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In the paper authors have developed the technology for preparation of the thin films α-Si:H by means  of the method of magnetron 
sputtering. Solar elements were made on glass and dielectric substrates on the basis of the obtained films. At the present moment the 
elements were made with the parameters on the level of the world analogues (within the intensity of illumination in 100 mW/cm2, AM1), 
open-circuit voltage Uoc=0.88 mV, short-circuit current Isc=15.3 mA/cm2, the efficiency about 23%.    
 

For recent years photogalvanic transformers of solar 
energy on the basis of hydrogenated amorphous silicon α-
Si:H have been investigated widely and are of great scientific 
and practical interest. As a result of investigation, 
photoelectric properties of films are improved at the process 
of silane decomposition in plasma at superimposition of 
magnetic field. 

Therefore thin films α–Si:H obtained by the method of 
magnetron sputtering at constant current have several 
advantages: 
• good control for keeping of hydrogen in camera and in 

films; 
• control of wide range of substrate temperature;  
• allows to use for magnetron sputtering of compound 

composition; 
• have high speed of precipitation; 
• precipitation is obtained at the voltage less than 400 V 

that limits the negative influence of ion energy on 

heterostructure and hydrogen links in the films; 
• easily applicated in mass production. 

Silicon target of 99.99 purity was used for creation of 
films α–Si:H. Precipitation parameters of films were 
controlled: pressure of hydrogen PH, pressure of PAr, 
temperature of substrate Ts, entrance power P and 
displacement on substrate VB. Best films are created within 
the parameters shown in t able 1. 
                                                                                        Table 1 
                   Technological conditions creation films α–Si:H 

T(oC) PH(%) PAr(%) Ptotal(mtorr) VB(V) 
250 50 50 10 -100 

 
The results of complex investigation of film 

characteristics are given in table 2, where 1 is the hydrogen 
content in silicon, 2 is the oxygen content in silicon, 3 is the 
optical width of band gap, 4 is the density of states, 5 is the 
dielectric constant, 6 is the ratio of conductivity to dark 
conductivity on glass substrate. 

                                                                                                                                                                  Table 2 
Characteristics of the investigated solar cells 

Hydrogen 
content H in Si 

(%) 

Oxygen 
content O in 

Si (%) 

Optical 
band gap 

(eV) 

Density 
of states  

(cm-3⋅eV-1) 

Dielectr. 
Constant 

Light to dark 
conductivity 

ratio 
1 2 3 4 5 6 
19 1 1.92 8⋅1016 8.5 105 

 
Mono-, trio- and multicascade solar elements were 

created on the basis of p-n junction, heterojunction and 
structures with Shottky-barrier. Area of the created elements 
is 2×2 cm2. Amorphous layers Al+Ni and Ti+Cu were used 
as metal electrodes, monocrystalline films of PtSi were used 
for creation of the Shottky-barrier. Thermo treatment of 
creation of monocrystalline PtSi and stabilization of α-Si:H 

parameters are combined and conducted in the vacuum and in 
the medium of forming-gas (N2+H2).             
The structure of metal films are determined by X-ray 
diffractometry and electronography. The results are given in 
fig.1.a is the X-ray diffractometry figure of PtSi and b is the 
electronographic figure of amorphous films Al+Ni and 
Ti+Cu. 

 

  (a)                               (b) 
 

Fig.1. The structure of metal films determined by the X-ray (a) and electron diffraction (b) methods. 
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Application of amorphous and monocrystalline films 
provides durability and reliability of the elements. 

Construction of created solar elements on the basis of 
monocascade p-n junction is represented in fig.2, where: 1 is 
the glass substrate, 1/ is the SiOx thin film, 2 and 5 are 
electrodes, 3 is the p-type α-Si:H, 4 is the n-type α-Si:H,  6 is 
the enlightening covering. 

Diboran (Â2 Í4 ) and phosphine PH3 were used in the 
sputtering process with the purpose of obtaining the films 
conductivity of p - and n-types. 

 
Fig.2. Construction of created solar elements. 
 
The thin layer of SiOx with the thickness of 0.01 mkm is 

plated on the glass substrate for improving the adhesion of 
metal electrodes. 

Parameters of produced elements were determined on the 
special test-bench with the regulated illumination. The 
current voltage characteristic of the α-Si:H monocascade 
solar elements are given in fig.3. 

 
Fig.3. Current voltage characteristic of the α-Si:H    
  monocascade solar elements. 
 

Maximization of effectiveness is important for solar 
elements i.e. obtaining the highest coefficient of photogalvanic 
transformers of energy is the basic factor. It is determined as: 
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where Pm is the maximal entrance power of the instrument, Pi  
is the power of incident optical radiation. Maximum 
importance can be determined from the following: Pm =Im⋅Vm 
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Measuring of the tension value of idling and short-circuit 

current, 
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at the constant illumination are considered from the equation 
given above. Here Is is the saturation current of diode, IL is 
the current formed by the superfluous carriers within the 
optical excitation. If consecutive resistance can be neglected 
then IL can be presented as a short-circuit current ISC, that is 
IL=ISC.                     

The higher coefficient of effectiveness of the solar 
elements, the closer the coefficient of ideality (n) of the 
junction to the unit. In this case n=1.02. After application of 
hydrogenated amorphous nitric of silicon as enlightening 
covering the effectiveness reached up to 23% (within the 
intensity of illumination in 100 mW/cm2, AM1, open circuits 
voltage Uoc=0.88 mV, short-circuit current Isc=15.3 mA/cm2) 
due to decrease of rate of  the surface recombination. 
The repeated measurement of the element parameters after 
five years showed that their parameters didn’t significantly 
change. So, it can be concluded that high effective elements 
can be created on the basis of hydrogenated amorphous 
silicon with the application of amorphous and monocrystalline 
films as the metal electrodes. 

