Ya.O. DOVHYJ, Ya.P. KOST’, I.G. MAN’KOVSKA, I.M. SOL’SKYJ

ON THE NATURE OF GYROTROPY IN PARATELLURITE

YA.O. DOVHYJ, YA.P. KOST, I.G. MAN’KOVSKA, I.M. SOL’SKYJ

UDC 539.1

©2007

Ivan Franko Lviv National University
(8, Kyrylo and Mefodii Str., Lviv 79005, Ukraine; e-mail: dovhyj@ukrpost.net)

An excitonic band (A-band), which is responsible for the dispersion
of optical rotatory power in the transparent region and in the
region of absorption edge (hv < Ey ), has been revealed in the
fundamental spectrum of paratellurite. The parameters of an
optically active oscillator — the dissociation energy Gex = 115 meV
and the exciton radius rex = 8.0 A — have been determined. The
proximity of rex to the lattice parameter ¢ of the TeOg chain
structure indicates that excitons of intermediate radius can be
actual in paratellurite.

1. Introduction

Paratellurite (TeOz) single crystals demonstrate the
strong optical activity along their optical axis. The
gyrotropy of those crystals is known to be connected
with their crystalline structure; however, the mechanism
of the phenomenon has not been elucidated till now. For
the solution of this problem to be obtained, detailed
optical spectral researches and the decoding of the
energy structure of a crystal are needed. Clarifying the
nature of a basic optically active oscillator in TeO5 and
determining its parameters constitute the main purpose
of this work.

2. Methods of researches

Specimens with various thicknesses, which were cut off
normally to their optical axis, were studied. The spectra
of rotatory power and edge absorption were measured on
an automated spectrophotometric installation (Fig. 1).
Single crystals were grown up by the Czochralski
method. All specimens concerned were left-handed. The
measurement accuracy for the specific rotatory power
was +2%; and the accuracy of the orientation of
specimens was not lower than 40.5°.

The absorption spectrum K (E) in the depth of
the fundamental band was calculated by applying the
Kramers—Kronig relations (KKRs) to the measured
reflection spectrum [1]. In the range of long-wave
absorption edge, the calculated spectrum was in
good agreement with experimentally measured one
(Fig. 2).

980

While measuring the dispersion of rotatory power,
the transmission spectrum of the system “polarizer —
optically active crystal — analyzer” (PCA, Fig. 3) was
registered.

The transmission function of the PCA system looks
like

I1=1 {cosgpcosz/; + % sinap(sinz/;—

_;sm(29+w)>r+ [“sinapcos(%—zb)r, (1)
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Iy and I are the light intensities at the input and the
output of the system, respectively; d is the thickness
of a specimen; v is the angle between the directions
of oscillations in a polarizer and an analyzer; 0 is the
angle between the main directions of a polarizer and
the crystal; ag is a scalar characterizing the optical
activity of the crystal; a is a parameter characterizing
the linear anisotropy of the crystal; and ny and n_
are the refractive indices for left-hand and right-hand
circularly polarized light waves, respectively.

The transmission spectra of the PCA system were
registered in the geometry v = 0 (k||é), when a = 0 and
ao = [, and provided ¥+ = § £ |f]:

Tep (V) = cos? [0 (\) = 5 18] = sin? [p (1) F|]].

(2)
The difference spectrum is
AT (N) = T_g (A) = Tus (\) = sin 20 (V] sin 28], (3)

whence the specific rotatory power is

= i arcsin AT (A)
V)= 2d Lin2ﬁ} )
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Fig. 1. Scheme of the automated spectropolarimetric installation:

1 — light emission source (a deuterium lamp or an incandescent
lamp; 2 — illuminator; & — MDP-12 monochromator; 4 — polarizer;
5 - A/4-plate; 6 — turn table for the fixation of a specimen; 7 —
analyzer; 8 — photomultiplier (FEU-100 or FEU-62); 9 — power
unit for photomultiplier; 10 — dc amplifier; 11 — digital voltmeter;
12 — input-output device; 18 — control block; 14 — step motors;

15 — computer; 16 — printer; 17 — power unit for light emission
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Fig. 2. Spectrum of fundamental absorption of paratellurite: a —
calculations by the Kramers—Kronig relations; b — measured edge

absorption

3. Structure of Absorption Spectrum

Narrow band A located deeply in the fundamental
absorption band of the paratellurite spectrum (Fig. 4)
is associated with excitonic absorption, while bands B,
C, D, and F with interband transitions.

