98− x)B2O3

(x = 8–58) composition was synthesized by the melt quenching procedure and studied. Some of the
samples were doped with luminescent LaVO4:Eu,Ca vanadate nanoparticles. Emission spectra of the un-
doped samples consist of the wide bands of own luminescence peaked at 540, 650 and 720 nm, whereas
spectra of the doped samples are linear and observed in the 570–720 nm spectral range. These spectra
correspond to Eu3+ ions intrinsic emission. Lithium oxide component adding to the vanadate-borate
glass composition increased the optical quality of the samples and affected their luminescence spectra.
Manifestation of own luminescence together with the luminescence of the embedded LaVO4:Eu,Ca
nanoparticles is a basis for the elaboration of glass-ceramics materials available for use as luminescent
converters in WLEDs devices.
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1. Introduction

Glass-ceramics (GCs), and in particular trans-
parent glass-ceramics (TGCs), which consist of
a glass matrix embedded with inorganic micro
and nanosized crystalline particles (M/NPs), are
solid state materials promising for various optical
and optoelectronic applications [1–4]. Especially,
they can be used as luminescent converter cover-
ings for white light-emitting diodes (WLEDs). For-
merly, some TGCs were elaborated on and studied
with the aim to replace silicon-phosphor converters
with phosphor-glass ones, but the researchers have
mainly paid attention to luminescent YAG:Ce par-
ticles embedded into oxide glass matrices [1 , 5–7].
In many cases, multicomponent glasses (4–6 compo-
nents) were used as matrices of glass-ceramics. Such
glasses are used in order to reduce temperatures of
the melting and processing of a glass. It is also im-
portant to take into account the interaction of the
glass phase with crystalline particles. This inter-
action, especially at high processing temperatures,
can significantly affect the properties of a manufac-
tured glass-ceramic composite. (Particularly, it was
difficult to avoid changing the M/NPs size under
the effect of the relatively high temperature of their
treatment). The use of multi-component glass was
also associated with the efforts of researchers to con-
form refractive indexes of the glass matrix and crys-
tal particles. Otherwise, the resulting glass-ceramic
is often opaque or translucent, and it is character-
ized by strong light scattering.

It is easy to see that, in some cases, one of the
components of the developed GCs was boron oxide
B2O3. It is not surprising because B2O3 is one of
the best glass-forming oxides. Materials based on
the borate glass possess high mechanical, chemical
and thermal stability, and they are widely used for
the needs of optical science, related techniques, and
biomedical applications [2, 8–10]. That is why, in
our research on the development of glass-ceramic
luminescent converters for WLEDs, we have focused
on the borate glass matrix [11].

Our development has significant novelty com-
pared to the above-mentioned works. (i) The vana-
dium oxide V2O5, was added to the starting charge
in the production of glass. It is known that V2O5

modifies the structure of the borate glass network.
This oxide can also be a glass-forming agent if
its concentration is high [12–14]. (ii) Lanthanum
vanadate nanoparticles doped with Eu3+ ions,
LaVO4:Eu, were used by us as a crystalline compo-
nent of glass-ceramics. The LaVO4:Eu luminescent
properties have been studied by us in detail [15–17].
The presence of vanadate groups in the composi-
tion of both the glass matrix and the crystalline
component can significantly increase the efficiency
of glass-ceramics luminescence due to an increase
in the light absorption from near-ultraviolet (UV)
and violet (V) part of the visible spectrum [18–21].
These characteristics are very important for lumi-
nescent glass-ceramic converters, which are required
for WLED devices. (iii) We also introduced alkali
metal oxides, in particular lithium oxide Li2O, into
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the borate glass matrix for the same purpose. It is
known that the increase of alkali metal oxides con-
tent in the oxide glass leads to a shift of the opti-
cal absorption edge to longer wavelengths [22–25].
(iv) It should be noted that in WLEDs’ covering
materials, glass usually only plays a role of a bind-
ing media for luminescent particles incorporated
there. In this work, we tried to point out that it
is possible to find TGCs compositions in which the
glass matrix emits its own luminescence in a wide
visible spectral range. Borate glasses, which con-
tain some vanadate groups, may just be such ma-
terials [15, 19, 26]. Own emission of the borate-
vanadate glass matrix is a great advantage because
it can improve color characteristics and enhance the
effectiveness of the GCs luminescent converters for
the WLED devices.

Thus, synthesis and study of concentration se-
ries of the “pure” lithium-borate-vanadate glasses
xLi2O–2V2O5–(98 − x)B2O3 (x = 8–58), as well
as based on them glass-ceramics containing lumi-
nescent lanthanum vanadate particles is the goal of
this work.

