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KINEMATIC ELECTRON DIFFRACTION STUDY OF CRYSTALLIZATION KINETICS OF
AMORPHOUS YbiSmAssTe; NANOTHICK FILMS

E. Sh. HAJIYEV
Institute of Physics, Academy of Sciences of Azerbaijan,
33 H. Javid, Baku Az — 1143, Azerbaijan

The crystallization kinetics of ternary Yb,,SmAs,Te; amorphous thin films has been investigated by kinematic electron diffraction
method. It is shown that crystallization takes place in accordance with Avrami — Kolmogorov law. The kinetics parameters and the growth

dimensionality of the crystallization have been determined.

The systems on base of chalcogenide glasses containing
the rare — earth elements have been widely studied last years.
In these systems, it is established that formation of ternary
compounds which can be applied in devices controlled by
external magnetic field. Amorphous alloys containing rare —
earth elements represent a new class of amorphous materials
[1].The main interest in these materials is the environment of
AsyTe; — Yby,Sm,(x=0.2 at. %) system is one of these classes
of above-mentioned materials. According to state diagram,
the Yb,Smy AssTe;, YbiSmy As,Tes and YbsqSmy
AsyTeg ternary compounds are formed in this system. Thin
films of Yb,,Sm, As,Te; with thickness ~ 30 nm obtained by
vacuum evaporation and deposition on substrates of fresh
cleavage surfaces of NaCl , KCl crystals and amorphous
celluloid at room temperature were amorphous. Amorphous
phase is formed on NaCl up to 7,=523K. Using electron
diffraction method we have investigated the structure of
obtained films. The electron diffraction pattern shows seven
diffuse diffraction ring corresponding S=4msin6/4=20.3; 33.0;
51.7;71.4;96.0; 119.0; 152.0 nm™. Amorphous films crystallization
at 7=523K results in the formation of Yb,,Sm, As;Te;
polycrystalline with parameters of the rhombic lattice
rhombic unit cell with a=1,214; 5=1,470; ¢=0,410 nm. This is
agreement the data of ref: 4

The general form describing the kinetics of growth is
written as [5,6]

Vi=Vo[1-exp(-kt™)] (1)

where V; is volume of substance transforming to ¢ time, V, is
initiation volume of substance, k is reaction rate constant.
“m” quantity is different for variety transformation types and
is depend on growth measure. To obtain reliable results using
this theory, it is need to have exact experimental data for V.
Studying of crystallization processes depending on
temperature and time gives information about mechanism of
growth and crystal growth rate on depended temperature.

To determine the kinetic parameters of crystallization of
Yb,xSmy As,Te; amorphous films we have used kinematic
electron diffraction method from amorphous films with
thickness ~30nm, at 7=523K, 7=548K, 7=573K temperatures
[7]. It is quite clear, that much more temperature, than fast
occurs the crystallization process.

Electron diffraction pattern taken from annealing samples
shows how diffuse rings relating to amorphous phase are
disappearance and the lines of the polycrystalline phase of
Yb;xSmAs,Te; are occur. There is the area where crystal
and amorphous phases exist together.

Intensities of lines of the Yb,,Sm, As,Te; polycrystalline
phase were measured by micro photometric method. The
intensities of diffraction lines with 4, k&, [ index were

the rare — earth atom because it determines the electric, optic
and magnetic properties of these materials. The structure and
crystallization of some ternary compounds of system
containing rare-earth elements have been investigated in the
film state before [2-3]. Therefore, the purpose of the present
work is study crystallization of Yb;,Sm, As,Te; amorphous
nanothick films.

determined depending on annealing time. To get quantity of
crystallized matter we use standardization method taking
account of intensity of scattering of electrons is proportional
to the volume of scattering matter [8].
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Fig 1. The kinetic curves of crystallization of Yb;Sm,As,Te;
amorphous films.

In investigation interval of temperature the kinetic curves
of crystallization of Yb,,Sm, As;Te; amorphous films have
been calculated i.e. the curves of the crystallized volume as a
function of the time for variety temperatures. (fig. 1).
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Fig.2. The Inln(V,/(V,-V,)) dependence on Int for
Yb,Sm,As,Te,.
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The Inln(Vy /(Vy — V3)) dependences on Int were calculated
at T=523K, T7=548K, T7=573K temperatures. The lines
drawing through the experimental points are straight lines for
all temperatures (fig.2).

The value of “m” in (1) form determined from slope is
equal to about 4 (m=3,80 at 573 K; m=3,95 at 548 K; m=3,93
at 523 K). That is witness for the three-dimensionality growth
of crystals at investigation temperatures.

In k dependence on //T is linear . The nucleation rate and
crystal growth rate are described by Arrenius form

_Es
v,=Ce *

E, )
v,=Ce *

where v, is the formation rate of the nucleation centre and
determined as number of nucleus creating in unit time in unit

volume of metastable phase; v, is crystal growth linear rate
and determined as the change rate of linear sizes of
growthing crystal of the new phase.

Summary nucleation activation energy - E; is determined
from slope of the /n k curve as function //T and equal to
79,6 kcal/mol. The nucleation activation energy is calculated
from slope of the //z, curve as a function /nt (where z, is
experimental beginning time of crystallization) and equal to
26,2 kcal/mol. E, is crystal growth activation energy is
determined by E, = (E,-E,)/3 and equal to 17,8 kcal/mol.

In this work we also investigated the crystallization of
Yb;«Sm, As,Te; amorphous films obtained in condition of
electric field action (U=3000 V/cm).It is shown that the
influence of electric field on crystallization process leads to
an increasing of nucleation (v,) and growth (v,) rate, that is ,
decreasing of activation energies about 10-12% [Table 1].

Table 1
Amorphous compound Electric fields activation energy
L) m E, E, E,
kcal/mol kcal/mol kcal/mol
Yb,.,Sm,As,Te; U=0 3 79,6 26,2 17,8
U=3000 V-cm 3 70,8 23,1 15,9
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KINEMATIK ELEKTRONOQRAFIYA METODU ILO NANOQALINLIQLI AMORF Yb,,Sm,As,Te;
TOBOQOLIRIN KRISTALLASMA KINETIKASININ TODQIQI

Kinematik elektronoqrafiya metodu ilo Yb,,Sm,As,Te; ligqat birlosmasinin nanoqalinliqlt amorf tobaqgalarinin kristallagsma kinetikasi
tadqiq edilmisdir. Gostorilmisdir ki, kristallasgma prosesi Avrami — Kolmoqorov qanunauygunlugu ils bas verir. Kristallasmanin kinetik
parametrlori va kristallik riiseymlarin bdyiims dl¢iisti miioyyan edilmisdir.

E.I. I'ag:xueB

NCCIEJOBAHUE KNHETUKHU KPUCTAJVIM3AIIUN AMOP®HBIX HAHOTOJIIMWHHBIX IIVIEHOK
Yb,,.SmAs,Te; METOJIOM KHUHEMATHUYECKOU 3JIEKTPOHOI'PA®UUN

MeTooM KHHEMATHYECKOM 37eKTPOHOrpaduu uccae[oBaHa KHHETHKA KPUCTAIUTU3AINN TPOWHBIX aMOP(GHBIX HAHOTOIIMHHBIX TUICHOK
Yb;.,Sm,As,Te;. TlokazaHo, YTO KPHUCTAJUTU3AIMS MPOHUCXOAUT MO 3aKOHOMEPHOCTSIM, YCTaHOBICHHbIM ABpamu — KoJIMOropoBbIM.

OrnpezeneHbl 3HaUSHUS] KHHETHYECKHUX [TapaMeTPOB U MEPHOCTh POCTA.
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NOVEL COLLOID-LIQUID CRYSTALLINE COMPOSITES ON THE BASE OF POLYMERS

T.D. IBRAGIMOV
Institute of Physics of National Academy of Sciences,
AZ1143, H. Javid ave., 33, Baku, Azerbaijan

G.M. BAYRAMOYV, A.R. IMAMALIEV
Baku State University, AZ1143, Z. Khalilov str., 23, Baku, Azerbaijan

In the work it is noted about the creation of novel small particles-liquid crystalline composites showing three-dimensional network

formation. The first experimental data are presented.

Unique properties of liquid crystals (LC) are widely used
in the modern engineering including furnishings. Functioning
of LC displays, switches of frequency, converters of
radiation, and others is based on numerical electrooptic
effects in LCs. The basic direction in the investigation of LCs
connects with obtaining of the novel compounds with
improved operated parameters. On the other hand, a
perspective direction of modern science and engineering is to
study and to use the properties of very small particles (SP).
Christiansen and other effects providing strong dependence
of SP properties upon surrounding medium, in combination

with numerous optic and electrooptic phenomena
(Fredericksz effect, twist and guest -host effects,
electrohydrodynamic  instability, selective reflection,

memory, and ferroelectricity) in different LCs will allow not
only for improving the operated parameters but also for
building-up novel types of photonic devices.

Recently, researchers from Institute of Liquid Crystals
(Kent University, the USA) and Collaborative Optical
Spectroscopy Micromanipulation and Imaging Center
(University of Edinburgh, Scotland) have found out that at
slow cooling through the isotropic-nematic transition of the
mechanical mixture of polymethylmethacrylate particles and
pentylcyanobiphenyl (liquid crystal 5CB) the particles are
expelled by the LC, forming a three dimensional network
structure [1-5]. At that case, the composite has unusual soft
solid state characterized with significant storage modulus.
The birefringent soft solid is potentially important as a
switchable electrooptic material that can be readily handled
and processed. Researchers focus on the kinetics of the phase
transition and viscosity properties of this material. In
particular, they have found out that the three dimensional
structure varies with the course of time. This fact does not
allow wholly using this composite for application.

The purpose of the work is the creation of novel colloid-
liquid crystalline composites forming the network with stable
characteristics.

At selection of LC and polymer we were guided by
following general requirements:

- a melting point of polymer (T,,) and a clarify point of
LC ( Ty should be close to each other;

- a density of LC and polymer should be close;

. a polymer should not be dissolved in LC;

- there should be a stabilizer interfering aggregation of
polymeric particles at mixing.

The following materials are used for development of
composite gels:

- liquid crystals 4-pentylcyano-4'-biphenyl (5CB), 4-
methoxybenzilidene - 4' — butylaniline (MBBA), 4-
ethoxybenzilidene-4'-butylaniline (EBBA), the mixture of
MBBA and EBBA with molar ratio of 1:1 (commercial mark
H-37) and 1:3 (commercial mark H-8);

- polymers poly(methylmehacrylate) (PMMA), poly(2-
methyl-5-vinylprydine)  (PMVP),  poly(ethyleneglycol)
(PEG), poly(vinylalcohol) (PVA);

- the stabilizer heptixybenzoic acid (HOBA) which also
posses mezogene properties.

At first the mixture of polymer and LC was heated above
T, and T,; in the proposed method. At that case, both
components are in the state of a transparent liquid. At
intermixing with frequency of 1000 revolutions/minute the
micron-size drops of polymer in isotropic LC are formed.
These drops are transformed to the solid balls at slow cooling
of the mixture lower 7, This transition is accompanied by
primary turbidity of the liquid. The isotropic-nematic
transition is occurred at further cooling lower 7, which is
accompanied the strong turbidity of the mixture. When the
mixture cools down to room temperature it assumes the soft
solid state.

Fig. 1. The texture of H-37 + PMVP with a weight ratio of 11:1
at room temperature and 300-fold magnification.

The electrooptic cell consists of two conductive glasses
filled by obtained composites. The thickness of the cell is
regulated by the dielectric gasket. The cell has the heating
system which allows regulating the rate of temperature
change. The magnitude of temperature is indicated by



T.D. IBRAGIMOV, G.M. BAYRAMOV, A.R. IMAMALIEV

copper-constantan thermocouple with an accuracy of 0.1
degrees. The obtained textures are examined under polarized
microscope.

Fig. 2. Ring-like areas of LC at heating of H-37 + PMVP (a weight
ratio of 11:1) below nematic-isotropic phase transition.

The study of obtained composites shows that the most
stable of them is H-37 + PMVP with a weight ratio of 11:1
and containing 1% of HOVA. In the order to stabilize other
composites it is necessary to add greater quantity of the
stabilizer and greater time for mixing. In particular, for
stabilization of the composite H-8 + PEG is required to add
NOVA with quantity of 4%.

The texture of H-37 + PMVP with a weight ratio of 11:1
at room temperature and 300-fold magnification is presented
in the Fig.1. Apparently, areas with LC are divided from each
other by polymeric walls being a part of unified network.
Processing the substrate surfaces of the LC cell by
appropriate way it is possible to obtain any initial texture of
LC inside these areas. The Shrilen's texture of LC shown in
Fig.1 corresponds to weak anchoring of LC molecules with
substrate surfaces. At large thickness of the electrooptic cell
these LC areas can be imposed. At slow heating of indicated
composite near the nematic-isotropic transition the LC areas
form ring-like structure inside the dark background (Fig.2).
Formation of these rings is connected by that the nematic-

isotropic transition begins in the center of them and the
transition is complicated on the area edges because of
orienting influence of surface forces. Electrooptic properties
of the nematic LC little differ from the ordinary LC cell
inside indicated areas. In particular, applying the voltage
about 2 V onto the cell the planar-homeotropic transition ( S-
effect) can be observed, William's domens are occurred as
strips at the voltage of 10-15 V (Fig.3), and above 20 V —
turbulent movement (electrohydrodinamic instability)
accompanied strong light scattering.

Fig. 3. William's domens in H-37 + PMVP (a weight ratio of 11:1).

These values of voltage almost coincide with
corresponding ones for the pure LC H-37. At increasing of
polymer concentration the LC area dimensions decrease that
result in small increasing of threshold voltage of the specified
electrooptic effects owing to increasing of contribution of
surface effects.

Thus, proposed method of phase separation allows
creating novel small particles-liquid crystalline composites
by a variation of type and concentration of LC and polymer,
and also regime of mixing and cooling.

The work is supported by Science and Technology
Center in Ukraine (grant No 4172).
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POLIMERLOR O9SASINDA YENI KiCiK HiSSOCIK - MAYE KRiSTAL KOMPOZITLORI

Maqalade {i¢ dlciilii foza torunu biriize veren yeni kigik hissacik-maye kristal kompozitlorin yaradilmasi barade mslumat, homg¢inin

tocriiba noticalori verilmisdir.

T.1. Aoparumos, I'.M. Baiipamos, A.P. Umamanuen

HOBBIE KOMITO3UTHI MAJIBIE YACTHUIIbI - ’KUJKAA KPUCTAJLJI HA OCHOBE IIOJIUMEPOB

B pa60’re coo6mae’rc;{ O CO3JJaHWH HOBBIX KOMIIO3UTOB: MaJIbIC YaCTUIbI - SKHAJTKII Kpucrajul, HOpOsBIAIOIUE TPEXMEPHYIO
MIPOCTPAHCTBECHHYIO CETKY. HpI/IBCI[CHI)I TI€PBLIC SKCIICPUMCHTAJIbHBIC TaHHBIC.
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QUANTUM MECHANICAL CALCULATION OF ELECTRONIC STRUCTURE OF
MOLECULE CqH

M.A. RAMAZANOYV, F.H. PASHAEYV, N.S. NABIEV, A.G. GASANOV
Baku State University, AZ-1148, Z. Khalilov str., 23

In the work by method of Wolfsberg - Helmholz (VH) has carried out the quantum mechanical calculation of electronic structure of
nano-dimensional CgH - molecule in basis of Slater functions. Are determined, that in molecule CgoH effective charges of atoms of carbon
identical. Values of electronic energy, potential of ionization, effective charges of atoms of carbon and hydrogen of a molecule CgH are

found.
In work the quantum mechanical -calculation of
electronic  structure  nano-electronic  structure  nano-

dimensional molecule CgH by method Wolfsberg -
Helmbholz (WH) it is carried out. The molecule CyoH presents
the closed sphere, consisted of twenty correct hexagons and
twelve correct pentagons in the tops of which there are atoms
of carbon [1, 2]. The atom of hydrogen is in the center of
sphere (Fig. 1).

Figure 1. A molecule CgoH.

It is known, that method WH is one of simple semi-
empirical variants of a molecular orbital (MO) method. It is
considered that everyone electron in a molecule in MO
method moves in the definite effective field, created by
nucleus and other electrons independently of others. The
states of electrons in a molecule are described by the one-
electronic wave function named by molecular orbital. It is
multicentered function, i.e. distances of electron from various
nuclear of atoms are included in it. There are different
variants of molecular orbital search. One of them is the
search of molecular orbitals U; in the form of linear
combinations of atomic orbitals, included in a molecule
(method MO LCAO):

u,=3 co g

q=1

where C; are unknown coefficients, yq are atomic orbitals,
chosen as basic functions. In the work the essential Slater
atomic orbitals are used in the capacity of basic functions
(SAO) [3]:

(26) 2
(2n)!

where Sn(6,¢) are essential spherical functions. The

following formulas are used for calculation of exponential
parameter & [4]:

Xa = Xam(&7) = "e'S,(6.0). @

& = i 3)

) 2—3/2
N 1 3ny —¢,(0;+1)

7i:z

+ 2
j#i 3ni _ﬁi(gi-'—l)

“4)

where Z is serial number of atom, N is number of electrons in
atom, n and £, are principal and orbital quantum numbers of

considered electron, nj and /¢ j are the principal and orbital

quantum numbers of the other electrons.

In quantum mechanical calculations of electronic
structure of molecules we are wusually limited by
consideration of atom valent electrons and molecular orbitals
are presented in the form of linear combinations SAO of
these valent electrons. In the work 2s — 2p, — 2p, —, 2p, —
SAO of carbon atoms and 1s— of hydrogen atom are used for
construction molecular orbitals of molecule CgH. Thus,
M=4x60+1=241 of essential SAO are used in the capacity of
basic functions. Using formulas (2), (3) and (4) the analytical
expressions of basic SAO are defined:

21 =29C,)= % re ™ coshd  (5)

22 =2p(Cy) = &\/(;319_ re ¥ singcosp  (6)
Xs=2p,(C,)= &\/(;319 re 825 gnPsing (7)
X =2p,(C,)= % re M cosh ()
Xs =1s(H) = L e ©)

&
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In formulas (5) - (9) I,0,¢ - spherical coordinates of
electron.
Coefficients Cy

solution of the following system of equations:

in the formula (1) are found by the

D (Hy—&S,)Cq =0 (10)
q
Here the following designations are used:
Hpq:I;(’;I—?ef 2qaV (11)
Sp =1 2p 2,0V (12)

Sy are overlap integrals between atomic orbitals y, and

A
Xq Het is the effective Hamilton operator for one electron,

moving in the definite effective field independently on other
electrons:

A

He =—%V2+U(r) (13)

Obvious expression of the effective Hamilton operator is
unknown, that’s why values of matrix elements Hyq can ‘t be
calculated and they are estimated by different methods. The
values of potentials of atom ionization are used in WG
method for Hp estimation. Diagonal elements Hgq of this
matrix are taken by equal potentials of ionization of
corresponding valency atom states. Nondiagonal elements are
calculated, using the following expression [5]:

H, =05-K-S,(H,, +Hy) (14)

The value of coefficient K is found by the comparison with
experimental data or theoretically from the condition of
minimum of molecule electronic energy.

As it is seen from formulas (10) and (14) for quantum
mechanical calculation of molecules by method WH, it is
necessary to know the values of overlap integrals. The
formulas, known from the corresponding scientific literature
[6, 7] are used for calculation of overlap integrals. It is
necessary to introduce the quantum numbers N,/,M of

corresponding atomic orbitals, the values of exponential
parameter & and Cartesian coordinates of atoms in molecular
system of coordinates for carrying out of computer
calculations of overlap integrals on these formulas. For
calculation of matrix elements Hyy the following values of

ionization potentials of valency states 2S —, 2p — atoms of
carbon and 1S— atom of hydrogen are used [8].

(2s|C|2s)=-0,/72096 au.,
(2p|C|2p)=-0419161 au,

(1s| H | 1s) = —0,4997861 a.u.

Knowing values of matrix elements Hyy and Sy, it is
possible to solve equation system (10) and to calculate orbital
energies &, electronic energy E = Z &, » values of ionization

I
potential | of molecule CgH and values of coefficients Cy
in approximation WH. Using values of coefficients Cy, it is
possible to calculate the effective atom charges in a molecule
CeoH with the help of the following formula [9]:

QA:nZ_Z niz | Cyq ° .

i qeA

(15)

Here nj is positive charge of A atom after giving the
valency electrons for band formation (for carbon atoms:
n2:4, for hydrogen atom nf\=1), n; is number of electrons

on i-th molecular orbital. Summation on i is carried out on
molecular orbital, captured by electrons.

The values of electronic energy, value of potential of
ionization, value of effective charges of carbon and hydrogen
atoms of molecule CgH are found with the help of computer
calculations. It is defined, that values of effective charges of
carbon atoms are approximately identical:

E =-137, 851353 au.,
| = 113396426V,
q,(C)=08383 au. (A=1+60)

0e,(H)=04104 au.

Quantum mechanical calculation of electronic structure
of molecule CgoH is carried out by the program, developed by
employees of Department of Chemical Physics of
Nanomaterials of Baku States University in Delphi Studio,
working in operational system MS Windows XP.
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M.A. Ramazanov, F.H. Pasayev, N.S. Nobiyev, A.H. Hasonov
C¢H - MOLEKULUNUN ELEKTRON QURULUSUNUN KVANT MEXANIKi HESABLANMASI
Isdo nanodlgiilii CeH - molekulunun elektron qurulusu Volfsberq - Helmhols (VH) metodu ilo Sleyter funksiyalar1 bazisinde kvant
mexaniki hesablanmigdir. Miioyyon edilmisdir ki, CgoH molekulunda karbon atomlarmin effektiv yiiklori togribon eynidir. CgoH
molekulunun elektron enerjisi, ionlagma potensialinin qiymati, karbon va hidrogen atomlarinin effektiv yiiklorinin giymatlori tapilmisdr.
M.A. Pama3zanos, @.I'. [Iamaen, H.C. Ha6ueB, A.I'. 'acanosB
KBAHTOBOMEXAHWYECKHWM PACUET 3JIEKTPOHHOM CTPYKTYPBI MOJIEKYJIBI CgH
B paGore ¢ nomortisio MeTona Bonbdebepra — entbMrosiplia MpoBeIeH KBAaHTOBOMEXAHHYECKHH PacyeT 3JICKTPOHHOH CTPYKTYpbI
HaHopa3MepHoil Mosekysbl CgoH B 6aszuce CreiitepoBckux ¢ynkimid. Onpeneneno, uto B Mosiekyie CgoH 3 dekTrBHBIC 3apsabl aTOMOB
yriepoJa OXvMHAKOBbl. HaiilieHbl 3HaueHHUs! JICKTPOHHOH SHEpruu, IMOTEHLUA] MOHU3aLH, d()(EeKTHBHbIC 3apsabl aTOMOB yriepoaa U

BoJIopoa MoJieKyibl CgoH.
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INVESTIGATION OF PHOTO-GENERATION PROCESSES
IN SEMICONDUCTIVE POLYMERS

A.A. BAYRAMOYV, N.N. MURSAKULOYV, N.A. SAFAROV, HM. MAMEDOVA
Institute of Physics National Academy of Sciences of Azerbaijan
AZ1143, H. Javid Ave., 33, Baku
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In article the perspective of researches semi-conductor polymers for creation of photo-electric converters is considered. The processes
of photo-generation of charge carriers in a molecular solid state are investigated. The role of the weak intermolecular interaction causing
process of photo-generation of charge carriers through a status of the coulomb connected pair is shown. The first results of semi-conductor
polymers-silicon systems investigations were reported. Such as of polymer composite materials we have used oligohydroguinone, oligo-a-
naphthol, oligo-f-naphthol, oligo-amino-phenylen. Current-voltage characteristics of these polymer-silicon heterojunctions were
investigated. The structural regularities of change of the photoeffect quantum efficiency in semiconductive polymers and their molecular

complexes are investigated.

1.

Photo-electric converters on the basis of solid-state semi-
conductor elements (Si, CdTe, etc.) have received a wide
spreading all over the world. However the basic lack of these
converters - high cost of received electric energy. Therefore,
recently scientists began to study in more detail applied
aspects of perspective semi-conductor polymers with the
purpose of reception of cheap energy [1,2,3].

Photosensitive  polymeric semiconductors to
combination protosemiconductive properties with
thermostability, mechanical and other specific properties of
polymers became irreplaceable at creation photovoltaic
elements for converters of a solar energy. Scopes of
photosensitive polymers are caused by features of
intermolecular interaction and an opportunity of formation in
them donor-acceptor (DA) complexes with of charge transfer
(CCT). Ability to complexing and effective transfer of a
charge in molecules of complexes results in their
polarizability under action of light and, hence,
photopolarization of medium, and also caused by it
photovoltaic and to nonlinear-optical properties.

The developed principles of achievement of high
quantum efficiency 7 of photophysical processes, in
particular photo-generation of the charge carriers and creation
on their basis high-resolution molecular medium with high
photosensitivity S o« a-n7 (a is a factor of absorption) in
visible spectrum can be used at a choice and synthesis of
materials with components CCT for converters of a solar
energy. Development of photosensitive polymers is carried
out in two directions: synthesis of polymers with the
polyconnected system and creation of systems on the basis of
formation in polymers of complexes with charge transfer.
The last can be formed as in polymers monomeric part of
which are a complex, and at of introduction in polymer of
low-molecular substances (for example, dye). They interact
with polymer and results as in increase in value of its
photosensitivity, and to expansion of spectral region of
absorption and sensitivity.

Introduction
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2. Mechanisms of photo-generation of charge carriers

Let's consider features of molecular medium and
photophysical processes in them. Molecular medium (both
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organic crystals, and polymers and a films, containing
molecules of CCT) are solid-state systems which are formed
due to intermolecular interaction. Intermolecular structure of
the covalently connected atoms in a molecule (crystal) or
structure CCT, formed due to DA interactions (in solid
solutions of polymeric complexes), practically do not change
at formation of a solid. Depending on electronic structure of a
molecule and the parameters connected to it (polarizability,
the dipole moments, DA properties) energy of intermolecular
interaction can change over a wide range - from 10~ eV (for
Van der Waals interactions) up to units eV (in a case DA
connections) [4].

Now we shall consider features of the mechanism of
photo-generation of charge carriers. Weak intermolecular
interaction in a solid results in strongly defined localization
of charge carriers on separate molecules (time of localization
Te=10"2+10"* s) [4]. It causes electronic polarization of a
lattice by the charge carrier (time of polarization g,, =10
52107 5), time of the carrier transfer between the adjacent
located states (time of carrier hop r,wp=10'12 s). In result

Thop > Tioc =~ Tpol

and the carriers transfer is described of not coherent jumps
between the located states.

The following formula describing the rate of transitions
between two jumps centers with distance of r; and a
difference of connection energy of electron of A;E [5] is put
in a basis of phenomenological model of jump mobility:

Li=Loexpl-2yry-(A;EIKT) X AyE)]

Here: y is a constant of attenuation of wave function of
located electron which is accepted as spherically symmetric;
Ox) is a unit stepped function). If the spatial arrangement the
jump centers and the type of distribution of connection
energy are set then we have a problem about casual
wanderings of electron on a spatial lattice of the low-energy
centers. This problem is known in the literature as a problem
r-E-lattice percolation.

A stage of transfer, and also processes of photons
absorption by molecules of complexes usually describe by
concept of a state with of a charge transfer (CT—charge
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transfer states) - excitations of neutral states of complexes in
which (as opposed to excitons where electron and hole are
located on one molecule with distance between them
independent of time) excited electron passes to the molecule
nearest or following it, but remains coulomb connected with
the hole. Energy E'c; and E¢p (CP-charge pair) of these ionic
states are below of conductivity zone. At absorption of a
photon by a molecule of a solid occurs or autoionization
(Franck-Condon transition from the basic state in one of
excited), or direct excitation of CT- states therefore the status
of the coulomb connected pair (a so-called CP-state) and then
there can be free charge carriers are formed.

3. Mathematical models of photo-generation of
charges carriers

Photo-generation of charge carriers in medium with
weak intermolecular interaction occurs through a state of the
coulomb connected pair carriers of an opposite sign. Process
of charge separation of such pair in external electric field ¢
includes two stages: a stage thermalization of a charge carrier
connected in a pair and a stage of thermal-field dissociation
of the connected pair charges. On the first stage connected
electron loses the excess of kinetic energy, coming in balance
with phonons on some distance between the charges, called
of radius carrier thermalization r,. This stage is characterized
by a quantum efficiency of connected pairs formation 7. On
the stage of thermal-field dissociation the thermalized
connected pairs are separated owing to interaction with
phonons. ¢pononamu, This stage is described by probability of
dissociation fi(r,d, Ej). From here

n= nofr, O Epg(r, O)dr’

Here: g(r, ) is a function of pairs on value of radiuses » and
their orientations relative to a direction of field £, 6is a
corner between vectors 7 and E. At  <10™® m g(r, )=( r - r,)
and expression (1) passes in 7= 1yfu(r, E)).

