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INFLUENCE OF B-RADIATION ON OPTICAL
ABSORPTION EDGE IN CusPSsI CRYSTALS
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V.V.Mitrovcij, A.G.Okunyev, A.M.Fradkin
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Temperature studies of optical absorption edge in non-irradiated and B-irradiated

CugPSsI crystals are performed. The effect of f-radiation upon Urbach absorption
edge parameters, exciton-phonon interaction parameters and phase transitions in the

crystals under investigation is studied.

Introduction

CugPSsI crystals belong to argyrodite
family, being characterized by high concen-
tration of disordered vacancies and known as
fast-ion conductors and ferroelastics [1, 2].
Below room temperature they undergo two
phase transitions (PTs), one of them being
superionic at T,=(165-175) K, the other -
ferroelastic at T, = (269£2) K [2]. At room
temperature CugPS:1 compound crystallizes
in cubic syngony { F43m space group) [1].
High ionic conductivity in these compounds
is explained by the presence of Cu’ ions
characterized by high mobility, as well as the
specific features of the crystal structure pro-
viding the favourable conditions for migra-
tion of copper ions [1].

Absorption edge studies in CugPSsl
crystals have shown exciton absorption
bands being observed in the range of direct
optical transitions at low temperatures [3].
With the temperature increase a noticeable
broadening of the exciton absorption bands
is observed. In the vicinity of the superionic
PT they undergo considerable changes: the
band corresponding to the bound exciton is
smeared; the one corresponding to free ex-
citon sustains stepwise broadening and
long-wavelength shift. At T>T, at the ab-
sorption edge the exponential parts appear,
being described by the Urbach rule. The
Urbach absorption edge is formed by ab-

sorption processes in which exciton-phonon
interaction (EPI) plays the predominant
role. The mechanism of the EPI is well ex-
plained in the framework of the Dow-
Redfield theory [4].

Experimental

CugPS:l crystals were obtained by
chemical transport reactions  method.
CugPSsl crystal samples were irradiated with
the fluence of 10" em? 7-MeV electrons.
The spectral dependence of the absorption
coefficient oo was studied in the temperature
range from 77 to 323 K. The transmittance
and reflectance measurements were carried
out for the samples oriented at room tem-
perature in cubic phase, the light beam
propagating along the [100] crystallographic
direction. The experimental setup and tech-
nigue are described in [2].

Results and discussion

The measurements have revealed the ab-
sorption edge in both non-irradiated and ir-
radiated crystals at 7>7; to be of Urbach
shape, however, the Urbach edge conver-
gency point coordinates increasing in the ir-
radiated sample (Fig.1). The convergency
point coordinates values oy and £y are pre-
sented in Table 1.
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Fig 1. Spectral dependences of the absorption coeftl-
cient logarithm of non-irradiated (a) and irradiated (b)
CugPSsE crystals at various temperatures (K): 1 — 215,
2—-243,3-273,4-300, 5 — 323.

In the range of the second-order ferro-
glastic PT op and £y parameters remain un-
changed, only the temperature dependences
of the steepness parameter o and the absorp-
tion edge energy width w slowly vary at the
paraelectric-to-ferroelastic PT (Fig. 2). The
temperature dependences of ¢ and w can be
described by the relations [5,6]:
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he, being the effective phonon energy in

the single-oscillator model describing the
EPI; o,— a parameter related to the EPI con-

stant g as o, =2/3g; w, and w, values

being constant within the same phase; @, —
the Einstein temperature corresponding to
the mean frequency of phonon excitations of
a non-interacting harmonic oscillator system.
The obtained Ae,,o,, w,,w and &, val-
ues are listed in Table 1. In both non-
irradiated and irradiated CugPSsl crystals
o, > 1, this being the evidence for weak EPI

[7].
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Fig.2. Temperature dependences of & = w/kT pa-
rameter and absorption edge energy width w of non-
irradiated (open circles) and irradiated (dark circles)
CugP5sl crystals. The caleulated dependences, ob-
tained according to Egs. {1) and (2), for T<7,. are
shown by dashed lines, and for T'>T, - by solid lines.

The irradiation is shown to result in the
absorption edge blue shift by = (0.003 eV (at
7=300K) and the absorption edge energy
width increase from 21.2 meV to 22.5 meV
(at 7=300 K). Besides, a slight enhancement
of the EPI is observed as well as the increase
of the energy of effective phonon, partici-
pating in the absorption edge formation.
Note that in the irradiated crystals the contri-
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bution of static structural disordering into the
absorption edge energy width increases from
9810 12.1 meV (Table 1).
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Fig.3. Temperature dependences of absorption edge
energy position £, (=440 em’), variation AE?
and derivative d(AE])/dT for non-irradiated (1)
and irradiated (2) CusPS;1 crystals.

The isoabsorption mesurements have
shown that in the range of the superionic PT,

being of the first order, a step in £} (T) be-
haviour is observed, while in the range of the
ferroelastic PT, being of the second order, a
typical change of the slope in the £ (7) plot
is revealed (Fig.3). Besides, Fig. 3 shows the
absorption edge energy position variation

AES at the PT determined as the increment

of £ in the low-temperature phase with re-
spect to the high-tcmperature one:

ABS(T) = EX(T)-E5, (D), (3)

E; (T) being the absorption edge energy po-

enT)
is obtained by extrapolation of the experi-
mental values for the high-temperature phase
to the low-temperature range. Effl T values
in the low-temperature phase were calculated
in accordance with the known relation [8]

sition in the low-temperature phase, E

1
EXT)=E;(0) -S40 [m*(_ﬁT}—]-JI (4)

where E7(0)is the band gap at zero tem-
perature, S, is a dimensionless coupling con-
stant.

Table 1. Urbach edge parameters and EPI parameters of non-irradiated and irradiated CugPS;1 crystals.

Crystal non-irradiated Irradiated
ag (em™) 2.96x10° 3.99x10°
Ep (eV) 2.250 2.270
Temperature range =T, =T,
ha, {meV) 26.1 31.1
o) 1,328 1,288
8, (K) 303 361
w, (meV) 9.8 12.1
w, (meV) 19.7 242
E; (300K) (eV) 2.081 2.084
w (300K) (meV) 21.2 22,5
T, (K) 160 140
T (K) 271 261
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The temperature dependences of the
temperature derivative of the absorption edge
energy position variation AE; induced by

the PT order parameter which follow the
temperature behaviour of the anomalous part
of the crystals specific heat, are as well pre-
sented in Fig.3. The temperature depen-
dences of d(AE,)/dT" reveal a maximum at

the first-order PT (near 7T} and a step at the
second-order PT (near T.).

Irradiation results in the superionic and
ferroelastic PT temperature shift to lower
temperatures as well as the superionic PT
smearing decrease.
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Mpoeenero  TeMmeparypHi  AoCHilweHHA

Epalo ONMTHYHOTO  OOriMHaHHA B
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