 
 
[1] Koladzie, S. Nowak. Characteristics of hydrogenated 

amorphous silicon thin film transistors fabricated by 
D.C. Magnetron sputtering.- Thin Solid Films , 1989, v. 
175, N8, pp.37-42. 
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The conditions of the full reflectionless absorption origin of the cross-polarized electromagnetic wave at its incidence under the angle on 

the absorbing dielectric layer, applied on the metal substrate, were found. Its dependence on the cover thickness on the angle of the wave 
incidence, and on the dielectric properties of the cover material is under investigation. 

 
The effect of the full or reflectionless radiation absorption 

occurs at the normal incidence of the plane-polarized 
electromagnetic wave on the absorbing cover, applied on the 
metal substrate [1]. The absorption has a spectral nature and 
manifests in the region of the cover substance dispersion at 
strictly fixed selective values of the incident radiation 
frequency and the cover layer thickness [2]. 

It is necessary to carry out the research of characteristics 
of the substance wave reflection in the wide interval of 
frequencies and thicknesses for the direct proof of this effect 
existence, what is hard to be realized. One of methods of this 
effect experimental detection at the fixed frequency of the 
incident radiation is realized by results of characteristics of 
the microwave radiation reflection by binary solutions of 
polar liquids in non-polar solvents, obtained in works [3,4].  

It was established, that at the given frequency of the 
incident radiation the full wave absorption in polar molecule 
solutions occurs at strictly fixed, belonged to the given 
solution, layer thickness and concentrations of the polar 
solution component. Obviously, similar experimental proofs 
of this effect existence in pure substances at the given 
radiation frequency may be realized by research of their wave 
reflection characteristics with the change of the cover 
substance temperature or the angle of the wave incidence on 
it. 

For the basis of the last proof, let‘s examine theoretical 
conditions of the full radiation absorption origin at its 
incidence under the angle á0 to the surface of the plane layer 
of the absorbing dielectric, applied on the ideal metal 
substrate. 

The thickness l of the layer cover is regulated, and the 
cover substance has the complex value of the dielectric 
constant ε=ε’-iε’’, where ε’ is the dielectric constant and ε''  
is dielectric losses. With regard of the vector position of the 
electric polarization E of the wave with respect to the plane 
of its incidence, we will distinguish reflection cases of the 
parallel-polarized (TH type wave) and cross-polarized (TE 
type wave) wave, respectively when the vector E is parallel 
and perpendicular to the plane of the wave incidence. As the 
initial step let‘s confine by the case of the reflection from 
such two-layer system of the cross-polarized wave. 

For the given type of the incident wave polarization, the 
complex expression of the wave reflection coefficient ρ from 
the examined plane two-layer system is equal to: 
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where Zbx=Zthγl  the input resistance of the two-layer system, 
Z0 , Z are the wave resistances of the vacuum and the cover 

substance, respectively, εαα 0
2sin1cos −= ; α is the angle 

of the wave refraction in the cover layer and is simultaneously  
the angle of the wave incidence on the dielectric-metal 
interface, l is the thickness of the cover layer [5-7]. 

The constant of the wave distribution γ in the cover 
substance included in the expression for the input resistance, 
is equal to: 

                         
0
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where γ0=i2π⁄λ, λ is the constant of the wave distribution and 
the wave length in the vacuum, respectively. 

The reflectionless wave absorption in the examined two-
layer system may occur in the minimum point of the 
dependence of the modulus of the wave reflection coefficient 
ρ on the thickness l of the cover layer and at the fulfillment of 
the condition ρ=0 in this point. Let‘s introduce notations 

ρ=sin2α0 and p1/b −= λλ , ëb is the wave length in the 

free space in the direction of the wave spreading respectively 

to the normal to the layer surface. As ε0ZZ = , then with 

regard of expressions (1) – (2) and accepted symbols, the 
condition of the full radiation absorption may be represented 
in the form: 
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The dielectric constant ε′ and dielectric losses ε″  of the 
cover substance are connected with the refraction coefficient 
n and the factor of dielectric losses of this substance by 
known equations: 
 

                    ( )22' y1n −=ε  ;  yn2 2" =ε   ;                  (4) 
 

where n =  λ/λg ;  y = tgδ/2 ;  δ = arctg ε″/ε′ ;   ëg is the wave 
length in the cover material. 

For the convenience of the further examination let‘s 
assume, that å1 and å2 by the analogy to the expression (4) are 
represented in the form: 
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where 
•= gb /n̂ λλ  ; 2/tgŷ •= δ  ; 12arctg εεδ =•  ;  

 •
gλ  is the wave length in the cover substance at the wave 

spreading under the given angle to its limiting plane surfaces. 
Using this notations in equations (3), after transformations 

we receive: 
 

             ( ) ( )ŷi1n̂x2iŷx2th −=+ ππ   ;                      (6) 
 

where 
•= g/lx λ . 