In a stationary state of isotropic system of the
noninteracting pairs which are in balance with medium with
constant dielectric permeability € and at constant temperature
T, the probability of dissociation of the pairs charges f (v, E)
is defined by three-dimensional Onsager model [6]:
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Here: e is the electron charge;
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This Onsager model most correctly reflects physics of
process for thermalized pairs.

Thus, the features of molecular mediums are connected
to weak intermolecular interaction in them, resulting, first, to
molecular character of light absorption and the photo-
generation of charge carriers following it through a state a
coulomb connected pair; second, to localization of charge
carriers on separate charges and their low mobility (in
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comparison with semiconductors, where u ~ lem”V™'.s™).
Weak intermolecular interaction and strong localization of
charge carriers on separate molecules in a solid cause process
of photo-generation of charge carriers through a state of the
coulomb connected pair, formed as a result of molecular
absorption of a photon with possible direct excitation of CT-
states.

4. Physical models of photo-generation of charges
carriers

Physical models of photo-generation differ with the
processes resulting to separate of pairs on distance 7. In
various jump models [7,8] such process is a jump of the
carrier from the excited molecule of a complex on the next
intermediate state. In dissociation-jump models [9] these are
jumps on the located states with dissociation on model of the
Pool - Frenkel [10].

In molecular crystals (homomolecular mediums) 3
models was development: “optical transitions” [11],
"ballistic" [12] and "eximer" [13]. For polyvinyl-carbazole
PVC it is shown, that in the region of singlet absorption band
the quantum efficiency 7 grows in discrete steps with growth
of radiation energy /iw so, that in each strip 7 and r; are
constant. For crystals of polyacen, in near-threshold region of
absorption with growth of number of aromatic rings 7 grows
from 10~ up to 5.

Process of photo-generation in molecular crystals
progresses through the CT-states formed at absorption of a
photon owing to excess oscillatory energy ~ (0,3 + 0,4) eV.
This energy is lost on interaction with lattice photons for 80-
100 collisions on dependent on a voltage of field & on
distance of r(T) = (6+10)-10” m [4]. In result the state of the
connected pair formed with radius 7; (a so-called CP-state),
absorbed additional energy from medium can form free
charges carriers. In considered model 7 and r; depend on
energy of a photon [4]. At large energy a process of
autoionization can be occurring.

For molecular mediums on basis of DA complexes
besides jump [4] and dissociation-jump [8] models can be
selected exciplex [14] at structurally-chemical sensitizing of
photoeffect and ion - radical [15] at a spectral sensitization by
dyes.

In accordance with exciplex model, photo-generation
occurs in process thermal-field dissociation of nonrelaxed
state of exciplex Cz'-(D'A")**, formed at absorption the
photon by a molecule of the donor (carbazole fragment of
PVC Cz) [16] or a acceptor molecule (intermolecular CCT)
and the subsequent electron thermalization [14]. In the given
model radius 7, = (2+3)-10° m cannot depend from &and Aw
in a absorption band as a result of the fast intermolecular
relaxation absorbed a photon of a molecule.

At a spectral sensitization of a photoeffect the process of
photo-generation is carried out from a state of the connected
ion - radical pair '* [IPR], arising of exciplex state of the
absorbed a photon molecule dye* and carbazole groups of
polymer Cz. Primarily formed from of a state (dye-Cz)* the
state °[IPR] dissociates on free carriers, and arising in result
singlet-triplet conversion with a constant k;, dependent on
intensity of a magnetic field [14] state '°[IPR] gives neutral
products [16,17]:
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hao kst
dye* + Cz <> (dye- Cz)* < '°[IPR] < *'[IPR]

In
h+e

The listed physical models of photo-generation in
molecular mediums on basis CCT do not give the
dependences connecting value and spectrum 77 with structure
of molecules CCT. For the molecular mediums containing
CCT, it was possible to connect parameters of the
photophysical processes proceeding after a photon absorption
by a molecule, with parameters of chemical structure of
molecules of complexes.

For molecular crystals the correlation of 7 with energy
gap width has been found. As opposed to this, the class of
mediums on basis CCT is more extensive and in him there is
an opportunity to choose series of naturally changeable
structures of complexes.

As transport of the photogenerated charge carriers in
such mediums is carried out as a result of noncoherent jumps
between the located states, the establishment of connection of
photo-generation parameters and structure demands methods
of measurement 7, allowing to take into account or exclude
influence of a stage of transport on measured values.

5. Experiment and first results
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Fig.1. The current-voltage characteristic of the heterojunction
silicon-polymer diode.

We have carried out experiments on formation and
investigation of semiconductive composite polymers and of
silicon-polymer structures. Such as of polymer composite

materials we have used oligohydroguinone, oligo-a-naphthol,
oligo-B-naphthol, oligo-amino-phenylen. Polymer-silicon
heterojunctions were made by electrochemically deposited
method. A 40 nm layer of polyaniline was deposited onto a n-
type silicon (100) substrate of resistivity of 1 Q-cm.
Current-voltage characteristics of these devices were
investigated. The size of sensors was 10x10 mm and
thickness was 300 microns. The devices present good
electrical characteristics, with apparent barrier high of 0,59
V, reverse bias current of 5 nA and rectifying ratio of ~50 at
+ 1,0 V. The current voltage -characteristic of the
heterojunction silicon-polymer diode is shown in fig.1.

6. Conclusion

The established structural regularities of change of
quantum efficiency of a photoeffect in polymeric
semiconductors and their molecular complexes have shown
that existing classes of photosensitive materials now differ
with character of interaction in mediums:

- ionic and covalent (energy of interaction £> 1eV) - in
molecules of dyes and polymers;

- donor-acceptor (£ = 0,05 + 1 eV) - at formation by
polymers of molecular complexes with low-molecular
additives;

- hydrogen (E = 0,04 + 0,2 eV) - at formation supra-
molecular structures.

These regularities have defined requirements to
structures of molecules of complexes with high quantum
efficiency of photoprocesses: donor fragments or molecules
should have low potentials of ionization (<7,4 eV), and
acceptor one should have high energy of electron affinity
(more than 1,0 eV). The following still requirements are
necessary for achievement of higher quantum efficiency of
photo-generation:

1) The molecule of the donor with the specified
potentials of ionization of aromatic fragments (or an acceptor
with the specified electron affinity) should be polymeric with
number of fragments not less than 5, and periodically located
with distance between them 0,7-10° m</<1,5-10° m;

2) Molecules of the donor and an acceptor, a forming
molecular complex, should form polymer with the size of the
monomeric link limited in thermalization radius (1,5+3,5)-10° m.

The formulated requirements allow to predict limiting
quantum efficiency of photoprocesses and to choose
photosensitive components of molecular complexes.

Current-voltage  characteristics of semiconductive
composite polymers and of silicon-polymer structures were
investigated.
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YARIMKECIRiICi POLIMERLORDO FOTOGENERASIYA PROSESININ TODQIiQi

Maqalada fotoelektrik geviricilerin yaradilmasi iigiin yarimkecirici polimerlorin tadqiqati perspektivliyine baxilir. Molekulyar bark
cisimdo yiikdasiyicilarin fotogenerasiya proseslorinin xiisusiyyatlori totqiq edilmisdir. Kulon rabitoli ciitlorin hali ilo yilikdastyicilarin
fotogenerasiya prosesini saciyyolondiron zaif molekullararasi qarsiliglt olagenin rolu gosterilmisdir. Yarimkegirici polimer-silisium
sistemlorin arasdirilmasinin birinci naticalori verilmisdir. Oligohydroguinone, oligo-a-naphthol, oligo-f-naphthol, oligo-amino-phenylen
polimerlor kompozit materiallar kimi istifado olunmusdur. Polimer-silisium geterostrukturlarin ceroyan-gorginlik xarakteristiklar1 todqiq
olunmusdur. Molekulyar komplekslords vo polimer yarimkegiricilords fotoeffektin kvant ¢ixislarinin struktur doyismosinin qanunlar totqiq
edilmisdir.

A.A. Baiipamos, H.H. Mypcakyaos, H.A. Cadapos, H.M. MamenoBa, 5.A. Mamenon
HNCCJIEJOBAHHE ITPOLECCOB ®OTOI'EHEPAIIMHA B ITOJYITPOBOJHUKOBBIX ITOJIMMEPAX

B crarbe paccMOTpeHa HEPCIEKTUBHOCTh MCCIIENOBAHUH IOJTYNPOBOAHUKOBBIX IIOJMMEPOB Ul CO3IaHHS (DOTORIEKTPUUECKUX
npeobpaszoBateneil. VcciaenoBansl mpoueccs (HOTOreHepaniy B HOMYIPOBOJHUKOBBIX MOJIMMEpax, U MOKa3aHbl OCOOCHHOCTH MEXaHH3Ma
(doToreHepauuy HOCUTENICH 3apsia B MOJICKYJISIDHOM TBepioM Teie. IlokasaHa poib ciaaboro MEKMOJEKYJSPHOTO B3aUMOACHCTBUS,
o0ycIaBIuBaroIero mporecc GoToreHepanuy HOCHTEIeH 3apsa 4epe3 COCTOSHHE KYJIOHOBCKHM CBsI3aHHOHM mapsl. IIpencTaBieHs! nepBbie
pe3yNbTaThl HCCIENOBAHUHA CHCTEM: MOIYNPOBOAHHKOBBIM IIOJNIMMEp-KpeMHHH. B kadecTBe MONMMEPHBIX KOMIIO3WTHBIX MaTEepHalIOB
HCIIOJIb30BaHbl nonuMepsl oligohydroguinone, oligo-a-naphthol, oligo-B-naphthol, oligo-amino-phenylen. MccnenoBansl BoabT-aMIepHsie
XapaKTePUCTHKN TeTePOCTPYKTYp IOJIMMep-KpeMHHu. cciienoBaHbl CTPYKTYpHBIE 3aKOHOMEPHOCTH HM3MCHEHHS KBAaHTOBBIX BBIXOIOB
(doToaddexra B ONMMEPHBIX TTOTYIPOBOJHUKAX M UX MOJEKYJIIPHBIX KOMIUICKCAX.

Received: 19.12.07

13



FiZiKA

2008

CiLD XIV Nel

B-BARYON POLARIZATION IN SEMI-INCLUSIVE REACTIONS
V‘u(vﬂ )N = ﬂi(ﬂJr )BX b ﬂi(ﬂJr )N = Vﬂ(vﬂ )BX

S.K. ABDULLAYEV, A.I. MUKHTAROV
Baku State University, AZ-1148, Z. Halilov str., 23

The common expressions for effective cross-sections of semi-inclusive reactions v, (Z)-g- N=u (u)+B+X and

w(H+N=v, (VT,)+ B+ x in the limits of quark-parton model are obtained. The longitudinal polarization degree of A’-hyperon is

defined. It is shown, that longitudinal polarization of A’-hyperon is only z function and doesn’t depend on x and y variables, if it is possible
to disregard the antiquark contribution in fragmentation functions. The dependence of longitudinal polarization degree of A’-hyperon on z
variable in the different variants of fragmentation function choice of polarized quark into polarized A’-hyperon is investigated.

As it is known, the weak neutral currents (WMC) were
firstly observed in the processes of deep-inelastic scattering
(DIS) by neutrino (antineutrino) nucleons
v,(v,)+N=v,(,)+X . The study of these and another

lepton-nucleon processes allows us to obtain the information
about structure of WMC leptons and hadrons and about
distribution functions of quarks and gluons in nucleons.

Last years the new class of processes, which are semi-
inclusive hadron creation in DID of polarized leptons on
polarized nucleons [1-4], the study of which is the
information source about distribution and fragmentation
functions of polarized quarks and gluons, has been well
discussed.

Here B-baryon polarization in semi-inclusive reactions is
considered

v,+N=>u +B+X, (1)
v,*N=>u +B+X, ()
u +N=v, +B+X, 3)
U HN=V, +B+X, (4)

where the initial nucleon is longitudinal polarized (or

unpolarized), neutrino is always polarized (neutrino spirality

is 1 =-1, and antineutrino helicuty is A- =+1), B is
v v

emphasized inclusive baryon with measured longitudinal
polarization 4.

The differential cross-section of semi-inclusive reactions
(1)-(4) in the framework of quark-parton model can be
written in the following form:

do N(h do _B(h
dxdvdz 2 fq(/i ])V)(x)d_ q';hﬁ))(z)
xaydz q,hq q',hé] q Y q
o)
VA=E G oy yveg=utg
MLTIL;L,L _MR,yR;RR =

Here f ]\(I}Eh])v )(X) is distribution function of polarized
q
q

quark in polarized nucleon; DB (hp

. B/(z) is fragmentation
g0y

9 s

dy
differential cross-section of parton subprocess; x, y and z are
ordinary kinematic variables of DIS.

The negative muon forms in semi-inclusive reaction (1)
at neutrino scattering that’s why the parton electric charge
(quark or antiquark) should increase on the one unit. The
positive muon forms at antineutrino scattering and therefore
the parton electric charge should decrease on the one unit.
Thus, neutrino can interact with d- and s-quarks, which
transform to u-quark or with # -quark, which transforms to

function of polarized quark in polarized baryon B;

d - or antiquark (only contributions of u-, d- and s-quarks are
taken into consideration for simpleness):

V,tq=> pu +q',whereq=d;s; q'=u,

V,tq=>pu +q',where g=u; q'=d;s. (6)

Analogically, neutrino can interact with u-quark wchich

transforms to d- and s-quark, and also with d - and § -
antiquarks, which transform to # -antiquark:

o + ' _ .
V,tq=u +q ,where g=1u;

V,+q=p +q', where g =d;s; q'

As quark spirality keeps in disregard of their masses,
then elementary subprocesses (6) and (7) are defined by only

one spiral amplitude: M .
p p ﬂﬂ,ﬂq ,ﬂv,ﬂq

XS
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dna-U,, ) xs(]—y)
X xys+M;,

w

VLGS d Yy ad =
u — u —
ML,R;L,R - MR,L;R,L -

®

where x,, = sin’ 0,, U, =cos6., U, =sinf.; 6, is Bose particle, s is square of sum energy of initial particles in
c.m.system.

Let’s give the cross-sections of parton processes at
definite spiralities of initial and final particles:

Weinberg angle; 6, is Cabibbo angle; M,, is mass of W * -

do(v,q, = ﬂ[%) _ do(vVyq, = ,Ll;qé)
dy dy
do(v,q, = ﬂL_qIIQ) _ do(Vyq, = ,u;qlL)
dy dy

_ 2 2
=ra’xsk;,,

=ra’xsF), -(1-y)”, (10)

U . |interact only with right polarized quarks and left polarized
where the designation F,, =—"(xys+M, )" is antiquarks.
X

w For differential cross-sections of semi-inclusive
introduced. processes (1) and (2) on the base of formulae (5) and (10) we
From formula (10) it is seen, that neutrino and antineutrino | have the following expressions:

do(v,N) ra’xs s (N B N B , . - i
= F, D +f"D-(1- —hy|Af," D, — A" D= (1- _
o W R RN (Y "

— by AD — £ AD? (1= )} by a7 ADE + ar AD (- 2] )

da(\j;,N) _ ma’xs

F2 U ND2A= ) +f"DE —h IAFYDE(1- v)? =AY D2 |-
e WA T R R ] "

£ AD2 (=3~ £ AD2 e by o A2 -y A D2 ]

where ! do(hy;h,=1)—do(h,;h,=-1
By(hy) = EhN’hB 1; y EhN’hB 1; . (13)
N _ N+ N(+1) N _ pNGHD) N ohy;h,=D)+do(h,:h,=—
To =Sen Loy s Ny =Ty —Saen s NE NE
DqB- = DqBv((Ll)) +DqBv((j11)) 5 ADqBv = D;((ﬁ)) _DqBv((:rll))- which can be measured on angular distribution of decay

products in B=> N + r reaction. Summing on quark flavor,
Here the longitudinal polarization degree of inclusive B for longitudinal polarization degree of baryon we have the
baryon interests us: | expressions:

1) In semi-inclusive reaction V,+N=>u +B+X:

P ()= {= 1Y = REY + h () + RAFVADE + (1= p)> (£ + hyAFY)
< (AD? + RAD®Y 1 {[f.N + REY =y (Af) + RAFIDE + (1= ) (£ + hyAr ™) (14)
x(D2 +RD?) |

2) In semi-inclusive reaction v, + N = u* + B+ X :

Py (hy) = {1 — hyAf,Y )(ADE + RADP)(1- y)* +
[ng + R + hy (AfS +RAf;N)AD;B] fx {(fuN —hy AN )Dy +RD)(1-y)* + (15)
(£ + REY + by (AFY + RAFVD ]},
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where R = tgzﬁc ~(0.056.

Particularly, if the initial nucleon isn’t polarized then the longitudinal polarization degrees (14) and (15) have the form:

P (hy) =~

(/" +Rf/)AD; —(1-y)* £ (AD] + RAD])

(f; +Rf)D] +(1-y)’ £ (D] + RD)
1. (AD] + RAD?)(1- )’ = (f;" + Rf;")AD?

; (16)

PB;/IN (hy)=—

LN (DF +RDI)A=y)* +(f5 +Rf)D?

The above mentioned formulae for longitudinal
polarization degree (14)-(17) are true in the case of creation
of arbitrary baryon B with spin “2. For example, let’s
consider the semi-inclusive creation of A’-hyperon in
v,+N=pu +A+x and vu+N= u" +A°+X reactions.

In this case we can neglect the fragmentation functions of
antiquarks in A’-hyperon, as the contribution is small at big x
and z.

Then we obtain the simple expressions for longitudinal
polarization degree of A’-hyperon:

v v AD;\ z
P (hy =%l =P = _—DA((Z)) (18)
- - AD} (z)+ RAD"(z
PN (hy =+1)= PN = "A( ) N @ (19)
Dy (2) + RD; (2)

As it is seen, the longitudinal polarization of A’-hyperon
is only z function and doesn’t depend on variables x and y.
The study of this polarization can give the valuable|

Din gy~ +N= v, +B+X reaction

(17)

! information about fragmentation function of polarized quark
in polarized baryon.

The analogous results are obtained in semi-inclusive

processes i~ +N=>v,+B+X, ' +N=>v,+B+X.

The formulae:

- ' — _ .
H +q=>v,+q', where g=u, q'=d,s;

U +q=>v,+q', where g =d,s u;

, q'=
u +q:>;,, +q',where g =d,s, q'=u,
L tqg=va+q, where g=u, ¢'=d,s. (20)

are parton subprocesses of these reactions.
The differential cross-sections of these subruns are
defined by the same expressions as the subprocess cross-

defined v, g=>ugq'. v,q=>uq',
Vaqg= 1°q', v.q= u*q'. Then the
expression for longitudinal polarization of baryon:

sections  are

we  obtain

PEY (hy) = (1 + hy A XADE + RAD? ) +

F (1= ) ADE £+ REY + iy (A + RAF)] {2 = hy AN Y(DE + RDP )+

e2y)

+ (=) D2 4 REY + a4 RAF] T

2)in 4" + N = v, +B+X reaction

PEY(hy) = (=) ADP[£N + REY = hy (Af) + RS+

+(AD? + RADPY( £ + hy ) P A=) DE[£) + REY = hy (aF," + RAF]+

+(D2 +RDP)(fY +hyAfY) |

(22)

If nucleon isn’t polarized, then longitudinal polarization degree of baryon has the form:

uN _
Py =

— /" (AD] + RAD]) + (1= y)* AD? (Af" + RAF)

4N

f(DJ +RD]Y+ (=)’ D (f +Rf™)

; (23)

B

(=) ADE(f) + RfY)+ [ (AD + RAD?)
A=y’ DS, + R+ f¥ (D +RDF)

24
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The obtained expressions for longitudinal polarization
degree of baryon are essentially simplified, if we can neglect
the antiquark contribution in fragmentation functions:

—AD; (z) ~ RAD (2)
D; (2)+RD}(2)

PV (hy =%1) = PV = ;
(25)
~AD;'(2)

PNV (hy =£1) = PN = i

(26)

It is seen, that baryon longitudinal polarization doesn’t
depend on x and y variables in this approximation.

According to [4,5], fragmentation functions of polarized
quarks in polarized A’-hyperon can be parametrized in the
form:

AD!(z,0%)=z"D}(z,0%),
AD(z,0%) = AD; (z,0*) = N,AD}(z,0%), @7

a and N, parameters are chosen as follows:

Parameter Variant 1 Variant 2
a 0.27 1.66
N, -0.2 1

The dependence of longitudinal polarization degree of
A-hyperon (18) and (19) on z variable is given on the fig.1.
As it is seen, the longitudinal polarization degree of A‘-
hyperon is positive one in variant 1 and monotonically
increases when z variable increase (in this variant the main
contribution in polarization of A’-hyperon is made by s-
quark, the contribution of u- and d-quarks in polarization is
about 20%). The polarization of A’-hyperon in variant 2 is
negative one, increases on module when z increases and
achieves 1 value in the spectrum end (in this variant the
contributions in polarization of A’-hyperon of u-, d- and s-
quarks are similar: AD* = AD} = AD"). Note, that in this

case the polarization of A’-hyperon is similar in all reactions.

B foordanas T I :

FiF-R EEER— A S i

-1

Fig.1. The dependence of A’-hyperon on z variable in v,N = 1 A°X (curves 1 and 3) and 1,71\/ = u*A’x (curves 2 and 3).
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S.Q. Abdullayev, A.I. Muxtarov

YARIMINKLUZIV v, (v, )N = u (u")BX , p1~ (14" )N = v ,,(V,)BX PROSESLORINDS B-BARIONUN
POLYARIZASIYASI

Kvark-parton modeli gorgivasindo yariminkliiziv v, (Z) +N=>pu (W)+B+X Vo u (u)+N=> v, (Z) + B + X proseslorinin

effektiv kosiklori {igiin {imumi ifadelor alinmisdir. A’-hiperonun uzununa polyarizasiya dorocesi toyin edilmisdir. Géstorilmisdir ki,
fragmentasiya funksiyalarina antikvarklarm payi nezere alinmazsa, A’-hiperonun uzununa polyarizasiya dorocesi yalmz z deyisonin
funksiyast olub, x vo y doyisenlerindon asili deyildir. Polyarizasiya olunmus kvarklarmn polyarizasiya olunmus A’-hiperona fragmentasiya
funksiyalarii miixtolif sokildo segmoklo, A’-hiperonun uzununa polyarizasiya deracesinin z deyisoninden asililigi tedgiq edilmisdir.
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S.K. ABDULLAYEYV, A.I. MUKHTAROV

C.K. Adpyiaes, A.U. Myxtapos

NOJISIPU3ALINS B-BAPMOHA B NOJIYMHK.TIO3UBHBIX PEAKIMSAX v, (V, )N = ™ (1" )BX
#(WHN=v,(v,)BX
B paMKax KBapK-HapTOHHOﬁ MOACIU TOJYUYCHbI 06H_[I/Ie BBIPpAXXCHUS I 3(1)(1)CKTI/IBHI)IX Ce‘{CHI/Iﬁ TIOJIYUHKJIIO3UBHBIX peaKL{I/Iﬁ

T - - o i 0_
v, (V”) +N=>pu (uH)+B+X v p (u")+N= v, (V,l) + B+ X . Ompenenena cTerneHb NpPOAOILHON MONSpHU3alUK A°-rUIepoHa.

IoKa3aHo, YTO eciIH mpeHeOGpedb BKIAZOM AHTHKBAPKOB B (DYHKIHM (DparMEHTAIHH, TO IPOXOIbHAS momspusamus A'-rumepona semsercs
(yHKIHEI TONBKO Z, @ OT HEPEMEHHBIX X H y OHA He 3aBHCHT. VIccie0BaHa 3aBHCHMOCTS CTENEHH IPOLOIbHOI momspusamu A-rumnepoma
OT MepeMEHHO Z B PAa3/IHYHBIX BAPHAHTAX BEIOOPA (yHKIMIL pparMeHTAIMH TOISPH30BAHHOTO KBAPKA B IOMAPH30BAHHbIH A'-rimepor.
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THE INFLUENCE OF ELECTROTREATMENT ON MECHANICAL AND ELECTRIC
DURABILITIES OF COMPOSITIONS ON THE BASE OF POLYMERS AND
PIEZOCERAMICS

S.A. ABASOV, H.S. IBRAGIMOVA
Institute of Physics of NAS of Azerbaijan, Baku, AZ-1143, H. Javid av., 33

M.A. RAMAZANOV
Baku State University, AZ-1148, Z. Halilov str., 23

The influence of preliminary electrotreatment on mechanical and electric composition durabilities on the base of polyethylene (PE),
polyvinylidene fluoride (PVDF) and piezoceramic (PCRS5) is investigated. It is shown, that mechanical and electric durabilities of
PE+30vol%PCRS5 and PVDF +30vol%PCRS compositions increase at first and then decrease in the dependence on electric field intensity of
E,...; electrotreatment, that is connected with increase and decrease of interphase interactions.

The study of electrotreatment influence on composition
strength properties on the base of polymers and piezoceramics
presents the scientific and practical interest as they are the
main elements in the devices of different sensing elements
and transformers and are treated by the influence of external
factors, including electric field [1-3].

In the given work the investigation results of electrotreatment
influence on mechanical and electric durabilities of
PE+30vol%PCRS5 and PVDF+30vol%PCRS compositions
are presented.

PCR5 piezoceramics has the content of zirconato-
titanate-lead (ZTL) and the rhombohedral structure.

The compositions are prepared by the method of hot
pressing of mechanical mixture from piezoceramics powders
PCRS and PE and PVDF polymers separately at melting
point of polymer matrix under the pressure 150 MPa during
10 min with the postcooling.

The logarithm dependence of mechanical durability /g7,
on mechanical bursting stress o for PE+30vol%PCRS,
preliminary treated by electrotreatment at different values of
electric field intensity E,., are presented on the fig. 1. It is
seen, that /g7, linearly decreases in the dependence on o in
all cases, i.e. the exponential dependence takes place

7o=Ae“, (1)

where 4 and « are parameters, depending on the nature of
investigated material and test temperature on mechanical
durability.
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Fig. 1. The dependence of mechanical durability of
PE+30vol%PCRS5 compositions preliminary
treated by electrotreatment on the mechanical
bursting stress: 1- £=0; 2-E=10; 3-E=11; 4-E=12;
5-E=14-10°V/m.

From the fig.1, it is also seen, that the mechanical
durability /g7, of PE+30vol%PCRS compositions increases at
first and then decreases in the dependence on
electrotreatment £,,.,, intensity at other equal conditions.

The dependences of logarithm of electric durability /gzz
on breakdown electric field intensity £ for PE+30vol%PCRS5
compositions, preliminary treated by electrotreatment at
different values of electric field intensity E,..; are given on
the fig.2. It is seen, that here the exponential dependence is
also carried out:

w=Be’", ©)

where B and f are parameters, depending on the nature of
investigated material and test temperature on electric
durability.

From the fig. 2 it is also seen, that here the electric
durability Igzz of PE+30vol%PCRS5 compositions in the
dependence on electrotreatment £, intensity firstly
increases, and further decreases at other conditions.

o 5 1 15 20
E——+

Fig. 2. The dependence of electric durability of PE+30vol%PCRS5
compositions preliminary treated by electrotreatment on
electric field intensity; 1- Ejeqr =0; 2- Ejpeqr =10;

3- Epear =115 4= E e =12 5- E e =14-10°V/m.

The dependences of lgz, on o and Igzz; on E for
PVDF+30vol%PCRS compositions preliminary treated by
electrotreatment at different values of electric field intensity
E, .. are shown on the figures 3 and 4. It is seen, that the
exponential dependences (1) and (2) take place for
PVDF+30vol%PCRS compositions. By other hand, as it is
seen from the figures 3 and 4, the mechanical durability /g7,
and electric one /g 7z of PVDF+30vol%PCRS compositions in
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the dependence of electrotreatment E,.,, intensity increase at
first and then decrease at other equal conditions.

i

Fig. 3. The dependence of mechanical durability of
PVDF+30vol%PCRS5 compositions preliminary treated by
electrotreatment on mechanical bursting stress;

1- Etreat :0; 2- Etreat :3; 3- Etreat :5; 4- Etreat :8; 5- Etreat
=10; 6- Epeqr =125 7= Ejyeqs =15-10°V/m.
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Fig. 4. The dependence of electric durability of
PVDF+30vol%PCRS compositions preliminary treated by
electrotreatment on electric field intensity;

1- Eyear =05 2- Epear =35 3- Eyear =5; 4 Eyear =8; 5- Eeur
=10; 6-E=12; 7- E e =15-10°V/m.

