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Spectral-luminescent properties of glasses of the
(Y1_XYbX)203—A|203—B203—Si02 + CI'203 + NaZO System

© G.E. Malashkevich!, V.V. Kouhar' , A.A. Ramanenka', I.I. Azarko?, V.N. Sigaev?3, N.V. Golubev?,

M.Z. Ziyatdinova?, E.S. Ignatieva®, S.A. Bahramov*

! Belarussian State University, Minsk, Belarus

2 Stepanov Institute of Physics, Belarusian Academy of Sciences, Minsk, Belarus
* Mendeleev University of Chemical Technology, Moscow, Russia
4 Arifov Institute of lon-Plasma and Laser Technologies, Uzbekistan Academy of Sciences,

100125 Tashkent, Uzbekistan
e-mail: g.malashkevich@ifanbel.bas-net.by
Received August 03, 2021

Revised August 03, 2021
Accepted August 17, 2021

Fused yttrium-alumoborate glasses doped with ytterbium, silicon, chromium, and sodium were synthesized. The

influence of the matrix on the ”spectroscopic behavior” of chromium ions and the efficiency of their sensitization
of Yb*" luminescence was established by spectral-luminescence and EPR studies. It was found that (1) chromium
in alkali-free glasses is mainly in the oxidation degree Cr(III) with an appreciable admixture of Cr(IV) and Cr(V),
(2) the partial replacement of ALO3; or B>O3 by SiO; and Y,03 by Yb,O; affects to a different extent the relative
concentration of optical centers of chromium ions, (3) the addition of alkali results in the formation of Cr(VI)
centers as a result of oxidation of less charged chromium ions and predominantly tetracoordinated Cr*" and Cr>",
(4) Cr*" ions make the main contribution to the luminescence sensitization of Yb** ions, while Cr*" ions and to
a lesser extent Cr’* play the role of luminescence quencher and internal filter. Sensitization of Yb** luminescence
through the charge transfer band in Cr(VI) was found. An alkaline glass doped with Cr and Yb upon excitation
through the sensitizer produced a luminescence quantum yield of 32% and the conditions for its enhancement
were considered. It is shown that the temperature quenching of luminescence of Cr—Yb-containing glasses is

significantly lower than that of Cr-containing glasses.

Keywords: EPR spectra, chromium and ytterbium ions, quantum yield of luminescence, sensitization and

quenching of luminescence.

DOI: 10.21883/E0S.2022.01.53005.28-21

Introduction

Glasses coactivated with Cr** and Ln** ions have been
intensively studied since the early 1980s, when it was
proposed to use them as luminescent concentrators of
solar radiation [1], and found a significant increasing of
the generation efficiency of lamp-pumped erbium lasers
on Yb—Er-containing glasses with additional co-activation
by Cr** ions [2-4]. Although with the appearance of
semiconductor sources of selective pumping the interest in
using the latter to sensitise the luminescence of ,laser
ions has drastically dropped, the intensity of studies of
Cr- and Cr—Ln-containing optical materials practically did
not change. We see the reason for this situation in the
high ,spectroscopic potential“ of chromium ions, due to
the possibility of a significant effect of the composition,
structure and conditions of matrix synthesis on the charge
state of these ions and their spectra [5-10], in an effort
to obtain tunable generation on them, as well as a
combination of wide absorption bands in the UV and
visible regions of the spectrum and luminescence in the
red and near-IR regions, which is promising for solar-
pumped lasers [11] and the above specified luminescent
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concentrators. A particular interest, in our opinion, belongs
to the study of the nature of chromium optical centers
and the processes of sensitization of the luminescence of
Ln* ions by them in yttrium-aluminoborate glasses with a
composition close to the huntite stoichiometry, which ensure
the minimum distance between rare-earth ions ~ 6.7 A [12],
which contributes to a reduced concentration quenching of
their luminescence and a radical weakening of cooperative
interactions. In particular, recently [13] it was found
that the quantum yield of the luminescence of Yb3* ions
in such glasses, not subjected to forced dehydration, is
~ 80% at Yb,Os3; concentration equal to 0.5mol% and
decreases to ~ 60% as the latter increases to 2mol%.
Considering the possibility of chromium ions stabilization
in quartz glasses in Cr>* state, which exhibits sufficiently
intense broadband luminescence in the red region of the
spectrum [9,10,14,15], in the present paper the task was
to investigate the effect of additional introduction of silica
and alkaline oxides on the spectral-luminescent properties
of huntite-like glasses co-activated with chromium and
ytterbium ions.



