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The behaviour of osmium ions in the tetrahedral oxygen coordination
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In this work, the absorption spectrum of Bi,,Si0,,:Os is investigated. The crystal changes its state from the un-
treated to the illuminated. The experiment is conducted at the room temperature in the spectral region 1.6-2.2 eV. The
energetic diagram of the electron transitions in Os’" is presented. The Schrédinger equation is solved for the Os’* ions

which are chemically bonded with the oxygen ions.
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INTRODUCTION

The sillenite-type Bi,,Si0,, (BSO) crystals dis-
play optical activity and a strong photochromic
effect. They are applied in dynamic holography,
optical information processing, optical phase con-
jugation and real-time interferometry [1, 2]. This
is the reason for the investigation of their optical
properties. The determination of the valence and the
local symmetry of the involved dopants in the crys-
tal structure is very important for the optimization
of the synthesis conditions of these materials. That
is why the aim of the present work is to present the
energy level diagram of Os** in BSO:Os.

EXPERIMENTAL

The crystals were prepared from a stoichiomet-
ric solution using the Czochralski method. The pu-
rity of the starting oxides used was 99.9999% for
Bi,0, and SiO,. The structure of the sillenite is the
final result from Si*" tetrahedrons and Bi** octahe-
drons. The dopant was placed in the melt solution
in the form of the oxide OsO,.The concentration of
the ruthenium ions in the crystal lattice was Os —
6.33x10%° cm. The maximum ruthenium concen-
tration in the melt was established by several experi-
ments which determined the optically homogeneous
doped crystals without other phase inclusions. The
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diameter of the synthesized crystals was 3045 mm
and their lenght was 70—-100 mm. The experimental
set up for the measurement of the absorption co-
efficient in the visible region consisted of the fol-
lowing: a halogen lamp with a stabilized 3H-7 recti-
fier, a SPM-2 monochromator, a system of quartz
lenses, a polarizer, a crystal sample holder, and a
Hamamatsu S2281-01 detector. The investigation
was carried out with an untreated sample that has
been illuminated with UV light for 30 min.

RESULTS AND DISCUSSION

The absorption coefficient of the investigated
samples has been measured to be between 564 and
775 nm (Figs.la and 2a). The first derivative of
the absorption coefficient at photon energy is cal-
culated to be in the 564-775 nm spectral region.
The [da/d(hv)] determines only the number of elec-
tron transitions in a Os*" ions and it does not give
an exact information about the energy position of
these transitions (Figs.1b and 2b). This is the rea-
son for the calculation of the second derivative of
the absorption coefficient [d?a/d(hv)?] (Figs.1c and
2c¢). The absorption coefficient is calculated us-
ing the formula: (1) a = (1/d)In(I/T),where I, is the
intensity of the incident light, I is the intensity of
the passing light and d is the sample thickness. The
components of the Os’* structure that are connected
with the electron transitions are *T ,(*F) — *T,,(*F)
(Fig. 3). Our assumption is that Os>* replaces S1** in
the silicon tetrahedrons. The ionic radius of Os**
ion is 0.575 A and the ionic radius of Si*" ion is
0.40 A. Thus the oxygen tetrahedrons are shortened
along z axis and Jahn-Teller effect is bigger than the
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Fig. 1. a) The absorption coefficient a(E), b) first deriva-
tive do/dE and ¢) second derivative d*oa/dE? for the un-
treated Bi,,510,,:0s

spin-orbit interaction there. If the Os’* ion is caught
by a one-dimensional hole than its potential can be
described as: 1) V = 0, a<x<b (a, b are the borders
of the hole) and 2) V = « in the other cases. In the
first case the Schrodinger equation has the follow-
ing form: (2) Ey(x) = — (h?/2m)*(d>y/dx?) [3]. If
k = (2mE)/h? after some transformations we will
find that (3) (d*y/dx?) + k*y = 0. The solution of the
last equation is (4) y(x) = Asin(kx) + Bcos(kx). The
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Fig. 2. a) The absorption coefficient a(E), b) first deriva-
tive da/dE and c) second derivative d*o/dE? for the illu-
minated Bi,,Si0,,:0s

constants A and B are determined by normalizing
the wavefunction i.e.

f\ |c,f.!(x)|2dx =1.