The fact, that dependences Igz, on o and /gzz on E at
extrapolation o =0 and £ =0 cross at a point of ordinate axis
on the figures 1,2,3 and 4, pays attention. By other words, 4
and B parameters in formulae (1) and (2) are constant, and
changes of strength properties (of mechanical and electric
durabilities) reflect in changes of « and £ parameters.

It is known, that temperature-force dependence of
mechanical durability 7,=f(T,0) of polymer compositions is
expressed by Jurkov’s formula [4]:

Uy-yo
KT 3)
and temperature-field dependence of electric one zz=f(T,E) of

polymer compositions is expressed by formula, which is
analogical to Jurkov’s one:

T, =T,€

Wy—xE
Tp =10 KT )
Here U, and W, parameters are activation energies of
processes of mechanical and electric destructions, and y and y
are structural-sensitive coefficients, correspondingly.
From the comparison of formula (1) with formula (2) and
formula (2) with formula (4) we can write the following
expressions:

Uﬂ
A=tk , a=-"2
KT

Wy
B=r,ef", ﬂ:i

KT

From the figures 1-4 it is followed that A=const and
B=const at T=const, therefore U,=const and W,=const. This
means, that the changes of mechanical and electric
durabilities of PE+30vol%PCR5 and PVDF +30vol%PCRS5
compositions in the dependence on intensity E,.. at their
electrotreatment don’t reflect in changes of U, and W, i.e.
they stay constant (permanent) and these changes are
connected with the ones of structural-sensitive coefficients y
and 7, since « and S parameters change at that. Consequently,
the values of activation energies of mechanical destruction U,
and electric one W, stay constant at preliminary
electrotreatment  of  PE+30vol%PCRS5 and PVDF
+30vol%PCRS5 compositions, and changes of their strength
properties in the dependence on E,., are connected with the
ones of physical structure, that reflects in the changes of
structural-sensitive coefficients y and y.

The observable changes (increase and decrease) of
mechanical and electric durabilities of investigated
compositions in the dependence on electrotreatment E, .4
intensity, probably, are connected with the ones
(amplification and weakening) of interphase interactions.
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POLIIMERLOR VO PYEZOKERAMIKA 9SASINDA ALINMIS KOMPOZiSiYALARIN MEXANIKi Vo
ELEKTRIiK YASAMA MUDDOTLORINO ELEKTRIK SAHOSINDO iSLONMONIN TOSIRi

Polietilen (PE), polivinilidenftorid (PVDF) vo PKRS pyezokeramikasi asasinda alinmig kompozisiyalarin mexaniki vo elektrik yasama
miiddotlorina onlarin avvalcadon elektrik sahosindo islonmonin tasiri todqiq edilmisdir. Gostorilmigdir ki, elektrik sahasindo islonmonin E;y
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intensivliyindon asili olaraq PE+30h%PKRS5 vo PVDF+30h%PKRS kompozisiyalarinin mexaniki vo elektrik yasama miiddatlori avvalco
artir va sonradan iso azalirlar. Bu iss fazalararasi qarsiliqlt tesirin artmasi va azalmasi ils slagodardir.

C.A. Abacos, M.A. Pama3anos, X.C. UOparumoBa

BJIMSHHUE 3JIEKTPOOBPABOTKH HA MEXAHUYECKYIO U JIEKTPUYECKYIO JOJTIOBEYHOCTD
KOMITIO3UIIMU HA OCHOBE INIOJIMMEPOB U ITBE3OKEPAMUKHA

HccnenoBano BIMsSHHUE NMPEIBAPUTEIBHON 3JEKTPOOOPAOOTKH Ha MEXaHMUECKYIO M 3JIEKTPHUYECCKYIO JONTOBEYHOCTh KOMITO3HMLIUI Ha
ocHoBe  moauerwieHa (I12), nomupunwimaeHpropuna ([IBA®) u  mbe3okepamuku I[TKPS5 . Tloka3aHo, 4TO B 3aBMCHMMOCTH OT
HANpsHKEHHOCTH  3JIEKTPHYECKOIO  TIOJISL  DIEKTPooOpaboTku  Eqsp MeEXaHHMYeCKass M 3JIEKTPUYECKas JOJNOBEYHOCTH KOMIIO3HLMH
I19+3006.%IIKP5 n TIBJAdD+3006.%IIKP5 cHavana yBeaudMBaroTCs, a 3aTEM YMEHBIIAIOTCS, YTO CBSI3aHO C YCHJICHHEM H OCIabIeHHEM
MeK(pa3HbIX B3aUMOICHCTBHIA.
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ZJiF LEGIRO OLUNMUS n-Si ALTLIGINDA FORMALASDIRILMIS MAKROMOSAMOLI
SILISIUMDA XUSUSI MUQAVIMOT VO HOLL EFFEKTI

H.9. HOSONOV
MTN-in H. Oliyev adina Akademiyasi

Mogqalos fosforla zoif legira olunmus #-Si althginda formalasdirilmis makromosamaoli silisiumda xmsusi miiqavimoat vo Holl effektinin
temperatur asililiglarinin todqigine haesr olunmusdur. MS-in formalagdirilmasi1 prosesinds yaranan hidrogen atomlar1 torofindon asqar
atomlarinin passivlogdirilmasi prosesinin xarakteri tohlil edilmisdir Masamo divarlarinda yaranan yoxsullasmig oblastlarin MS-in elektrik

xassalorina tosiri todqiq edilmisdir.

Toqdim olunmus igdo mogsad-silisium altlig/mosamali
silisium (MS) sisteminds (silisium altliq xiisusi miigavimati
4,5 Om-sm va konsentrasiyasi n=10"sm> olan (100) orient-
tasiyali fosforla legiro olunmusdur) xiisusi miigavimot vo
Holl effektinin tadqiq olunmasidir. MS tabagalari plavik tur-

susunun 48%-1li mohlulunda ]()ﬂ corayan sixliginda alin-

2
sm

migdir. Anodlagsma miiddotinin 10 doqigadon 60 daqigoys qo-
dor doyismoesi MS tobogonin qalinhigmi  25mkm-dan
100mkm-ya qodar, ¢oki moesamaliliyini isa 5%-don 10%-9
godor artirir. Rastr elektron vo akustik mikroskoplarin
komayils aparilan todqiqatlar gostorir ki, MS strukturun sathi
(100) oxuna paralel yonolon, bir-birindon 3+10 mkm mosa-
fods yerloson, diametri 1,5 mkm olan iri silindrik masamolor-
lo xarakterizo olunur. MS sothindoki amorf tobaqgs yiiksoktez-
likli bosalmanin karbonfliior-oksigen plazmasinda plazma-
kimyavi asilama metodu vasitosilo logv edilmisdir. Tadqiq
olunan niimunalarin xarici gorkomi 1 sayli sokildaki tasvira
uygundur. AI/MS kontaktindaki omikliyin todqiqi gosterdi ki,
kicik siiriismolor oblastinda kontakt kvaziomikdir vo kegid
xiisusi miiqavimeti 0,2+12 Om-sm” -na borabardir.

2 va 3 saylh sokillords iki tebagali MS/ silsium altliq
strukturu ii¢ilin xiisusi miigavimat vo Holl amsalinin tempera-
tur asililiglar: gostorilmisdir. 2 sayli sokildon goriiniir ki, otaq
temperaturlar1 oblastinda anod emali1 miiddstinin artmasi iki
tobagali strukturun xiisusi miigavimatini artirir. Temperatur
artdiqea ikitobagqoalt strukturun xiisusi miigavimoti avvalki ki-
mi ilkin monosilisiumun xiisusi miigavimatindon ¢ox olsa da,
onun temperatur asililiginin xarakteri bir qodor doyisir. Holl
omsali ilkin monosilisiumun Holl amsalindan boyiik olur vo
otaq temperaturunda (6,9+7,9)-10°m*/K1 -a barabor olur.

as Si
Mono Si

Sak. 1. Holl effektinin 6lglilmasi iigiin ikitobagali mosamali
Si/Si strukturu

Js} RHS r ds

Ty, Ry dy

Alinmis eksperimental noticalori tohlil etmak tigiin Petris
modelindon istifado olunmusdur. Bu model MS hacminin
orta giymotino goro P, xilisusi miiqavimati vo Ryys Holl
omsalin1 toyin etmoys imkan verir.
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Sak.2. llkin silisium (5) va ikitabaqgali strukturlarin (1-4) miixto-
lif anodlagsma miiddetlerinde xiisusi miiqavimatlorinin
temperatur asililiglar .¢,-1+20; 2+30; 3+40; 4+60;

3
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Sak.3. Tlkin silisium (5) va ikitabagali strukturlarin (1-4) Holl
amsallarinin temperatur asililiglart. Niimunalorin némralari
2 sayli gokildoki némralors uygundur.

Sok. 4. Moasamalor otrafindaki yoxsullagsmis oblastlar. 1- mono-
kristallik matris, 2-masama, 3- yoxsullagmis oblast.
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Hesablamalar zamani ilkin silisium partiyasiin xiisusi
miigavimoatinin 15%-lik konara ¢ixmalart nazora alinmisdir.
Hesablamalarin 1 sayli codvalds gosterilon naticalori siibut
edir ki, MS tabagasinin orta xiisusi miigavimati monosilisiu-
mun miiqavimatindon 1,5+15 dofo boyiikdiir.

Codval 1
Petrisin ikitobagali modelina asason aparilan hesablamalarin
naticoalari
Niimunonin | ¢, dys Pys, Om-sm | Ryysm /Kl
némrasi dog. mkm
1 20 48 7,2+9,5 -(0,03+0,04)
2 30 56 12,4+24,2 -(0,23+0,28)
3 40 67 27,2+62,6 -(0,69+0,72)
4 60 100 26,669 -(0,40+0,48)

Yoxsullagsmig oblastlarin peyda olmasi faktini eksperi-
mental Holl 6l¢malari tosdiq edir. Malumdur ki, elektronlarin
konsentrasiyasi ilo Holl omsal1 arasinda

A
"= 1

= (1
e Rums

miinasibati dogrudur. Burada A=1, e-elektronun yiikiidiir. 1
sayli codvaldon goriiniir ki, mosamoli silisiumdaki Holl
omsalinin giymoti monokristalltk silisiumdakindan bir ne¢a
tortib boyiik olur. Silindrik bosluglara malik olan yarimkegi-
ricilor modelina asason hesablanan Holl amsali monoristallik
silisiuma aiddir. Belolikla, MS-in monokristallik matrisinda
yiikdastyicilarin  yoxsullagmast faktt mdvcuddur. Elektron
konsentrasiyalarinin matrisin hacmino gora orta qiymati anod
emali miiddati 20 doqiqo oldugda (1,6+2,1)-10"*sm™, anod
emali miiddoti 3060 doqiqo olduqda iso (0,9+2,7)-10"sm™
tortibinds olur. Anod emalinin bdyiik miiddotlorindo MS-doki
elektron konsentrasiyast monosilisiumdak: elektron konsen-
trasiyasindan toqribon 2 tortib kicik olur. Elektronlarin Holl
6l¢molarindon

RHMS

)

Hys =
Pus

diisturu ils tayin olunan yiiyriikliyii ilkin silisiuma nozeren

2
anomal bdyiik olur (103 +10% ="~ ). Bu fakt MS matri-
-san

sinin qeyri-bircins olmasina gohadot verir. 4 sayli sokilds tos-
vir olunan models asason bels sistemlords Holl omsali yiik-
sokomlu mosamootrafi oblastla [1], elektrik kegiriciliyi iso
asagiomlu sahslorlo miiayyan edilir. Ona gora do bels sys-
temlordo yiikdasiyicilarin yiiyriikliyiini (2) diisturuna ssason
hesablamaq olmaz. Holl effekti vo elektrik kegiriciliyinin
eksperimental qiymatlori 4 sayli sokildo gostorilmis modelin
diizgiinliylinii siibut edir. Belolikls, eksperimentlorden aydin-
lagdirilmigdir ki, MS-ds har bir masamonin atrafinda elektron
konsentrasiyas1 monokristallik matrisin digor sahslorinds ol-
dugundan iki tortib az olan yoxsullasmis oblastlar yaranir.
Masamolor otrafinda yoxsullagmig oblastlarin yaranmasi
miilahizosi MS-ya hosr olunmus [3,4] saylt islordo do qeyd
olunmusdur. Bels oblastlarin mévcud olmasi miilahizasi hom
mosamonin yaranmasina hosr olunmus modellords [3], hom
do MS tobogoaloarinin yiiksok xiisusi miigavimato malik olmasi
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faktin1 izah etmok {iciin istifado edilmisdir. Yoxsullagsmis
oblastlarin yaranmasi sobobi kimi hom azmosamoli, hom da
¢oxmosamali materiallarda miimkiin ola bilon bir neg¢o fiziki
hadiso nozordon kegirilmisdir.

Indi azmosamoli MS-do miimkiin ola bilon fiziki hadiso-
lora baxaq. Odobiyyatda azmosamoli silisium {igiin asagida
geyd olunanlart miimkiin sayirlar:

- Yiikdastyicilarin masams sothindoki «talalornds tutulmasi
[4,5]. ([5] sayli isdoki hesablamalara goro MS-do «tolowlorin
konsentrasiyasi ~10'’ sm™ tortibindo olub, asqar atomlarin sa-
yina toqriban barabar olur.

- Asqar atomlariin matrisdon elektrolito vo mosamo diva-
rina ke¢masi,

- Asqar atomlarinin miixtslif tosirlor, o ciimlodon, hidrogen
atomlarinin passivlosdirici tosiri hesabina passivlesmasi [5,6],

- Mosamo konarinda zonalarm oyilmasi noticosindo asqar
atomlarin MS/ silisium altliq sorhadindon mosamonin divari-
na ke¢mosi vo ya altligin dorinliyine niifuz etmasi [2].

Sadalanan soboblorin hor biri masams otrafinda yiik-
sokomlu yoxsullasmis oblastlarin yaranmasini tosvir edo bi-
lor. Lakin son vaxtlar [6,7] doqiq isbat olunmusdur ki,
monokristallik matrisdo legiroedici atomlarin say1 doyisilmoz
qalir. Ona gora do ikinci sobob haqqinda danigmaq monasiz
olur.

Molumdur ki, silisiuma atomar hidrogenin daxil edilmasi
elektrik cohotdon aktiv olan asqar atomlarimin passivlosmasi
vo qeyri-aktiv elektrik halina kegmosino sobab olur [8-13].
Bu effekt legiroedici asqar atomlarinin 99%-nin geyri-aktiv
elektrik halina kecdiyi akseptor (B, Al) passivlogmosindo
daha parlaq miisahids olunur. Donorlarda (P, As, Sb) passiv-
losmo zoif olsa da, miloyyon soraitdo silisiumu arsenlo zoif
legira etdikda passivlosmo soviyyasi 80%-o [12,14], fosforla
zoif legira etdikds isa 90%-o ¢atir. Atomar hidrogenin passiv-
losdirici tosiri agqar atom-silisium-hidrogen miirokkeb kom-
pleksinin yaranmasi ilo slagalondirilir. Komplekslorin konfi-
qurasiyasi vo rabitolorin novlori donor vo akseptor asqarlar
ti¢tin forqlidir.

MS-in formalagmasi prosesindo hidrogenin monbayi
elektrolit (HF) oldugundan, mesamali tobagenin hocminds
kifayat qadar hidrogen olur. Ikinci ion mass-spektroskopiyasi
va elastiki sopilmo metodlar: [15] ilo miisyyan olunmusdur
ki, masamalilik daracasi vo masamo morfologiyasindan asili
olaraq, MS-do H/Si nisbeati 0,1+0,6-ya gatir. [7] saylt isdo
p-Si althiqlt MS iigiin infraqirmizi buraxma spektrindsn hid-
rogenin konsentrasiyasi iigiin 10'°sm’ tortibi alinmugdir. Siib-
hosiz, hidrogenin miioyyon hissesi mosamo divarlarinda, o
climlodon, mosamolorin divarina ¢okmiis elektrokimyovi re-
aksiya mohsullarmin torkibindadir. Lakin onun miioyyan his-
sosi kristalltk matris hocminin dorinliklorine do niifuz eds bi-
lor. Bu versiyanin ilkin dolay1 isbati tutum 6lgmolorinin toh-
lili sayasindo [16] sayli isdo verilmisdir. Ikinci ion mass-
spektroskopiya vo krater dorinliyinin &lgiilmosi metodlar
vasitosilo aparilan todqiqatlar hidrogenin mosamo divarina
niifuz etmosi versiyasini tosdiq etdi. Hidrogenin silisiuma da-
xil edilmesinin mesamo yaranmasi prosesine tosiri [17,18]
sayli islords aragdirilmisdir. Ona goro do MS—do on genis ya-
yilan asqar olan hidrogenin (50%-a gader) rolu va anodlas-
mada mosamo yaranmasi prosesi zamani asqar atomlarinin
hidrogenin tasiri ilo passivlogmosinin tadqiq edilmasi elmi vo
praktiki shomiyysto malikdir. Eksperimental naticalorin agqar
atomlarinin hidrogenls passivlegdirilmasi modeli ¢argivasin-
do tohlili asagida gostorilon qaydada aparilmigdir. Nozoro
almmigdir ki, mosamolor diametri 0,8 mkm olan siitunvari
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goriinliso malikdirlor vo MS qalinligiin anodlagsma miiddes-
tindon asililig
1

dMSNZaE 3)

qanunu ils verilir. Hidrogen silsium matrisa formalagsmaqda
olan mesamadan radial istiqgamotds kegir. Bu prosesin dava-
metma miiddoti mosama sathindski homin ndqtenin anod
emali miiddatine uygun olur (Sak. 5). Maesamanin manbayin-
doki noqtolor iiciin diffuziya miiddsti biitov MS toboqasini
formalagdiran anod emalinin tam miiddstino berabar olur.
Mosams sothindo monbadon x masafasinds yerlogon noqtalor
ticiin 7 diffuziya miiddati, 7,, miiddati ¢ixilmaqla, anod emali-
nin tam middatine barabar olur. 7, - mosamonin kristalin x
dorinliyino niifuzetmo miiddstidir. Hidrogenin silisiuma
daxilolma dsrinliyi z [19] sayl1 igds olan ifadays asasan

I
z=(Dt)2 “4)

diisturu vasitasilo hesablanir. Burada, D - hidrogenin silisiu-
ma diffuziya omsaly, ¢ - diffuziyanin miiddetidir.
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Sak. 5. MS-in formalagsmasi prosesinds hidrogenin masamadon
monokristallik matriss keg¢idini tosvir edon model

Odobiyyat molumatlarinda hidrogenin silisiuma diffuziya
omsali t¢lin almmis qiymatlordo miioyyon sopilmo vardir
[8,19]. Sopilmo hidrogenin atomar vo ya molekulyar sokildo
diffuziya etmasi ilo yanasi, silisiumdaki defektlor vo asqar
atomlar1 konsentrasiyasinin diffuziya prosesina hassas olmasi
faktlar1 ilo izah olunur. Hazirda zaif legire olunmus silisi-
umda atomar hidrogenin diffuziyasini hesablamaq iigiin (mo-
solon, 8, 15-17 islorindo) Vieringen-Varmolts diisturundan
istifads edilir:

E 2
D=Dy-exp| -2 | =9.4.107 exp| = 228 57
kT kT

san

)

Burada, 0,48- eV- lorlo ifado edilmis E, aktivlosmo enerji-
sidir. Bu diistura osason 300K anodlagsma temperaturunda

2
diffuziya omsali D =84. 1071 SM_ olur. Bu o demakdir ki,
san

10 doqige diffuziya miiddotindo hidrogenin niifuzetmo
dorinliyi z=2,2 mkm, 30 doqigolik diffuziya miiddstinds iso
z=3,9 mkm olur.

Masamas divarlarinda z derinliyins niifuz edon hidrogen
asqar fosfor atomlarmi passivlesdirir vo noticade masamo
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divarlarinda z(x) sothi ilo mohdudlagan yoxsullagmis oblast
yaranir. Ona gora do MS-dos iki yiiksokomlu faza- mosamolor
oblastt vo mosamo otrafindaki yoxsullagmis oblast yaranir.
Bunun iigiin effektiv miihitlor modelinds elektrik kegiriciliyi
noqteyi-nozordon hor iki yiiksokomlu fazanin nozoro alin-
masl, yoni P masamalilik gostericisi ovezine bu fazalan
nozoro ala bilon P; effektiv mosamolilik gostoricisindon
istifado etmok lazimdir. P masamaliliyi

_n'VO
V

P (6)

diisturuna osason hesablanir. Burada, V-n sayda mosamoyo

malik olan konkret hocm, V-1 tutdugu hocmdir. P; mosamo-

liliyi

v a4
V V

A (N

diisturuna osason toyin olunur. Burada, V;- mosamo vo onun
otrafindaki yoxsullasmis oblastin tutdugu hacm, Vj- bir
mosamd otrafindaki yoxsullagsmig oblastin tutdugu hocmdir.
Verilmis hal iiglin

B (+v)
= ®)
P Vs
diisturu dogrudur.
Belolikla, (8) diisturunun komoyilo mosslonin konkret

sortlorindo  (silindrik  moesamolorin  radiusu  0,8mkm,

2
7=300K, D=84-10""2"") P, effektiv mosamoli-
san
liyini hesablamaq olar. Hesablamalarin naticalori 2 sayli cad-
voldo gostorilmisdir. Coadveldon goriiniir ki, todqiq olunan
MS niimunolorinds effektiv mosamolilik ¢oki mosamoli-
liyindon bir ne¢a dofs artiqdir. 3 vo 4 sayli niimunolords
effektiv mosamolilik 70%-don g¢oxdur vo konkretlogdirilmir,
¢linki effektiv miihitlor modeli {i¢olgiilii sistemds basvermo-
nin astanast ilo (70%) mohdudlasir.

Cadval 2
Tadqiq olunmus strukturlarin ¢oki vo effektiv mosamoliliklori
Niimunanin | ¢,,daq. dys, Py,% P.,% P>, %
nomrasi mkm
1 20 48 5 31 23+35
2 30 56 6 53 45+68
3 40 67 7 >70 71+86
4 60 100 9 >70 71+87

Indi P; qiymatlorini effektiv masamaliliyin elektrofiziki
6lgmolordon alinan P, qiymatlori ilo miiqayiso edok. MS to-
bagslarinin xiisusi miiqavimatlarinin qiymatlari (codval 1) vo

(1-7,)
“(1+PR) )

pmes.S

P monoS

diisturuna asasen P,-nin qiymatlori toyin edilmisdir. (9)
diisturu effektiv miihitlor nazoriyyesinds silindrik mosamo-
loro malik olan mesamoli yarimkegiricinin (1) diisturuna
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uygundur. Effektiv mosamaliliyin P; nozeri vo P, eksperi-
mental qiymotlori ist-listo diisiir. Demali, agqar atomlarinin
hidrogen torofindon passivlosdirilmasi nozariyyasi tadqiq olu-
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HALL EFFECT AND RESISTIVITY OF WEAKLY ALLOYED MACROPOROUS SILICON
FORMED ON n-Si BASE

This article is dedicated to the research of temperature dependence of Hall effect and resistivity in macroporous silicon which is weakly
alloyed with phosphorus and formed on 7-Si base. The character of passivation process of admixture atoms via to generated hydrogen atoms
during MS formation process was investigated. The degraded range occurring on pore walls’ influence on electrical properties of MS has

researched.

T'.A.T"'acanos

YAEJBHOE COITPOTUBJIEHHUE U 3®PEKT XOJJIA B MAKPOITOPUCTOM KPEMHUU,
MHOJYYEHHOM HA CJABOJIETUPOBAHHBIX INIOJJIOKKAX n-Si

CraThsl NOCBSIIEHa W3YYEHHIO TEMIICPATypHBIX 3aBHCUMOCTEH YAENBHOTO CONpOTHBIEHMS M d(d¢exra Xoia B MaKpOIOPHCTOM
KPEMHHH, NOJIYYeHHOM Ha C1a00JIEerMpOBAHHBIX IOJIOKKAX N-Si. AHAIM3UPOBAH XapaKTep Hpolecca MacCHBAallMU NPUMECHBIX aTOMOB
aTOMaMH BOJIOPO/a BBIJICIUBLINECS U3 IIEKTPOJIUTA B X0/1€ (HOPMUPOBAHUS IOPUCTOI CTPYKTYpBI. M3yueHo BiusiHue 00eHEHHBIX 001acTel
Ha JNIEKTPUIECKHE CBOHCTBA TOPHUCTOTO KPEMHHSI.
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ELEKTRIK QAZBOSALMASININ TOSIRI SORAITINDO REALLASAN
ADSORBSIYA PROSESLORININ FiZiKi ANLAYISLARI

A.M. HOSIMOV, H.C. HUSEYNOV, K.B. QURBANOV
Azarbaycan MEA Fizika Institutu, AZ-1143, Baki 5., H.Cavid pr.33

R.A. MURADOVA
Azarbaycan Dévlat Neft Akademiyasi, AZ-0010, Baki, Azadlig pr., 20

Maqalads istilik elektrik stansiyalarinda asas yanacaq olaraq istifads olunan tabii qazin zasrarli qaz qarisiqlarindan tomizlonmasi {izra
islonilmis yeni effektiv iisul sorh olunur. Gostorilmisdir ki, elektrik qazbosalmalarinin tasirlorina asaslanan islonilmis tisulu tetbiq edsrak
tobii qazin torkibini H,S zororli qaz qarisigindan effektiv tomizlomok miimkiindiir. Elektrik qazbosalmasinin tosiri soraitindo reallagan

adsorbsiya prosesinin fiziki mahiyyati tohlil olunmusdur.

Istilik elektrik stansiyalarinin ekoloji tomizliyi asagidaki
faktorlarla olagodar olur. Beynolxalq ekspertlorin galdiklori
naticolora asasan istilik elektrik stansiyalarinda yanacaq kimi
istifado olunun tobii yanacaqlar (tebii qaz, karbohidrogen
mongali mayelor vo bork cisimlor) yanma miiddotindo otraf
miihiti zararli maddsloarls kifayst qadar girklondirirlor. Digor
torafdon molumdur ki, hazirda elektrik enerjisinin ssnaye
istehsal1 80% tobii yanacaqdan istifade etmokls aldo olunur.
Qeyd olunan voziyyat istilik elektrik stansiyalarinin ekoloji
tominath istismar olunmasi ii¢lin yeni texnologiyalarin iglo-
nilmoasi zoruriyyastini iroli gotirir. Istilik elektrik stansiyala-
rinin istismar1 naticasinda otraf mihit CO, CO,, CH,4, N,O,
NOy, SO,, SO;, C;Hy, H,S gazlar vo atmosferdo konversiya
vasitosi ilo bu qazlarin omolo gotirdiyi bir sira zororli qaz
qarisiglart ilo ¢irklonmis olur. Masalon, adobiyyatda [1] qeyd
olunur ki, havanin nisbi riitubati 60% toskil etdikdo SO;
gazimnin 8%-i H,SO,4 buxarina ¢evrilirso, riituboat 80% oldugda
iso SO; qazimnin 30%-i H,SO,4 buxarina gevrilar.

Digor halda NO, qazinin atmosferds dissosiasiyasi
naticesinds ikinci reaksiyalar bas verarak ozon qazi yaranir
vo fotokimyovi par¢alanmanin son naticesindo karbon oksi-
di, dioksid, tizvi aerozol omoalo golir. Azot oksidlorinin va
karbohidrogenlorin birgo oksidlogsmosi noticesindo yaranan
mohsullar vo miimkiin olan sonraki reaksiyalar naticasinds
zararli tasirlora malik maddslor amoalo golorok atmosfer hava-
sin1 ¢irklondirir. Beloliklo, yuxarida qeyd olunan proseslor vo
bir sira digor proseslorin goxlugu istilik elektrik stansiyasi
yerloson orazinin va onun yaxin atrafinin atmosfer havasina
moanfi tosir gostororak biosferin ¢irklonmasine sabab olur.
Yanacaq kimi istifads olunan tobii qazin torkibinds hidrogen
sulfidin (H,S) mdvcudlugu atmosfer havasinin olduqgca kos-
kin ¢irklonmasina sabab olur.