188

G.E. Malashkevich, V.V. Kouhar, A.A. Ramanenka, I.I. Azarko, V.N. Sigaev, N.V. Golubev,...

Table 1. Compositions of synthesized glasses, their density, refractive index and peak absorption coefficient of impurity OH™ -groups

Sample Y504 Yb,0; ALO; ‘ B,0; ‘ SiO, Cr,04 Na,O 0, n Kot
mol% mass% g/em® em™!

1 100 - 300 600 - 02 - 282(3) | 161(0) 130

2 10.0 — 25.0 60.0 50 0.1 — 2774 1.5999 2.38

3 10.0 — 250 60.0 5.0 0.2 — 2.768 1.6020 1.74

4 10.0 — 250 60.0 5.0 0.2 2.0 2718 1.5875 195

5 10.0 — 250 60.0 5.0 0.2 4.0 2.697 1.5761 242

6 9.0 1.0 300 60.0 - 02 - 288(8) | 160(5) 142

7 9.0 1.0 250 60.0 5.0 0.2 — 2.826 1.5982 149

8 80 20 300 60.0 - 02 - 293(5) | 160(6) 142

9 8.0 2.0 25.0 60.0 50 0.1 — 2.872 1.5993 1.60
10 8.0 2.0 30.0 55.0 5.0 0.2 — 2919 1.6043 247
11 80 20 300 50.0 100 02 - 2042) | 160(8) | 241
12 8.0 2.0 30.0 450 15.0 0.2 — 2.964 1.6107 247
13 8.0 2.0 250 60.0 5.0 0.2 2.0 2.823 1.5863 253
14 8.0 2.0 25.0 60.0 50 0.2 4.0 2.780 1.5752 291
15 8.0 2.0 25.0 60.0 50 0.2 8.0 2.821 1.5617 2.72

Experiment and visible spectral regions, and R5509-73 liquid nitrogen-

The studied glasses were synthesized by charge melting
in a laboratory resistance furnace with SiC heaters in a
platinum crucible at T ~ 1480°C in air for 60 min. As
initial components Y,03 (extra pure), Al(OH)3; (pure for
analysis), H3BO3;, Yb,O3 (extra pure), amorphous SiO;
(extra pure), Cr,O3 (chem. pure), Na,CO; (chem. pure)
were used. The density of the synthesized glasses (p)
was determined by hydrostatic weighing, the refractive
index (n) was measured on an Abbe NAR-3T refractometer
at 1 = 589.3 nm, and the relative concentration of impurity
OH™-groups was estimated from the peak value of the
absorption coefficient in the region of the main vibration of
the O—H (kon) bond, which was determined by the method
in [13]. These parameters and compositions (according to
charge) of the synthesized glasses are summarized in the
Table 1.

The study of electron paramagnetic resonance (EPR) was
carried out on E-112 spectrometer (Varian, USA) operating
in the X-band at room temperature. The concentration of
paramagnetic centers was determined by comparison with
the standard, as standard a certified sample of coal powder
with a certain concentration of centers was used, the g-factor
was determined from the known values of the g-factors of
the reference lines in the EPR spectrum of Mn?* ions in
MgO powder and direct measurements of the frequency
of microwave radiation and the magnitude of the magnetic
field strength under resonance conditions.