In works [2, 3], it was shown that, for gyrotropy of
the crystal origin, the dispersion of rotatory power is

described by the following formula:
2

oy ¥

(A2 =A3)
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Fig. 3. Basic vectors of the PCA system
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Fig. 4. Spectrum of the absorption index @ (E) = %EEE) for a

TeO2 crystal

Therefore, we carried out the corresponding
approximation and found the parameters S = 24.97
and A9 = 241.43 nm (Ey = 5.13 eV). The resonance
energy FEy almost coincides with the position of
A-peak (E4 = 5.01 eV). At the same time, the
dependence £(\) = n?()\), which is determined by the
strength of an effective linear oscillator, is described
well by the Drude—Sellmeier formula with parameters
Sy = Ne2fA2/(rmc’) = 3.71 and Ag = 197.52 nm
(Ey = 6.27 ¢V) in the spectral range 0.40 — 1.05 pm.
It is clear that, in this case, \g is close to the peak
position of the interband absorption band (Ep =
6.23 eV).
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Fig. 5. Dependence K2(E) in the near-edge region

4. Parameters of a Gyroactive Oscillator

We have determined the key parameters of the excitonic
A-peak we identify as that associated with the main
gyroactive oscillator of paratellurite. For this purpose,
it was necessary to find first the reduced effective mass
of carriers u, since TeO; is a gyrotropic semiconductor.
The edge of absorption is described by the function

2¢2 2)°% ) 2 (B — By)Y/?

K(FE)= P g

()= 220 p B D) 6
where p = e |Py|> = mEf/2 is the square of the

matrix element of dipole transition, n is the refractive
index of the crystal at £ = E4, E, is the interband gap
value, and f is the oscillator strength. From Eq. (5), we
obtain

8uBet 2

2 _
K (E) = m2c2htn?

(E—Ey), (6)
so that the edge slope equals

8'“364]02

A[K?(E
AlKE (B)] S 0

and the expression for the reduced effective mass reads

1/3 9 1/3
I 1 [(rZmc®n2b _s [ n°b
=3 (B 72 =1.42x107% ) (8)

In Fig. 5, the dependence K?(E) is plotted, the linear
behavior of which in a wide interval of variation in K
evidences for the validity of approximation (6).
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Fig. 6. Function Neg(F) for a TeOgz crystal
The experimentally determined value for the
absorption edge slope in TeOs was

b=16.1858 x 10% cm™2 V1.

The oscillator strength f was determined by the
Smakula formula [4]

1 n
f=129x10" = ———

N (n2 +2)°
where K.y is the value of absorption coefficient in the
maximum of the gyroactive oscillator band, H is the
halfwidth of this band, N is the number of oscillators in
unit volume, i.e.

1/N = V/(zN.g).

KmaxHa (9)

Here, V is the volume of an elementary cell in
paratellurite, z is the number of formula units in
a unit cell of the crystal, and Neg is the effective
number of valence electrons which participate in
interband transitions at £ = E4. The function Neg(FE)
(normalized to a formula unit) was calculated by the
KKRs and is exhibited in Fig. 6.

Substituting the parameter values K.y = 56.86 X
10* em™', H = 0.8045 eV, V = ac? = 176.36 x
107 ecm™2, z = 4, and Nog = 0.3 to formula (9),
we obtain f = 0.249. Formula (8) gives u/m = 0.518,
and we can calculate the key parameters of a gyroactive
exciton in TeOs: the energy of exciton dissociation

GA:R(“E/;”) — 115 meV,

(10)

and the exciton radius

rB& o
A= =8.0 A.
(p/m)

(11)
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5. Conclusions

An attempt to distinguish and identify linear and
gyroactive oscillators, which are responsible for the
dispersion of refractive indices and the rotatory power,
respectively, in a wide spectral range (the transparency
and near-edge regions), has been made for the first
time, using a gyrotropic semiconducting crystal of
paratellurite as an example. It has been shown that the
function ¥9(E) in TeOs is determined by a gyroactive
effective oscillator of the excitonic nature (a circular
exciton). The fact that the exciton radius turned out
close to the value of the lattice parameter c of the TeOs
chain structure (¢ = 7.6 A) testifies that, in paratellurite,
we probably deal with excitons of intermediate radius.
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ITPO IPUPOY TTPOTPOIIII [TAPATEJTYPUTY

A.0. Hoseuti, H.I1. Kocmw, I.I. Manvkoscoka, I.M. Coavcoruts
Pezowme

Y crpykTypi OyHIaMEHTAJIBHOTO CIEKTPA [IapaATE/lyPUTy BUSIBJIE-
HO eKCUTOHHY cMyTy (A-cMyry), BiAIOBiaJbHy 3a JuCHEpCiio Io-
BOPOTHOI 31aTHOCTI B 06JIacTi MPO30pOCTi Ta y NPUKPAioBiii 00-
sacri cnekrpa hv < E4. BusHadyeHo mapameTpu ripoaKTHBHOI'O
ocuuisTopa: enepriio guconianii Gex = 115 meB Ta ekcuronumit
pagiyc Tex = 8,0 A. Toit paKT, WO rex BUABABCS GIMSLKAM 0
rnapaMerpa I'DATKH ¢ JaHII0KKoBOI crpykTypu TeOs2, BKasye Ha
Te, IO y HapaTeaypuri, iMOBipHO, MaeMO cIpaBy 3 €KCUTOHAMH
MIPOMi?KHOI'O pajiiyca.
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