2. Experiment

The required calculated amounts of the boric acid
H3BO3, lithium carbonate Li2CO3, and vanadium
pentoxide V2O5 (all of “chemically pure” qualifica-
tion) were taken for the preparation of lithium–
vanadate–borate glass samples. Recently, we have
found that only the samples with 2–4 mass% of the
vanadium oxide content are sufficiently transparent
in the visible range and could be promising lumi-
nescent converters, while the vanadate-borate glass
with higher content of vanadium oxide is character-
ized by brown color, that is not desirable for ap-
plications in WLEDs [11] (Fig. 1a). Thus, the vana-
dium pentoxide content of 2 mass% was selected for
further research.

Fig. 1. Photo (a, b) and SEM images (c, d) of the
4V2O5–97B2O3 (a, c) and 48Li2O–2V2O5–50B2O3

samples (b, d).

The concentration of lithium component varied
from 8 to 58 mass% with 10 mass% step. The
reagents were ground, mixed, and placed in porce-
lain crucibles, then melted for 2 h in the air at
400◦C and 4 h at 90◦C in electric muffle furnace.
After melting, the samples were quickly quenched
using non-magnet metal plates. Some of the sam-
ples were embedded with the luminescent vanadate
La0.8Eu0.1Ca0.1VO4 nanoparticles synthesized by
sol-gel method. Noted lanthanum vanadate compo-
sition was used as it showed maximal intensity of
Eu3+ ions luminescence [15–17]. The compositions
of the synthesized glass samples can be described by
the general formula xLi2O–2V2O5–(98 − x)B2O3,
where x is the Li2O content. The obtained samples
were of good quality. All of them were transparent
glass. The samples had a light coloring that grad-
ually changed from light brown to yellowish, when
the Li2O concentration changed from 8 to 58 mass
% (Fig. 1b).

SEM images of the samples were made for freshly
chipped surfaces. Before SEM measurements, the
surfaces were covered with thin metal films.

Luminescence spectra were measured using
excitation with diode lasers (405, 478 and
532 nm) powerful Xenon lamp DXL-100 and reg-
istered using DFS-12 monochromator with grating
600 grooves/mm, slit on 50 µm and FEU-79 photo-
multiplier.

3. Results

The photoluminescence (PL) light of un-doped
(“pure”) glass visually was of yellow color. The emis-
sion was quite intensive when the PL was excited by
laser radiation. Then thickened vivid yellow track
from the exciting laser beam was clearly visible in-
side the glass. Figure 2a presents the PL spectra of
the xLi2O–2V2O5–(98 − x)B2O3 glass samples at
λex = 405 nm excitation. The PL spectra of the
samples of low Li2O content (Fig. 2a, curves 1, 2)
are presented by the wide band in the range from
450 to 750 nm, covering almost the entire spectrum
of visible light. The position of the emission band
maximum is located near 540–570 nm at 405 nm
excitation. Dependence of the maximum position
and the long long-wave wing in spectra 1 and 2
in Fig. 2 is, obviously, a manifestations of the hid-
den PL bands. In fact, the PL spectra of the sam-
ples with higher Li2Î content have been confirmed.
There is a long-wavelength component with a max-
imum of around 700–720 nm in the spectra of these
samples. The intensity of this PL component in-
creases with Li2O concentration increasing (Fig. 2a,
curves 3, 4). At the same time, the relative intensity
of the noted above short-wavelength spectral com-
ponent decreases, and its maximum position shifts
from 570 nm for x = 8 to 540 nm for x = 58. This
change in the position may be the result of an in-
crease in the intensity of a hidden PL component.
If so, then we should assume that the maximum of
the shortest wavelength band is near 540 nm.
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Fig. 2. Luminescence spectra of the xLi2O–
2V2O5–(98 − x)B2O3 glass samples. Here, x = 8
(1), 28 (2), 48 (3), and 58 (4); λex = 405 (a) and
473 nm (b).

Fig. 3. Excitation spectra of the 48Li2O-2V2O5-
50B2O3 sample at λreg = 550, 580 and 700 nm.

The PL spectra measured under excitations at
λex = 473 nm confirm made assumptions (Fig. 2b).
These data, in general, are similar to those de-
scribed earlier. However, the complex structure of
the spectra was shown better there. It is clear
that the contribution to the total spectra is given
by three strongly overlapping components located
in the ranges 500–620, 600–700 and 670–820 nm.

Fig. 4. Luminescence emission spectra of the
47Li2O–2V2O5–50B2O3–1La0.8Eu0.1Ca0.1VO4

GCs sample (1–3) and La0.8Eu0.1Ca0.1VO4 powder
(4) at λex = 532 (1), 473 (2) and 405 nm (3, 4).

Moreover, both the 500–620 and 670–820 nm re-
gions obviously consist of at least two components
each.

