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Raman scattering and optical absorption edge have been studied in Cug,5sPSsBr crystals
obtained at various technological conditions providing increased copper content and devia-
tion from stoichiometry. The most noticeable changes of Cug,sPSsBr crystal Raman spectra
are revealed in the low-frequency range (v < 100 cm™!) where the modes are observed
belonging to the diffusive-type vibrations of Cu atoms and Cu-Br bond vibrations. The
temperature studies (77-325 K) of the optical absorption edge have shown that in the
superionic phase it is characterized by Urbach shape, copper content increase resulting in
the increase of its energy width. A correlation between the degree of static structural
disorder and the deviation from stoichiometry in Cug,sPSsBr crystals is revealed.

Uccnenosano xombuuanumonuoe paccesuue (KP) cBera m Kpail ONTUYECKOTO TOTJIOIEHUS
kpuctamnoB Cug,sPSsBr, moryueHHEIX U Pa3IMYHBEIX TEXHOJIOTMYECKUX YCIOBHUAX, IPeAyC-
MATPUBAIOIINX yBeJWUEHUE COMEP:KaHUsS MeAW U OTKJIOHEeHHe OT cTexmomerpuu. Hawmbosiee
3aMeTHEIe U3MeHeHUs cueKkTpoB KP kpucranmos Cug,sPSsBr o6Hapy:KeHsl B HUBKOYACTOTHOM
o6ractu (Vv < 100 cm™1), B KoTOpOil HAGIIOZAIOTCA MOABI, OTHOCAINAECH K AU(P(HYIHOHHOMY
Tuny Kosebanuii aromoB Cu u kosaebauusam cBsaszeit Cu—Br. TemmepaTypHBbIe HCCIeIOBAHUS
(77-325 K) xpasd ONTHUYECKOrO IOIJIOIeHUA MMOKA3aJIM, YTO B CYIEePUOHHOH (dase OH MMeeT
ypbaxoBcKyio GOpMy, IpUYEM yBeIUUEHVE CONEPIKAHUsS MeAM NPUBOJUT K YBEJIUUYEHUIO ero
SHEPTreTUYeCKON IIUPUHBLI. Y CTAHOBJIEHA KOPPEJSAIMOHHAS CBA3b MEXKAY CTEIEeHBI0 CTaThue-
CKOr0 CTPYKTYPHOT'O DA3yMOPSJOYEHUsSI M MePOil OTKJIOHEHWS OT CTeXHOMETPUU B KPUCTAJI-
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nax Cug,sPSsBr.

CugPSsBr single crystals are known as
superionic and ferroelastic compounds [1, 2].
At room temperature, these crystals belong
to cubic syngony (space group F43m) while
at low temperatures, two phase transitions
(PTs) are realized therein: a ferroelastic one
at T, = (268 = 2) K and a superionic one at
T, = (166 to 180) K [1, 2]. Below the fer-
roelastic PT temperature, CugPSzBr crystals
belong to monoclinic syngony (Cc space
group), and the superionic PT reveals the
features of an isostructural transformation
[3]. The results of electrical, dielectric, cal-
orimetric, acoustic and optical properties of
CugPSsBr crystals were presented in [2, 4—
10]. In these crystals, due to high concen-
tration of vacancies, two sorts of structural
disorder occur: (i) dynamic structural disor -
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der due to migration of Cu* ions in supe-
rionic phase; (ii) static structural disorder
caused by the increased copper content re-
sulting from differences in the crystal
growth preparation procedure [8]. In this
work, we consider the effect of structural
disorder caused by deviation from the
stoichiometric composition on the low-fre-
quency range of phonon spectra and optical
absorption edge parameters of CugPSgBr
crystals grown under various technological
conditions.