In our situation A = V(2/a) and B =V(2/b). When
y(a) = 0 than ka = nm and kb = (2n+1)rn. Thus k
= [(n+1)r]/(b—a), n = 1, 2, ... Therefore the final
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0.0592*sin(0.0446x) + 0.51*c0s(0.0446x). This is

the way to calculate y(x) at each minimum on the

2A1,

Figs. 1c¢ and 2c. The values of the wavefunction are

4 respectively y,(2.06) = 0.4817; y,(1.92) = 0.4754;

Ang v,(1.81) = 0.4693 for the untreated BSO:Os and

5 . FA v,(1.98) = 0.4783; y,(1.83) = 0.4704; y,(1.73) =
G 0.464 for the illuminated doped sample. The energy
\ of the basic state of Os** ion is E, = (7**h?)/[2m(b—

EY 4 a)’] and the energy of the first excited state is E,
Tig = [2%*(n?*h?)]/[2m(b—a)?]. The difference between
‘ i these two energies is AE = 8.7 cm™. The distance
hLY between the energy levels *T, (‘F) and *T,(*F) is the

P 21, same (Fig. 3).

Os>* Td

Fig. 3. The energetic diagram of Os*" ion in the tetrahe-

dral symmetry

CONCLUSIONS

The illumination with UV light leads to the shift-
ing of the energy position of the electron transitions

to the bigger wavelengths.
Jahn-Teller effect is bigger than the spin-orbit

interaction in the oxygen tetrahedrons.
The Schrodinger equation is solved in the spec-

tral region of the osmium absorption structure.
The values of y(x) decrease with the increasing

of the wavelength in the spectral region of the Os*"

structure.
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IIOBEJJEHME HA OCMMEBU MOHU B TETPAEIPUYHO
KHNCJIIOPOJHO OBKPBXEHUE

IT. ITerkoBa*, I1. Bacunes, U. Jlumutpos

UIymencxu ynusepcumem ,, Enucxon Koncmanmun Ilpecnascku
ya. ,, Vuueepcumemcka“ Nel 15, 9712 [lymen, bvreapus

Ioctrenmna despyapu, 2013 r.; npuera mait, 2013 r.
(Pestome)

B Ta3u paboTa e u3cneqBaH cneKkThpa Ha noribiane Ha Bi;,S10,,:0s. CbCTOSIHIETO HA KpHCTala ce IPOMEHs OT
HETPETHPAHO B OCBETECHO. EXCIICpUMEHTBT € MPOBEICH MPH CTaliHA TeMIIepaTypa B CIieKTpaiHaTa ooact 1.6-2.2 eV.
[peacraBeHa e eHepreTUYHATA AMArpaMa Ha eJekTpoHHuTe npexoau B Os*. Pemieno e ypasuenuero na lllpsogunarep
3a fionure Os>*, KOUTO Ca XMMUYECKH CBBP3aHH C OOKPBHKABAILIMTE TH KUCIOPOIHH HOHU. OOIBYBAHETO C YITPABH-
OJICTOBA CBETJIMHA BOJM JI0 OTMECTBAHE HA CHEPreTHYHOTO TOJI0KECHUE Ha MPEXOIUTE Ha CJICKTPOHUTE KbM IO-T0JIe-
MUTE JIBJDKUHH Ha BhIHATA. EdQekThT Ha STH-Tenep e mo-roism B CpaBHEHHE ChC CITMH-OPOUTAIIHOTO B3aUMO/ICHCTBUE
B KUCJIOponHuTe TeTpacapu. CTOWHOCTUTE Ha (X) HAMaJsIBAT C HApacTBaHE HA Ab/DKUHATA HAa BBJIHATA B CIICKTPAJI-
Hata 00JacT Ha abcopOunonHara ctpykrypa Ha Os’".
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