Istilik elektrik stansiyalarinda ehtiyat yanacaq kimi isti-
fado olunan mazut maddssinin kiikiird birlogsmoalorindon to-
mizlonmosi, stansiyalarin tullanti sularmin xlorid, sulfat vo
karbohidrogen mongali maddslordon tomizlonmoasi eyni
zamanda stansiyalarin ekoloji masalalarinin torkib hissesidir.
Sonaye tullanti sularinin tomizlonmodon tobii su hdvzaloring
vo yaxud torpaq saholorino atilmasi florant mohv edorok,
torpaq sahoalorinin duzlagsmasina sobob olur.

Yuxarida qeyd olunanlart nozoro alaraq istilik elektrik
stansiyalarinin otraf miihito zarorli tesirinin qarsisini almaq
iiclin totbiq edilon kompleks todbirlor asasigidakt mosalolorin
hallini tomin etmoalidir:

Istilik elektrik stansiyalarinin tiistii qazlarinin ekoloji
tomizliyi tomin olunmali, onlarin torkibindoki zararli qazlarin
miqdar1 zararsiz hadds gatdirilmalidir;
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e  Torkibindo kiikiird birlogsmolori olan qaz vo maye

yanacaq yanma prosesindon avval etibarli tomizlonmalidir;

e  Tullanti sular xlorid, sulfat, karbohidrogen monsoli
maddslordan va saire zararli komponentlordon tomizlenmalidir;

Yuxarida geyd olunan birinci band {izro masalalorin halli
adoton molekulyar siizgaclor, katalizatorlar, monoetanolamin
vo sairo kimyovi maddslorden istifads olunan tomizlayici
qurgular totbiq etmokls yerina yetirilir.

Ikinci bond iizro tomizlomo todbirlori ¢ox sayli olaraq
yanacagn kiikiird birlosmoslorindon tomizlonmasine yonoldilir
ki, bu da 6z novbosindo yanma effektivliyini yiiksaltmoklo
yanas1 otraf miihitin qorunmasina xidmot edir. Qeyd etmok
lazimdir ki, bu band iizrs totbiq olunan iisullar oksor hallarda
iqtisadi cohotdon somorasiz olur vo bu tsullarin tokmillos-
dirilmasing ehtiyac duyulur. Bu halda daha effektiv tisullarin
islonilmasi zorurliyi irali golir. Istilik elektrik stansiyalarinin
tullant1 sularinin temizlonmasinda, yiiksok tomizlik doracasi
tomin edon yeni Usullarin iglonilmasi vo totbiq olunmasinin
zorurliyi miivafiq texniki adebiyyatda vurgulanir. Stansiya-
nin yerlosdiyi orazinin 3000 m* sahosinin olmasmin zoruri-
liyi, yiiksok gorginlikli elektrik verilis xotlorinin yaratdigi
elektromaqnit sahasinin mévcudlugu da ekoloji problemlordondir.

Enerji istehsali sahosi diinya dovlatlorinds sonayenin osas
istehsal sahosi hesab olundugundan enerji sistemlorinin
ekoloji problemlorinin yeni texnologiyalar totbiq etmoklo
halli giinlin aktual masalsloari sirasina daxil olur.

Toqdim olunan maqalads istilik elektrik stansiyalarinda
yanacaq kimi istifado olunan tobii qazin torkibinin H,S
qazindan tomizlonmasinds yeni iisulun islonilmasi, prosesin
tadqiqi ve fiziki mahiyystinin aragdirilmasi sorh olunmusdur.

Tadqiqat obyekti olaraq terkibinde miixtalif miqdarda H,S
qaz1 olan tobii qazdan istifads edilmisdir.

Rl R2

C

...‘]@_JI &) [

Sakil 1.0zonator qurgusunun elektrik dovrasi.
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Giclii elektrik saholorinin vo elektrik gazbosalmalarinin
tosirlori, arakosmoli qazbosalmasi yaradan ozonator qurgusu
vasitosilo oldo edilmisdir. Sokil 1-do todqiqatlarda istifado
edilon elektrik qurgusunun sxemi toqdim olunmusdur.

Ik tocriibolords torkibindo 5% hacmi H,S gazi olan tobii
qaz 0,1 m’/saat siirotlo ozonator qurgusundan kegirilorak,
arakosmali elektrik qazbosalmasinin tasirlorine moruz qalan
halda, sistemde qaz miihitinin terkib doyisikliklori MSX-4
tipli, ucus miiddatli kiitlo spektrometri vasitosilo qeydo alin-
migdir. Tocriiboalorin davaminda torkibinde miixtslif miqdarda
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H,S qaz1 olan tobii qazdan istifado edorok qazbosalmasinin e
elektrik sahasinin qiymatini bosalma enerjisinin artmasi isti- Sokil 2. Kiitlo — spektroqgrammasi.
qamotinds doyisarak, tadqgiqatlar yerina yetirilmis vo hacmda
CH, va H,S qazlarmin torkibinin uygun doyisikliklori qeydo Cadval 1-do sorh edilon tocriibalordon alinmis naticoler
almmisdir. verilmisdir.
Sokil 2-ds todqiq edilon qaz qarigiginin torkib doyisik-
liklarini oks etdiran kiitlo spektri toaqdim olunmusdur.
Cadval 1.
"SH,4 + H,S"” qaz sistemino elektrik qazbosalmalarinin tosiri
Elektrik Elektrik Ozenaterun Qazn Ozenatorun H;5 molekulasimn
gazbogzalmalarimin sahasinin girisinda gazin, verilma cxsnda gazmn tashkiledicilars
- ot kibi. % haemi siirati kibi. % | . bili i 9%
E,kV/ism m*/saat hagmi
CH;, H;5 CH;, H;5
Arasikasilmali  glektnlk 40 95 5 0.1 95 0.6 9.4
gazbogsalmasi 30 o3 3 0.1 o3 0.2 008
0] 03 5 0.1 03 0 100

Aparilan tocriibalorden alinan naticalordon molum olur ki,
arakosmoli elektrik qazbosalmasinin tosiri noticoesindo H,S
sistemi sadologorok adsorbentlor torafindon udulma siirati
yiiksok olan ionlart omolo gotirir. Alinmis bu noticolora
osaslanaraq torkibinde 5% hacmi H,S qazi olan tobii qazin,

yataqlar1 Azorbaycan Respublikasinda olan "Tovuz” tobii
seolitindon istifadoe etmoklo H,S qazindan, elektrik
gazbosalmasinin tosiri soraitinds, tomizlonmasi todqiqatlari
aparilmigdir. Tocriibolordon alinmis naticolor codval 2-do
togdim olunmusdur.

Cadval 2
Tabii qazin H,S qazindan tomizlonmasi
Elektrik Elektrik Ozonatorun Qazmn Ozonatorun Tabii gazin H;$
gazhosalmalarimn sahasinin girisinda gazin verilma cxisnda gazin gqazindan
niyii givmat, tarkibi, % hacmi siirati tarkibi, %0 hacmi tamizlanmasi, %0
E,EV/ism m?/saat hacmi
CH;, H;5 CH;, H;5
Arasikasibmali  elekink 40 o5 02 0.1 o5 0.2 092
gazbogalmas: 30 o3 0.3 0,1 o3 0 100
60 o5 0.1 0.1 o5 0 100
Tacriibalorin davaminda elektrik sahasinin qiymotini yiik- ‘é
soltmoklo "Tovuz” seolitindo H,S qazinin adsorbsiyasimin § . 4
izotermlori (Sokil 3), dyronilmisdir. i == T
Sokildon goriindiiyii kimi totbiq olunan elektrik sahasinin = fz /::_'__'_T
yiiksok qiymotlorindo adsorbsiyanin miqdar1 P=8-10° Pa f; pes ’//_____f T
tozyiqindo, elektrik qazbosalmalarmm tosir etmadiyi hala E o / -
nisbaton 2 dofs artir. 8 .10 V
Elektrik qazbosalmalarinin tosiri soraitindo adsorbsiya ;_f 30 Ve
proseslorinin effektivliyinin yiiksolmasino dair aparilan todqi- & 20 /
qatlarda miisbot noticolor oldo edildikdon sonra prosesi %
2 4 6 8 10 x10

optimallasdirmaq magsadi ilo tocriibslor miixtalif tozyiqlordo
vo "SH4-H,S" sistemindo H,S-in miqdarin1 1-8% hocmi
intervalda doyismokls yerino yetirilmisdir.

parsial tazyiq, Pa

Sakil 3. Adsorbsiyanin izotermlori
1 - Qazbosalmasinin tasiri olmayan hal,
2-E=40kV/sm; 3 -E=50kV/sm; 4 -E =60 kV/sm.
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Miioyyen edilmisdir ki, H,S qaziin miqdar torkibde 5%-
don (hocmi) ¢ox olan hallarda "Tovuz” seolitinin totbiqi
effektiv tomizloma prosesina sobab olmur. Qazbosalmasinin
qaz miihitino tosiri naticesinde qaz molekullarmin dis-
sosiasiyasi, ionlagma prosesinin bas vermasi, adsorbentlordo
elektrik yiikli voziyyetlorin amalo golmosi, gqazbosalmasinin

tosiri naticasindo adsorbentlorin sathinin tomizlonmasi va
gazbosalmasinin tosiri vasitosilo adsorbentdoki mosamalorin
sothi {izro diffuziya proseslorinin yer tutmasi vo siirotlonmasi
adsorbsiya  effektliyinin yiiksolmosino sobob olan fiziki
proseslordir [2,3].

[11 K.M. Abdullayev, R.K. Mammadov, Y.I. Latifov. Enerji
ehtiyatlari, elektrik enerjisi istehsali vo otraf miihit. Baki,
2007, 407 s.

[2] A.M. Gasimov, M.A. Gasanov, K.B. Gurbanov. Elektron-
naya obrabotka materialov, 2001, Ne4, s.44-46. (Rusca)

[3] A.M. Gasimov, K.B. Gurbanov, M.A. Gasanov. Fizika i
khimiya obrabotki materialov, 2005, Ne2, s.86-88. (in
Rusca)

A.M. Gashimov, G.J. Guseynov, R.A. Muradova, K.B. Gurbanov

ADSORPTION PROCESSES IN THE INFLUENCE CONDITIONS OF ELECTRIC CHARGES

The investigation results on adsorption refining of nature gas from hydrogen sulfide are given. It is established, that the increase of the
efficiency of adsorption processes at the use of electric charge influences is possible. The possible factors, causing to increase of efficiency

of adsorption processes are considered.

AM. I'amumos, I'.I:k. I'yceiinos, P.A. Mypanosa, K.b. I'yp6anos

AJICOPBIIMOHHBIE ITPOIIECCHI B YCJIOBUSAX BO3JIEMCTBUSA JEKTPUYECKUAX PA3PSIOB

HpI/IBeI(eHLI PE3YJIbTAThL HCCIICIOBAHUI TI0 aﬂCOp6HHOHHOI71 OYHUCTKE IIPUPOAHOIO rada OT CEPpOBOAOPOJA. yCTaHOBHeHO, YTO HCIIOJIB30-
BaHHUE BO3JCHCTBUN DJICKTPUHYCCKUX Pasps0B MPEAOCTABISACT BO3SMOKHOCTL IMOBBICUTH 3(1)(1)GKTI/IBHOCTL a[[COp6III/IOHHI)IX IpoueCCOB. Pac-
CMaTPUBAIOTCs BO3MOKHBIC (baKTOpLI, CHOCOGCTByIOIlII/Ie TOBBILICHUIO S(b(i)eKTI/IBHOCTI/I aI[COp6L[I/IOHHLIX IIpONIECCCOB.

Received:10.01.08

28



FiZiKA

2008

CiLD XIV Nel

LiDOKAIN-HIDROXLORIDIN SUYUN STRUKTURUNA TOSIRi

E.O. MOSIMOV, H.F. ABBASOV, K.M. BUDAQOV
Baki Doviat Universiteti, AZ-1143, Z. Xalilov kii¢., 23, Azarbaycan

Lidokain-hidroxloridin suyun strukturuna tosiri algaqtezlikli dielektrik spektroskomiya metodu ilo otaq temperaturunda (20°C ), 20-
200000 Hs tezlik intervalinda dyranilmisdir. Koul-Koul diagramlar1 asasinda mohluldak: su klasterlarinin 6l¢iilorinin lidokain-hidroxloridin

konsentrasiyasindan asililigi milayysn edilmisdir.

Bioloji sistemlorin funksional faalligi onlarin mévcud
oldugu su miihitinin termodinamik halindan koskin asilidir
[1-3]. Canli orqanizmlorde maddslorin daginmasi, informasi-
yanin otiiriilmoasi vo s. su miihitindo bag verdiyindon suyun
stukturunun doyismasi bu proseslors ciddi tesir gostorir. Dog-
rudan da, yaxst malumdur ki, informasiyanin 6tiiriilmasi sinir
hiiceyrolorinin — aksonlarin vasitasilo hoyata kegirilir. Infor-
masiyanin aksonlarla &tiiriilmesi K* ionlarinin hiiceyradaxili
vo hiiceyroxarici konsentrasiyalar forqindon ciddi asili olan
membran potensiali ilo tonzimlonir. Bu ionlarin membrandan
noqli K* «nasoslari» adlanan xiisusi nov ziilallarin foaliyyoti
ilo miioyyon olunur. Bu nasoslarin faalligi iso onlar1 ohato
edon su miihitinin strukturundan asili olub K* ionlarinin kon-
sentrasiyasinin hiiceyra membraninin daxilinds 0.140 mol/l,
xaricinda iso 0,04 mol/l qiymatindo minimum olur vo suyun
termodinamik halindan kaskin asilidir [4].

Miixtalif ndv anestetik maddalarin, toksinlorin va s. canli
orqanizmlars tasiri do suyun halmin deyismasils, daha daqiq
desak, suyun strukturlagmasi il izah oluna bilor [5].

Bioloji aktiv molekullar «hidrat mikrokristal» adlanan su
layt ilo shats olunmusdur va Polings gors anestetiklorin tasiri
ilo bu hidrat komplekslorinin xassslorinin doyismosi narkoz
hadisasino gotirib ¢ixarir. Hiiceyralordon morkozi sinir siste-
mino Otiiriilon signallarin {invana ¢atmamasina vo ya digor
hiiceyralordon golon signallarla asinfaz olmasina sabab olan
hiiceyra elementi sudur.

Tacriibaden molum oldugu kimi bir sira qaz qarisiqlar
hidratlarinin dagilmasi tomiz maddslarin kristallhidratlarinin
dagilma temperaturundan daha bdoyiik temperaturlarda bas
verir. Qaz hidratlarinin dagilma temperaturunun belo artmasi
effekti «komokei» qaz effekti adlandirilmisdir. Bir qaz diger
qazin hidratinin imumi dayaniqligina kémok edir. Masalon,
xloroformun hidratinin dagilma temperaturu ksenonun tasirilo
15-20°C artir (tomiz ksenon hidratinin dagilma temperaturu
0°C tortibindadir).

Digor torofdon molumdur ki, suda zoif holl olan bir sira
az sayli geyri-elektrolitlorin (aminlor, fosfinlor, fosfatlar, efir-
lor vo s.) suda hollolma qgabiliyystlorinin temperaturdan asi-
lilig1 anomal xarakter dasiyir. Belo maddolarin sulu mohlul-
larin1 qizdirdigda miioyyon temperaturda hollolan madds su-
da asilmis damcilar soklinds ayrilir. Bu halda hesab edilir ki,
sistem iki nisbaton tomiz fazalara — su vo daha asag1 tempera-
turda suda hsll olan madds fazasina ayrilmigdir. Hall olan
maddonin konsentrasiyasinin miioyysn qiymotindo fazalara
ayrilma temperaturu on kigik giymot alir. Bu temperatur asagi
kritik fazalara ayrilma temperaturu (AKFT) adlanir.

Sulu mohlullarinin AKFT —si olan maddslerin klatrata-
bonzer hidratlar1 oridikde uzaq nizam pozulur, yaxin nizam
saxlanilir. Bagqa sozlo, bosluglarina geyri-elektrolitlorin mo-
lekullar1 daxil olan su klasterlorinin klatratlarina xas olan qo-
fos strukturu saxlanilir.

29

Bu tip klasterlor Polinq mikrokristallarina tam analoji olan
strukturlardir. Lakin klasterlorin (klatrat strukturun gslpalori)
Polinq mikrokristallarindan forqi ondan ibaratdir ki, klatrat
klasterlorinin yagama oblast1 klatratin orimo temperaturundan
(pargalanma temperaturundan, dagilma temperaturundan)
yuxarida yerlosir. Beloliklo, hotta ogor klatrat hidratinin kris-
tal1 0°C yaxmliginda oriyirsa (klatrat hidrat1 adston bu tem-
peraturda oriyir), onun "qolpalori"— klasterlor yuxari tempe-
raturlarda da — fazalara ayrilma temperaturuna qodor yasaya
bilirlor (bu temperatur arims temperaturundan onlarla doraca
yuxarl ola biloar).

Su-efir sistemindo efir molekullarinin hidrofilliyi artdig-
da (su molekullarinin cazibs qiivvelori) fazalara ayrilma tem-
peraturu artir, efir molekullarmin hidrofoblugu artdigda iso
fazalara ayrilma temperaturu azalir, yoni efirin tosiri ilo faza-
lara ayrilma siirotlonir. Aydindir ki, aminin sulu mohlulunda
inert qaz asqarmin olmas1 molekulun hidrofob fragmentinin
Ol¢iilorinin artmasina ekvivalentdir.

Anestetiklorin, ozalo vo sinirlors ifli¢ tosir gostoron zo-
horlorin, narkotiklorin vo qalyusinogenlorin tosirlorinin osas
ganunauygunluqglarinin tohlili gosterir ki, biitiin hallarda hii-
ceyralarin aktiv foaliyyatinin dayandirilmasi vo qosulmasinin
osas universal mexanizmi sistemin fazalara ayrilmasi reak-
siyasi ilo olaqodardir.

Fazalara ayrilma hadisalori hagqinda mévcud olan tosov-
viirlor g¢orgivasindo demok olar ki, fazalara ayrilma, yoni
mohluldan hor hansit komponentin ayrilmasi (mohluldan ko-
nara ¢ixmasi) bu komponentin (amin, fosfin, efir vo s.) istira-
ki ilo gedon biokimyovi reaksiyalarin dayanmasi demokdir.
Digor torofdon, canli hoyat vo onun tozahiirii su miihitindo
gedon fermentativ kimyovi reaksiyalardan ibarat olduguna
gbro miloyyan signallarin kimyovi Stiirtilmosi ilo slagadar re-
aksiyalarin dayanmasi, sozsiiz ki, hosashigin itirilmosi, ag-
rmin hiss olunmamasi, narkoz kimi qabul olunmalidir.

Deyilonlori nazora alib, tobabotda, xiisusils, stamotologi-
yada genis istifado olunan anestetikin - lidokain-hidroxlori-
din (C,4H»,N,0-HCI-H,0) suyun strukturuna tasiri al¢aq tez-
likli dielektrik spektoskopiya [6,7] metoduyla Oyronmisik.
Olgmolor otaq temperaturunda kérpii iisulu ilo xiisusi diizol-
dilmis yuvaciqda aparilmigdir [8,9]. Yuvaciq iizorino qizil to-
boqosi ¢okilmis, arasimna todqiq olunan mohlul doldurulmus
kdynaklori olan miistavi kondensatordan ibarat olub, niimu-
nonin elektrik tutumunu vo kegiriciliyini 20+200000 Hs tez-
lik intervalinda 6lgmoys imkan verir. Isdo lidokain-hidroxlo-
ridin 0,9%-1i natrium xlorun duru sulu mohlulu ilo miixtalif
konsentrasiyalar qarigiqlar1 hazirlanmigdir.

Baxilan tezliklordo miisahido olunan dispersiya mohlul-
dak1 ionlarin su klasterlorinin daxilino diffuziyasi ilo bagl
olan a - dispersiyadir [10].

Relaksatorlarin (su klasterlorinin) dlgiilorini qiymatlon-
dirmoak {igtin hor bir mohlulda baxilan temperaturda Koul-Ko-
ul diaqramlar1 qurulmus, uygun relaksasiya miiddotlori toyin
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olunmusdur. Relaksatorun formasini toxmini olaraq sferik qo-
bul edib onun radiusunu

T
4n

a=3 o

diisturu ilo gqiymetlondirmisik [11]. Burada, ;- 1 relaksa-
2rv

siya miiddati, v - uygun relaksasiya tezliyi, £ - Bolsman sabi-
ti, 7 - miitloq temperatur, 77 - mithitin dinamik dzliliytidiir.
Lidokain-hidroxloridin sulu mohlulunda miisahido olunan
relaksasiya miiddotinin onun konsentrasiyasindan asililiq
grafiki sokil 1-do gostorilmisdir. Anestetikin tosiri bdyiik
konsentrasiyalarda (¢>0,5%) daha da giiclonir. Lidokain-hid-
roxloridin konsentrasiyasi artdiqca relaksasiya miiddstinin
artmasi ionlarin klasterlora diffuziyasmin longimosini gosto-
rir.Bu hal klasterlorin bdyiimasi ils izah oluna biler.Bu fikri
baxilan mohlullardaki su klasterlorinin (1) diisturu ilo qiymaot-
londirilmis 6l¢iilori do tosdiq edir. Lidokain-hidroxloridin su-
lu mohlulunda yaranan su klasterlorinin radiusunun lidokain-
hidroxloridin konsentrasiyasindan asililiq qrafiki sokil 2 - do
gostorilmisdir. Sokildon goriindiiyii kimi lidokain-hidroxlori-
din konsentrasiyasi artdigca su klasterlorinin radiusu da artir,
yoni bu anestetik suyu strukturlagdirir. Canli orqanizmlors
baxilan anestetikin tosiri do eyni effekti yaradir vo struktur-
lasmis suda informasiyanin Otiiriilmosi ¢otinlosir, orqanizm
«keylagir.
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[11 TM Bupwmeiin, Kordopmarmm makpomonexyin, Copo-
COBCKHIA 00pa3oBaTebHbIN JKypHaT, 1996, Ne 11,C.26—29
[21 HM Fishman.,.D Poussart, L.E Moore, E Siebenga, K+
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255-290.
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E.A. Masimov, H.F. Abbasov, K.M. Budagov
THE INFLUENCE OF THE LIDOCAINI HYDROHLORIDUM ON THE WATER STRUCTURE

The influence of the lidocaini hydrohloridum on the water structure was investigated by low frequency dielectric spectroscopy method
in room temperature in the frequency range from 20 Hz to 200000 Hz. On the base of Cole-Cole diagrams, the concentration dependence of

water clusters dimensions has been studied.

J.A. MacumoB, X.®. A6dacos, K.M. Bynaros
BJIUSIHUE JIUJOKAUHA TUAPOXJIOPUJIA HA CTPYKTYPY BO/JbI

Be0 MccnenoBaHo BIMSIHUE JMHIOKaWHA THAPOXJIIOPUAA HAa CTPYKTYpPY BOJBI METOJOM HU3KOYACTOTHOH AMAIEKTPHUECKOH CIIEKTPO-
CKOIUM IIpH KOMHATHOM TeMmueparype B uHTepBasne 4acToT 20-200000 I'. Ha ocnoBe auarpamm Koyn-Koyis usydeHa 3aBUCHMOCTb
pa3MepoB BOJHBIX KJIACTEPOB OT KOHICHTPAIUU JIMAOKAUHA THIPOXJIOPUA.
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MnlIn;Ses BIRLOSMOSININ DOYiSON ELEKTRIK
SAHOSINDO ELEKTRIK XASSOLORI

N.N. NIFTIYEV }
Azarbaycan Dévlat Pedaqoji Universiteti, Az-1000, Baki, U. Hacibayov, 34

0.B. TAGIYEV
AMEA Fizika Institutu, Az-1143, Baki, H. Cavid, 33

M.B. MURADOV
Baki Doviat Universiteti, Az-1145, Z. Xaolilov, 23

F.M. MOMMODOV
AMEA Kimya Problemlori Institutu, Az-1143, Baki, H. Cavid, 29
T. S. HOSIMOVA
AMEA Fizika Institutu, Az-1143, Baki, H. Cavid, 33

Isdo MnIn,Se, birlosmosinin miixtalif tezlik vo temperaturlarda dielektrik niifuzlugu, elektrik kegiriciliyi vo dielektrik itki bucagmm
tangensi todqiq edilmis vo onlarin tocriibi qiymotlori hesablanmigdir. Miioyyon edilmisdir ki, dielektrik niifuzlugunun termik artimi,
temperatur yliksoldikco ylikdastyicilarin konsentrasiyasinin artmasi ilo baghdir. Aktivlogmo enerjisinin tezlikdon asililifi misahido
edilmisdir. Bu da tezlik artdiqca baglayici laylarin relaksasiya miiddetinin azalmasi ile slagadardir. Miioyyen edilmisdir ki, asag: tezliklordoe
itki bucaginin tangensi tezliklo tors miitonasib olaraq azalir (fgo~1/w), yiiksok tezliklords iso tezlik vo temperatur artdiqca ¢go artir.

Uglu xalkogenid birlosmoalor qeyri-adi miihiim fiziki
xassolor kompleksino malik olduqglarma gore son doraco
boyiik maraq kosb edir vo elmi-texnikanin miixtalif saholo-
rindo genis totbiqini tapir. Onlardan d va f tobogolori tama-
milo dolmayan elementlor daxil olan yarimkegirici bir-
losmolar yarimkegirici vo maqnit xassalori 6ziinde comlos-
diren geyri-adi xiisusiyyatlori sahasinds intensiv todqiqat-
larin obyektina ¢evrilmigdir. Bu planda AB,X, (burada A —
Mn, Fe, JO, Ni; B — Ga, In; X — S, Se, Te) tipli birlogsmalor
boylik maraq kesb edir [1-7]. Bu birlogsmolor optoelek-
tronikada totbiq edilo bilon maqnit sahasi ilo idara olunan
lazerlar, is1q modulyatorlari, fotodetektorlar vo s. funksio-
nal qurgular yaratmagq tiglin perspektivlidir. Hal-hazirdaki
isdo AB,X, tipli birlogsmalordon olan Mnln,Sey-iin doyison
elektrik sahasinds elektrik xassalari todqiq edilmisdir.

3
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Sokil 1. Miixtalif temperatuplarda dielektrik niifuzlugunun
tezlikdon asililigy; K: 1 -295; 2- 323; 3- 340; 4- 355.

Mnln,Se, birlogsmosi stexiometrik miqdarda yiiksok
tomizlikli (99,999%) elementlorin arintisinden alinmisdir.
Rentgenoqrafik metodla analiz naticasinds miioyyon edil-
misdir ki, MnIn,Se, heksaqonal qurulusa malik olub, ele-
mentar gofos parametrlori a=4,19A, ¢=12,90A, ¢/a=3,08-dir
[2]. Mnln,Se, birlosmasinin sabit elektrik sahasindo bazi
elektrik xassolori [4] isindo Gyronilmisdir. Dayigon elektrik
sahasindo elektrik xassolorini Oyronmek iigiin qalinlig
~0,5 mm olan kristal niimunslardon onlara glimiis pastasi
vuraraq kondensatorlar hazirlanmigdir. Elektrik tutumunun
lgiilmosi E7-20 (25+10°hz) roqomli immetans &lgii
cihazinin kémayi ilo aparilmisdir.
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Sokil 1-do miixtolif temperaturlarda dielektrik niifuz-
lugunun (&) corayanin tezliyindon asililiq qrafiki verilmis-
dir. Qrafikden goriiniir ki, (10*+5-10°hz) tezlik vo 295+355K
temperatur intervalinda & tezlik vo temperaturdan asili
olaraq 80+800 araliginda miioyyon qiymatlor alir. Tempe-
ratur yiiksoldikco dielektrik niifuzlugunun termik aktiv
artimi miisahids edilir. Dielektrik niifuzlugunun termik ak-
tiv artimi temperatur yiiksaldikcs yilikdahiyicilarin konsen-
trasiyasmin temperaturdan asili olaraq artmasi ilo alage-
dardir. 295+325K temperatur intervalinda & tezlikdon asili
olaraq avvolca azalir, sonra iso artir. 340+355K temperatur
intervalinda iso &-nun todricon azalmasi bas verir.
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Sokil 2. Mnin,Se, iigiin tezliyin miixtalif qiymotlorinda
elektrik kegciriciliyinin temperaturdan asililigi; Hz:
1- 10*% 2- 10%; 3- 2:10°%; 4- 5-10°.