Let‘s divide the equation (6) on imaginary and real parts. 
After corresponding transformations we receive two 
equations, which describe the condition of the reflectionless 
wave absorption in the examined system: 

 

                      0x4sinŷx4shŷ =+ ππ  ;                            (7) 
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From their joint solution, we have:  
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As conditions of the reflectionless wave absorption in the 

system are fulfilled in the minimum point of the dependence 
ρ on l and at cover thicknesses, close to the values multiple 

to 4/g
•λ  , let‘s take, that: 
  

                          ∆+
−

=
4

1N2
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where N is a number of the zero minimum of the dependence 
ρ on l, ∆ is in common case is low, but not the zero value, 
determined from the joint solution of equations (10) and (11): 
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ŷn̂2

arctg
4
1

22 −+
=

π
∆  .          (12) 

 

By substituting expression (12) in equations (9) and (10)  
and excluding the value ∆ as the intermediate parameter, we 
receive:
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The equation (13) determines the connection between 

values n̂  and ŷ , and consequently, between ε′ and ε of the 

cover substance of the two-layer system, at which the full 
absorption of the incident radiation occurs in the system. The 
required thickness of the cover layer is determined, as it 
follows from equations (11) and (12) from the expression    
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Obtained equations (12)-(14) were used for the 

dependence determination between selective values ε′, ε″, l0  
of the cover substance, the length of the radiation wave ë  and 
the angle of the wave incidence á0, at which conditions of the 
full absorption of the electromagnetic radiation in the 
examined two-layer system is fulfilled. These dependences at 
N=1,2 and 3 are given on the fig.1. Dependences ε″on ε′ shift 
to the X  axis with the value á0 growth and at á0=90 coincide 
with it. At the given number of the zero minimum N of the 
function ρ(l) all curves of the family are placed below the 
limiting dependence for á0=0, which corresponds to the case 
of the normal wave incidence. The similar family type of 
curves ε″(ε′) exists also at the growth of N, but with closer its 
position to the X axis (see fig. 1b,c). 

Selective values of the cover layer thickness  l0 increase 
with ε′and á0 growth and reduce with growth of N, but 
numerically they are always higher than the multiple value 

4/g
•λ . The value of these deflections Ä  on the multiplicity 

reduces with å/ and N growth (see fig.2). 

 
 
Fig.1. The dependence between the dielectric constant ε′  and  
          dielectric losses ε″ at the reflectionless absorption of the  
          cross-polarized wave, incident under the angle á0 on the  
          two-layer dielectric metal system at N=1,2,3. N is the  
          number of the zero minimum of the dependence of the  
          modulus of the wave reflection coefficient on the  
         thickness of the cover layer. 
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Selective values of the wave incidence angles and 
corresponding to them the cover layer thickness, at which the 
wave reflection is absent, may be determined by equations 
(12)-(14) or graphically; if values ε′0 and ε″0 of the cover 
substance are known for the given frequency of the incident 
radiation.  

 
 
Fig.2. The deflection value ∆ of the cover layer thickness on  
          multiple values of wave length quarter in the cover  
          substance versus its dielectric constant and the incidence  
          angle á0 at N=1,2; N is the number of the zero minimum  
          of the dependence of the modulus of the wave reflection  
          coefficient on the thickness of the cover layer. 
 
It follows from the fig.1, that if the working point with 

such values ε′0 and ε″0  is placed in the coordinate plane [ε′, 
ε″] at N=1, which is higher than the limiting dependence for 
á0=0, then the manifestation of the reflectionless radiation 
absorption is impossible in the two-layer system with such 
cover. If the working point with such values ε′0, ε″0  is placed 
between two limiting dependences with N=1 and N=k, then 
in such cover substance k-1 of strictly fixed angles of the 
wave incidence and corresponding to them the thickness of 
the cover layer, at which the full absorption of the incident 
radiation occurs, are observed. The lesser selected thickness 

of the cover layer will correspond to the greater angle of the 
reflectionless wave incidence.  

 
Fig.3. The dependence of the modulus of the cross-polarized  
           wave reflection coefficient ρ on its incidence angle α0 on  
           the two-layer dielectric-metal system. 
 
Dependences of the modulus of the wave reflection 

coefficient of the two layer system on the angle of the 
radiation incidence on the cover layer at the calculated 
selective values of its thicknesses at the wave length of the 
incident radiation ë=3.2 cm are presented on fig.3. The polar 
liquids with known values ε′ and ε″ were used as the cover 
substance at this wave length and the temperature 20° C  [8]. 
At ë=3.2 cm for acetone ε′ =20.5, ε″=3.55 and its working 
point in the coordinate plane [ε′, ε″] is placed between 
limiting curves 1 and 2 for the case á0=0. Therefore, for 
acetone the reflectionless absorption of the incident radiation 
is expected only at á0=51.1° (N=1) and at the relative cover 
thickness l/ë=0.056. Unlike the acetone, for anizole ε′  =3.04, 
ε″  =0.38, and its working point is placed between limiting 
curves 1 and 4. In accordance with conducted calculations, 
the reflectionless radiation absorption should exist for the 
anizole at incidence angles 78.0°(N=1), 55.7°(N=2); 
33.8°(N=3), respectively, and at the corresponding relative 
thickness l/ë  of the cover layer: 0.174, 0.49 and 0.76. 

Obtained results allow to express the supposition on 
possibilities of the experimental observation of the 
reflectionless absorption of the electromagnetic radiation, 
incident under the angle on the absorbing cover, applied on 
the metal substrate. 
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The photothreshold correction related to electronic relaxation has been calculated for the group III-VI layered semiconductors. The band 
structure and anisotropy of dielectric permeability of the semiconductors have been taken into account. Results of the calculation are 
compared with experimental data. The best agreement is obtained for GaSe. 