Light attenuation spectra (LAS) of synthesized glasses
were recorded on the Cary-500 spectrophotometer (Var-
ian, USA-Australia), and luminescence spectra (LS) and
luminescence excitation spectra (LES) — on the Fluorolog-
3 spectrofluorimeter (HORIBA Scientific, USA). A PPD-
850 Peltier-cooled photomultiplier (HORIBA Scientific) was
used as a detector during LES measurements in the UV

cooled PMT (Hamamatsu, Japan) was used in the near-
IR region of the spectrum. To record LS in the visible region
of the spectrum and up to 1050 nm a Peltier-cooled silicon
CCD-matrix Syncerity (HORIBA Scientific) was used. The
resulting LS and LES were corrected taking into account
the spectral sensitivity of the recording system and the
distribution of the spectral density of the exciting radiation,
respectively, and were expressed as the dependence of the
number of quanta per unit wavelength interval (dN/dA)
on A.

The luminescence quantum yield (n) was determined by
a well-known method using the relation

N = NetScAatl xy / SetAc ety (1)

where S is area under LS; A is sample absorption in %;
| is ,,quantum® intensity of excitation light; the indices ,x“
and et refer to the test sample and standard, respectively.
Certified GLS-2 neodymium glass with an absolute lumi-
nescence quantum yield of 67% and a refractive index of
1.526 at 2 = 589 nm was used as a standard.

To measure the luminescence decay Kkinetics, a
SpectraLED-390 pulsed LED (HORIBA Scientific) with
a radiation wavelength of 389nm and a pulse duration
at half-width of 50 us was used as an excitation source.
Registration was carried out at A, = 976 nm using R5509-
73 photomultiplier. The resulting curves were approximated
by two exponents in DAS6 program (HORIBA Scientific):

F(t) =A+Be /" + Be /™, (2)

where the percentage contribution of each of the compo-
nents (by intensity) was calculated as

Bi = Bi/(Bl + Bz), (3)
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Figure 1. Typical EPR spectra of the studied glasses. Explana-
tions in the text.

15 " T T T T T T T
a |
10 [ 1
= N 12
o [ DN .
<,
JAER
|“ ~ 2 S 1_-,/ /;.\ i
g /

1 L 1 L 1 . I I
400 600 800 1000
A, NM

Figure 2. Light attenuation spectra of alkali-free (a) and
alkaline (b) glasses. Explanations in the text.

and the average lifetime was determined by the formula
<T> = By + Bam. (4)

Temperature measurements were carried out using a
Luma 40S temperature-controlled cell holder (Quantum
Northwest, USA) in a quartz cell filled with distilled
water. The time interval between measurements ensured
the temperature equalization of the cell and the sample.
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Results

Figure 1 shows EPR spectra of glass with composition
(mol%)  9.5Y,03—0.5Yb,03—30A1,03—60B,03+5Na,0
(curve 0) and of sample 3. Here and further, the numbers of
the curves correspond to the numbers of the glass samples
in the Table 1. It can be seen that Cr-containing glass is
characterized by relatively narrow signals at g ~ 1.97 and
4.8 and wide signals at g ~ 5.33. The listed signals are
observed in the spectra of all glasses given in the Table 1,
with main difference in relative intensities and spectral
width of the signal at g ~4.8. Experimental values of
g-factor, the width (AH) and the relative intensity (1) of the
signals, as well as the partial concentration of spins (N;) for
glasses with the same concentration of Cr,O3 (0.2 mass%)
are summarized in the Table 2. As can be seen from
this table, the partial replacement of Al,O3; by SiO, is
accompanied by an increase in N; and N, (compare
samples 1 and 3, and 8 and 7), while the value | slightly
decreases for glasses without Yb (compare samples 1
and 3) and increases by many times in its presence
(compare samples 8 and 7). When B,0; is substituted,
this trend is not observed (compare samples 8, 10—12).
The substitution of Y for Yb in silica-free glass has little
effect on N; and N, however, the value | passes through
an extremum (compare samples 1, 6, 8), while in silica
glass such a substitution is accompanied by a significant N;
and | increasing with a slight decreasing of N, (compare
samples 3 and 7). Alkalinization of glasses, in which
Al,Os3 is partially replaced by SiO,, is accompanied by N,
decreasing and N; and | passage through the extremum
(compare samples 3—5 and 13—15).