Sokil 2-do miixtalif tezliklordo elektrik kegiriciliyinin
(o) temperaturdan (10*/7) asililiq qrafiki verilmisdir. Qra-
fikdon goriiniir ki, oyrilor 10°+5-10°hz tezlik intervalinda
miixtolif meyllors malik olur. Miixtolif meyllors malik
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olan oyrilordon aktivasiya enerjilori hesablanmigdir. Asagi
temperaturlu oblastda 10°+5-10°hz tezlik intervalinda tez-
lik artdiqca aktivasiya enerjisi 0,35¢V-dan 0,10eV-a qodor
azalir (2, 3, 4 oyrilari). Yiiksok temperaturlu oblastda iso
tezlik artdiqca aktivasiya enerjisi 0,64+0,55 eV interva-
linda azalir. Aktivasiya enerjisinin tezlikdon asili olaraq
doyismosini baryer modelinin kdmayi ilo izah etmok olar
[8]. Bu modelin mahiyyati ondan ibaratdir ki, ¢oxlu sayda
kristallar arasinda lokal baryers malik miixtslif geyribir-
cinsliliklorlo (mos: dislokasiya, elektrik domeni vo s.) lo-
kallasmis asagi miiqavimatli baglayic1 laylar ola biler.
Baglayict laylarin qalinligi vo birlosmo xiisusiyyastinin
elektrik sahosinin gorginliyi vo tezliyindon asililig1 onlart
«aktiv element» edir. Bildiyimiz kimi, bizim todqiq etdiyi-
miz materiallarda yiiyiiriikliyiin qiymoti kigikdir. Ona go-
ro do baglayici laylarin formalagmasi (vo pozulmasi) re-
laksasiya prosesino aiddir. Baglayici laylar {igiin relaksasi-
ya miiddati tezlikdon miixtslif ciir asili ola biler. Ogar bu
asililiq giicliidiirso, kegiriciliyin aktivlogsmo enerjisi tezlik-
don asili olur. Mnln,Se, birlogmasi ii¢iin relaksasiya miid-
dotini [8]

TI%GXP(AE/]{T) (1)

riyazi ifadesinin kdmayi ilo hesablasaq (bax: sakil 2), biz
miiloyyon edorik ki, 10°+5-10°Hz tezlik intervalinda tezlik
artdiqca relaksasiya miiddeti 10°+107 saniyo intervalinda
azalir vo aktivlohma enerjisinin 0,35 eV-dan 0,10 eV-a qo-
dor azalmasi bah verir.

Sokildon homg¢inin goriiniir ki, 10°+2:10°Hz tezlik in-
tervalinda (1, 2, 3 ayrilori) 340 K temperaturdan baslaya-
raq kegiricilik koskin artir. Umumiyyatlo doyison elektrik
sahasinin tezliyindan asili olaraq elektrik kegiriciliyi toq-
ribon 107 dofs doyisir.
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Sokil 3. Mnin,Se” tigiin miixtolif temperaturlarda dielektrik
itkisinin tangens bucaginin tezlikden asililigy;
K: 1-295; 2-310; 3-325.

Sokil 3-do Mnln,Se, birlogmasi {igiin miixtalif tempera-
turlarda dielektrik itkisinin tangens bucagmin tezlikdon
astliliq grafiki tosvir edilmisdir. Sokildon goriiniir ki, tod-
qiq edilon temperaturlarda baslangicda tezlik artdiqca itki
bucagmin qiymeti azalir, miioyyan tezliklordon sonra isa
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artma miisahido edilir. Malumdur ki, dielektrik itkisini xa-
rakterizo edon parametrlordon an vacibi dielektrik itkisinin
tangens bucagidir [9]:

1 o
g6 =—"= @)
I, ¢gem

I3

Burada /,-aktiv coroyan, /,-reaktiv coroyan, &-elektrik
sabiti, & dielektrik niifuzlugu, o=27f- tezlik, o - iss elek-
trik kegiriciliyidir.

Yuxarida goriindiiyli kimi (sokil 1 vo 2) asagi tezlik-
lordo elektrik niifuzlugu va elektrik kegiriciliyi tezlikdon
astli olaraq ¢ox zoif dayisir. Buna gora do baslangicda itki
bucagmin tangensi tezliklo tors miitonasib olaraq azalir

1
(1g0 ~—). Yuxan tezliklords iso (2-10°+5:10°Hz) tezlik
w

artdiqca dielektirk niifuzlugu az doyisso do, elektrik kegi-
riciliyinin daha siiratlo artmasi miisahido olunur (sokil 2).
Bu da tezlik artdiqca itki bucaginin tangensinin artmasina
sabab olur.

[

teh

0

300 TE 30

Sokil 4. Mnin,Se* tigiin miixtolif tezliklords dielektrik
itkisinin tangens bucaginin temperaturdan asililigt;
K: 1-2-10'Hz; 2-2:10° Hz.

Sokil 4-do iki miixtalif tezliklordo (2:10* vo 2-10* Hz)
dielektrik itkisinin tangens bucaginin temperaturdan
astliliq grafiki verilmigdir. Sokildon goriiniir ki, 300+340K
temperatur intervalinda temperatur artdiqca #gd -nin qiy-
moti artir. 340 K temperaturdan baslayaraq iso daha siiratli
artma miisahids olunur. Bu da elektrik keciriciliyinin daha
intensiv artmasi ilo baglidir.

Belolikla, isdo MnlIn,Se4 birlosmasinin miixtalif tezlik
va temperaturlarda dielektrik niifuzlugu, elektrik kegirici-
liyi va dielektrik itki bucaginin tangensi todqiq edilmis vo
onlarm tacriibi qiymatlori hesablanmigdir. Miiayyan edil-
misdir ki, dielektrik niifuzlugunun termik artimi, tempera-
tur yiiksoldikco yiikdastyilicilarin konsentrasiyasinin art-
masi ilo baglidir. Tezlik yiiksoldikco aktivlosmo enerjisinin
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azalmasi, tezlik artdiqca baglayici laylarin relaksasiya ‘ 1 , '
miiddstinin azalmasi ilo olagadardir. Miioyyon edilmisdir miitonasib olaraq azalir (1gd N;)s yiiksok tezliklordo iso

ki, asag1 tezliklorde itki bucaginin tangensi tezliklo tors ) “ . o
tezlik vo temperatur artdiqca itki bucaginin tangensinin

qiymati artir.

[11 T Kanamato, H. Ido, T. Kaneko. J. Phys. Japan, 1973, [5] P.H. bBexumbemos. HeopraHuueckue maTepHabl.

v.34, Ne2, p.554. 2002, 1.38, Ne8, ¢.953-957.
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N.N. Niftiyev, O.B. Tagiyev, M.B. Muradov, F.M.Mamedov, T.Sh.Gashimova
ELECTRIC PROPERTIES OF MnlIn,Se; COMPOSITION ON ALTERNATING ELECTRIC FIELD.

The dielectric constants, dielectric dissipation and electric conduction of MnIn,Se, compound are investigated and their experimental
values are defined. It is established, that thermal increase of dielectric constant is connected with temperature increase at concentration
increase of current carriers. The frequency dependence of activation energy, which is connected with decrease of relaxation time of blocking
layers at frequency increase, is observed. It is established, the dielectric dissipation decreases in inverse proportion (tgd~1/w) and tgd
increases at high frequencies with increase of frequency and temperature.

H.H. Hudrues, O.b. Tarues, M.b. Mypanos, ®.M. Mamenos , T.III. I'amumosa

JIEKTPUYECKHUE CBOMCTBA COEJTAHEHUS MnIn:Ses B IEPEMEHHOM
SJIEKTPUYECKOM IOJIE

HccnenoBanbl AUAICKTPUYECKHE IPOHUIIAEMOCTH, TAHTEHC YIVIa JUAJIEKTPUYECKUX IOTEph U 3JIEKTPOIPOBOAHOCTh COCIUHEHMS
MnlIn2Ses u onpenesneHsl SKCIEPUMEHTAIBHBIC UX 3HAUCHHS. Y CTAHOBIICHO, YTO TEPMUYECKHI POCT JUAIEKTPUUYECKON MPOHUIIAEMOCTH CBSI-
3aH C POCTOM TeMIIepaTypsl IIPH yBEIWIECHUN KOHIIEHTPALK HOocuTenel Toka. HabmomaeTcss 9acToTHas 3aBUCHMOCTh SHEPTUH AKTHBAIHY,
KOTOpasi CBsI3aHA C YMEHBIICHUEM BPEMEHH PENaKCAI[HN 3alUpAIONIUX CIOEB IIPH YBENINYCHUH YAaCTOTHL Y CTAHOBJICHO, YTO MPH HHU3KHUX
YacTOTaX TAHICHC yIiia AUAJIEKTPUUCCKUX MTOTEPh YMEHBIIACTCS 0OpaTHO MPONOPIUOHANBHO YacToTe (1gd~1/w), a IpH BHICOKUX YacTOTax C
POCTOM YacTOTHI X TEMIIEPATYPHI /g0 yBENNIUBACTCS.
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AKSIAL-SIMMETRIK ENERJI KUTLO ANALIiZATORLARINDA
IONLARIN iKiQAT FOKUSLANMA SORTLORI
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AMEA Fizika Institutu, Az-1143, Baki, H. Cavid, 33

Isdo aksial — simmetrik elektromagqnit sahasins malik sektorlu ugus miiddatli enerji — kiitlo analizatorunda ionlarin harakat trayektoriyasi
noazori olaraq arasdirilmig, miixtolif enerji vo bucaq altinda analizatora daxil olan ionlarmn elektrik vo maqgnit sahslorinde ugus miiddstino
gors ikiqat fokuslanma sorti alinmigdir. Gostorilmisdir ki, miioyyon paylanmaya malik elektrik vo maqnit sahslori ionlar1 bu tip analizatorda

ikiqat (ham radial, hom ds aksial istiqamatds) fokuslanmast miimkiindiir.

Sektorlu aksial-simmetrik elektromaqnit sahasine malik
ucus miiddatli kiitlo analizatorlarindan genis istifado olun-
masl1 bu tip cihazlarin ion — optik xarakteristikalarinin vo
handasi 6lgiilarinin hesablanmasi {i¢iin nazari metodlarin is-
lonmasing boyiik zomin yaratmisdir [1-3]. Bu tip cihazlarin
ionlarin aberrasiyasi vo onlarin ugus miiddatino goro fokus-
lanmasina hosr olunmus islora dévrii motbuatda tez-tez rast
golinir [4, 5]. Bu islordo osason ion paketinin trayektori-
yasina vo ucus miiddatlorino bir nego parametrlorin tasiring
xiisusi hallar {igiin (elektrik va ya magqnit, ionlarin analiza-
torda miixtalif donma bucaglarina va i.a.) baxilmis vo bir s1-
ra qonastbaxs naticalor alinmigdir. Bels ki, istor ionlarin pa-
rametrlorinin (kiitlays vo enerjiya goro dagimiqliq), istorse
do analizatorun parametrlorinin (hondossi 6l¢iilorinin, hazir-
lanma daqiqliyi) kenaragixmalarinin cihazin ion — optik xa-
rakteristikalarma tasirinin hesablanmasi {i¢iin ifadslor alin-
migdir [6]. Lakin xiisusi hallar tigiin aparilan bu hesablama-
lar aksial — simmetrik enerji — kiitlo analizatorlarinin asas
parametrlori ilo (masalon, ionlarin ugus miiddati ilo) onlarin
handasi Olgiileri arasinda birqiymatli slage yaratmaga im-
kan vermir.

Digor torofdon mohz ayirdetmo qabiliyyotinin vo burax-
ma omsalinin yiiksoldilmosino xidmot edon bircins elektrik
(vo ya elektromaqnit) sahali aksial — simmetrik tipli anali-
zatorlarin kiitlo reflektrondan [7] forqli olaraq baslangic
enerjiyo, acilma bucagina, monbods yaranan ionlarin yaran-
ma koordinatina goro fokuslama imkani onlarin ciddi he-
sablanma metodlarinin islonmasini talob edir.

i P £ L7

e ez

Sakil 1. Statik kiitlo — analizatorunda ionlarin radial (a) vo
aksial (b) istiqamatlords fokuslanma sxemi:

Bu baximdan kiitlalorins (va ya enerjiyo) gors bir-birin-
don ayrilan yiikli zorrociklorin analizatorun ¢ixisinda fo-
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kuslanmani tamin etmak ii¢lin onlarin sahadoki trayektori-
yalarinin hesablanmasi va bu trayektoriyalarin analizatorun
6l¢iilorindon asililiginin aragdirilmasi zonnimizco vacib mo-
soladir.

Toqdim olunan isdo aksial — simmetrik elektromaqnit
sahosino malik sektorlu ugus-miiddatli kiitlo analizatorun-
da (sok. 1) ionlarin horakat trayektoriyasinin hesablanmasi
vo homin trayektoriyalarin ionlarin ugus miiddatine vo ana-
lizatorun ion — optik xassolorina tosiri aragdirtlmisdir.

Ionlarm enerji — kiitlo analizatorunda bir-birino perpen-
dikulyar elektrik vo magqnit sahslorinde horokst trayekto-
riyalarimi ve ugus miiddatine gora fokuslanma sortlarini te-
yin etmak ticlin homin sahalords harakatin vektor soklinda
olan tonliyindon istifads edocoayik:

do = gel- ~
M—=qu+q— UH], (1)

dt c
burada M- ionlarin kiitlasi; g-ionlarin ionlasma doracasi; e-
elektronlarm yiikii; c-is1gin vakuumdaki siiratidir.

Hesablamanin sadsliyi xatirine forz edok ki, elektrik va
maqnit saholorinin fozada paylanma sorhadlori molumdur
vo Ust-listo diislir. Onda elektrik sahasi olmayan hal {iglin
E =0, magnit sahasi olmayan hal {igiin iso H=0 yazmaq
olar.

Ionlarin trayektoriyalarmi hesablamaq tgiin silindrik
koordinat sistemindon istifade edek. Bu zaman sahonin in-

tensivliklorinin ort vektorlarini é'r,é'(p,é’z ilo isara edok

(€,-nin firlanma istiqamoti saat oqrobinin harokati istiga-

matindadir). Onda harokat edon ionun radius vektorunu

p=re +ze,

2

soklindo yazmaq olar. Bu ifadeni zamana gors diferensialla-
saq vo

de. . . Ade. .. . _.Adp . _
=@ lim —L=¢plime —=¢pe 3)

dt Ap—0 AQ Aps0 | A v

de . . | .
—L=plim—Y=¢limé; —¢=—¢Je, )

dt Ap—0 AQ Ap—0
noazars alsaq (sokil 2-ys bax).

U=ré.+rpe,+ze, (5)

alariq.
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Sokil 2. Silindrik koordinat sisteminds ort-vektorlar.

(5)-1 zamana  goro  diferensiallasaq  ionlarin

elektromaqnit sahasindaki tacilini alariq

%:(if'—r(p)ér+(2f¢+r¢)€p+2§z .

Elektrik vo maqnit sahalorinin intensivlik vektorlarini
E=Ee +Ee,+E.e,
H=H. +H,,+H.ze,

soklindo goabul edib (1)-doki vektorial hasili silindrik koor-

dv - _
dinatlarda ifads etdikdon sonra —UE Vo [D ]—nin ifado-
dt

larini (1)-do yerino qoysaq vo aksial — simmetriklik sortini
nozors alsaq \H 0 =0, K » 50) ionlarin koordinat oxlar1 bo-

yunca harokat tonliklorini alariq

Ionlarin harokoat trayektoriyasinin diferensial sokildo
tonliklorini almaq tigiin asagidaki avazlomoslari aparaq:

F=r'gp  F=r"@*+ré
i=7'¢ E=Z"¢*+7',

burada ¢-qeyri asili doyison, strixlor iso homin komiyyatlo-
rin @y goro téromoloridir. ¢ vo ¢ toyin etmok {iglin
enerjinin saxlanmasi qanunundan istifado edok

%muzzqe(V—U),

burada geV- ionlarin ionlagsma oblastinda (ion manboyinda)
olds etdiklari enerji; U-ionun siirati tayin olunan ndqtonin
potensialidir. (5)-do siiratinin kvadratinin ifadssinin

v =it 42+ 2 =g A

()

- . 2. 2 g2
oldugunu nozors alaraq (harada ki A=r""+r"+2z'") ener-
jinin saxlanmasi qganunundan

- E 1/2 V_U 12
4 M A
yazmagq olar.

(7) ifadesinin zamana gors toromoasini alandan sonra ali-
nan tonliyin sag torofindon ifadodon ¢-yo gdro téromoyo
kegsok asagidaki ifadoni alariq

e eA[~(Er' +E.2)A+2(V U )(r'r"+rr' +2'2")| ®

M- A '

7,z,@,7,Z vo @ -nin alinmig ifadslorini (6)-da yerino

yazsaq ionlarin horakst trayektoriyalarmin tonliklorini
alariq

200 =U)(r"-r) r(Er+E.Z')A

I”—V(Oz—iEr_ir(DHz A A2
m Mc _E IJW H ¥
rp+2ip=——>I(:H,—FH.) (6) eV 4 T
C Vo
=B+ roH
4 Vi . z |
2z"(Ij4—U) |- (ESHEZL)L +2A(2V_U)(F'V” +r7r'+2") =E. +é\/WMTV_7U)'FHr (10)

(9) vo (10) tonliklori geyri — relyavistik ionlarin aksial-
simmetrik elektromaqnit sahosindoki harakat tonliklorinin
kifayat qodor doqiq, diferensial formasidir.

Aksial — simmetrik elektromaqnit sahosinds ionlarin
ucus miiddoatine goro fokuslanma gortini almaq iigin homin
sahado ionlarin orta trayektoriyasi (ry radiusu) ilo horokot
sortini aragdiraq (sok. 1).

Molum oldugu kimi aksial — simmetriklik sortino gora
elektrik vo maqnit sahalori hamin trayektoriya boyu sabit-

| dir. Onda r=r, olduqda E.=E,, H.=H, vo U=U, yazmaq
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olar. Bu zaman analizatorun girisinds enerjisi gelV, olan
yalmiz M, kiitlali ionlar z=0 miistovisindos orta trayektoriya
(7o) ila horakat edacak.

Orta trayektoriya boyu r(¢)z 7y, z((p)EO oldugundan
homin oyri tizerinde »'=r"=z'=z"=0. (9) va (10)-da bun-
lar1 nozors alsaq
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nkE, reH,

1= _
20h-Us) amelv,-U,)

)

alariq. Bu ifado [8]-da alinan uygun ifado ilo iist — iisto dii-
siir. (11) ifadesi bir-birino perpendikulyar olan elektrik vo
magqnit saholorinds ionlarin orta trayektoriya ilo harokat sor-
tini xarakterizo edir. Ogor

rE

—F—= (12)
2(/,-U,)
gobul etsok (11) ifadasi asagidaki soklo diigor
H
—l=k- 10 (13)

2melty-U,)

Beloliklo, aksial-simmetrik analizatorun daxilindo elek-
trik sahosi olmayan halda (E,=0) k=0. Bu zaman U,=0
olmaya da bilor. Dogrudan da bu halda maqnit sahasi olan
yerda xiisusi qurgularin kdmoyi ilo sifirdan forqli elektrik
sahosi yaradilir. Onda orta trayektoriyanin radiusu ii¢iin

2 —
ro=‘/2MC e(V,-U,) (14

eH,

y :144—\‘M°(V0_U0)

0

vaya

alariq. ©gor H, erstedlorla, M- atom kiitlo vahidi, U, va V)
voltlarla dl¢iilerss, orta trayektoriyanin (14) ifadasi ils toyin
olunan radiusu sm-larls alinir.

Ogoar analizatorda yalniz elektrik sahasi movcuddursa
(H=0), onda (11) vo (12)-don k=-1 vo ya

2(V,-U,)
EO

0 =
alariq.

Qeyd edok ki, (9) vo (10) diferensial tonliklori geyri-
xotti olduglari tiglin bu tonliklorin halli bir sira ¢atinliklorla
iizlosir. Lakin sistemin aksial-simmetrik oldugundan vo be-
la sistemlordo adoton paraksial ion dostosindon istifado edil- |

E =rE, {—(7]+§B]772 +§an3 +...

E. =—E,[1+B,—(1=B,—2B, )p+(1+ B, + B, Jp* +.. [

diyindon bu tonliklords kifayst qodoar doqigliyi saxlamagqla
bir godor sadolosdirmok olar. Bu sadolosmo o hallarda
miimkiindiir ki, trayektoriyanin radial istiqamatds hor hansi
konaragixmalar1 orta trayektoriyanin oyrilik radiusundan
¢ox-¢ox kigik olsun, basqa s6zlo

A
—r=77<<1 Vo i=.§<<1.
0 "

(9) vo (10) tonliklorin bu soartlo daxilinde hall etmok
iiclin analizatorun daxilinds elektrik sahasini (E,) vo maqnit
sahasinin (H,) paylanmalart malum olmalidir. Orta trayek-
toriya boyu elektrik vo maqnit sahasinin giymotlori uygun
olaraq E, vo H, oldugundan E, vo H, asagidaki siralar
soklindo axtaraq.

E,=E,(1+Bn+B*+...)

.
H,=H,(1+ Ap+ Ay’ +...)

(15)-o daxil olan By, B,, A;, A, amsallarini vo foza yiikii
olmayan hal iicilin elektrostatik sahasinin paylanmasina sta-
tistik hal {igiin Maksvell tonliyindon tapmagq olar.

div E=0; divH=0;
rot E=0; rot H=0.

Bu tonliklorin aksial-simmetriklik sorti daxilindo silin-
drik koordinat sistemdo agagidaki soklo diigor

li(rE,)+aEz =0 (16)
r or Oz

OE, OE._,

0z Or

(17)

lﬁ(er)ﬁHz =0 (18)
r Or oz

OH. OH

Lo ——2=0. (19)

oz or

(16) tonliyini 7-a, (17) tonliyini z géro diferensiallayib
toplasaq, alinan tonliyin halli potensialin analizatorun daxi-
linds paylanmasini alariq

)+§[1+Bl—(1—B,—2an)]+U0} (20)

@n
Analoji olaraq maqnit sahasinin paylanmasi
2 1 3
H, =H,|(4,+247+34, +...)§+[ S(4,-24,-64,) } 22)
H =H,(I+An+ A, +..+ A,E + 4,En+...) (23)

Belalikla, agar elektrik vo maqnit sahslorinin intensivliklari- |mi$dirsa, onda hamin intensivliklorin radial va aksial topla-

nin orta (z=0) miistovide paylanmalar1 (15) soklinds veril-

nanlarmin (20-23) ifadslorinin kémayi ilo toyin etmak olar.



AKSIAL — SIMMETRIK ENERJi KUTLO ANALIiZATORLARINDA iONLARIN iKiQAT FOKUSLANMA SORTLORI

E. vo H, bu ifadalorini (9) vo (10) tonliklorindo | IR ) ) 5
yerina qoysaq va bazi ¢evirmalori buraxsaq ionlarmn aksial va burada 4 =—; 4, =—(sak. 1) y -ionlarin donmo bucagidir.

radial istigamotindo fokuslanma sortlori {iglin asagidaki ton- "o "o
liklori alariq.

goy _ A1-(1-k)A4 ]+ L1-(1-k)4] 20
o @' hh-A+(1-k)A4]1-(1-k)4,] @ =—(1-k)4, +k(1+B) . 27)
gy A+ DLl N-0+04] o
Q2 -A-0+ k)2 1+ +k)2]

@* =(1+k)(1+k + A)—k(B,-3) (26)
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T.K. Nurubeyli

CONDITIONS FOR DOUBLE FOCUSSING OF IONS IN AXTAL SYMMETRIC
ENERGY MASS-ANALYSER

The trajectory of ions’ motion in the time — span energy mass- analyzer with axial — symmetric electric and magnet fields is considered.
The conditions for double focusing of ions going out of source under various angles and having various energies on span period are obtained.
It is shown, that upon determined type distribution of electric and magnetic fields the focusing in radial and axial directions takes place.

T.K. Hypy6eiian

YCJIOBUSA JIBOMHON ®OKYCHPOBKH MOHOB B AKCUAJILHO
CUMMETPUYHOM SHEPI'O-MACC-AHAJIM3ATOPE

TeopeTuuecku paccMOTpEHa TPAEGKTOPHs JABMXKEHUS MOHOB BO BPEMSIIPOJIETHOM JHEPro-Macc-aHaJIU3aToOpe C aKCHAJIbHO
CUMMETPUYHBIMU DJIEKTPHYECKUM W MarHUTHBIM HOJMSAMH. [lomydeHbl ycioBHs ABOWHOI (DOKyCHpOBKM HO BpeMEHH IpOJeTa HOHOB,
BBIXOJSIIIMX U3 HCTOYHUKA MOHOB IO PA3IMYHBIMH yIJIaMH U 00JaaloIUMU Pa3IuIHbIMU 3HeprusiMu. [lokaszaHo, 4To IMpH ONpeaeIeHHOM
pacrpeieieHuH 3JIeKTPUYECKOTr0 ¥ MArHUTHOTO MONIeH, IMEI0T MeCTO ()OKYCHUPOBKH B PaJMaIbHOM U aKCHATbHOM HaNpaBIECHUSX.
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THE ROTATION SPECTRUM OF TRANSCONFORMER OF (CD3);CDOH MOLECULE. THE
FORBIDDEN TRANSITIONS

Ch.O. KADJAR, S.A. MUSAYEYV, S.B. KAZIMOVA, M.E. ALIYEV, E.Ch. SAIDOV
Institute of Physics of National Academy of Sciences of Azerbaijan,
Baku AZ-1143,H. Javid av., 33

The rotational spectrum of trans-conformer of deuteroreplaced izopropanol molecule (CD;),CDOH, which is registered by hybrid
spectrometer with Stark modulation and modulation on double quantum RF-MW resonances with absorbing cell on the base of flute
waveguide system in frequency range 17500-79050MHz is investigated. 105 new authorized and 12 forbidden rotation transitions are
identified. The theoretical treatment of spectrum is carried out by rotation Watson Hamiltonian of A-reduction. The spectroscopic parameters

of molecule are essentially specified.

Key words: microwave rotation spectrum, Watson Hamiltonian, hybrid spectrometer.

Introduction

First, the investigation of rotation spectrum of deuterated
sample of isopropyl alcohol molecule (CD;),CDOH trans-
conformer is carried out in the work [1]. The determination
accuracy of spectroscopic constants in this work is
comparatively inferior one. Henceforth the molecule
investigation in centimeter and millimeter wave band is
continued in the works [2-3], where the identification
accuracy is confirmed by double RF-MW resonances up to
J=25. However, all transitions with J>10 anew included in
calculation are related only to Q-arms. The information for
essential precise definition of wvalues of spectroscopic
constants isn’t enough.

In the present work the problem of noticeable precise

definition of rotation and spectroscopic constants of deutero- |

replaced isopropanol molecule (CD3),CDOH transconformer
at the expense of inclusion of transitions relating to R-arms
with high J into reverse spectroscopic problem (RSP)
solution is set.

The search and identification of such transitions are
carried out on modified hybrid spectrometer with Stark
modulation and modulation on double quantum RF-MW
resonances with absorbing cell on the base of flute waveguide
system in frequency range 17500-79050 MHz [4].

Calculation
The theoretical treatment of spectrum is carried out by

rotation Watson Hamiltonian of A-reduction, including only
quartic centrifugal constants:

H=t(X -7 +|Z-1(X+T)2 A, 0t —A T2 T2 AT+

+%()?_)7)]2J§Y -25,J%J3, —SK(JéJf(y +J§YJ§)

where X, Y, Z are rotation constants; A, Ay, Ax ,0,0 are
quartic constants of centrifugal distortion; Jy, Jy, J; are
components of total angular momentum J in arbitrary co-

ordinates x, y, z; J* :J(J+]),Jf(y =J; +J;.

The calculations are carried out in the second axial
representation, when x —> ¢, y—>a, z—> b, where a, b, ¢ are
axes of reference, connected with main molecule axes.

As it is known, the several forbidden transitions in
rotation spectrums are removed in the result of strong
rotation-smoking-vibration interaction of energy levels which
have similar k; and k, for both levels appear [5]. The
purposeful search of these transitions leads to positive results.
The revealing and inclusion of such transitions into RST
solution simplify the interpretation of spectrum for high J,
widen the possibility of further investigation of millimeter
rotational ~ spectrum  of  trans-conformer  molecule
(CDs),CDOH and help to unambiguously identify the
transitions with high J. The identification of spectrum is
carried out by consistent inclusion of frequency transitions
into RST solution, beginning from the transitions with low J,
the calculation errors of which are minimal ones and the
reverse spectroscopic task is solved. The direct spectroscopic
task is solved every time after inclusion of new frequencies
into calculation and the transitions, the frequencies of which

B

| are calculated with minimal error, are chosen for the further
treatment.