Luminescence excitation spectra registered at
various areas of the PL spectra for the sample
with Li2O concentration x = 48 are presented
in Fig. 3. They are broad band in the spectral range
of 250–425 nm with a maximum of near 360 nm. The
structure of the excitation spectra depends on the
wavelength of the PL registration λreg, and there-
fore, we can also see a weak excitation component in
the range 420–500 nm at λreg = 580 nm. This band
becomes more noticeable for the PL registration at
λreg = 700 nm (Fig. 3).

Luminescence spectra of the glass-ceramics sam-
ples of various compositions are shown in Figs. 4
and 5. The PL spectra of the 47Li2O–2V2O5-
50B2O3–1La0.8Eu0.1Ca0.1VO4 glass-ceramics are
presented in Fig. 4. The obtained spectra are ob-
served in the range of 570–720 nm. They are lin-
ear and consist of four groups of lines at 570–580
(bands of lower intensity), 580–605, 605–635 (bands
of the highest intensity), and 670–710 nm ranges.
The maximum of emission is located at 611 nm. In
the range of 570–605 nm, one can see a slight de-
pendence in the distribution of intensities between
individual lines depending on the wavelength of ex-
citation light. In particular, there is an increase in
the intensity of 577 and 585 nm lines at 532 nm
excitation.

Luminescence spectra of the 17Li2O–2V2O5–
80B2O3–1La0.8Eu0.1Ca0.1VO4 glass-ceramics sam-
ple were measured at the same ranges as for the
previous sample. The PL spectra dependence on
the excitation light wavelength for these samples is
more noticeable, both for the lines 577 and 585 nm
and for the range 605–635 nm, where a maximum
intensity was manifested at 615 nm. These three
peaks are indicated by arrows in Fig. 5.
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4. Discussion

Although many publications have been devoted
to description of the alkali-borate glasses lumines-
cence, they mainly deal with luminescence of the
ions of rear earth (RE) and transition (TE) elements
or ions of heavy elements dopants [2, 9, 19, 24, 26].
Therefore, the interpretation of the observed wide
band luminescence is a difficult task, as the PL
properties of the xLi2O–2V2O5–(98−x)B2O3 com-
position were not described in the literature be-
fore. It is obvious that the vanadium oxide added
to the glass is the main difference between the stud-
ied glass composition and the described elsewhere
Li2O–B2O3 alkali-borate glasses. Thus, it is logi-
cal to assume that vanadate groups or vanadium
ions should be involved in luminescence processes
in elaborated glasses. However, the physical nature
of the observed emission cannot be reliably eluci-
dated yet. Nevertheless, some considerations may
be expressed. The similarity of the excitation spec-
tra in Fig. 3 could indicate the similarity of the ex-
citation processes of the various observed PL com-
ponents. It should indeed be emphasized here that
the observed PL excitation band and the excita-
tions wavelengths applied by us (405 and 473 nm)
lie on the edge of the vanadate-borate glasses ab-
sorption [18, 21, 22]. It means that two types of
absorption (excitation) and luminescence scenarios
can simultaneously occur in the studied systems.
The first is the interband absorption caused by the
main molecular groups that make up the vanadate-
borate glass matrix. It is well known that those
groups are mainly borate (BO4)

4− and (BO3)
3−

anions [8, 12]. The vanadium dioxide, V2O5, intro-
duction to the glass is accompanied by vanadium
ion transformation from V5+ to V4+ charge state
in the form of the vanadyl ion (VO2+) of various
coordination by oxygen ions in the glass matrix.
It leads to a change in the local structure of glasses
and promotes an increase of optical absorption in

Fig. 5. Luminescence emission spectra of the
17Li2O–2V2O5–80B2O3–1La0.8Eu0.1Ca0.1VO4

sample at λex = 405 and 532 nm.

both the spectral range (250–500 nm), used by us
for the PL excitation [18, 21, 22], and in longer
wavelength range [21, 22, 26]. Then, excited energy
transfer (EET) from borate anions to four coordi-
nated V5+ ions (VO3−

4 molecular groups) as well as
direct intra-molecular excitation of the noted vana-
date groups leads to radiation transitions in the
VO3−

4 groups [15, 26, 27] that cause the observed
main bands of the PL. Some details of lumines-
cence spectra can also be caused by radiation tran-
sitions in the vanadyl ions VO2+. Related bands in
the PL spectra can be located near 420, 760–820
and 1000 nm [26].

Two types of oxygen vacancies, such as F
(neutral) and F+ electron deficient oxygen va-
cancy, always exist in large quantities in the
oxide glass matrix, and they can originate in
the PL bands with peak positions around 465
and 520 nm [26].

