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TEPMHUYECKAS CTABUJIBHOCTB U HK-CIIEKTPbI CTEKOJI COCTABOB
(GA2S3)0.60(LA2S3)0.20(SM2S3)0.20 I (GA2S3)0.55(LA2S3)0.15(SM2S3)0.30

Abstract. The physical-chemical properties and thermal decomposition, as well as the IR spectrum of glass
COfT'IpOSitiOI"IS (G&zSe,)o_eo(Lazss)o_zo(smzsg)o,zo and (63253)0_55(Lazss)o_15(5m283)0_3o were examined. It was
determined that the glass composition (Ga2S3)o.60(La2S3)0.20(SM2S3)0.20 at 865 K is resistant to ambient oxygen. In
the IR spectrum of the bands of glasses characterizing the Me-S bond, the intensity is increased and shifted to the
high-frequency side of the spectrum in comparison with the initial crystal components, which is probably due to
the increased covalence of the Me-S bonds.

AnHoTanust. M3ydeHsl GU3NKO-XUMHYECKHE CBOICTBA M TEPMHUUECKOE pasjiokeHue, a Takxke MK-cnekrpsl
CTEKOJI COCTaBOB (G3253)0,60(Lazs3)o,zo(5m253)o,zo u (G3253)0,55(L6253)o,15(Sm253)o,3o. VYcraHOBIEHO, YTO CTEKJIA
coctaBa (GazS3)o.60(La2S3)0.20(SM2S3)0.20 ipu 865 K ycToituuBel k kucnopoay Bozayxa. B MK-crekTpe y mosoc
CTCKOJI XapaKTCPpU3YIOIINX CBA3b Me—S, O CPAaBHCHUIO C HCXOAHBIMH KPUCTAINIMYCCKUMH KOMIIOHCHTAMHU
yBCJINMYCHA MHTCHCHUBHOCTL M CMCIHICHA B BBICOKOYACTOTHYIO CTOPOHY CIICKTPA, YTO BCPOATHO O6YCJ'IOBJ'I€HO

YCHUIICHHUEM KOBAJICHTHOCTHU cBs3eit Me-S.
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In recent years, there has been a great interest in
the search for new materials, lanthanides, which could
be used for optical devices. The glass-like base material
is considered to have a minimum absorption coefficient
within the range of wavelengths of interest. It’s
Compatibility with the waveguide fabrication process
and for most applications with a low non-radiative
increment of decrease of the excitation state solidness
has a high rate of decay of the level density at radiation
[1]. Among many alternatives, chalcogenide glass has
become a serious rival for such ion-activated lanthanide
of optical devices. Chalcogenide glasses provide a wide
range of transparency ranging from 0.5 to 10 um and a
high refraction ratio (2.4) [2], low peak phonon energy

425 sm? [3] and high solubility allowing the
introduction of high concentrations of lanthanides.
They're thermally stable. In addition, compared with
silicate, fluoride glass-like bases, chalcogenides
achieved a significant improvement in quantum
efficiency for lanthanide electronic transitions
occurring from levels with a small energy gap to the
adjacent underlying level. These properties make it
possible to observe new lanthanide electronic
transitions in the mid-infrared region of the spectrum,
which cannot be observed in silicate and fluoride
glasses, and open the possibility of creating effective
amplifiers in  the region of the second
telecommunication window at a wavelength of 1.3 pm
[4, 5].

Therefore, the aim of this work was to determine
the probable boundary of the glass formation, as well
as the study of some physical and chemical properties

of the newly synthesized phases of the system under
study.
EXPERIMENTAL PART

In our experiments, B-GazSs, a-LazSs 1 oi-Sm,Ss
were used as initial components. B-GazSs is synthesized
from elements crystallizing in the monoclinic system,
similar to the literature data [2]. o-LazSs and a-Sm;S3
are commercial reagents crystallizing in the rhombic
system corresponding to the lattice parameters in [7].

Synthesis of the specimen from the region of glass
formation consisting of these components was carried
out under the pressure of sulfur vapor at 1425 K in a
glass-graphite calcinatory placed in a quartz reactor [8].
The synthesis lasted for 2.5 h; subsequent hardening
was carried out at a temperature of 1425 K by
immersion in water of room temperature.

DTA of the samples were made using the
derivatograph Q-1500D at the heating rate equal to
15°/min. All the observed effects were endothermic,
reversible. X-PhA were carried out using the
diffractometer “Dron-2” in Cu-Ko emission with Ni-
filter. The microhardness of the specimens was
measured by PMT-3 hardness tester, and the optimal
load of the specimen was 20 g. Microstructural analysis
was carried out by MIM-7 microscope. The
pycnometer method was used to determine the density
of the specimen at a temperature of 300 K (filler —
toluene).