 
1.Introduction 

 
The group III-VI layered semiconductors are useful for 

various electronic devices. The semiconductors consist of a 
pile of packets with atoms bound by covalent and ionic-
covalent bonds inside the packet, whereas between the 
packets there are only weak Van der Waals forces. As a 
consequence, the semiconductors are easily cleaved parallel 
to the layers, and the resultant surfaces are very smooth. The 
surfaces are inert against adsorption, and they have a low 
density of surface states. These features of the layered 
semiconductors facilitate greatly the fabrication of 
homojunctions, heterojunctions, metal-semiconductor 
Schottky barriers and metal-insulator-semiconductor 
structures (see e.g. Ref.1). They can be used as photodiodes, 
high-speed switches, spectral and/or electric memory devices, 
light modulators and solar energy converters. 

The molecular-beam epitaxial growth of InSe and GaSe 
crystals reported in Refs.2 and 3 makes it also possible to 
build InSe/GaSe quantum-well structures and superlattices. 
For such structures, theoretical studies of energy spectrum 
were made in Refs.4 and 5. It follows from the considerations 
that a determination of the band parameters has paramount 
importance for the group III-VI layered crystals.       
 

2. Photothreshold Problem 
 

By definition, a photothreshold Ö is the energy required 
for an electron transition from the top of valence band to the 
vacuum level. For diamond-like crystals, it has been stated 
that experimental values of Ö are by 3 to 4 eV smaller than 
the energy value at the top of valence band calculated using 
the tight-binding method (see Ref.6). Similar disagreement 
between experimental and calculated values of work of exit 
occurs also in metals. In paper [7], a shift of the 
photoemission threshold of metals was interpreted in terms of 
the electron-electron Coloumb repulsion. In principle, the 
same interpretation had been suggested earlier by authors of 
paper [8] in order to explain the Coloumb shift of 
photothreshold in diamond-like semiconductors. According 
to Ref.8, the photothresholds are considerably lowered due to 
the relaxation of valence electrons around positive hole. A 
certain amount of negative polarization charge is attracted 
from the hole during the relaxation. It repels the 
photoelectron and increases its kinetic energy by the same 
amount that the remaining electron system of total Coloumb 
energy loses in the final state as compared with the initial 
state. If the hole relaxation self-energies are subtracted from 
the distances between valence-band maxima and vacuum 
level, then the large discrepancies between one-electron 

LCAO predictions and experimental observations of 
photothreshold are essentially removed.  However, some 
difference (less than 1 eV) remains by reason of surface 
charge and other effects discussed in Ref.9.  

In the present paper, the energy correction related to 
electron-electron correlation has been calculated for the 
group III-VI layered semiconductors. The approach 
developed in Ref.8 has been used. We have modified the 
calculation procedure in order to take into account the 
anisotropy of dielectric permeability in the layered 
semiconductors. The valence-band wavefunctions needed for 
our calculation have been taken from Ref.10. According to 
Ref.10, the valence-band top in the group III-VI layered 
semiconductors is formed only by valence-electron states of 
cation. For these semiconductors, the top energy values were 
obtained by using conventional one-electron tight-binding 
theory [11, 12] and empirical pseudopotential method [13]. In 
Refs.12 and 13, the absolute position of energy bands was not 
given. Nevertheless, one can determine energies of valence-
band maxima starting from the given position of s-level of 
the anion. In order to evaluate photothreshold, the energy 
correction calculated by us has to be subtracted from the 
values of valence-band top energy given in Refs.11-13. The 
photothreshold values calculated in this manner have been 
compared with their experimental values given in Refs.14-17. 
 

3. Basic Formulae  
 

The correlation part of self-energy due to electron 
relaxation is defined as [8]  
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Here ψvk is the Bloch wavefunction of a valence electron, 

( )qV0
r

 is the Fourier transformation of the electrostatic 

interaction potential, and ( )qV r
 is the Fourier transformation 

of the screened Coulomb potential.  
Within the bond-orbital approximation, the Bloch factor 

for electrons (at the top of valence band) has the following 
form [10]: 
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are the Slater wavefunctions of a cation atom (these functions 

are often used for LCAO calculations), bc is a parameter  

which characterizes the hybridization of electronic s- and pz -
states of the cation.        
The signs m  refer to two different cations taking part in the 
cation-cation covalent bond. As for βc, in Ref.8 this 
parameter is given for cubic crystals in the units of 2π/α (α is 
the lattice constant). For our calculations, it is  more 
convenient to give βc in units of the reciprocal length of 
cation-anion bond l. In layered GaSe, InSe and GaS crystals, 
the values of l are close to those of GaAs, InAs and ZnS, 
respectively. 

The Coulomb potential screening has been taken into 
account by analogy with Ref.8, but a distinction has been 
made between the components of static dielectric 
permeability parallel å0

 and perpendicular å0
⊥ to the crystal 

axis C, i.e. we have used the following expression: 
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where the superscript   j=, ⊥ corresponds to the directions 
parallel and perpendicular to C,  aB is the Bohr radius, and  
qTF   is the Thomas-Fermi wavevector of valence electrons. 
 

4. Comparison with Experiment            
 

Values of the parameters needed for numerical calculation 
are given in table 1. 
                                                                                       Table 1.  
            Parameters of the group III-VI layered semiconductors. 

 GaSe GaS InSe 
bc[10] 1.02 1.02 1.10 
L (nm) [12,13] 0.246 0.234 0.263 
βcl 4.35 5.17 4.38 
ε0

⊥ 7.44 [18] 7 [19] 6.2 [19] 
ε0

 5.76 [18] 5.9 [19] 4.9 [19] 
qTF(nm-1) 19.438 19.833 18.765 

 
 

In Table 2, we give values of the relaxation self-energy 

correction Σrel

v
calculated on the basis of formulae (1) to (7). 