The calculation, carried out by this way, gives the
possibility to identify 12 forbidden transitions.

Only 105 allowed transitions up to J=35, 32 of which are
related to R-arms, are succeeded to identify. The frequencies
of again identified allowed transitions with the values of
experimentally measured frequencies by their differences
with calculated values of transition frequencies in the second
axial representation are given in the table 1. The frequencies
of identified forbidden transitions, which are marked by star,
are given in the same table.

The rotation and quartic centrifugal constants, defined by
the fit of method of least squares (MLS), calculated on
Watson Hamiltonian of A-reduction in the second axial
representation of frequencies and their ratio to ones
experimentally defined are given in table 2. The same
constants, defined on frequencies of 163 transitions in work
[3] are included in this table for the comparison. It is seen
from the table, that inclusion of frequency spectrum of R-arm
transitions into treatment allows to decrease the errors of
definition of rotation constants approximately in 3-4 times,
and centrifugal ones decrease almost on the one order.
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Table 1.

The frequencies (MHz) of identified rotation transitions of (CD;),CDOH molecule.

Transition

Vexp. Veale. AV=Vor, = Veale.

2 | 1 0 | 25054.83 25054.70 0.12

3, ) 2 | | 32853.51 32853.37 0.14
30 ) 2 ) | 28414.86 28414.89 -0.03

4 | 3 ; ' 54688.53 54688.33 0.20
4, ) 3 | s 62131.50 62131.67 -0.17

4 3 4 0 4 17483.64 17483.56 0.08

50 3 4 ) 2 54209.26 54209.21 0.05

50, ) 4 3 . 62429.54 62429.39 0.15

50 ' 4 3 | 64462.57 64462.49 0.08

5, 3 4 ' 3 63671.26 63671.14 0.11
6 6 5 | s 26767.00% 26766.99 0.01

6 s 5 ' 4 54712.43 54712.30 0.13

6 3 3 5 s 2 59227.82 59227.79 0.03

6 s 5 ) 4 54623.09 54623.05 0.03

6 ¢ ' 6 s ) 19284.97 19284.98 -0.01

6 ¢ 0 6 s ) 19327.45 19327.37 0.08

7 . 6 6 | 74500.06* 74499.89 0.17

7 ) 6 6 | 58766.61 58766.57 0.04

7 3 6 6 0 54664.34 54664.25 0.09

7 3 7 s 4 19111.59 19111.40 0.19

7 ) 6 6 0 58724.04 58724.17 -0.13

7 s 6 s 2 64408.56 64408.48 0.08

7 s 6 6 0 34378.69 34378.76 -0.07

8 s 8 ) 6 27179.85 27180.05 -0.20

8 6 8 | ; 32842.26 32842.22 0.04

8 s 3 7 6 ) 74287.24 74287.25 -0.01

8 . 7 ) 6 70313.66 70313.81 -0.15

8 & ; 7 . | 62382.71 62382.58 0.13

8 5 4 7 6 | 64091.34 64091.22 0.12

9 3 8 s 0 69653.29 69653.43 0.14

9 3 9 3 6 57227.92 57227.81 0.11

9 ) 9 s s 47740.78 47740.58 0.20

9 s 9 ; s 26315.55 26315.50 0.05
10 s 9 s s 58586.24 58586.36 0.12
10 6 9 s ) 54477.98* 54477.91 0.07
10 s 6 10 s ; 32223.02% 32223.19 0.17

10 ) ) 10 s 2 28364.34 28364.43 -0.09

10 s 6 10 2 8 69948.07 69948.01 0.06

10 s 10 s s 25072.21 25072.28 -0.07

10 2 10 s s 28877.64 28877.49 0.15

10 s 9 s 6 5852.08 58520.07 0.01

1y . 10 s ; 32914.05% 32914.06 -0.01

1 2 11 s s 25990.85 25990.81 0.04

1 3 11 . 4 17725.03 17724.99 0.04

2 s 12 s ; 59517.21 59517.24 -0.03

2 s 11 " . 31138.42 31138.38 0.04

2 6 12 s ; 29747.83 29747.82 0.01

2 s 12 6 s 20477.52 20477.47 0.05

2 s 12 s s 21030.90 21030.90 0.00

12 ) 12 10 ) 35943.54 35943.42 0.12

13 6 13 6 ; 27668.44 27668.42 0.02

13 ; 13 10 s 34426.88 34426.76 0.12

14 1 3 14 10 4 31892.34 31892.44 -0.10

14 s 13 " | 31783.27 31783.15 0.12

14 0 14 s 10 47363.31 47363.24 0.07

15 . 15 s s 35640.84 35640.66 0.18

15 " 15 ' s 73943.32 73943.40 -0.08
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2 3 4

6 1o 6 16 0 S 21177.22 21177.12 0.10
16 o S 16 ¢ ¢ 29972.11 29972.13 -0.02
16 1 s 16 . 6 36245.02 36244.97 0.05
17 . 17 6 " 57369.89 57369.84 0.05
17 6 17 . ; 35939.60 35939.75 -0.15
18 0 18 ¢ . 51093.20 51093.38 -0.18
18 & " 18 s " 62555.91 62556.00 -0.09
19 " 18 i 0 28974.31%* 28974.74 -0.14
9 ” 19 6 5 62160.71 62160.81 -0.10
19 0 19 ¢ . 50202.94 50202.76 0.18
19 0 19 " | 65627.28 65627.24 0.04
19 . ¢ 19 " 31860.83 31860.92 -0.09
20 4 0 20 o 5 69208.15 69208.06 0.09
20 4, . 20 6 . 55628.33 55628.45 -0.12
20 5 20 . s 60391.93 60391.82 0.11
21 " 20 " 0 58824.72% 58824.61 0.11
21 3 21 . . 59305.20 59305.31 -0.11
21 . 21 . . 59305.20 59305.09 0.11
21 . 20 2 0 28955.48 28955.36 0.12
21 4 5 21 8 . 64010.21 64010.21 0.00
2 " 22 ¢ 1 66436.55 66436.41 0.14
2 . 22 . s 57979.61 57979.73 -0.12
2 5 0 22 i . 78351.15 78351.06 0.09
2 s 21 ’ . 28560.28 28560.44 0.16
2 5 " 22 " 1 54252.15 54252.26 0.11
2 5 " 22 0 1 66438.90 66438.97 -0.07
23 ’ 22 ) . 72926.30% 72926.38 -0.08
23 . 22 » 0 28188.11 28188.01 0.10
23 s 8 23 4 0 28922.53 28922.69 -0.16
23 6 23 6 ; 49589.07 49589.08 -0.01
23 - 23 10 1 65856.08 65856.06 0.02
23 1 23 ¢ 5 71700.08 71699.94 0.14
23 . 0 23 5 . 71684.83 71684.94 0.11
24, o 23 ) » 75645.73% 75645.71 0.02
24 4 . 24 ” " 50409.85 50409.68 0.17
24 S 23 ’ 3 57765.51 57765.35 0.16
24 6 23 " 1 34268.16* 34268.28 -0.12
24 0 s 23 5 . 57713.46 57713.58 -0.12
25 1 5 24 “on 73167.90% 73167.91 -0.01
25 w1 25 s o 18026.13 18026.15 -0.02
26 1 ¢ 26 8 0 56585.43 56585.48 0.05
26 15 1 26 " s 69862.80 69862.71 0.09
26 » s 25 25 . 27146.51 27146.58 -0.07
26 s 25 " 14 17884.35% 17884.15 0.20
27 o 5 27 . 6 75261.80 75261.73 0.07
27 5 27 . 75265.88 75265.98 -0.10
27 8 26 b 32575.42 32575.46 -0.04
29 29 5 n 31865.30 31865.31 0.01
29 % n 29 . ” 34331.95 34332.10 0.15
30 5 0 30 " " 59208.96 59208.95 0.01
31 s 6 31 1 1 78349.97 78349.93 0.04
31, 0 31 " 0 51000.48 51000.59 0.11
32 5, . 32 s n 56537.87 56537.82 0.05
32 % 32 o 58802.91 58802.97 -0.06
32 5 32 v e 70572.06 70572.17 -0.11
32 » 1 32 4 " 62802.36 62802.30 0.06
33 5 o 33 » . 62751.02 62750.97 0.05
34 5, 34 s 60675.99 60675.89 0.10
34 34 5 57136.77 57136.67 0.10
35 55 10 35 w 72951.43 72951.48 -0.05

Here Av=v,, —Viuc.-
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The correlation matrix of Watson Hamiltonian constants
of A-reduction, and also asymmetry parameter of y molecule
are given in table 3. The spectrum identification is confirmed

by good fit by MLS in all three axial representations
(table 4).

Result discussion

The values of rotation and centrifugal constants,
presented in the table 4, are used at the calculation of defined
combinations of spectroscopic constants, not depending on
the choice of axial representation [6]. As it is expected, the
values of calculated defined combinations of spectroscopic
constants don’t depend on the choice of axial representation
and the degree of their equality to each other in all three axial
representations is the criteria of objective estimation of
quality of fit procedure of spectroscopic parameters in

interval of defined combinations of spectroscopic parameters
in all three axial representations is minimal one (table 5) in
the result of inclusion of big number of R-arm transitions and
ones with high J into fit procedure.

Conclusion
The spectroscopic parameters, specified in the present
work allow us to describe the rotation spectrum of the given
molecule with high accuracy. These constants can be used at
the specification of monohydric alcohol structures, definition
of intramolecular potential functions, electric and relaxation
characteristics of molecule for prediction of transition
frequencies which haven’t been revealed yet experimentally
by any reasons.
The obtaining of frequencies calculated on specified
spectroscopic constants at local and remote sensings of

Table 2.

different axial representations. The value  atmosphere and space has the essential value.
The rotation and centrifugal constants of (CD;),CDOH molecule.

Constants Work [3] Present paper

A (MHz) 7035.7587 (0.0040) 7035.7701 (0.0012)

B (MHz) 6006.3329 (0.0040) 6006.3450 (0.0015)

C (MHz) 3915.4308 (0.0040) 3915.4438 (0.0012)
A; (kHz) 2.8000 (0.0354) 2.8854 (0.0015)

Ay (kHz ) -1.8033 (0.0106) - 1.8139 (0.0015)

Ax (kHz) 2.8158 (0.0081) 2.8271 (0.0013)

0y (kHz) -0.9410 (0.0016) -0.9401 (0.0004)

d (kHz) -0.3352 (0.0031) -0.3314 (0.0007)

Table 3.

The rotation and centrifugal constants of (CD;),CDOH molecule and their correlation matrix.

Spectroscopic
constants

Correlation matrix

A =7035.7701 MHz
B =6006.3450 MHz
C

0.89
=3915.4438 MHz | 0.89 0.94

A; = 2.8854 kHz 0.59 0.73 0.71

A= -18139 kHz | 020 0.07 0.23 -0.03

A = 2.8271 kHz -0.25 -0.07 -0.13 0.15 -0.91

5, = -09401 kHz | -0.31 -0.60 -0.53 -0.86 -0.07 -0.07

¢ = -03314 kHz | 032 033 028 035 0.64 -0.67 -0.48

Table 4.
The rotation and centrifugal constants of (CD;),CDOH molecule in three axial representations.
Spectroscopic Axial representation
parameters
I' g jiig

X (MIn) 6006.3503(0.0012) 3915.4438(0.0012) | 7035.7659 (0.0015)
Y (MIn) 3915.4421(0.0012) 7035.7701(0.0015) | 6006.3517 (0.0013)
Z (MIn) 7035.7668(0.00015) 6006.3450(0.0013) | 3915.4416 (0.0011)
Ay (x[) 2.4522 (0.0013) 2.8854(0.0015) 4.3326 (0.0020)
A (kD) -0.5135 (0.0017) - 1.8139(0.0015) - 6.1544 (0.0019)
Ag (k) 2.8275 (0.0013) 2.8271(0.0013) 2.8268 (0.0013)
Oy (kImm) 0.7233 (0.0003) - 0.9401(0.0004) 0.2168 (0.0002)
O (xI'm) 1.1917 (0.0012) - 0.3314(0.0006) - 1.8639 (0.0015)
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Table 5.
Defined combinations of spectroscopic parameters of (CD3),CDOH molecule.
Parameters Axial representation
I' 1§ jiig
A (MHz) 7035.77168 7035.77148 7035.771755
B (MHz) 6006.35084 6006.35074 6006.350910
C (MHz) 3915.45030 3915.45027 3915.450236
T.. (kHz) -4.76622 -4.76558 4.766308
Ty, (kHz) 3.89890 - 3.89861 - 3.898930
T,. (kHz) -1.00551 -1.00528 - 1.005023
T, (kHz) -6.84313 - 6.84234 -6.843405
T, (kHz) -2.06585 -2.06574 -2.065901

[1] Ch.O. Kadjar, S.A. Musayev, E.Yu. Salayev. Jurnal [4] Ch.O. Kadjar, S.A. Musayev, A.A. Abdullayev, M.E. Ali-

prikladnoy spektroskopii, 1983, t. 39, n. 1, s. 69-74. yev. [Ipubops! 1 TexHUKA SKcriepuMenTa, 2005, Ne2,¢.95-97.
[2] Ch.O. Kadjar, S.A. Musayev, E.Yu. Salayev. Optika i  [5] M.R. Aliyev. Uspekhi fizicheskikh nauk, 1976, t.119,
spektroskopiya, 1983, 1. 55, Ne 4, c. 648-652. vip.3, s.557-572.
[3] Ch.O. Kadjar, S.A. Musayev, E.Ch. Saidov. FIZIKA, [6] J.K.G. Watson. J. Chem. Phys., 1967, v. 46, N 5, p. 1935-
2001, t. 7, n. 2, 5. 25-31. 1949.

C.O. Qacar, S.A. Musayev, S.B. Kazimova, ML.E. 9liyev, E.C. Saidov

(CD;),CDOH MOLEKULUNUN TRANS-KONFORMERININ FIRLANMA SPEKTRI.
QADAGAN OLUNMUS KECIiDLOR

(CD;),CDOH molekulunun trans-konformerinin firlanma spektri tadqiq edilmis, 12 qadagan olunmus kec¢id identifikasiya
edilmigdir. 105 us vo uc kegidi identifikasiya olunmusdur. Firlanma spektrinin nozari tosvirinde Vatsonun A-reduksiyali firlanma
hamiltonianindan istifads edilib. Molekulun firlanma va markazaqagma sabitlori daqiglasdirilmisdir.

Y.0. Kagxap, C.A. Mycaes, C.b. KazumoBa, MLE. Anues, E.U. Cangos

BPAIIATEJIBHBIN CIIEKTP TPAHC-KOH®OPMEPA MOJIEKY.IbI
(CD;), CDOH. 3AIIPEIIEHHBIE ITEPEXO/IbI

VccnenoBan BpalaTesbHbIM CHEKTP TpaHC-KOH(OpMepa MOJEKyJIbl Aeitepo3amerieHHoro usonponasona — (CD3),CDOH, koTopsrit
PETHUCTPUPOBAIICS THOPUIHBIM CHEKTPOMETPOM CO  INTAPKOBCKOW MOJIYJISLUCH W MOAYJSAIMEH MO JBOMHBIM KBaHTOBbIM PU-MB
pe30oHaHCaM C IOTJIOLIAlomIe s4elikoil Ha Oa3e >XKel0OKOBOH BOJIHOBOIHOW cHcTeMbl B AuamasoHe yactor 17500-79050 MIm.
Upentudurmpoano 105 HOBBIX pa3pemieHHbIX W 12 3ampenieHHbIX BpallaTelbHbIX mepexooB. Teopermdeckas oOpaboOTKa —crekTpa
OCYIIECTBIIIACH BpANIaTeIbHBIM TaMIJIBTOHHAHOM BarcoHa A—pemyknuu. CyIIeCTBEHHO YTOYHEHBI CHEKTPOCKOIMHMUYECKHE IapaMeTphl
MOJIEKYJIBI.

Received: 04.12.07
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STATE DIAGRAM OF TIInS; -TICrS,, TIGaSe; —TICrSe; SYSTEM AND ELECTRIC
PROPERTIES OF LAYERED COMPOUNDS TICrS;, TICrSe;

R.G. VELIYEV, F.M. SEYIDOV, A.l. JABBAROV
Institute of Physics of National Academy of Sciences of Azerbaijan
Az-1143, Baku, H. Javid av., 33

State diagram of TlInS, —TICrS, and TlGaSe, —TICrSe, systems has been investigated. It is established that the limited solid solutions
form on the base of initial compounds. It is supposed that the existence of polar (dipole) and magnetic (spin) orderings is possible in the
forming solid solutions. The electric properties of TICrS, and TICrSe,, which reveal that these compounds are semiconductors of p-type, are

investigated in temperature interval 80-400K.

The search of semiconductor ferroelectromagneto-active
layered crystals is the actual task of solid-state physics, i.e.
physicotechnical parameters of such crystals are varied in
wide range in the result of the fact that the dependence of
physical properties of traditionally regulated factors such as

temperature, electric and magnetic fields on main
crystallographic directions is added to them [1,2].
The layered compounds TIInS,, TIGaSe, at high

temperatures have semiconductor properties [3,4], and at low
temperatures they have ferroelectric ones [5-8].

In work [9] the compounds TICrS,, TICrSe, had been
synthesized firstly and X-ray-, neuron-graphic and magnetic
investigations had been carried out. The authors conclude that
given compounds crystallize in hexagonal structure with big
enough relation ¢/a (~6) and are ferromagnetics. However,
electric properties of layered ferromagnetics TICrS,, TICrSe,
haven’t been investigated; correspondingly, it isn’t clear what
type of conduction they have.

Taking into consideration above mentioned, TICrS,,
TICrSe, are investigated by us from chemical elements,
suspended in stoichiometric relation. Previously the
chromium is rendered in powdered state with the help of ball
mill. The compounds are put into quartz ampoules, which are
evacuated up to residual pressure ~10° Pa. The synthesis is
carried out in the electric furnace at temperature ~1150K
during 120 hours, further the reaction product is thoroughly
crushed and synthesis repeats. Further the given compositions
are rendered in powdered state, pressed and treated by
homogenizing in evacuated quartz ampoules at temperature
~600K during 480 hours.

X-ray analysis of TICrS,, TICrSe, is carried out at room
temperature (~300K) on diffractometer DRON-3M in CuK,-
radiation. The angular resolution of the shooting is ~0,1°. The
diffraction patterns are recorded constantly and diffraction
angles are defined by measurement method on intensity
maximum. The calculation error of diffraction patterns show
that synthesized compositions indicate on the base of
parameters of hexagonal lattice: @=3,538A; ¢=21,9624;
c/a~6,207; z=3;sp.gr. R3m; px:6,705F/CM3 for TICrS, and
a=3,6999A; ¢=22,6901A; c/a=6,133; z=3; sp.gr. R3m;
£:=6,209 r/em’ for TICtSe, .

Note, X-ray investigations, carried out by us well agreed
with [9].

The electric properties of compounds TICtS, and TICrSe,
are investigated in temperature interval 80-400K. The
electron conduction (o) and thermo-e.m.f. coefficient («) of
TICrS,, TICrSe, are measured by four-probe compensation
method.
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The temperature dependencies of electric conduction and
thermo-e.m.f. coefficient of TICrS, compound are presented
on the fig.1. As it is seen from the figure, the temperature
dependence of electric conduction has the semiconductor
motion and behavior of thermo-e.m.f. coefficient on
temperature evidences about charge transition by carriers of
p-type. Moreover, the anomaly on a(7) TICrS, dependence
(~340K) which is connected with umklapp process of p-type
carriers in conduction band of TICrS, semiconductor is
observed.

o, Dptenat o, WK
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Fig.1. The temperature dependence of electrical conduction (e)

and thermo-e.m.f. coefficient (0) of TICrS,.

The temperature dependencies of electric conduction and
thermo-e.m.f. coefficient of TICrSe, compound are given on
the fig.2. As it seen from the figure, the temperature
dependence of electric conduction of TICrSe, has the
semiconductor character in whole. However, beginning from
temperature 7~125K the fracture with temperature duration
~110K appears on dependence o(7) TICrSe,. Probably, the
fracture on dependence o(7) TICrSe, is connected with
scattering of charge p-carriers on spin fluctuation
heterogeneities [10], appearing at transition of spin system of
layered ferromagnetic TICrSe, from three-D magnetic
ordering into paramagnetic state. The behavior of thermo-
e.m.f. coefficient on TICrSe, temperature evidences about
charge transition by p-type carriers, i.e. the positive
numerical a values increase in the investigated temperature
interval.
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Fig.2. The temperature dependence of electrical conduction (e)
and thermo-e.m.f. coefficient (0) of TICrSe,.

18 samples are prepared for study of interaction of
TlInS, with TICrS,. The initial compounds T1InS, and TICrS,
are synthesized from chemical elements, suspended in
stoichiometric relation in quartz ampoules, evacuated up to
residual pressure ~10° Pa. The mode of alloy synthesis is
chosen on the base of melting point of initial compounds:
1050K for TlInS,, 1455K for TICrS,. Each alloy is heated
higher melting point of initial compounds and endured at this
temperature during 7-9 hours, further the temperature in
furnace is decreased up to room one with velocity 100K in
hour. The synthesized alloys for homogenization are
annealed during 480 hours at ~700K in the case of alloys,
containing TlInS, and during 570 hours at ~970K in the case
of alloys, containing TICrS,.

The annealed samples in evacuated quartz ampoules with
the end, concave inside, are investigated by the method of
differential-thermal analysis (DTA). DTA is carried out on
installation HTP-64, allowing fixing the phase transformation
temperature with delicacy +10K. The heating rate is
2-4K/min. The temperature of the ampoules with annealed
compositions is controlled by thermocouple Pt-Pt/Rh.
Previously, the thermocouple is graduated on standard
substances in interval 430-1560K.
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Fig.3. State diagram of TlInS, —TICrS, system.
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State diagram of T1InS; - TICrS, system, constructed on
the results of differential-thermal analysis is presented on the
figure 3. This system is quazi-binary one of eutectic type with
wide regions of solid solutions on the base of TIInS,,
achieving at 300K up to 25 mo0l.% TICrS,. The eutectic forms
at component relation 1:1. The eutectic melts at 925K and has
the composition (T1nS,)e s (TICtS,)o 5.

Thus the existence of polar (dipole) and magnetic (spin)
orderings is possible in TlInS; - TICrS, system from the side
of TlInS, (up to 25 m0l.% - TICrtS,). Moreover, homogeneous
phases will have the semiconductor motion of conduction, i.e.
initial compounds T1InS, and TICrS, are semiconductors.
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Fig.4. State diagram of TlGaSe,-TICrSe, system.

17 samples are prepared of study of interaction of
TlGaSe, ¢ TICrSe,. The initial compounds TlGaSe, and
TICrSe, are synthesized from chemical elements, suspended
in stoichiometric relation in quartz ampoules, evacuated up to
residual pressure ~10~ Pa. The mode of alloy synthesis is
chosen on the base of temperature of their melting points:
1085K for TIGaSe, and 1340K for TICrSe,. Each alloy is
heated higher melting point of initial compounds and endured
at this temperature during 6-8 hours, further the temperature
in furnace is decreased up to room one with velocity 100K in
hour. The synthesized alloys for homogenization are
annealed during 480 hours at ~700K in the case of alloys,
containing T1InS, and during 570 hours in the case of alloys,
containing  TICrS;. The  synthesized alloys for
homogenization are annealed during 410 hours at ~720K in
the case of alloys, containing TlGaSe, and during 480 hours
at ~890K in the case of alloys, containing TICrS,. The
annealed samples in evacuated quartz ampoules with the end,
concave inside, are investigated by the method of differential-
thermal analysis (DTA). DTA is carried out on installation
HTP-64, allowing fixing the phase transformation
temperature with delicacy *+10K. The heating rate is
2-4K/min. The temperature is controlled by thermocouple Pt-
Pt/Rh, on the head of which the ampoules with annealed
compositions are get on in turn.

State diagram of TlGaSe, - TICrS, system, constructed
on the results of differential-thermal analysis is presented on
the figure 4. This system is quazi-binary one of eutectic type
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with limited regions of solid solutions on the base of Thus the existence of polar (dipole) and magnetic (spin)
T1GaSe,, achieving up to 15 mol.% TICrSe,, on base of orderings is possible in TlGaS, - TICrS, system from both
TICrSe,, achieving up to 10 mol% TIGaSe, at room TIlGaSe, (up to 15mol% TICrSe;) and TICrSe, (up to 10
temperature (~300K). The ecutectic forms at component mol% TlGaSe;), moreover, homogeneous phases will have
relation 1:1. The eutectic melts at 850K and has the the semiconductor motion of conduction, i.e. initial
composition (T1GaS,), 5 (TICrS;)g 5. compounds TlGaSe,; and TICrSe, are semiconductors.
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R.Q. Valiyev, F.M. Seidov, A.I. Cabbarov

TIInS, -TICrS,, TIGaSe, —TICrSe, SISTEMLORININ HAL DIAQRAMLARI VO LAYLI TICrS,, TICrSe,
BIRLOSMOLORININ ELEKTRIK XASSOLORI

TlnS, —-TICrS, vo TlGaSe, —TICrSe, sistemlorinin hal diaqgrammalar1 dyrenilmisdir. Miiayyen edilmisdir ki, baslangic birlosmalorin
asasinda mahdud bark mahlullar amals galir. Ehtimal olunur ki, amals galon bark mshlullarda dipol ve spin nizamlanmast mévcud ola bilar.
TICrS,, TICrSe, birlogsmalorinin 80+400K intervalinda elektrik xassalori todqiq olunmusdur ve askar olunmusdur ki, gosterilen birlosmalor p-
tipli yarimkegirici xaraktera malik olurlar.

P.I'. BetueB, ®.M. CennoB, A.W. [xa606apos

JAAATPAMMA COCTOSIHUSI CUCTEM TIInS, —TICrS,, TIGaSe; —TICrSe, U JJIEKTPUHYECKHUE CBOMCTBA
CJIOUCTBIX COEAVMHEHUNMH TICrS,, TICrSe,

HUccnenosana nuarpamma coctosiaus cucteM TlInS, —TICrS, u TIGaSe,—TICrSe,. YcraHOBIEHO, YTO HA OCHOBE UCXOHBIX COCTUHCHHIA
00pa3yloTcsi OrpaHUueHHbIE TBEPAbIC pacTBOpPHL. IIpeanonaraercs, 4To B 00pa3yIOMMXCs TBEPAbIX PACTBOPAX BOSMOXKHO COCYIECTBOBaHHUE
MOJISIPHOTO (AUMOJIBHOTO) U MarHUTHOTO (CIMHOBOTO) ynopsnoueHuid. B unrepBane temmeparyp 80+400K umcciaenoBaHbl 3/eKTpu4ecKue
csotictBa TICrS,u TICrSe,, KOTOpBIE BBISIBIIN, YTO 3TH COSANHEHUS SBISIOTCS OIYyIPOBOTHUKAMH pP-TUIIA.
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UTILIZATION OF PRODUCTION LIQUID WASTES WITH THE USE OF
HIGH-TEMPERATURE ENERGY OF DEVIATING GASES

A.F. ALIYEV
Azerbaijan Scientific-Research and Designed-Prospection Institute of Energetics LTD
Baku, G. Zardabi av., 94

The utilization technology of production liquid wastes with the use of high-temperature energy of deviating smoke fumes
is proposed. The apparatus constructive peculiarities with fluidized bed are given. The technology can be used on the heat

power plants.

The apparatuses with fluidized bed (FB) are
recommended for utilization of production liquid wastes. The
wide use of FB process in the different sectors of industry for
diverse technological processes, wide range of productivities
of single apparatus, different approach ways to process
engineering design cause the appearance of whole set of
modifications of quasi-liquefaction method and apparatus
constructions [1,2]. The following characters of FB
apparatuses can be emphasized.

1) The apparatus configuration in FB band can be
cylindrical, cylindrical-conical, square, rectangular ones.
There are apparatuses with two or more bands, with step
change of area of section by the height and etc.

2)  The construction of gas-distribution lattice is carried
out in the form of plane plate with holes or cracks, caps,
nozzles for the introduction of fluidizing agent of failed or
non-failed types and etc.

3)  The introduction of initial material in FB apparatus
can be carried out under the bed or below bed level in the one
point or distributed. The different feeders, spreaders, burners,
which are mechanical, pneumatic, combined ones, are used
for this.

4) The output of dry material is carried out on the
different levels of FB (upper, lower, and intermediate). The
installations with total output of dry product from FB of inert
particles are known.