Figure 2 shows the LAS of the studied glasses. Here, a
number of spectra are omitted due to their almost complete
coincidence with those shown: the curve I coincides with
the curve 3,6 with 7, 12 with 10 and 11. As can be seen,
the spectra of alkali-free Cr-containing glasses contain wide
weakly structured bands with maxima at An.x ~ 430 and
620nm. The coactivation of these glasses by Yb** ions is
accompanied by the appearance of an additional structural
band with A ~ 976 nm. The silica introduction has
practically no effect on these spectra. The alkalization
of such glasses is accompanied by the appearance of an
additional diffuse band at A ~ 360nm, the intensity of
which increases with increasing of Na,O concentration
(compare curves 13,14, 15), and a noticeable decreasing
of the values k in the band with Aj.x &= 620 nm (compare
curves I and 12 with curves 4, 5 and 14, 15, respectively).

Figure 3 shows the LAS in the region of the
long-wavelength wing of the absorption band with
Amax ~ 620 nm of Cr-containing glasses, recorded at a rate
of 60nm/min and a step of 0.1nm. Here, curve O’
belongs to non-activated glass with composition (mol%)
10Y,03—30A1,03—60B ,03. It can be seen that this wing
goes at least up to 1400nm. The silica introduction into
alkali-free glass is accompanied by a noticeable Kk increasing
in the region of 1000—1300 nm (compare curves / and 3).
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Figure 3. Light attenuation spectra in near-IR region. Explana-
tions in the text.

T T T T T T
| T 2 T :5 T T T |
1
L 4 1
£ 3
=)
SHE _ i
'-c% x20
S - W — 7
% B 1 1 " 1 " 1 ]0 ”
700 800 900 1000
A, nm
1-5
700 800 900 1000

A, nm

Figure 4. Spectra of luminescence. Acxe = 600 nm. Explanations
in the text.

A two times decreasing of Cr concentration in such glass
leads to a disproportionate decreasing of the IR absorption
intensity (compare curves 3 and 2). Additional introduction
of Na,O into such glasses is also accompanied by a signifi-
cant decreasing of this absorption (compare curves 3—35).
Figure 4 shows the LS reduced to the same number of
absorbed quanta at the excitation wavelength Aexc = 600 nm.
It is seen that LS of Cr-containing glasses characterized
by wide band (A1 =~ 230nm) with A, ~ 810nm and
embossed shoulder at A =~ 700nm. The relative intensity
change of this band depending on the glass composition
does not exceed 30% (compare curves /—35 in the insert).
Coactivation of Cr-containing glasses with Yb3* ions results
in a multiple weakening of this band and the appearance of
a luminescence band of these ions. The minimum intensity
of the latter is realized for silica-free glass (curve 8) and
increases by about 25% with the introduction of 5mol%
SiO; (curve 10). SiO, concentration increasing to 15mol%
has practically no effect on the intensity of the integral
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Figure 5. Luminescence excitation spectra. Arc = 1010 nm.

Explanations in the text.

luminescence of such glass — curve 12 coincides with
the curve /0 within the experimental error and is not
shown in the Figure. At the same time, this intensity
increases significantly with Na,O concentration increasing
(compare curves 10, 13, 15). Here, attention should be paid
to a noticeable increasing of the luminescence intensity of
the studied glasses with concentration decreasing of Yb
(compare curves /0 and 7) or Cr (compare curves [0
and 9). Note also that there are no additional luminescence
bands of these glasses in the near-IR region (1.0—2.0 um),
and at Aexe = 470 nm almost by three orders lower intensity
of wide band with A,,,x =~ 550 nm is observed.

The luminescence quantum yield of sample 15, deter-
mined using formula (1) at Aexe = 585 nm, was 32%. Using
the data in Fig. 4, it is easy to determine that values n for
the rest of the samples are as follows: 6.4% (sample 1),
58% (2), 49% (3), 57% (4), 6.6% (5), 112% (7),
7.0% (8), 17.0% (9), 8.9% (10—12), 15.6% (13).