CugPSgBr single crystals were obtained
by chemical transport reactions. For our
studies, four types of samples obtained
under different technological conditions
were used: (a) grown from a stoichiometric
mixture, halogen being used as a transport
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agent (TA); (b) grown from a stoichiometric
mixture, CuBr being used as a TA; (c)
grown from the mixture with excessive
CuBr+Cu,S in the ratio of 3:1; (d) grown
from the mixture with excessive CuBr+Cu,S
in the ratio of 1:3. Raman spectra were
measured at 295 K in a 90° geometry using
a DFS-24 double grating monochromator
[7]. He—Ne (A = 632.8 nm) laser was em-
ployed as the excitation source. The spectral
dependences of absorption coefficient were
studied in the temperature range 77-325 K
by a technique described in [8]; a MDR-3
diffraction grating monochromator being
used. The measurements were carried out for
the samples oriented at room temperature in
cubic phase, the light beam propagating along
[100] crystallographic direction.

The variation of the technological proce-
dures of CugPSgBr crystals growth in the
sequence a—-b-c-d resulted in obtaining
crystals of larger size and with more per-
fect faces. However, this implied the in-
crease of copper content and deviation from
stoichiometry. As follows from the chemical
analysis results, the formula of the com-
pounds under investigation can be written
as Cug.sPS5Br, where the value & is the
measure of the deviation from
stoichiometry. The & value is shown to in-
crease as the growth conditions vary in the
sequence a -b-c-d.

Raman scattering studies of Cug,sPS5Br
crystals have shown that with the increase of
0, the most essential changes are revealed in
the low-frequency range (v < 100 cm™1)

S 1501
©

100

50t 3

2

1

0 1 1 1 1 1
0 20 40 60 80 100

Raman shift (cm*')

Fig. 1. Low-frequency part (v < 100 cm™1) of
the Raman spectra at T =295 K for
Cug,5PSgBr crystals obtained at different
technological conditions: a (1), b (2), ¢ (3).

where the modes belonging to the diffusive-
type vibrations of Cu atoms and Cu—Br bond
vibrations are observed. The low-frequency
range is characterized by strong light scat-
tering at v < 20 cm™! (Fig. 1). Hence, the re-
construction of the true contours of the
spectral bands, their position and halfwidth
is strongly encumbered. Therefore, a proce-
dure taking into account the Bose-Einstein
statistical factor was applied. Such proce-
dure is effectively used for other superionic
conductors [11]. Raman scattering intensity
with the account of the Bose-Einstein factor
is given by

w (1)

Igw) = 1),

Table. Spectral position and halfwidth of the low-frequency Raman bands, parameters of the
Urbach absorption edge and EPI of Cug,;PSsBr crystals obtained at different technological

conditions
Crystal a c d
5 -0.025 0.018 0.222 0.651
v; (cm™) 34.8 41.6 46.6 -
r, (cm1) 26.3 33.0 36.4 -
vy (em™1) 59.9 74.2 77.2 -
My (cm™) 33.9 25.8 20.3 -
EJ (eV) 300 K 2.290 2.298 2.284 2.282
Q (meV) 300 K 25.2 28.1 23.8 42.3
0y (cm™1) 2.68010° 2.6310° 3.280105 4.65010°
E, (eV) 2.453 2.455 2.433 2.542
T, 1.04 0.94 1.24 0.75
7, (mev) 10.3 14.3 30.3 42.8
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where n(w, T) = [exp(Aw/kT) — 1] is the
Bose-Einstein factor; I(w), the experimen-
tally observed intensity (Fig. 1). From the
Raman spectra corrected for the Bose-Ein-
stein factor (Fig. 2), the spectral positions
and half-widths of two low-frequency bands
were calculated (Table). As O increases, a
high-frequency shift of the bands is ob-
served as well as the increase of intensity
and halfwidth of the lower-frequency band
corresponding to Cu atom vibrations. At
that, intensity and halfwidth of the higher-
frequency band corresponding to Cu-Br
bond vibrations decrease.