The second scenario of the PL process in stud-
ied glasses is recombination one, and it takes into
account possible electron transition from the va-
lence band (VB) to oxygen vacancy under excita-
tion near the bottom of the conduction band (CB).
(Average depth of the corresponding metastable
states is about 0.2 eV below CB [28].) The formed
holes are self-localized at the position of the bridg-
ing oxygen between the (BO4)

4− and (BO3)
3−

groups of the glass matrix, thus forming a hole
state with the energy level near 1.0 eV above
the top of the VB [28]. So, radiation recom-
bination of the thus formed electron-hole pairs
can cause luminescence in the red range of the
spectrum.

No doubt, various types of defects formed due to
violations of the glass network structure or by un-
controlled impurities can exist in the manufactured
glass. Obviously, if their concentration is very high,
then the transfer of excitation energy or charge
carriers to the before-mentioned PL centers is dis-
turbed, and the luminescence of such glass may
weaken. This situation, apparently, is realized for
the glasses obtained with a vanadium dioxide con-
tent above 2 mass%. In fact, Fig. 2a and c showed
that noted glasses are of low quality and charac-
terized by significant violations of the structure. As
a result, we were unable to register the luminescence
of glasses of noted compositions.

However, we found that the addition of the
lithium oxide improves the optical quality and
structure of the glass (Fig. 2b and d), which ap-
parently reduced non-radiation losses of excitation
energy. Lithium oxide addition, as has been men-
tioned, influences the structure of the glass by
changing the ratio of the number of (BO4)

4− and
(BO3)

3− groups, and this change should lead to
a change in the number of luminescence centers of
different types and should be reflected in the optical
properties. Actually, this is what we observed as the
spectral changes in Fig. 2, depending on the oxide
content.
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The PL spectra of the glass incorporated with
the La0.8Eu0.1Ca0.1VO4 NPs (spectra of the GCs
samples) consist of linear components only (Figs. 4
and 5). The linear narrow bands observed in the
emission spectra of these samples in the 570–580,
580–605, 605–635 and 670–710 nm spectral regions
belong to the well-known 5D0 → 7FJ (J = 0, 1,
2, 3, 4) electronic radiation transitions in the Eu3+
ions [15–17]. As the own emission of glass matrix
was diminished for the case of GCs samples and
Eu3+ ions were incorporated only into the crys-
talline particles, we can state that the effectiveness
of the NP’s luminescence excitation is higher com-
pared to the glass. (The conditions of luminescence
excitation were similar for both the glasses (see
Figs. 1 and 5) and glass-ceramics (Figs. 4 and 5)).
Besides, we have to suppose that EET occurs from
glass to NPs. In fact, we see that the PL spectra of
glass (Figs. 1 and 2) overlap with the Eu3+ ions ab-
sorption spectra [15–17]. Thus, the EET effect also
promotes quenching the glass’s own luminescence.

Other manifestations of interaction between glass
matrix and embedded NPs were also found. In fact,
redistribution of the relative intensity of the Eu3+
ions PL lines depending on the excitation wave-
length (most noticeable changes are marked by ar-
rows in Fig. 5) is related to the formation of two
types of the Eu3+ PL centers of different site sym-
metry in NPs lattice. We have recently shown that
noted two types of PL centers should be related to
Eu3+ ions located inside and at the surface of the
LaVO4:Eu3+ NPs [15–17]. In this case, observed re-
distribution of intensity and shift of the positions of
the lines in the PL spectra of NPs incorporated to
the glass matrix compared to the spectra of Eu3+
ions emitting in the lattice of initial NPs nanopar-
ticles (please, compare curves 3 and 4 in Fig. 4)
confirm the impact of the glass environment on the
Eu3+ ions located at the surface of NPs. Besides,
it is easy to see that the fine structure of the Eu3+
ions PL spectra is weaker resolved in the case of
NPs placed in the glass matrix (see Fig. 4, curves 3
and 4). This fact can be the manifestation of op-
tical inhomogeneity lines broadening taking place
for the Eu3+ ions located at the surface of NPs,
where these ions are under effect simultaneously of
the electric field of both NPs lattice and the glass
matrix constituents.

5. Conclusions

The set of the lithium–vanadate–borate un-doped
glasses (xLi2O–2V2O5–(98 − x)B2O3, x = 8–58)
was synthesized by melt quenching procedure and
studied.

Increasing of lithium oxide content improves op-
tical quality and modifies luminescence spectra of
the vanadate–borate glass.

Glass-ceramics samples were made via doping
noted glasses by the luminescent vanadate nanopar-
ticles LaVO4:Eu,Ca.

Manifestation of the own luminescence of the
glass matrix and luminescence of the embedded
LaVO4:Eu,Ca nanoparticles under the same excita-
tion wavelength creates a basis for the elaboration
of glass-ceramics materials available for use as lu-
minescent converters in WLEDs devices. However,
further research is needed to increase the efficiency
of wide band luminescence of the glass matrix.
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