Figure 5 shows the LES of Yb’* ions in Cr—Yb-
containing glasses, obtained at detection wavelength of
Aree = 1010 nm and reduced in maximum to 1. It can be
seen that the spectra of alkali-free glasses (samples 6—12)
are represented by two wide bands at A.x =~ 420 nm and
610nm with shallow depressions in the long-wavelength
band at 4 ~ 645 nm and 680 nm. It should be noted that the
spectra of such glasses with different concentrations of SiO,
(samples 10—12) and Yb,Os (samples 6 and 8) practically
coincide, and therefore one curve of each (curves /2 and &,
respectively) are presented. The spectra of alkali glasses
are characterized by the appearance of additional branch at
A =~ 360 nm, the intensity of which varies symbatically with
the concentration of NayO (see curves 13—15).

The luminescence decay kinetics of Yb’* ions in the
studied glasses is non-exponential. The values of the main
parameters obtained using formulas (2)—(4) under the
conditions described in Section ,,Experiment* and charac-
terizing this process are summarized in the Table 3 for a

Optics and Spectroscopy, 2022, Vol. 130, No. 1
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Table 2. Values of the g-factor, width AH and the relative intensity | of the signal, as well as partial concentration of spins N;

Sample g=197 g~4.8 g~5.33
AH, Gs N;, 10" spin/g AH, Gs N,, 10" spin/g |, arb. units
1 35 0.48 40 6.70 111
3 35 3.17 60 19.70 1.00
4 35 535 50 16.00 143
5 35 495 45 820 1.05
6 35 0.34 40 6.05 143
7 35 6.20 55 18.00 1.52
8 35 0.72 50 11.00 0.30
10 35 0.73 50 10.45 0.81
11 35 0.67 40 6.10 0.71
12 35 0.72 50 12.00 0.71
13 35 1.90 60 8.95 0.52
14 35 3.00 50 8.02 0.86
15 35 1.75 40 3.25 0.20
' ' ' ' ' ' Figure 6 shows the integrated luminescence intensity
1.0 .
of a number of glasses versus their temperature. It
can be seen that the luminescence intensity of alkali-free
@ \ Cr-containing glass decreases to the greatest extent with
§ osl '\ | temperature increasing (curve 3). The alkali introduction
= .\. somewhat reduce§ t.he amplitude of such a drop (curve .5).
&l \-N For Cr—Yb-containing glasses, the temperature decreasing
? \I in the luminescence intensity is much weaker (compare
§ 0.6 . - curves 3 and 5 with curves 7 and 15). Note that for
g 7 samples 8—14 the experimental values lie within the range
" 5 limited by curves 7 and 15. For Yb-containing glasses,
\' both alkali-free and alkaline, the luminescence intensity in
04, . . . . . 3" the studied temperature range decreases by maximum 3%,
20 40 60 30 slightly exceeding the experimental error (2%).
T,°C
Figure 6. Integral luminescence intensity of Cr- and Cr—Yb- Discussion

containing glasses vs. temperature. Aexe = 600 nm. Explanations in
the text.

Table 3. Partial durations of exponential stages of luminescence
decay (71, 12), relative amplitudes (B;), average duration ({r)) and
Pearson’s goodness-of-fit test (x?)

Sample T1, T2, US B, B, (r), us b
7 151, 325 042, 0.58 253 1.04
8 97, 230 0.22, 0.78 206 1.03
9 179, 357 0.31, 0.69 302 1.04
13 135, 287 041, 0.59 224 1.06
15 179, 397 0.54, 0.46 279 1.03

number of glasses. Note here that the used approximation of
the luminescence decay kinetic curves by two exponentials
is formal and allows us to judge only the degree of their non-
exponentiality. In this case, a slight deviation of x? criterion
from 1 indicates an acceptable accuracy of fitting the
calculated curve to the experimental one.