IR absorption spectra of the initial components
and glass samples were measured on the spectrometer
"Spekord M80" in the area of 200-3000 sm™* at 295 K.
To record the spectra, the specimen was prepared in the
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form of paste on paraffinic oil; a window made of
polymethylene and KBr was used.
DISCUSSION OF THE OUTCOMES

With the methods, physic-chemical analysis
(DTA, DTG, XRA, MSA) were defined the boundary
of the area of glass formation in the system La,Ss—
GazS3-Sm,S; and specified its boundaries (Fig.1).

In the figure (mim2; u mi'my") the area of glass
formation is limited in the system La;S3—GazSs—Sm;Ss.
Shaded area conforms to transparent stable glasses. The
shaded strips in the figure correspond to opaque stable
glasses and are explained by the presence of
crystallization centers, which was confirmed by the
XRA method (Fig. 2).

In triple glass in the area of rich La,Ss, the stain of
glass with an increased percentage of Sm,Ss, darkens
from yellow to ruby. The resulting glass is stable at
room temperature in the air, in the water and in the
organic solvents. Alkalis and acids partially break do-
wn them. With a slight heat completely dissolved in the
sulfochromic mixture (bichrome).

In view of isoctructurality La,Ss and Sm.Ss, their
diffraction pattern is almost the same (Fig. 2).
However, diffraction effects Sm,S; slightly displaced
to the angle (2) of increase. On the diffraction pattern
of alloys in the area of transparent glass formation, the
diffraction effects of the alloy composition
(GazS3)0.60(La2S3)0.20(SM2S3)0.20 are not observed. Glass
composition (GazSs)os5(LazS3)0.15(SM2S3)o30 IS not
transparent, diffraction pattern which confirms the
availability of crystallization centers.

Microhardness of glass composition
(G&zS:g)o,eo(LazS:g)o,zo(Sm253)o,2o equal to 600 MPa was
studied.

The derivatographic analysis shows that during
the thermal decomposition of the glass composition
Ga2S3)0.60(La2S3)0.20(SM2S3)0.20 in the air at 865 K, its
softening occurs, which is accompanied by endoeffects.
Observed at 915-1230 K, exoeffects and mass loss
indicate a tendency of sequential oxidation of the glass.

Referring to the coincidence of the temperatures
of crystallization and beginning of decomposition of
the glass, exo-effects of crystallization was not
determined. Thermolysis weight loss is 9.8%.

As Figure 4 shows, the IR spectra of Sm,Ss, La:Ss
u Ga,Ss, identical in the area of 220-360 sm, there are
also intense bands related to the valence vibrations of
the Me-S bonds, however, these bands appear in the
GazSsspectra at a higher frequency area of the spectrum
(260-480 sm™). In addition, the spectra of these sulfides
show a number of weak bands in the area of 540-750
sm?, which apparently also belong to the valence
vibrations of Me-S. Note that these bands in the spectra
of glasses obtained from the combinations of these
sulfides become more intense, which, apparently, is due
to the change in the covalence of the Me-S bonds. The
spectra (Gazss)o_eo(Lazsg)o,zo(sm283)o_zo and
(GazS3)0.60(SM2S3)0.40 also have wide intense bands of
260-500 sm™* with several maxima of 280 w., 320 str.,
380 str. and 280 w., 295 med., 320 str., 360 pl., 385 s.
420 pl., 460 med., respectively. As can be seen, these
bands are shifted to the high-frequency side of the

spectrum in comparison with the spectra of individual
sulfides, which is also probably due to the increase in
covalence of Me-S bonds.

Thus, the boundaries of the area of glass formation
in the system La,Ss—Ga»Ss—Sm,Ss were determined and
the thermal decomposition and IR spectra of the
obtained glasses were studied. It was established that
the glass composition (GazSs)o.60(La2S3)0.20(SM2S3)0.20
at 865 K is resistant to ambient oxygen. IR spectra of
the obtained double and triple glasses are almost
identical. In the glass bands characterizing the Me-S
bond in comparison with the initial crystal components,
the intensity is increased and shifted to the high
frequency side of the spectrum, which is probably due
to the increase in the covalence of the Me-S bonds.
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Fig. 2. Diffractogram of alloys system La2S3-Ga2S3-Sm2S3


https://doi.org/10.1016/S0022-3093(99)00859-5
https://doi.org/10.1016/S0022-3093(99)00859-5

L m
16

Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #9(49), 2019 EESIL

Comn B ARE
233 8§ J97
1T 1
S
& TG
=
<
o
3
: DTG
2
g
=
DTA
g

TK
Fig.3. Derivatogram of thermal decomposition of glass composition La2S3 — Ga2S3 — Sm2S3 in air
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Fig.4. IR-spectrum of alloys of the system La2S3 — Ga2S3 — Sm2S3