5) The heat application to apparatus also can be
different. In many cases the fluidizing agent is heat-transfer-
agent, the part or whole heat can be supplied by the firing in
apparatus, in some cases part of heat is transformed through
heat-exchange surfaces.

The listed abilities don’t exhaust the whole variety of the
method and FB apparatus constructions. The descriptions of
new methods and apparatus types regularly appear in
literature.

The character temperature balancing of heat-transfer
agent and level on small distance from gas-distributed lattice,
which don’t exceed 40 mm at heat loadings 2+3-10°
kkal/m>h is established for fluidization process. From this
point of view, it is rational to carry out the process at
maximum possible heat-transfer agent temperature and
minimum accessible bed temperature in FB apparatuses. The
heat-transfer agent temperature in real FB changes in the
limits 150-1200°C, and bed temperature changes in the limits
95-350°C [4]. The bed temperature is the main factor,
defining the final product moisture content, which practically
doesn’t depend on initial humidity, loading and unloading
methods of dehydrated material.

46

The real process of constant and final material moisture
content in the bed is caused by the high intensity of moisture
removal at long estimation of main material mass in the bed.

The heat-transfer agent temperature changes in the limits
from 1100° up to 100°C, the least layer temperature t-50°C,
gas velocity in the bed changes in the limits from 0,1 up to
5m/s in the dependence on fineness of grain of material, heat
loading Q changes from 1,3-10* up to 5,3-10° kkal/m*h in the
possible dehydration conditions in FB apparatuses. The
specific heat changes from ~30 kkal/kg up to ~3000 kkal/kg
at initial humidity of feed stock from 2 up to 80%, i.e. at the
change of initial humidity (Wy) from 0,03 up to 4 at final
humidity (W), which is equal to zero, correspondingly. The
specific capacity of FB apparatus on dry product can change
from 4,6 up to 1,8:10° kg/m*h, correspondingly.

It is obvious, that average time of material estimation in
the bed changes in wide limits from 7,7 up to 87h. For
solutions 7, is from 30 min up to lh and more on calculation
data.

The transitions by the type moistening — dehydration are
reflected in the construction of granules, forming in the bed at
solution fluidization, which present the nucleus with several
membranes: rings on granule cuts show the number of
“drying-moistening” cycles for the estimation time of particle
in the bed.

It is obvious, that relation of quantity of dry hot and cool
moist particles in the common case should increase with the
increase of moisture quantity, evaporated in the bed.

Practically the bed height is chosen by experience from
the stable apparatus work, uniform fluidization without
channeling and balling of the bed point of view.

The particles of different sizes are in FB in real
conditions, that’s why there is definite region of gas
velocities, corresponding to fluidized state of whole mass of
these particles. The velocity of gas flow, corresponding to
fluidized state, depends not only on particle sizes, but on their
forms and densities. The gas velocity, corresponding to the
beginning of bed transition into suspension state, so-called
first critical velocity and gas velocity, corresponding to the
beginning of entrainment of small particles from the bed,
which is second critical velocity, present the most practical
interest.

The conception about fluidization number Ky, which is
equal the relation of operating rate of gas flow to the first
critical velocity is often used for the characteristics of
fluidized bed.

The optimal values Ky for each technological process
vary in wide limits. The intensive mixture of solid particles in
the bed takes place at value Ky=2. For very small particles
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(or for big viscosity of fluidizing agent) Ky~=80, for large
particles (or low viscosity of fluidizing agent) Ky=8.

It was mentioned above, that solution fluidization in FB
apparatus is usually accompanied by formation of dry
granular material. The granulation process consists of
complicated complex of phenomena: growth because of
deposition of dissolved substance on the surface, so-called
normal growth, particle agglomeration, appearance of new
ones because of granule crushing or at substance precipitation
from the solution, agglomeration of fragments because of
normal growth and etc.

It is considered, that realization of industrial process is
based on the stabilization of bed granulometric composition
and possibility of its regulation with taking under
consideration the continuous solution introduction and
material loading, i.e. the quantity of new centers should
compensate the diminution of particles because on unloading
at constant bed weight and composition. If there aren’t
enough the appearing new centers of granule formation for
process stabilization, then they are introduced from outside in
the form of small material.

For preliminary calculation let’s take that mono-
dispersion material with ball-shaped granules by diameter 1
mm will be obtained in FB apparatus. The formation velocity
of fluidized bed, defined with the help of criterion equations,
will be equal to 0.4184m/c. The entrainment velocity will be
5.5m/c.

The diameter of gas-distribution lattice is 270 mm. The
quantity of holes is 330 by diameter 3 mm with
countersinking below up to 6 mm. The square of gas-
distributed lattice is equal 0.0572 m’. The part of lattice flow
section is 0.0408.

The heat quantity, given by one cubic meter of smoke
fumes to fluidized bed is 21.51 kkal at decrease of gas
temperature in the layer on 50°C. If we take under
consideration the fact that approximately 600-700kkal is
necessary for heating and evaporation of 1 kg salt solution,
then necessary gas consumption will be 28-33m’/kg. By
orientation data [5] the electric energy consumption on 1kg of
moisture, evaporated in FB apparatus is 0.11kVt-h for blow
fan and 0.04kVt-h for draft fan.

The executive scheme of experimental-industrial
installation is presented on the fig.1. The apparatuses with
fluidized bed 1, blow fan 2, vessel for salt solution 3,
compressor 4 are included in installation composition. FB
apparatus is produced from still 3 by thickness 3 m in the
form of welded tuncated cone with cutout 22°, the height of
conical part of apparatus 3 m, and diameter of gas-
distribution lattice 270m. The gas-distribution lattice 8 is
produced from still 3 by thickness 20 mm. The diameter of
holes in the lattice is 3 mm, below the lattice holes are
countersunk ones by half of lattice thickness, the area of flow
section is 5% from total area of gas-distributed lattice.

I vented steam

air

Fig. The technological scheme of experiment-industrial installation for dehydration of salt solution in FB apparatus with the use of heat
of smoke fumes: 1 is FB apparatus; 2 is fan; 3 is concentrate (salt solution) capacity; 4 is compressor; 5 is filter; 6 is rotameter; 7 is burner; 8
is lattice; 9 are sight glasses; 10 are thermometers; 11 are manometers; 12 is Pitot tube; 13 is unloading of wastes (salts).

The smoke fumes are taken from boilers up to economizer
and are pumped to FB apparatus by blow fan 2 at pressure

750 millimeter of mercury. The consumption of smoke fumes
is measured with the help of Pitot tube12 and manometer.
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The temperature of smoke fumes before economizer is
equal to 160°C, thus, smoke fume is the fluidizing agent and
heat-transfer agent simultaneously.

The production liquid wastes are put into capacity 3,
whence are put into FB apparatus under pressure 1,5-3atm,
created by air compressor 4. The concentrate in FB apparatus
is sputtered under fluidized bend with the help of burner 7 of
rugged scattering. The consumption of salt solution is
measured by rotameter 6. The filter 5 is fixed for the
prevention of burner clogging by corrosion products and
different mechanical impurities on concentrate delivery line.
The possibility of regulation of burner scattering and

possibility of change of its position on the apparatus height
are foreseen.

The liquid wastes (concentrates) in FB apparatus contact
with hot bed particles, heat and evaporate. The evaporated
moisture is taken from apparatus in the mixture with
withdrawing smoke fumes. The dry product, forming in
apparatus, is deduced from it through unloading 13.

The apparatus FB is equipped by sight glasses 9,
thermometers 10 and manometers 11 for pressure
measurements for control and regulation of the process.

It is proposed to use the technology on the heat power
plants.
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A.F. Oliyev

AYRILAN QAZLARIN YUKSOKTEMPERATURLU ENERJisiNDaN ISTIFADO ETMOKLO ISTEHSALIN
MAYE TULLANTILARININ UTILiZASIYASI

Ayrilan tiistli qazlarmin yiiksak temperaturlu enerjisinden istifade etmokls istehsalin maye tullantilarinin utilizasiya iigiin
texnologiya toklif olunur. Psevdomaye qatli aparatin konstruksiya xiisusiyyatlori gostarilmisdir.Texnologiya istilik elektrik

stansiyalarinda istifado oluna bilor.

A.D. AnneB

YTRIN3AOUA XKUJKUX OTXOA0B MTPON3BOACTBA C UCIIOJIB30BAHUEM
BBICOKOTEMIIEPATYPHOM SHEPTUH OTBOJISIINX I'A30B

HpeunaraeTCﬂ TEXHOJIOTUSA YTUIN3AlUN XUAKUX OTXOHOB IIPOU3BOACTBA C UCIOJIB30BAHUEM BbICOKOTeMHepaTypHOI\;I OHEPrunu OTBOAS-
IIMUX ABIMOBBIX I'a30B. HpI/IBOI[HTCﬂ KOHCTPYKTHUBHBIE 0COOCHHOCTH arrapara ¢ INC€BAO00KUIKIKECHHBIM CJIOEM. TexHoIOTHsT MOXKET OBITH HC-

TI0JIb30BaHa HA TEIJIOBBIX JJICKTPOCTAHLIUAX.
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INSTALLATION FOR DEFINITION OF SCALE-FORMING AND CORROSIVE WATER
PROPERTIES IN THE HARD CONDITIONS OF THERMAL EVAPORATION
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The installation for investigation of processes of metal scale formation and corrosion in the hard conditions of thermal evaporation of
waters of different mineralization has been developed. The investigations on this installation allow us to develop the series of methods of
prevention of metal scale formation and corrosion in respect to work conditions of power electric energy installations.

The installation (fig.), allowing to investigate the
processes of corrosion and scale formation on the heat-
exchange surfaces of water evaporators in the exploitation
extreme conditions by express method has been developed by
us.

The installation consists of two parts: evaporator 1 and
steam generator 2, produced from stainless steel.

The distillated water, which is heated up to necessary
temperature by thermoelectric heater 5, having 2 kilowatt
power is filled in steam generator. The steam temperature is
regulated by pressure gage (PG). The steam gets in the least
tube of evaporator spiral 6 and passing through it, returns
back to steam generator in the form of condensate through
big tube.

The investigated water or water with addition of reagents,
which is heated by heat-exchange spiral, is filled in
evaporator: water evaporation is carried out at atmospheric
pressure and more up to necessary multiplicity.

The water steam, passing through heat exchanger
(refrigerator) 4 is dropped in the form of distillate through
gate 3 in assembly vessel up to achievement of defined

multiplicity of evaporation. Further, the evaporator is sealed
and boiling temperature of investigated water is increased up
to necessary volume (101-140°C). The temperature mode of
installation is supported by contact manometer in the process
of experiment.

The active area of surface of heat-exchange spiral is
0,068m’. The hooks for hanger of metal samples are built in
upper cap of evaporator. The surface temperature of each turn
of heat-exchange spiral is defined in the preliminary
experiments by chromel-copel thermocouples, calked on their
surfaces.

The scale from surface of heat-exchange spiral is
carefully shaved, heightens and analyzed after experiment
end.

The control experiment on the crude initial water for
result comparison proceeds to each experiment with reagent
use.

The experiments, carried out on this installation, allow us
to develop the new methods of preventing of scale formation
[1,3-9] and corrosion [2] in respect to water evaporators of
wide range of mineralization (table).

Table.
The experiment results of new antiscale composition in waters of different mineralization.
Name of inhibitor of scale | Optimal doze in waters of different mineralization (1< K < 2; 1<U_ (m/c) < 2), mg/l
formation or antiscale - 4 > -
composition or corrosion Foresh, SgltISh’ C%splan,
inhibitor tC ~ tC.~ tC~
100 140 100 140 100 140
1-2. Disodium salt of
thiocarbonic acid [1,2] 70 90 80 100 140 160
3. Cis-4-cyclogexen-1,2-
dicarbonic acid [3] 140 150 180 200 200 230
4. Monoamid cis-4-cyclogexen-
1,2-dicarbonic acid [4] 90 100 100 110 120 140
5. N-monoamid chlorendic
acid [5] 120 130 160 180 180 200
6. N-maleinmonoamid [6] 80 90 100 110 125 140
7-8. N-oximid tertrahydroftal
acid [7,8] 60 80 80 100 120 140
9. Angidrid izomethyl of
tetrahydroftal acid [9] 50 70 70 90 100 120

Designations: Ky is evaporation coefficient,
U,y is average velocity of water mobility.

Note: Disodium salt of sulfo-carbonic acid is also corrosion inhibitor of color and black metals in the waters of different

mineralization.

49



(1]

A.F. ALIYEV

=

4. is heat exchanger.
5. is thermoelectric heater.
6. is heat-exchanger spiral.

Fig. 1.is evaporator.
2. is steam generator.
3. is distillate drop.
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SORT TERMOBUXARLANMA MUHITLORINDO SUYUN ?R}_’BMGLQGBTIRMG VO KORROZIiYA
XUSUSIYYOTINI TOYIN ETMOK UCUN QURGU

Miixtolif minerallagsmis sularin sort, termobuxarlanma miihitlorindo metallarda arpamslogstirmo vo korroziya proseslorini todqiq etmok
igiin qurgu islenib hazirlanmisdir. Bu qurguda aparilmis todgiqatlar elektroenergetikada qurgularin islomo seraitlorine totbiq olunan

metallarin arpamologatirmasinin vo korroziyasiin qarsisinin alinmasi ii¢iin bir sira tisullar islonib hazirlanmigdir.

A.®D. AnneB

YCTAHOBKA /1151 OIIPEJIEJIEHUSI HAKUTIEOBPA3YIOIIMX U KOPPO3SMOHHBIX CBOMCTB BO/IbI B
KECTKHUX YCJIOBUAX TEPMOUCITAPEHUSA

Pa3paborana ycTaHOBKa Ui HCCIENOBAHHSA IIPOIECCOB HAKUIIEOOPA30BaHUS M KOPPO3MH METAUIOB B JKECTKHX YCIOBHSAX
TEPMOWCIAPEHHsT BOJA pa3IMYHOM MUHEpanu3anuu. lccienoBaHWsT Ha O3TOH yCTaHOBKE IIO3BOIMIIO pPa3paboTaTh psAA  CIIOCOOOB
MIPEIOTBPAIECHUS HAKUIIE0OOpa30BaHUs U KOPPO3UU METAIUIOB IPUMEHHUTEIHHO K YCIOBHSIM PaOOTHI YCTAHOBOK 3JIEKTPOIHEPT€THKY.
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THE INFLUENCE OF Sm IMPURITIES ON ATOMIC SPACINGS IN AMORPHOUS
NANOTHICKNESS FILMS OF Yb3;AssSeo COMPOUNDS

E.Sh. HAJIYEV, A.l. MADADZADE, D.I. ISMAYILOV
Indtitute of Physics of NAS of Azerbaijan, Baku, AZ-1143, H. Javid av., 33

The curve of electron scattering intensity in the dependence on scattering angle up to S, =210nm™ for thin amorphous films
Ybs(1Sm,As,Seq (x=0,2 at.%) is obtained. The curve of atom radial distribution is constructed. The radiuses of coordination spheres and
partial coordination numbers in YbsSm,As,Sey are defined. It is shown, that Sm atom impurities influence on atomic spacings in

Yb3AS4S€9.

The structure of short range order in thin amorphous
films Yb;AssSey has been earlier studied by us and atomic
spacings and atom coordination number in the amorphous
film of above mentioned compounds have been defined [1].
The given work is dedicated to study of Sm impurity
influence on atomic spacings in amorphous films Yb;As,Se.

The amorphous films of thickness ~35 nm are obtained
at evaporation of monocrystalline Ybs;.SmAssSeg
(x=0.2a1.%) and further precipitation with velocity ~10 nm/s
on NaCl, KCI substrates and amorphous celluloid, being at
room temperature. The dosing content of Sm impurity in
YbsAs4Sey is 0.2 at%. The pressure of residual gases in
coating chamber is ~10* Pa. Further crystallization of
obtained amorphous films shows the composition identity of
amorphous and crystalline films. The thin films are
investigated with the help of diffraction method of high-
speed electrons on vertical electron diffractometer by EMR—
102 brand at accelerating voltage 75 kV.

A

Fig.1. The electron diffraction pattern from amorphous films
Yb3(1_X)SmXAS4S69.

The electron diffraction patterns from amorphous films
are obtained by the method of alternating exposure that
allows taking into consideration the far-angular electron
scattering, consisting the valuable information about atomic
spacings and coordination numbers. This allows increasing
the reliability of obtained atomic spacings and coordination
numbers in studied amorphous films. The electron diffraction
patterns from amorphous films Ybs.SmyAssSey are
obtained with the help of rotating sector for Ge with further

i

Here p;(r) is partial function of radial distribution of
atomic density of atoms of j-th sort round atoms of i-th sort, a
is normalizing factor, a(s) is structural factor, S = 4zsin6/ A,
where 6 is scattering angle. The coefficients “c” in formula
(1) take into consideration the relative content of element
atoms, including in chemical formula of investigated
compound. The relative atom scattering powers of each
chemical element “4” are defined by formula:

2 N
4ﬂ72220ikikjpl.j (r) =47zr2pa[z cl.k,.j + ﬁajs[a(s)— I]Sin srds .
j i T 5
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correction on given substance [2] (fig.1). The intensity curve,
the maximum “s” value for which is equal S,,,,, =210 nm’! has
been constructed after microphotometry. The 8§ maximums at
S: 8§, =22,5; S, =37,0; S;=57,0; S,=85,0; S5=109,5; Ss
=136,0; S;=163,0; Sg=192,0 nm are observed on the curve
of high-speed electron scattering intensity (fig.2).
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Fig.2. The curve of electron scattering intensity and curve of
average intensity for amorphous films

Yb3(1 _X)SmXAs4Seg.

The statistic method basing on the use of atomic density
distribution function is the most effective method of structure
description of amorphous and liquid states. The formula,
given in [3] is in the base of above mentioned method,
defining the curve of atom radial distribution (CARD) of
amorphous substances, consisting of atoms of different sorts.
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where fi(s) is atomic scattering factor of i-th element. The
average atomic density p, of investigated amorphous films is
calculated by us by the formula:

N

PN 4
0= L) 3
s s &)
I

where p is density of crystalline substance in g/cm’, 4; are
atomic weights of elements, including in chemical formula,
N, is Avogadro’s number, which is equal to 6:10” mol™. The
normalization coefficient (&) is defined by extrapolation of
near-angular region of structural factor, which is equal to
0,097. The average atomic density and effective scattering
powers of ytterbium (Yb), arsenic and selenium are

calculated on technique [4] and are equal to: p,=0,0429 cm ~;

K, =1,530; K¢ =0,829; K, =0,824 correspondingly. The

curve of atom radial distribution for amorphous Ybs.
oomAs,Seg is calculated after o definition and construction
of interference function on special program. The two strong
and several few maximums are observed on CARD (fig.3).
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Fig. 3. The curve of atom radial distribution for
Yb3(1_x)SmXAS4SCQ.

The strong isolation of first maximum evidences about bond
covalence between atoms, the distances between which it
reflects. As it is seen on CARD, the distance 0,24nm
corresponds to first maximum. The radius of first
coordination sphere reflects the distance between atoms of
arsenic and selenium, connected between each other by
covalent bond:

+ ™ =0,121+0,117= 0,238 nm

cov.

rAs

The second maximum on CARD, which corresponds to
distance r,=0,365 nwm is radius of second coordination sphere
and is caused by distance As-Yb*', caused by the fact that

sum of first coordination sphere radius and ion bond radius is
equal to:

L = 0,24+0,107=0,347 nm

The radii of coordination spheres in YbsSmyAssSey are
less in comparison with ones in YbsAs,;Sey. The differences
in atomic spacings in Ybs;As;Sey compounds and ones, doped
by Sm atoms are probably explained by influence of Sm
impurity atoms. The decrease of atomic spacings is observed
for others compounds of Yb — As — Se system, doped by Sm
atoms [5]. As the atomic spacings are the one of the main
parameters of structure of amorphous substances, then it is
possible to suggest that coordination numbers of amorphous
compounds Ybs.Sm,As,;Seq also change. The partial
coordination numbers for Ybs;.xSmyAs,Se, are defined in terms
of formula (4), applied as for amorphous films of Yb;As4Seg
compounds [1].

ckk.n

3
lejlj

J=1

= Q1 D 4)

3
i=l1
where
0O, — square under first maximum, calculated on Simpson
method
n; — atom number of j sort round one atom i
¢; —relative content of element, including in chemical
formula of investigated compound
k; — relative average scattering power of i sort atom.
The averaging “k;” is carried out on the formula:

<k>=L Imk,- (s)ds , (5)
S

m o

S, 1s maximum from considered values s=4zsin@A (0 is
scattering angle).

On the assumption of relative element concentrations
and averaged scattering powers of elements, including in
chemical formula, the coordination numbers in amorphous
Ybs(1SmyAssSeg are defined.

It is established that 3 selenium atoms are in amorphous
Yb3(1.SmeAssSeq near ytterbium ions, also as in amorphous
Yb3AS4SCg.

Thus, the difference in atomic spacings, i.e. the decrease
of radiuses of coordination spheres in the comparison with
atomic spacings in Yb;As,Sey [1] is observed at investigation
of structure of short-range order in amorphous films Yb;.
0Sm,AssSeo, that is explained by influence of Sm impurities
on atomic spacings.

[11 E.G. Efendiyev, E Sh. Gadjiev, R.Ya Yurechko, M.S.
Frujinskiy. Preprint IFAN Azerb. SSR, Baku, Ne428,
1991. 19 s. (in Russian)

LD. Nabitovich, Ya.l. Steytsiv, A.M. Andreyko. PTE,

1976, Ne3, ¢.211 — 213. (in Russian)

(2]
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A.F. Skrishevskiy. Strukturniy analiz jidkostey i
amorfnikh tel. M.: Visshaya shkola, 1980. s. 328. (in
Russian)

R.Ya. Yurechko. Elektronograficheskoe issledovanie
blijnego poryadka amorfnikh veshestv s ispolzovaniem
novoy metodiki normirovaniya. Dissertatsiya na
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E.S. Haciyev, A.I. Madadzado, D.I. ismayilov

Sm ASQARLARININ Yb;As,Se; BIRLOSMOLORININ AMORF NANOQALINLIQLI TOBOQOLORDO
ATOMLARARASI MOSAFOYO TOSIRI

Elektronografiya iisulu ilo Ybs.Sm, As,;Sey (x=0,2 at.%) amorf toboqgolorindon elektronlar sopilmolorinin intensivlik oyrilori
alnmusdir (S,,,=210 nm™). Nanogalinliqli amorf tebagolarinds atomlarin radial paylanma oyrisi qurulmus vo onlarin yaxin nizam qurulusu
parametrlori toyin edilmisdir. Gostorilmisdir ki, Sm atomunun agqarlar1 Ybs;As,Sey birlogsmoasinin amorf nazik tobagslorindoki atomlararast
masafonin doyismasine sabab olur.

J. UI. I'agxues, A.M. Mananzane, I.U. Ucmanios

BJUSHUE MPUMECEN Sm HA MEXKATOMHBIE PACCTOsIHUS1 B AMOP®HBIX HAHOTOJIINHHBIX
INIEHKAX COEJJUHEHHNMU Yb;As Sey

IonyueHa KpUBask HHTEHCHBHOCTH PACCESHHS SIEKTPOHOB B 3aBHCHMOCTH OT YIIIA PACCESHIS J10 Syae=210HM"' 151 TOHKHX aMOPHBIX
mIeHOK  YbsSm,As,Sey (x=0,2 ar.%). Iloctpoena xpuBas paauManbHOro pacnpeneneHus aTomoB. OnpeneneHsl  paguychl

KOOPJMHALMOHHBIX cep M MapUuanbHble KOOPAMHALMOHHEIE YHCIIA aTOMOB B Ybs(Sm,As,Sey. IlokazaHo, uTo mpumecH aToMoB Sm
BJIMSIOT HA MEKATOMHbBIC PacCTOSHHS B Yb3AsySeg.

Received:16.01.08
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FORMATION OF NANO-LAYERED FRAGMENTS ON SURFACE (0001)
HETEROGENEITIES IN BISMUTH TELLURIDE

F.K. ALESKEROYV, S.Sh. KAGRAMANOYV, K.Sh. KAGRAMANOV
Scientific-Production Association “ Selen” NASA
Baku-1143, F. Agayev, 14

In the work it is shown that the defects of crystalline structure take part into formation of fractal aggregates on surface (0001) in
unalloyed Bi,Te; and Bi,Te;<Cu,Ni> except impurities. The analysis has revealed the interaction between dislocations and aggregation of

impurity complexes, leading to fixing of dislocation fractal rings.

Introduction

The real fractal formations by the type of dislocation
structures, fractal aggregations of microcracks, nano-objects

in crystal interlayers of A;’B;’I type and dichalcogenides of

transition metals have become the objects of special attention
of investigators of solid-state physics. The peculiarity of
these structural systems consists in the fact that their fractal
structure reveals only at joint resolution of several levels. The
effects, leading to introduction of new structural levels reveal
at plastic deformation. Its carriers form the fractal clusters
(FC), the compactness of which further leads to design of
super-defects, being the structural elements on the new level.
The description of the given systems is achieved in the limits
of both mono-fractal and multi-fractal representations [1-4].
The fractal conceptions in the case of irregular functions are
considered in them.

The consideration of processes, leading to formation of
dislocation aggregations, forming the cell walls with fractal
structure presents interest. Thus, the confirming main
evolution stages of dislocation ensemble of high density are
presented in the work [1]; firstly their distribution is
homogeneous one, further, the aggregations in the form of
balls and loose cell walls appear and finally the clearly
defined cellular structure forms. The reasons, leading to local
formation of dislocation clusters are considered in [6]. The
given investigations can be propogated on the other solid-
body objects.

The perceptions about dislocation phenomenon,
described here, can play the definite role in FC formation
processes in layered crystals, which are Bi,Te;. Not only
dislocations, situated perpendicular to “C” plane, but lying on
it (forming etch grooves) are revealed on the surface (0001)
cleavage in Bi,Te; [7].

As a whole it is very difficult to interpret the
experimental results, connected with alloyed systems on the
base of bismuth chalcogenide. The pictures of hexagonal and
parallel dislocation lines in bismuth telluride are given in
monograph [8]. The cleavage plane (0001) in bismuth
telluride coincides with crystal basal plane and is the main
glide plane simultaneously. This allows us to directly observe
the dislocation picture of this plane in the field of electron
microscope.

Let’s give investigation results of crystalline structure
defects and dislocation structure of surface (0001) Bi,Tes,
taken from [9]. The dislocations, which are heterogeneous
ones in distribution, are the dominant type. It is shown, that
interaction of two dislocations leads to formation of new
dislocation, gliding in plane (0001) and it is responsible for
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dislocation branching and formation of dislocation grids in
basal plane [9]. The presence of both hexagonal grids of
dislocations and parallel rows of dislocations (in nano-scales
~500 nm) has been established. The contrast analysis [8]
shows the presence of stacking faults, situated parallel to
basal plane and very small dislocation loops. The dislocation
picture in the volume of Bi,Te; crystal is more complex; than
it can be concluded from study of only etch pits. These
defects can be the places of “fixing” and origin of impurity
fractal clusters.

The dislocations, going on three crystallographic
directions, forming grids and rings, appear simultaneously in
Bi,Te; (fig.1) [10].

Fig.1. The dislocations and vacancy rings in Bi,Te; [10].

Authors of work [11] suppose that chemical
heterogeneities of composition (Bi, Sb),(SeTe); with high
density of dislocations in these samples, heterogeneously
observable lead to the formation of domain microstructure,
caused by the fields of elastic voltages with average sizes of
domain 8-10 nm in Bi,Te; of both p- and n-type. The
observable deformation field is caused by the separate
dislocations, which are situated in dipole form, distant from
each other on 5 nm. In the work [12] it is shown on
interaction between dislocation and comparably large
aggregations of impurity complexes, this leads to fixing of
defects and dislocations by impurity atoms. Thus, the
favorable conditions for formation of both impurity nano-
fragments and fractal formations on the base of dislocation
grids, vacansion rings and point defects are formed in the
growth process of Bi,Te; crystal towards with impurities,
including in the layers.