The difference between the value Σrel

v
calculated by us and 

the valence-band top energy |Ev| taken from [11] is given in the 

same table. A comparison of the difference |Ev |- rel
vΣ with the 

experimental values of photothreshold Φexp, given in table 2, 
shows the best agreement for GaSe.  
  

                                                                                             Table 2.  

The relaxation self-energy correction
rel
vΣ , the valence-band top 

energy |Ev| and experimental values of photothreshold Φexp. All 
values are given in units of eV.`  

 GaSe GaS InSe 

rel
vΣ  

2.4 3 2.3 

|Ev| [11] - 
rel
vΣ  

5.5 4.9 5.4 

Φexp. [14] 5.4±0.1 6.5±0.15  
Φexp. [15] 5.3 – 5.4 5.5 -5.8 5.8 

Φexp. [16]   5.8 

Φexp. [17]   5.0 
 
We could not obtain a good agreement for GaS and InSe. 
Nevertheless, the agreement is not generally worse than for 
of the diamond-like semiconductors (see table 2 in [8]), and it 
is within an accuracy of the used calculation method. Some 
difference remains by reason of surface charge and other 
effects discussed in [9]. 
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VAPOR PRESSURE AND OSMOTIC COEFFICIENTS USING BROMLEY  

EQUATION FOR 1:1 ELECTROLYTES IN METHANOL AT 298.15K 
 

KARAMAT NASIRZADEH 
Department of Chemistry, Faculty of Science, Azerbaijan University of Tarbiat Moallem, P.O.Box 

51745-406, Tabriz, IRAN 
 
In this study the Bromley model was developed for the non-aqueous electrolyte solutions. This model contains four adjustable 

parameters (ρ, B, B° and a) and has been used to estimate osmotic coefficients and vapor pressures of LiCl, LiBr, LiCH3COO, KCH3COO, 
NaCH3COO, KI, NH4SCN, NaSCN and NaBr in methanol at 298.15 K. In addition, comparisons were made to the model of Pitzer and 
Mayorga for the osmotic coefficients and vapor pressures of these electrolytes. 

 
Keywords: Osmotic coefficient; Vapor pressure; Bromley Model; Mixtures; Methanol; Inorganic salts 
 
INTRODUCTION 
 
Simple methods for representing deviations from ideality 

in electrolyte solution are needed to design industrial 
processes, especially for transformation of raw materials and 
pollution control. In the past few decades, considerable 
progress has been made in measuring and modeling of 
thermodynamic properties of electrolyte systems. However, 
most of studies have been restricted by aqueous systems. 
Much less attention has been given to non-aqueous 
electrolyte solutions. In this article, the Bromley equations 
[1] is proposed for prediction of osmotic coefficients and 
vapor pressures of LiCl, LiBr, LiCH3COO, NaCH3COO, 
KCH3COO, KI, NH4 SCN, NaSCN and NaBr in methanol 
based on the experimental isopiestic dat a of these electrolytes 
at 298.15 K. In our previous works [2,3] the Pitzer and 
Mayorga model [4,5] was used for the prediction of activity 
and osmotic coefficients of methanol + LiCl, LiBr and 
+LiCH3COO and self-consistent local composition [6] model 
(SCLC) was used for the prediction of osmotic coefficients 
and vapor pressures of CaCl2 and Ca(NO3)2 in methanol at 
298.15 K. 

The Bromley model [1] contains four adjustable 
parameters (ρ, B, B°and a). In some aqueous and nonaqueous 
electrolyte solutions the parameter ρ=1 were used and three 
remaining parameters were calculated [1, 7]. In this study, the 
four parameters of the Bromley equations were calculated for 
methanol solutions of LiCl, LiBr, LiCH3COO, NaCH3COO, 
KCH3COO, KI, NH4 SCN, NaSCN and NaBr. Furthermore, 
comparisons were made for osmotic coefficients and vapor 
pressures of investigated systems obtained with Bromley 
model to the model of Pitzer and Mayorga and experimental 
isopiestic measurements of our previous works. 

 
BASIC DEFINITION AND THEORETICAL  
TREATMENTS 

 
The isopiestic method is the most accurate, simple 

experimental technique available for measuring of the solvent 
activity of solutions that contain nonvolatile solutes. It is the 
base of phenomenon when different solutions, connected 
through the vapor space, approach to equilibrium by transfer 
of solvent mass by distillation. The accuracy of the method 
depends on the standard solutions that are used, sample 
mixing during the equilibration period, temperature stability, 
and the time allowed for the equilibration process. 
Equilibrium has been established one, the temperature and 

pressure are uniform through out the system, provided that no 
concentration gradients exist in the liquid phases. At the 
equilibrium the chemical potentials of the solvent in each of 
the solutions in the closed system are identical: 

 

                            ωβα µµµ SSS ...==                              (1)    

 
where µs is the chemical potentials of the solvent in each of 
the solutions α through ω . The solvent act ivity is related to 
the solvent chemical potential by 

 

                        
( )

RT
aln

o
ss

s

µµ −
=                               (2) 

 
where as is the solvent activity, R is the gas constant, µs° is 
the standard state chemical potential of the solvent, and T is 
the absolute temperature. After the equilibrium, the solvent 
activity equals between the investigated solutions. Since the 
solvent activity is known for one or more standard solutions, 
it will be known for each solution within the isopiestic 
system.  