Temperature studies of the optical ab-
sorption spectra have shown that in the su-
perionic phase at T 2T, in all Cug,sPSsBr
crystals under investigation the absorption
edge is of Urbach shape given by [12]

Chv — Ey0 (2)
a(hv) =ag Dexp ——0
o w 0

where w is the Urbach absorption edge en-
ergy width; oy and E,, the convergence
point coordinates. The comparative analysis
of the absorption edge spectra shows the
variation of 0y and E; values as well as
trends to slight long-wavelength shift of the
absorption edge (decrease of the optical
pseudogap Eé’% and increase of its energy
width under the variation of technological
conditions in the sequence a -b-c—-d. The
temperature dependences of w and the ab-

sorption edge slope parameter T = kT /W are
well described by the Einstein relation [13]

- 0 1 0 3)
W twEs—————————
W=t wl%xp(GE/T) - 1%

and Mahr relation [14]

4)
- 5. O2ETO, T (
o(T) =0 D%%Rh%E

where wy and w; are constant values; O,
the Einstein temperature corresponding to
the average frequency of the phonon excita-
tions in the system of uncoupled oscillators;
ﬁwp, the effective phonon energy in the sin-
gle-oscillator model describing the exciton-
phonon interaction (EPI); 0,, the parameter,
related to the EPI constant g as 1, = (2/3)g 1.

The obtained values of 7, 0, and the contri-
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Fig. 2. Low-frequency part (v < 100 cm™1) of
the Raman spectra at T = 295 K, obtained
with the account of the Bose-Einstein statisti-
cal factor for Cug,sPSsBr crystals, obtained
at different technological conditions: a (1), b
(2), ¢ (3). The dotted lines denote the Gauss-
ian contours simulating the experimental
curve when being superimposed.

bution of static structural disorder into the
absorption edge energy width wy = w, for the
crystals under investigation are listed in Table
1. For all the crystals, the value 0, appeared
to be higher than 1, what is the evidence of
the weak EPI [15], though the variation of the
growth conditions (a -b-c—-d) results in its
considerable enhancement (Table). Besides, the
value w,, being the measure of static struc-
tural disorder is shown to increase with the
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tion from stoichiometry in Cug,sPSsBr crys-

301 ;
E e tals is revealed.
x 25F
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Bojaue CTPYKTYpPHOTO PO3yNmOpAAKYBaAHHA Ha (POHOHHI Ta
eJIEKTPOHHI cIeKTpu cynepioHHuX kKpucraiaiB Cug,sPSs;Br

I1.I1.Cmyodenax, B.O.Cme¢panosur, B.B.Binanuyx,
B.B.Ilanvko, A.I.Cmydenak

Hocmimxeno wkombOimamiiinme posciroBanua (KP) cBitima i Kpait OOTHYHOTO IOTJIMHAHHS
kpucranis Cug,;PSsBr, oTpumanmx y pisHEHX TeXHOJOTiYHMX yMOBax, IO IIepenbadarThb
30igpimenHa BMicTy Mifi Ta BigxuiaenHsa Bix crexiomerpii. Haii6inpim momiTHi sminnm
crexkTpiB KP kpucranis Cug, sPSsBr Bussneno y HuspkouacroTHiit obmacri (v < 100 em D), B
AKiN cIocTepiraroTbca MOAHM, IO HaJAEXaTh A0 AUQY3iiiHoro Tumy KoamsaHb aromiB Cu Ta
KoauBaHb 3B’ s3KiB Cu—Br. Temmeparyphi mocaimxernas (77-325 K) Kparwo OITUYHOIrO IIOTJIHU-
HaHHA IIOKasaju, I0 y cylepioHHiill ¢asi BiH Mae ypOaxiBCcbKy (opmy, mIpuyoMy 30iJIbIIIeH-
HS BMICTy Mifi mpuBOAUTH A0 30iJbIIeHHS HOr0 eHepreTUYHOI IUPUHU. BCTaHOBIEHO Kope-
JAMINHUE 3B’A30K MiMK CTyIeHeM CTATHYHOTO CTPYKTYPHOTO PO3YIMOPAAKYBAaHHA Ta Mipoio
Bingxmiennsa Bix crexiomerpii y xpucramax Cug,;PSsBr.
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