Optics and Spectroscopy, 2022, Vol. 130, No. 1

According to the publications [16-22], the EPR signal
in Fig. 1 at g~ 1.97 can be attributed to Cr’* ions
and exchange-coupled pairs of octahedral coordinated ions
Cr 3+ or to isolated Cr’* centers of cubic symmetry,
the signal at g ~ 4.8 — to isolated Cr3* ions in a highly
distorted octahedral environment, and a wide signal at
g~ 5.33 is attributed to isolated ,,octahedral® Cr3t of
rhombic symmetry in a strong local field. It was shown
in [13] that the concentration of paired Yb—Yb centers
in huntite-like glass is approximately by two orders of
magnitude lower than in high-silica gel glass. There are
no grounds to assume the formation in the studied glass of
noticeable fraction of ,,cubic® centers Cr3*. Therefore, the
contribution of the latter to the EPR signal at g ~ 1.97
can be neglected, taking into account the relatively low
concentration of chromium of these exchange-coupled pairs
Cr3*—Cr**. Determining the concentration of Cr atoms
in these glasses by the formula N, = 0.02NaAP/M, where
Na, p and M are the Avogadro number, mass% Cr;O3
and its molar mass, respectively, we find that it is
~ 15.84 - 10" atom/g. This allows, considering the data in
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the Table 2, to estimate the maximum fractions of Cr’* ions
and highly distorted [CrOg)°~ polyhedra in these glasses
at the level of 3.9% (sample 7) and 12.4% (sample 3),
respectively, of the total chromium concentration. The
estimate of the fraction of centers with g~ 5.33 is less
unambiguous, since the correct determination of the spin
concentration is a problem due to the large width and
unusual shape of the EPR signal. Nevertheless, based
on the much greater width and intensity of this signal as
compared to the close signal with g~ 4.8, it can be
stated that for most glasses the fraction of the corresponding
centers prevails. The only exception is, perhaps, sample 15,
which is characterized by the minimum values of Ny + N,
and |, indicating the presence of a significant fraction of
chromium in the non-paramagnetic form in it. Note that
in the absence of strict reducing synthesis conditions only
Cr** and Cr%* [5] can be such ions.

The differences noted in the description of the Table 2
in the nature of the values change Nj, N, and | upon
substitution of Al,O3 or B,Os3 by SiO,, and also Y,O3
by Yb,O3 can be associated with the effect on the optical
centers of chromium of non-similar changes in the structure
of the glass skeleton due to the difference in the energy
of affinity for oxygen of aluminum, silicon and boron
(Earo > Esio > Egpo) and coordination instability of
Yb** ions [23]. This explanation is also supported by
different change of values n. As can be seen from the
Table 1, partial substitution of Al,O3 or B;O3; 5mol%
SiO; decreases n by 0.008 (compare samples 1 and 3) and
0.0017 (compare samples 8 and 10), respectively, while the
substitution of 2mol% Y,03 by Yb,O3 decreases by 0.004
(compare samples 1 and 8).

It is well known that Cr3* ions in oxide glasses are char-
acterized by typical for octahedral centers wide spin-enabled
but prohibited by symmetry absorption bands *A, —* T
(Amax =~ 420nm)  and  *Ay —=* T, (Amax ~ 610nm);
Cr** jons (in tetrahedral coordination) — by wide electric
dipole absorption band Ay —3 T; with Apa.x ~ 620 nm,
weak magnetic dipole band 3A, —* T, near 1um and
more weak absorption in the region longer than 1200 nm,
due to Fano antiresonance for transitions 3Ay —!' E and
3py =3 T, [24]; Cr’' ions — by wide absorption band
at Amax ~ 465nm (in octahedral environment) [25] and
bands at Ama; ~ 670nm and 1100nm (in tetrahedral
environment) [26], and oxocomplexes [CrO4]*>~ — by
charge transfer band Cr*0%~(3d°2p®) —Cr*O~(3d!2p°)
at Amax =~ 360nm [25]. Therefore, considering the above
mentioned, we can assume that the dominant contribution
to the absorption spectra of samples 1—14 in Fig. 2 is made
by the bands *A, —* T; and *A; —* T, of Cr3* ions. In
this case, in sample 8, according to the small values | and
N; 4+ N, (see Table 2) and the band absence at 1 =~ 360 nm
(see Fig. 2, curve 8), a significant fraction of chromium
is realized in the form of Cr**. As for sample 15, then
based on 35% intensity decreasing of the band *A, —* T,
a multiple increasing of the band with Ay &~ 360 nm and