Several models are available in the literature for the 
correlation of osmotic coefficients as a function of molalities. 
The model of Pitzer and Mayorga [4,5] has been successfully 
used for aqueous, in a few cases, for non-aqueous electrolyte 
solutions [2,3]. The experimental osmotic coefficients data 
were correlated with the model of Pitzer and Mayorga [6] for 
solutions of LiCl, LiBr, LiCH3COO, KCH3COO, 
NaCH3COO, KI, NH4 SCN, NaSCN and NaBr in methanol. 
For 1:1 electrolytes, this model has the following form  

 
                 φ-1=fφ+mBφ+m2Cφ ,                             (3) 
 

where 
 

                      fφ=-AφI1/2/(1+bI1/2),                         (4) 
 
           Aφ=(1/3)(2πNAds)1/2(e2/4πε0DkT)3/2 ,    (5) 
 
and 
                   Bφ=β(0)+β(1)exp[-α(1)I1/2] .                (6) 
   
For some aqueous and non-aqueous electrolyte solutions, 

it was found that by adding a β(2) term to equation (6) better 
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agreement with the experimental results could be obtained 
with the Pitzer model [2]. 

 

Bφ=β(0)+β(1)exp[-α(1)I1/2]+β(2)exp[-α(2)I1/2]    (7)                                            
 
In these equations β(0), β(1), β(2) and Cφ are Pitzers ion-

interaction parameters, α(1), α(2) and b are adjustable 
parameters, and Aφ is Debye-Hückel (DH) constant for the 
osmotic coefficient on the molal basis. The remaining 
symbols have their usual meaning. For methanol solutions 
Aφ=1.294Kg1/2· mol-1/2 was calculated using equation (5). 

From the analysis of the experimental osmotic coefficient 
data, Zafarani-Moattar and Nasirzadeh [2] found that the 
values of b=3.2Kg1/2· mol-1/2, α(1)=2.0Kg1/2· mol-1/2 and 
α(2)=1.4Kg1/2· mol-1/2 were satisfactory at 298.15 K. Ion-
interaction parameters were obtained from the fitting 
experimental osmotic coefficient data for the investigated 
systems and are shown in Table 1. In this table β(0), β(1), β(2) 
and Cφ are the Pitzer parameters, σ(φ) and σ(p) are the 
standard deviation for the osmotic coefficients and vapor 
pressures, respectively. 

 
                                                                                                                                                                                         Table 1.  
Pitzer parameters for methanol solutions of LiCl, LiBr, LiCH3COO, KCH3COO, NaCH3COO, KI, NH4SCN, NaSCN and NaBr 

calculated from osmotic coefficients  at 25°C. 
 

No.of 
data 

molality 
range 

β° β1 β2 Cφ σ(φ)  σ(p) /kPa 

                                                                    LiCl  
32 0.22-4.18 -0.11458 

0.02167 
-3.95303 
0.09548 

3.421 
0 

0.06478 
0.01431 

0.006 
0.015 

0.008 
0.021 

                                                                    LiBr  

27 0.19-3.90 0.00275 
0.24842 

-2.6665 
0.06083 

2.238 
0 

0.05542 
0.01649 

0.005 
0.009 

0.003 
0.005 

                                                               LiCH3COO  

20 0.24-3.01 0.19224 
0.05542 

1.39440 
0.06113 

-1.202 
0 

-0.01017 
0.014365 

0.004 
0.005 

0.005 
0.008 

                                                               KCH3COO  

23 0.18– 2.51 0.008128 
0.114109 

-0.687219 
 0.200517 

0.838449 
0 

0.004572 
-0.016451 

0.0001 
0.001 

0.0002 
0.0005 

                                                                NaCH3COO  

26 0.26 -1.76 -0.128391 
0.174060 

-2.118794 
-0.165151 

1.9988 
0 

0.026218 
-0.047509 

0.002 
0.003 

0.005 
0.008 

                                                                      KI  

19 0.13 -0.98 -0.983997 
0.215944 

-5.000851 
0.109784 

6.0448 
0 

0.322375 
-0.079194 

0.001 
0.002 

0.0002 
0.0004 

                                                                  NH4SCN  

24 0.36 –4.35 0.056495 
0.141341 

-1.085211 
0.079836 

0.9453 
0 

-0.00583 
-0.018001 

0.008 
0.009 

0.009 
0.002 

 NaSCN  

24 0.16-3.36 0.184719 
0.283717 

-0.904255 
0.020163 

0.8182 
0 

-0.007136 
-0.022223 

0.005 
0.006 

0.007 
0.009 

 NaBr  

18 0.18 –1.57 0.757993 
-0.027613 

5.607655 
0.838263 

-4.98352 
0 

-0.098082 
0.102425 

0.002 
0.004 

0.002 
0.005 

a  Aφ=1.294 kg1/2· mol-1/2; b=3.2 kg1/2· mol-1/2;  α(1)=2 kg1/2· mol-1/2; α(2)=1.4 kg1/2· mol-1/2. 
 
The Bromley equations [1] are: 
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In these equations Φ is the osmotic coefficient and other 

parameters have the usual meaning. 
The Bromley model contains four adjustable parameters 

(ρ, B, B°and a). These parameters for the LiCl, LiBr, 
LiCH3 COO, KCH3COO, NaCH3COO, KI, NH4 SCN, NaSCN  

and NaBr in methanol solutions were calculated and are 
shown in table 2. In this table ρ, B, B°and a are the Bromley 
parameters, σ(φ)  and σ(p) are the standard deviation for the 
osmotic coefficients and vapor pressures of this solutions, 
respectively.