The above mentioned experimental facts lead us to the
next work aim, connected with formation of nano-fractal
objects with participation of aggregations of dislocations and
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vacancies on the surface (0001) between Te(l)-Te(l) in

Bi,Tes, alloyed by easily-diffused impurities (Cu and Ni).
Experimental results and investigation technique

The Bi,Te; compound is obtained by thermal synthesis at
900-950°K, which usually is carried out in quartz ampoules,
when Bi, Te and impurities (Ni or Cu) in necessary relation
are loaded. After alloy synthesis it is loaded into graphitized
ampoules (by sizes 8-10 nm), alloy it over again and further
the monocrystalline ingots at temperature gradient AT=100°
and crystallization velocity lower than 1cm/h are obtained by
Bridgman method or vertical directed crystallization. The
nano-fragments are studied in such crystals. This process can
hardly be considered as intercalation of layered matrix
Bi,Te;. However, Bi,Tes-Me can be considered as
intercalated ones, i.e. the layers of matrix-master and —guest
(Ni, Cu and Ag) can be emphasized in them. Here the
increase of interlayer distance at penetration of metal atoms
in interlayer spaces is character because of the weak chemical

bond between Te( b Te( v,

The intercalation of Cu and Ni atoms and diffusion at
different temperatures from 400° up to 500°K is carried out as
separate experiment.

Electron-microscope images are obtained on atom-force
microscope (AFM) of NC-AFM trend. X-ray diffraction
investigations are carried out on the installation of Philips
Panalytical trend (X-ray diffractometer). The preparation of
atomically clean surface is carried out by the way of crystal
cleavage along basal plane on the air before experiment
carrying out.

The result discussion.

The guest atoms (Vu, Ni, Ag...) in bismuth telluride
localize in Van der Waals spaces, formed by atoms of
neighbor layers-quintets, perpendicular to symmetry axis of
third order (C axis in hexagonal lattice). There are three such
quintets in hexagonal cell, the number of atoms of which in
elementary cell is equal to 15. Each quintet consists of five
simple layers (fig.2) [8].

Fig.2. The atom distribution in lattice quintet of bismuth
telluride [8].

The atoms of separate layer are similar and form the
plane hexagonal lattice. The atoms of each next layer are
under centers of triangles, formed by atoms of previous layer.

Atoms Te(l) have three atoms from each adjacent layer in the

capacity of close neighbors (6 Bi atoms). Te(l) is connected

from the one side with three Bi atoms, and from another one
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it is connected with three of Te(l)atoms, i.e. there are two
essentially different places for Te atoms [8] in the lattice.
The scheme of atoms Te(II ) _Bi —Te(l) —Te(l) -

- Bi —Te( ") position in crystal lattice Bi,Te;, in which the
nano-layers are in the form of fractal formations of impurities
and other defect structures between atoms, Te( 1)—Te(l), is

given on the fig.3.

Moreover, we must tell the difference the bonds between
quintets and bonds inside quintets. This creates the real
situations for position of impurity nano-layers in this almost

“free” space between Te(l) -Te( Y tound dislocations and on

vacancies of essential atom quantities. We already have given
the experimental facts about existence of dislocations and
different defect types on the surface (0001) from the works
[7-10]. The vacancies from under Te on the complexes by the
type “ vacancy-impurity atom” can be the more probable
places of aggregation and formation of nano-fragments
(including FC) on the base of Cu, Ag, Ni. The places round
dislocation pits [1-6] and other extensive defects [7-8],
boundaries of blocks and grains, micro-cracks [5],
concentration  heterogeneities and  micro-segregation
phenomenon [8] can be the most difficult places for nano-
fractals.

Fig.3. The scheme of crystalline structure Bi,Te; with nano-

fragments situated between Te( b, Te( b

Firstly let’s give the experimental data on the example of
Bi,Te;<Cu> system. From the fig.4-5 it is seen which nano-
crystal formations appear on the surface (0001) at
intercalation by cuprum and at synthesis of bismuth telluride
towards with Cu with further crystallization. The cuprum at
lowered temperatures: 400 and 500°K penetrates into layers
as in nano-container, not interacting with superstoichiometric
of BiyTe; components: tellurium and bismuth. The X-ray
diffraction peaks from cuprum nano-particles evidence about
this (fig.4). X-ray diffractograms (fig.5) of non-intercalated
samples Bi,Te;<Cu>, (obtained in the crystal growing
process) show the peaks mainly on CuTe and nano-particles

with excess Cu and Cuges; Tegss3. Here the space Te(l)-

Te(l)BizTe3 plays the role of nano-reactor, in which CuTe

and Cuggs; Tegss; form. The morphology of surface (0001)
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Bi,Te;<Cu> at intercalation by cuprum is presented on the of surface in three-dimensional scale (3D) for Bi,Te;<Cu>
fig.6; the fractal structure here consist mainly of the cuprum,  with obtained nano-particles in the growth process are given
BisTe; and nano-crystals (NC) of Bi,Te; itself. AFM-images  on the fig.7.
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Fig.4. X-ray diffraction picture of bismuth telluride surface (0001) intercalated by cuprum.

Nind

2

10000 = g
: :

:
2500 ; g
9
-]
1] 1 - Dl i r-""I'I'T i
10 20 30 40
Posison ["2Theta]

Fig.5. X-ray diffraction photo of Bi,Te; monocrystal surface (0001) alloyed by cuprum.

Fig.6. AFM-image of Bi,Te; surface (0001) intercalated by cuprum.
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Fig.8. AFM-image of surface of alloyed Bi,Tes in 3D scale.

The comparison of revealed fractal formations shows
both the similarity and difference in their sizes and probably
in formation mechanisms of NC.

The formation mechanism of fractal aggregates probably
is connected with process of impurity filling by the places
round dislocation pits, grids and vacancies from under Te on
the surface (0001) Bi,Te;. The beginning of formation of
fractal cells takes place in the process of impurity diffusion
along basal surface (0001) with formation of their base on
telluride quintets, including the vacancy places, being on the
quintets.

The gradually growing FC, the layer filling of which
between quintets is led to the formation of fractal surfaces on
basal plane (0001) form in the result of growth of nano-
fragment sizes, that is visually reflected on topography,
which is given on the fig.6-7.

Almost all filling stages of Van der Waals bond are
connected with process of rapid introduction of easily-
diffused impurities (Ag, Cu, Ni) in Bi,Te; in the direction of
basal plane in the result of diffusion direction.
Simultaneously all vacancies under from Te are filled by
impurities; their aggregation and formation of nano-
fragments, which we reveal by AFM method, take place. On
the final stage the nano-islands are grown like “forest”
perpendicular to plane (0001). The coagulation process
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achieves its peak, at which the hills-fractals, contacting with
each other, join into unique fractal surface. This mechanism
is more probable at the crystal growth with impurities (Ni and
Cu) and at the next precipitation of them into interlayers.

The obtained fractals have the nano-sizes on all three
directions on geometric sign: their height doesn’t exceed 20
nm, width and length vary from 100 up to 300 nm; this is
proved by data of figures 6-7.

From electron-microscopic images (fig.8) it is distinctly
the inhomogeneous distribution both rare fractal
perpendicular hills (light nano-formations in the middle) and
hardly notable defect “fields” (right low part of figure 8).
Such character defects exist in both stoichiometric (fig.9) and
Bi,Te;<Ni> crystals, alloyed by nickel (fig.8). It is difficult to
avoid the appearance of unnecessary blocks, growing mainly
from the one crystal side, and also defect formation during
the growing process. The investigations of AFM-images of
stoichiometric (unalloyed) crystal show different nano-phases
(see fig.9). The visible nano-formations on whole surface
(0001) Bi,Tes are very similar with dislocations and vacancy
rings in bismuth telluride, presented on the fig.1. Moreover,
the differences are observed. Thus, the island-hill in the
surrounding of fractal (light) ring is notable in right low part
on the fig.9 by big scale. Such islands in the surroundings of
nano-rings are seen in the low part of middle of fig.9. These
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AFM-images are evidence of the interaction role of different
defects (including impurity ones) in the formation of nano-
fractal formations on the surface (0001) Bi,Te;.

Fig.9. AFM-image of surface of unalloyed Bi,Te; in 3D scale.

Let’s pay attention on one more factor, connected with
spontaneous transition-diffusion of main part of Cu atoms
from penetration centers in quintets in Van der Waals spaces
in the beginning period after crystallization (these are
samples of second type, intercalated samples are related to
the first ones). This spontaneous atom diffusion from the
layers into interlayers are often named as self-intercalation.

The studied morphology of interlayer surface of bismuth
telluride in alloyed (Cu) and further in self-intercalated space

Te( b Te( D shows that:

- the cuprum layers are set in the form of nano-fractals
on basal surface;
- the cuprum precipitation from quintets in interlayer

TV -T!Y takes place in grown up n-Bi,Tes<Cu> crystals

during first ten days at room temperature and it leads to the
change of main structure parameter (d) on Ad =3-107 °A.
The given effect of cuprum self-intercalation, leading to
self-formation of nano-objects, is also accompanied by strong
change of coefficient of conductivity, efficiency, decrease of
thermal conduction and concentration of current carriers.

Conclusion
The analysis of surface (0001) Bi,Te; morphology shows
that nano-particles (in the form of nano-fractal formations)

can form between layers Te(l)-Te( Y with participation of

impurities, dislocations and stacking faults. Two methods of
atom introduction with small ion radiuses (Ni and Cu) in
interlayer spaces are revealed: in the synthesis process with
further crystal growing up, intercalation of impurity (Cu) on
basal plane from telluride quintets, in the result of which the
nano-fractal formations form.

It is very difficult to see the separate impurity and defect
fractal structures in the connection with their interaction on
AFM-images.
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BiSMUT TELLURUN QEYRI-BiRCINSLi SOTHINDO (0001) NANOLAYLI FRAQMENTLORIN
FORMALASMASI

Isdo gostorilmisdir ki, vo (0001) sothindo legire olunmamus Bi,Te; vo Bi,Te;<Cu,Ni> fraktal aqreqatlarin formalasmasinda asqarlardan
basqa kristallik defektlarin da rolu vardir. Analiz dislokasiyalarin va asqarlarin yigma komplekslarinin garsiligl tasirinu askar etmisdir ki, bu

tasir naticasinds do dislokasion fraktal halqalart mohksmlanir.

®.K. Aneckepos, C.II1. Kaxpamanos, K.III. Kaxpamanos

OOPMHUPOBAHUE HAHOCJIOEBBIX ®PAI'MEHTOB HA HEOJHOPOJHOCTAX
ITOBEPXHOCTH (0001) B TEJINIYPUJAE BUCMYTA

B pabore mokazano, yro B (opmupoBaHMK (pakTanbHBIX arperatoB Ha mnosepxHocTH (0001) B HemerupoBanHBIX Bi,Te; u
Bi,Te;<Cu,Ni> ywacTByIoT, KpoMe IpuMeced, M He(PeKThl KPUCTAJUIMUECKOM CTPYKTYphl. AHAIW3 BBLIBHI B3aHMOIEHCTBHE MEXITY
JACIIOKAIMSMHE ¥ CKOIUICHUSIMU NTPUMECHBIX KOMIUICKCOB, IIPUBOISIIEE K 3aKPEINICHUIO AUCIOKAIMOHHEIX (hPaKTaTbHBIX KOJIEIl.
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CusFeysSe; MONOKRISTALLARININ RENTGENOQRAFIK
TODQIQI VO MAQNIT QAVRAYICILIGI

G.M. AGAMIRZOYEVA, Q.M. COFOROV, S.K. ORUCOV, Q.H. HUSEYNOV
Azarbaycan MEA Fizika Institutu
Az-1143, Baki, H. Cavid, 33

CuFeSe, polikristal niimunolerinin qaz fazadan ve orintidon kristallagma prosesinde formalasmas: monokristallarin rentgenoqrafik
todgigatt zamani sistemdo rombik gofasds kristallasan yeni fazanin amologolmoasi miigahido edilmisdir. Alinan monokristallarin kimyavi
analizino goro torkib CusFe, sSe,-yo uygundur. Onun qofos sabitlori; a=7,980A, b=7,8A, c=13.3331A, Vq9f831,08A3, pm,,,:6,17qr/srn3, foza
qrupu Pnma, Z=8. 35K<T<400K intervalinda vo H=1; 2 Tl maqnit saholorinde maqnit qavrayicilig1 tadqiq edilmis vo 7)=350K-do maqnit
faza kegidinin bag vermosi miisahido edilmisdir ki, bu da Cu;Fe, sSe,—nin kvazibir6lgiilii antiferromaqnit sistemlors xas olan xassoys malik

olmasini gostarir.

Giris

Molumdur ki, miasir elektron texnikasi {iglin prespektiv
materiallar torkibindo 3d, 4f elementlori olan, materiallara
tolob boyiikdiir. Onu da qeyd etmok lazimdir ki, bu tip
birlogmalorin boyiik oksariyyati yarimkecirici xassoys malik-
dir vo 3d, 4f soviyyalarinin dolma qaydasindan asili olaraq
maqnit vo seqnetoelektrik xassalora do malik olurlar. Els bu
sababdan do son vaxtlar xalkopiritin Se, Te-lu kimyavi va qu-
rulus analoglarina magqnit yarimkegirici birlosmalar oldug-
larina goro maraq artmigdir. Qeyd etmok lazimdir ki, tokco
1992-c ildo CuFeSe,-nin alinma texnologiyasina, kristal qu-
rulusuna vo maqnit xassolorina bir nego moagalo hasr edilmis-
dir [1,5]. Birinci igda, CuFeS,, Cu(Ga,In); (Fe,Se, homoloji
sirada fazaomoalogolmo prosesinin rentgenoqrafik todqigati
naticasindo miloyyan edilmis, onun kristal qurulusuna baxil-
mi§s vo maqnit qavrayiciligi tadqiq edilmisdir. Miislliflors g6-
ra [1] CuFeSe, zoif maqnit xassosino malikdir vo onun kris-
tal qurulusu xalkopiritden forqli olmaqla yanas: elektrik ke-
¢irma mexanizmi metallik xarakters uygundur. Onlarin toklif

etdiyi qurulus modelino géro Cu vo Fe atomlart P42c¢ foza
qrupu ¢argivasinda (qafas sabitlori a=5,53A, c=11,05A-0) uy-
gun olaraq (0 0 0), (0 1/2 0) voziyyatlords paylanirlar vo bu
da qurulusda metal-metal slaqosi yaradir.

Digor miislliflorin [2] CuFeSe,-nin kristal qurulusuna hasr
edilon moaqalads iso is [1]-don forgli olaraq atomlarin kristal
gofasdo paylanmasi iki variantda yerino yetirilmisdir:

Variant. | Cu(1)-do 2(a) 0,0, 1/4
Cu(2)-do 2(e) 0,0, 0
Fe-da 4(m) 0,1/2,0

Variant. 11 Fe(1)-da 2(a) 0,0,1/4
Fe(2)-do 2(e) 0,0, 0
Cu-da 4m) 0,1/2,0

Qeyd etmok lazimdir ki, her iki isin qurulug todqiqatlari
eyni faza qrupu ( P42c¢ ) va qofas sabitlori (a=5,53A,
c=11,05A) ¢orcivesindo aparildigindan notico etibarilo bir-
birindon o gador do forqlonmirlor. Burada vacib bir mosoloni
do geyd etmoya ehtiyac duyulur ki, bu da har iki igdo tadqiq
edilon niimunolarin kimyovi torkib analizinin aparilmamasi-
dir. Bu masalonin vacibliyini siibut edon is [3,4]-do alinan
sintez niimunalarinin rentgenfaza vo monokristallar kimys-
vi analiz naticalorine nozar salaq. Gostorilon isdo sintez olun-
mus CuFeSe, polikristal niimunslorindon qaz fazadan alinan
monokristallarin rentgenoqrafik vo kimyavi analizlorinin nati-
calari aragdirilmis va is [5]-do onlardan biri haqqinda qisa xii-
lasa ¢ap etdirilmisdir. Qeyd olunan eksperimental naticalarin
yenidon arasdirilmasi gostormisdir ki, CuFeSe,-nin kristallas-
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ma prosesi bir sira faktlarla baghidir. Bels ki, qaz fazadan
kristallasma prosesindo dasiyict kimi />-nin istiraki ilo aga-
gida gostorilon monokristallarin alinmasi reallagir. Miisahido
edilon 4 miixtolif tip morfologiyali kristallarin rentgen-faza
analizi tetraedr vo 16vho formali kristallarin tetroqonal, po-
luoktaedr formali kristallarin kubik ve zencirvari tetraedrik
formalarin iso rombik fazalar olmasi miioyyon edilmisdir.
Kristallografik hesabatlar gostormisgdir ki, birinci kristallar

142d simmetriyali xalkopirit, ikinci kristallar P42¢ sim-
metriyal kristallar, kubiklor Cu I, [6] sonuncu kristallar isa
qurulusu miloyyon edilmomis fazadir. Maraqlidir ki, aparilan
kimyavi analizin naticalori gostermisdir ki, ikinci kristallarda
anion ¢atismazligt var vo bu defekt toxminon 6-8% arasinda-
dir. Biza bels golir ki, xalkopirit varianti qurulusunun dayis-
mosi bilavasito bununla oslaqodardir.

Onu da qeyd etmok lazimdir ki, xalkopiritds (CuFeS,) to-
zahiir edon bir sira unikal xassslorin mévcud olmasi xalko-
pirit analoglarina da diqqgeti artirmigdir, elo bu sababdon do
yuxarida geyd edilon moqalalarlo yanasi CuFeSe-n fiziki xas-
salarina do bir sira mogalalor hasr olunmusdur. Qeyd edok ki,
bu moqalolordo [6-9] osas etibarilo CuFeSe,-nin miixtalif
tisullarla sintez prosesi, monokristallarin gdysrdilmasi, elek-
trofiziki xassalori, Messbauer vo neytron difraksiyalari ilo Fe
atomlarinin valent hallar1, maqnit xassalari, spin-dalga sixlig1
mosaloalori vo s. isiqlandirilmigdir. Qeyd edilon todqiqat islori-
nin hamisinda miibahiso doguran bir fikir asilanir ki, Fe
atomlar1 bu sistemda 3" valent halindadir. Lakin maqnit mo-
mentinin kicik giymoto malik olmasi (1,75pg) vo miixtolif
miiolliflorin eksperiment naticolorindoki uygunluglar bir qo-
dor tamamlanmamis kimi goriiniir. Bels ki, maqnit momenti-
nin kigik qiymoto malik olmasi CuFeSe,-ds yiiksok kovalent-
liklo izah edilmosi, bu kristallarda metallik kegiriciliklo uy-
gunlagmir. Belo ki, [10]-cu igsds Cr, Fe {igiin alinan maqnit
momentinin tigvalentli Cr, Fe atomlarina uygunsuzlugu tokco
yiiksak kovalentliklo yanasi bu tip materiallarin maqnit ya-
rimkegirici olduglar {igiin 3d elektronlarinin bir hissosinin
keciriclik zonasima kegmasi ilo izah edilir ki, bizo gbro bu
variant 3d elementlorinin valentliklori doqiq qobul edilondir.

Bu moqalo Cu-Fe-Se sisteminds reallasan Cus;FegsSe,
monokristallarinin alinmasi, qurulus xiisusiyyatlori, maqnit
gavrayiciligi vo alinan noticalorin miizakirasing hasr edilmisdir.

Eksperimental hissd vo naticalorin tahlili

Giris hissodo CuFeSe,-nin qaz fazadan kristallasma pro-
sesindo reallasan fazalarin rentgenoqrafik todqigat notico-
lorinin mahiyystindon miifassal molumatlar vermisdik. Onu
da geyd etmisdik ki, sistemdo reallagan fazalardan biri (dor-
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diinciisit) yenidir vo [4]-cii isdo o, psevdokub, [5]-ci igdo iso
monoklin faza kimi sorh edilmisdir. Bu masalonin doagiqlos-
maya ehtiyacini nazors alaraq bu fazanin arintiden do mono-
kristallarinin alinmasini vacib bilorok CuFeSe,-ni yenidon
sintez etdik (5qr). Bricmen {iisulu ilo kristallasma prosesina
basladigq. Bunun {iigiin segilon iisula qoyulan tolobloro omol
etmokla tacriiba qoyuldu. Aparilan tacriibolori bir nego dofs
tokrar etsok do, homiso soyuma prosesinin ~870K otrafinda
ampulanin ¢atlamasi noticosindo prosesi basa catdirmaq
miimkiin olmadi. Bu ¢otinliyi aradan qaldirmaq tigiin 2-qat
ampula sistemino keg¢dik vo prosesi tokrarladiq. Proses
bitdikdon sonra ampula pe¢don gétiiriildii vo malum oldu ki,
5 gr-liq kiitlonin bir hissasi ¢atlamig birinci ampuladan ¢ixa-
raq ikinci ampulanin dibino (soyuq zona) tokiilmiis, metallik
pariltiya malik monokristallar goklindo kristallagmisdir.
Aliman monokristallarin vo birinci ampulada kristallagan
kiitlonin rentgenoqrafik todqiqatt gostormisdir ki, birinci
ampulada qalan kristallik kiitlo qaz fazadan alinan birinci {i¢
fazanin qarigigindan ibarot kiitladir. lkinci ampulada
kristallagan kiitlo iso bir fazadan ibaratdir vo onlardan alinan
rentgen difraksiya monzoresi Dbirinci ampuladakilardan
forqlidir. Todqiq edilon monokristallarin imumi goriiniisii
sok.1-doa verilmisdir.

Kristallasma prosesino imumi yanagsmadan molum ol-
musdur ki, qaz fazadan kristallagsma prosesi kimi arintidon do
kristallagma zamani1 toxminon 870K temperaturda par¢alanma
bas verir vo naticodo gotiiriilon kiitlonin bir hissasi qaz sok-
lindo sublimasiya olunur, ampulanin bos hissasino yigilaraq
yiiksok tozyiq yaradir, noticodo ampula ¢atlayir qaz halinda
olan sublimat sistemdon ayrilir.

L
TR \6

Sakil 1. CusFej sSe, monokristallarinin imumi doriniisii (bo-
yiima 3 dafo)

Ik ndvbado sublimasiya naticesindo alinan monokristal-
larin torkibinin hansi elementlordon toskil olmasini miioyyon
etmok lazim idi. Bunun {igiin EDX (Energiy Dispersive X-ray
Analysis) analiz tisulu secildi va naticodo monokristallarin
kimyovi torkibinin atomar faiz ilo 54,524+38% Cu,
10,02+0,77% Fe vo 35,46+4,0% Se-don ibarat olmasi
mioyyonlosdi ki, bu da CusFegsSe,-ys uygun oldugunu
tosdiq edir.

Novboti etapda alinan monokristallarin simmetriyast vo
gofas sabitlorinin toyin edilmoasi lazim idi. Rentgenoqrafik
todqiqatlar ii¢iin eksperimental osaslar, ilk névbado mono-
kristallarda kristal qofosin imumi sopilms moanzarasini
miigahido etmokdon ibarotdir. Bunun ii¢iin avtodifraktometr-
do (CuK,-slialanma, Ni-filtr) todqiq edilon CusFeysSe, mono-
kristallarindan 10°<26<85° intervalinda rentgendifraksiya
almmigdir. Alinan difraksiya monzarasi sok.2-do verilmisdir.
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Sokil 2. Cu,FegsSe, monokristallarindan alinmis rentgendifraksiya manzarzsi. ©lavads hesablanmus kristallografik melumatlarin

cadvali.

Sok.2-ya alavads iso homin difraksiya monzarasinden he-
sablanmis kristallografik molumatlar verilmisdir. CusFegsSe;
monokristallarindan  alinan difraksiya monzorasinin  va
hesablanmis kristalloqrafik molumatlarin tohlili gostermisdir
ki, todqiq edilon monokristallar rombik gofoso malikdir vo
qofasin  parametrlori: a=7,980A, 5=7,80A, c=13333A,
qu83l,O8A3 foza qrupu Pnma, Z=8, p,.,~6,17 qr/srn3 kimidir.

Molumdur ki, alinan qofos sabitlori Cu-S sistemindo
formalasan vo geyristexiometrik faza kimi qobul edilon bir-
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losmoalarden biri - Anilit-Cu;S;= 2Cu 3“ Cuj}’ S, tgiin xarak-

terikdir (a=7,89; b=7,84; c=11,014; Z=4; p=5,68q/sm3) [11].
CusFe5Se, liglin miiayyan edilmis kristallografik sabitlor
Cu;CuS, ilo miiqayiso edildikdo molum olur ki, onlar ara-
sinda tam analogiya olsa da miioyyan forq do var. Bu forq
CusFeg5Se, gofasinin hocmi Anilita (CusCuS;) nisboton bir
gadar boyiikdiir. Bu isa, biza belo galir ki, kiikiird atomlarinin
ion radiusunun (1,83A) Se atomlarmna nisboton (1,92A) kicik
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ilo baglidir. Beloliklo do, hesab etmok olar ki, hor iki
qorasi kristal qurulusu izostruktur sayila bilar.

Molumdur ki, Anilitin-Cu3CuS, qurulusunda kiikiird
atomlarinin kubik kip yerlosmo gaydasi ilo amoalo gotirdiyi
karkasda oktaedrik bosluglar vakantdir vo mis atomlart osa-
son tetraedr va licbucaqglarda moskunlagsmiglar. Bu baximdan
CusFe(sSe,-da 2 valentli domir atomlariin oktaedrik boslug-
larda statistik voziyyotds paylanmasina sorait yaranir.

CusFe(sSe;-nin magnit qavrayiciligi

CusFe(sSe, monokristallarinin magnit qavrayiciligir 80-
400K temperaturunda magqnit sahasinin 2Tl qiymatinds
raqqaslt SKVID-magnitometrds todqiq edilmisdir. Sakil 3-do
tadqiq edilon kristalin maqnit qavrayiciliginin temperaturdan
astliliq ayrisi verilmisdir.

Aparilan magqnit 6l¢iilori naticalorindon molum olmusgdur
ki, CusFeosSe, monokristallarinin magqnit qavrayiciliginin
temperatur asililigi mahiyyastco kvazibirdlgiilii antiferromag-
nitlors xas olan xarakters uygundur [12].
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Sokil 3. Cu,FeysSe, monokristallarininmagnit qavrayiciliginin
temperatur astlilig1

Qavrayiciliq  oyrisinin  temperaturdan  asililigindan
goriindilyli  kimi 7=350K-don asag1 (7,=350K) sistem
antiferromaqnit  kecidine moruz qalir, buda magqnit

nizamlanmasinda ferromaqnitlordon forqli olaraq spinlerin
paralel diiziiliisiinoe uygundur.
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G.M. Agamirzoeva, G.M. Jafarov, S.K. Orujov, Q.Q. Quseinov

X-RAY DIFFRACTION AND MAGNETIC SUSCEPTIBILITY OF Cu;FejsSe, SINGLE CRYSTALS

By X-ray diffraction analysis of single crystal phases of obtained samples of CuFeSe, synthesis from gas phase and melt during the
crystallization the formation of CusFe,sSe, composition single crystals has been revealed. Rhombic lattice constants: a=7.980A, b=7.8A,

c=13.3331A, V,,,=464.1A°, p=6.17gt/cm’, sp.gr. Pnma, Z=4.

Magnetic susceptibilities in interval temperature 35K<7<400K and H=1; 2 Tl magnetic fields have been measured. It is established
that magnetic transition at 7,=350K takes place. Analysis of magnetic experiments allows us to establish that Cus;FeqsSe, shows the
properties which are character for one-dimensional antiferromagnetic systems.

I'.M. Aramup3oeBa, K.M. /lzkagapos, C.K. Opymxos, I'.I'. I'yceiinoB

PEHTTEHOTPA®UNYECKOE UCCJIEJOBAHUE U MATHUTHASA BOCITPUMMYNBOCTD
MOHOKPHUCTAJIJIOB CusFeo.sSe:z

IIpu peHTreHorpahM4ecKOM UCCIEIOBAHUMN MOHOKPUCTAUINYECKUX (a3, IOIyUSHHBIX B IPOLECCEe KPUCTAIM3ALUK 00pa3loB, CHHTE3a
CuFeSe, u3 ra3oBoii (a3sl U paciiaBa BEIIBICHBI 00pa30BaHUs MOHOKpUCTAIOB cocTaBa CusFey sSe,. KoncTranTer poMOndeckot pemeTKu:
a=7,980A, b=7,8A, c=13.3331A, V,., =831,08A°, p,,,,,=6.17rp/er’, ip.rp Pnma, Z=4.

B temneparypuom untepBane 35K<7<400K u H=1; 2 Tl MarauTHbIX MOJISAX U3MEPEHBI MATHUTHBIC BOCIIPUUMYHUBOCTU. Y CTAHOBIICHO,
npu Tn=350K mpoucxomuT MarHUTHBIN (a30BbIA MEepexoA. AHAIN3 MAarHUTHBIX 3KCHEPHMEHTOB IO3BONMI yCcTaHOBUTH, uTo CusFe(sSe,
MPOSIBISICT CBOWCTBA, XapaKTEPHbIC IS OJTHOMEPHBIX aHTU()EPPOMATHUTHBIX CHCTEM.
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