minimum values Ny + N, and |, the fraction of its non-
paramagnetic centers [CrO4]>~ is comparable to the fraction
of Cr** ions. This situation is also supported by a noticeable
(= 10nm) short-wavelength shift of the maximum of ,red*
absorption band (Fig. 2, compare curves [/ and I5),
indicating the Cr#" fraction decreasing. The presence
of the latter, as well as of [CrO4)*>~ polyhedrons in the
studied glasses, is confirmed by the IR absorption spectra
in Fig. 3, the intensity of which does not contradict the
results of the EPR study. Significantly greater degree of
absorption decreasing in the near-IR region as compared
with the decreasing in the band *A, —* T, of Cr** ions
as the glass alkalizes (compare the corresponding curves
in Fig. 3 and Fig. 2) indicates the primary oxidation of
Cr** and Cr’" ions, which can be attributed to the lower
stability of 3d-electronic configuration of the latter as
compared to Cr**, in which it is half filled. This conclusion
contradicts with N; increasing in the Table 2 (compare
samples 3—5 and 13—15), and is resolved if the fraction
of six-coordinated Cr’" ions increases simultaneously. It
is worthy of note that with decreasing of the chromium
concentration the fraction of Cr** and Cr’* falls more
rapidly (Fig. 3, compare curves 3 and 2).

According to the foregoing, the main contribution to the
LS of the studied glasses should be made by Cr’* ions.
Therefore, the luminescence of Cr-containing glasses in
Fig. 4 (see insert) can be interpreted in the first approx-
imation as a superposition, forbidden by symmetry, but
allowed by the band spin 4T, —* Ay (Amax ~ 820nm) and
narrow, forbidden by spin and symmetry band 2E —* A
(Amax &~ 694nm) of such ions. In fact, LS decomposition
of such glasses into individual components reveals two
more weak bands with A« ~ 730 and 940 nm, the in-
terpretation of which is planned in a separate paper. It
should be noted here that the four-coordinated Cr** and
Cr’t ions in a number of matrices demonstrate rather
efficient wideband luminescence with A, in the region of
1.3—1.5um [14,24,26]. The absence of such luminescence
in our case can apparently be attributed to the effective
energy exchange of the metastable states of these ions
to high-frequency vibrations of impurity OH groups and
BO; groups. As for the band with Ay, = 550nm, it
can be attributed to Cr°* luminescence in an octahedral
environment, and the weak intensity can be explained by
the excitations transfer to Cr3t, Cr*t and four-coordinated
Cr’* ions.

A small (=~ 18%) luminescence intensity decreasing with
the concentration increasing of Cr,O3 from 0.1 to 0.2 mass%
(Fig. 4, compare curves 2 and 3), taking into account the
several times smaller fraction of Cr** and Cr>* in a low-
doped sample (Fig. 3, compare curves 2 and 3), indicates a
relatively weak concentration quenching of Cr3* lumines-
cence. Note that, according to the publications [27,28],
such quenching in a vitreous matrix at concentration of
Cr,03 < 0.1 mass% is practically absent. Multiple (from
7 to 13 times) luminescence attenuation of chromium ions
when 2mol% Yb,0; is introduced into Cr—Si-containing
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glasses indicates the efficient transfer of excitations to
Yb3* ions. In this case, the large difference in the lumines-
cence intensity of the latter (Fig. 4, compare curves 10—135)
can be logically related to the different fractions of Cr#*
and Cr>" ions, which act as luminescence quenchers (both
Cr** and Yb*") and internal filters screening the absorption
bands of Cr** ions. Obviously, the small fraction of Cr**
and minor fraction of Cr>* in sample 15 are the reason for
the relatively large value of the quantum yield of its sensi-
tized luminescence (= 32%). Note that this value, despite
on the relatively high concentration of doping OH™-groups
(kon =~ 2.72c¢cm™1), is by 1.5 times higher than for glass
50Si0,—20A1,03—(30—x—Yy) CaF, — XCrF3 — yYbFs [29].
Considering the dependence of Yb** luminescence quench-
ing probability on the concentration of OH ™ -groups [13], it
can be predicted that the latter decreasing can noticeably
increase 7).