                                                                                                                                                                          Table 2. 
            Bromley parameters of LiCl, LiBr, LiCH3COO, KCH3COO, NaCH3COO, KI, NH4SCN, NaSCN and NaBr in methanol  
            solutions at 25°C 

salts no. of points ρ Β° Β A σ(φ) σ(p) 
LiCl 32 1.4345 -7.488×107 0.22 83.836 0.0234 0.006 
LiBr 27 1.4676 -2.245×105 0.2463 3.7026×108 0.0020 0.004 

LiCH3COO 20 1.5517 -7.3676×106 0.0634 5.1877×109 0.0103 0.015 
KCH3COO 23 2.1762 588.7344 0.0197 6.2388×104 0.0027 0.006 
NaCH3COO 27 1.9307 469.3899 0.0249 2.6746×104 0.0045 0.012 

KI 19 2.167 0.0545 0.0548 -0.8615 0.0021 0.005 
NH4SCN 24 2.3069 5.1258×104 0.0213 1.7539×107 0.0146 0.021 
NaSCN 24 2.1806 5.5277×105 0.1347 1.0294×108 0.0115 0.017 
NaBr 18 1.9985 -1.9702×108 0.1072 39.616 0.0125 0.019 

 
Bromley also has presented a one-parameter version of 

his model for aqueous systems by setting  
 
              (B°-B)=(0.06-0.6B)|Z+Z-                     (11) 
and 

−+

=
ZZ
5.1

a . 

Use of equations (11) and (12) with the Bromley model 
for the methanol systems gave, as expected, very poor results 
[7] and didn’t present in this paper. 

 

CONCLUSION 
 

Tables 1 and 2 shows the Pitzer and Bromley parameters 
for the electrolytes of LiCl, LiBr, LiCH3 COO, KCH3COO, 

NaCH3COO, KI, NH4 SCN, NaSCN and NaBr in methanol 
solutions at 25°C respectively. 

The Bromley model was found to correlate the 
experimental data with good accuracy.  

The application of both forms of the Pitzer model has 
been shown to correlate the experimental osmotic coefficient 
data with very good accuracy, especially using the Pitzer 
model with the β(2) term. Data analysis shows that the values 
of b=3.2Kg1/2· mol-1/2, α (1)=2.0Kg1/2· mol-1/2 and α(2)=1.4Kg1/2· mol-1/2, 
based on the optimum representation of the Lithium 
salts+methanol systems, also give the better overall results 
for other salts in methanol systems. For some of the 
electrolytes studied in this work, relatively large negative 
numbers were found for β(2),  which may indicate significant 
ion-pairing of these electrolytes in methanol. 
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ABOUT THE THEORY OF THE NON-HEISENBERG MAGNETS 

 
A.M. SULEIMANOV, M.B. HUSEINOV 

The Institute of Physics, National Azerbaijan Academy of Sciences, 
H.Javid ave. 33, Baku 

 
The non-Heisenberg crystal has been investigated when the atom states multiplicity is taken into account. The additional branches in the 

spectrum of spin excitations have been obtained. The curves of the frequency dependence on the wave vector and the external magnetic field 
have been constructed.  

 
In non-Heisenberg magnetics the terms of the higher 

order have been taken into consideration side in addition to 
the bilinear exchange [1,2].  

 In these works it is usually assumed, that the exchange 
parameters of the higher order are much smaller than 
parameters of the bilinear exchange.  

In the present work the case, when parameters of bilinear 
and biquadratic exchange are equal has been investigated. 

It is known, that the atom with the spin S has 2S+1 
energy states (the atom states multiplicity). The method of 
standard basic operators (SBO) [3], which allows to consider 
the atom states multiplicity has been chosen for the 
mathematical apparatus. 

For the spin S=1 case, which we have considered, the 
spin operators are expressed through SBO by the following 
way: 

)LL(2S i
23

i
12i +=+  

)LL(2S i
32

i
21i +=−  

                             )LLS i
33

i
11

z
i +=                                   (1) 

iLαβ are SBO, characterizing the spin transition between 

α and β states in the  site i. 
The Hamiltonian for the case under consideration has a 

form:  
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where J and B are  parameters of bilinear and biquadratic 
exchange,  respectively, V is the single-ion anisotropy; 

h=gµBH; H is an external magnetic field,  g is the Lande 
factor; µB is the Bohr magneton . If we assume that J=B, then  
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From  (1), (3) and the equation of motion: 
 

                        [ ]H,L
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i j
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we will calculate for spin excitation frequencies : 
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Dαβ=Dα-Dβ, Dα is the occupation probability of the level 
α. 

Frequencies ω1 and ω2 correspond to the excitations with 

the change of Sz by )1S(1 z =∆  and frequency ω3    

corresponds to the excitation with the change of Sz by 

)2S(2 z =∆ . 

The energy gap ( k=0,h=0) looks as : 
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For the simple cubic crystal the frequency dependence 

on the wave vector k
r

 reads: 
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Schemes of frequencies dependence on k
r

 in the 
isotropic case (V=0) are presented on fig.1. 
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Fig.1.   Dependence ω(k) on the wave vector k for the  
            isotropic crystal. 
 
In the case of k=0  the frequencies dependence on the 

external field is presented on fig.2. 

 
 
 
Fig.2. Field dependence of frequencies for the case  
          k=0 (h1=V). 
         . 
As it is seen from the figure when h=V, ω1=ω3,ω2=0. It 

means that levels with Sz=0 and Sz=-1 coincide when h=V, 
and therefore ω2 =0, ω1=ω3. 