Shorter wavelength (by 10—20nm) position of the band
4Ay —* T, of Cr** ions and the larger steepness of its long-
wavelength wing in LES of the studied glasses (Fig. 5)
as compared to the LAS (Fig. 2) can be explained
by the influence of the internal filter (Cr*' and Cr>*
ions) and weak sensitization of Yb** luminescence by
Cr>* ions in a tetrahedral environment. — Appearance
in LES of alkaline glasses (Fig. 5, curves 13—15) of
explicit shoulder at 4 ~ 360 nm indicates the luminescence
sensitization of Yb’* ions through charge transfer band
Cr*0?~(3d%2p°®) —Cr’*O~(3d'2p®). However, the effi-
ciency of such a process (according to the ratio of intensities
for curves 13—15 in LES and LAS) is low. As for weak
structure on the long-wavelength wing of band A, —* T, at
A =~ 645 and 680nm in LES, also visible in LAS, then it is
explained by Fano antiresonance for transitions A, —2 E,
2T1 and 4A2 —* T2 [30]

Non-exponentiality of the attenuation luminescence ki-
netics of Yb3* ijons and substantially smaller values
of its average duration for glass samples given in
the Table 3 as compared to glass with composition
(mol%) 8Y,03—2Yb,03—30A1,03—60B,03, for which
(r) ~ 500us [13], confirms quenching of Yb** lumines-
cence by Cr** and Cr>* ions. Such quenching is especially
effective, as can be seen from this Table, for sample 8,
which, even though is characterized by a low Koy (Table 1),
but, as indicated above, has a high fraction of Cr** jons.

Significant temperature quenching of Cr3* ions lumines-
cence (Fig. 6, curves 3 and 5) can be logically explained
by probability increasing of tunnel transition from the
vibrational sublevels of state 4T, to highly excited sublevels
of the ground state A, as they approach the point of
intersection of their adiabatic curves. A significant efficiency
decreasing of such quenching for Cr—Yb-containing glasses
is due to the competitive excitations transfer from Cr** to
Yb** and weak temperature quenching of the luminescence
of the latter. Note that knowledge of the temperature
dependence of the luminescence intensity of such glasses
is important in terms of their practical use.
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Findings

Thus, in the glasses of  the system
(Yl_bex)203—A1203—B203—Si02+Cr203+N8.20 in
the absence of alkali chromium is realized in the oxidation
state Cr(III)—Cr(V) with the predominance of Cr(III). The
alkalization of these glasses is accompanied by the formation
of Cr" centers due to the oxidation of chromium ions with
a lower charge and, first of all, four-coordinated Cr** and
Cr>*. Partial substitution in the matrix, other things equal,
of Al,Os by SiO; is accompanied by concentrations in-
creasing of Cr>* and strongly isolated distorted polyhedrons
[CrOg)°~, while the concentration of isolated [CrOg)’~
with rhombic symmetry in strong local field decreases
slightly in glasses without Yb and significantly increases in
its presence. When B,0; is substituted by SiO,, no such
tendency is observed. The Y substitution by Yb is also
accompanied by redistribution of the relative concentrations
of optical centers of chromium ions. The main contribution
to the luminescence sensitization of Yb*" ions is made by
Cr’t jons, while Cr** and, to a lesser extent, Cr>* ions
play the role of the luminescence quencher and internal
filter. An additional contribution to Yb** luminescence is
made by its sensitization through the charge transfer band
in Cr(VI). Reducing the fracture of Cr** and Cr>* ions by
glass alkalizing, optimizing the concentration of chromium
and ytterbium, as well as dehydration can increase the
quantum vyield of the sensitized luminescence of Yb3* ions
noticeably higher the achieved 32%. Cr—Yb-containing
glasses are characterized by significantly lower temperature
quenching of luminescence than in Cr-containing glasses.
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