Let us note that ω1 corresponds to the transition between  
 
 

states Sz=0 and Sz=1, ω2 – between Sz =0 and Sz = -1, and ω3- 
between Sz =1 and Sz=-1. 

We have for the probability of levels filling: 
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function of Bose-Einstein distribution. 
In the region of low temperatures parameters of dipole 

and quadrupole ordering 
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In this temperature area τ and Z depend on the 
temperature according to the law T3/2. At high temperatures: 
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where 
3

)0(J4
c =θ  is the Curie temperature,

)0(J

T
=θ . 
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INFLUENCE OF TEMPERATURE-TEMPORARY CONDITION OF CRYSTALLIZATION 

AND DISCHARGE PROCESSING ON SPECTRA OF PHOTOLUMINESCENCE OF 
COMPOSITIONS ON THE BASIS OF POLYMER – SEMICONDUCTOR 

 
A.A. ISMAYILOV, M.A. RAMAZANOV  

Institute of  Physics of National Academy of Sciences of Azerbaijan  
370143, H. Javid Av. 33 a, Baku, Azerbaijan 

 
The influence  of temperature-temporary condition of crystallization of polymer matrix and discharge processing on the spectra of 

photoluminescence of compositions on the basis of 70% PVDF + 30% CdS and 70% PEHD + 30% CdS at the range of wavelengths 
λ=350÷650 nm is investigated. The assumption is stated that the technology of reception and discharge processing of composition influences 
on interaction between phases, on structure of interphase layer and on charging condition of the composition.   
 

The change photoelectric and electrophysical properties 
of polymer compositions on the basis of polymer – semicon-
ductor can occur not only at the expense of variation of these 
properties of sep arate components, and also at the expense of 
change of interaction between phases of a polymer matrix 
and particles of semiconductor [1-3]. The interaction between 
phases besides their nature also depends on other factors, for 
example, on technology of composition preparation, on 
influence of external factors on them. One of the ways of 
change of interphase interactions in polymer compositions is 
their preparation at various temperature-temporary conditions 
of crystallization and discharge processing.  

 
Fig.1. Spectra of photoluminescence of compositions 70% PVDF+   

   +30% CdS at T=293K 1. pure CdS; 2. 70% PVDF+30% CdS     
    by FC; 3. 70% PVDF + 30% CdS by SC 
 

In the given work the results of research of influence of 
temperature-temporary conditions of crystallization of polymer 
matrixes and discharge processing on  photoluminescence of 
compositions on the basis of Polyvinylidenfluoride (PVDF), 
Polyethylene of high density (PEHD) and photosensitive 
semiconductor as filler of the cadmium sulphide  (CdS) at the 
range of wavelengths λ=350÷650 nm are presented.  
The photoluminescent polymer compositions were prepared 
by the method of hot pressing at the melting temperature of 
polymer matrix under pressure 15 Ì Pà during 15 min., at the 
condition of "fast cooling" (FC) with rate 1000°C/min, and at 
the condition of "slow cooling" (SC) with the rate 15°C/min. 
Semiconductors with sizes of particles 50<d<63 microns 
were used. Mechanical and electrical durability, and also 
dielectric characteristics of investigated compositions were 
determined at the temperature 293 K, and last were measured 
at the frequency 1 êHz. The compositions were processed in 
a gas inclusion under action of an electrical field at intensity 
of spark-over of the gas inclusion  In the fig. 1 the spectra of 
photoluminescence are given of compositions on the basis of 
0% PVDF+30% CdS prepared at the condition of FC and SC 
and pure CdS. It is seen that unlike CdS, for the composition 
PVDF+CdS, prepared by the FC, besides of the basic 
maximum, two additional maxima are observed. Intensity of 
these maxima changes depending on the condition of 
preparation of compositions.  
 

 
 

Fig.2. Spectra of photoluminescence of composites at T=293K a) 70% PVDF+30% CdS; 1. pure CdS; 2. before discharge processing;    
           3. after discharge processing; b) 70% PEHD + 30% CdS 1. pure CdS; 2. before discharge processing; 3. after discharge processing 
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In the fig. 2 the spectra of photoluminescence are given 
for compositions on the basis of 70% PVDF+30% CdS and 
70% PEHD+30% CdS before discharge processing. It is 
experimentally established, that the discharge processing of 
compositions with various polymer matrix of strongly 
changes the spectra of photoluminescence, and the change of 
spectra for a composition 70% PVDF+30% CdS is more, 
than for 70% PEHD+30% CdS.  Besides of the above-
mentioned maxima, also a few additional small fine maxima 
appear. 

 
Fig.3. Temporary dependence (lg τ) of mechanical durability for  
          the composition 70% PVDF+30% CdS received by FC  
          and SC at T=293K. 1. mechanical durability by  FC; 2.  
          mechanical durability by  SC 
 

Fig. 3 presents changes of temporary dependence lgτ of 
mechanical durability of the composition 70% PVDF+30% 
CdS prepared by method of FC and SC. It is seen, from fig. 3, 
that such dependence is more for composition prepared by 
FC, than by SC. The greater value of lg τ of samples of FC 
compositions in comparison with a sample preparing by SC is 
explained by formation of more ordered super molecular 
structure of the polymer layer between particles of sulphide 
cadmium and by improvement of polymer cover of particles 
CdS in case of composition FC. In fig. 4 the dependence of 
dielectric constant ε , dielectrical loss-angle tg δ and specific 
volumetric resistance ρv  for composition of  

70%PVDF+30 %CdS are shown at Ò=293 Ê depending on  
volume contents received by method of FC and SC. It is seen, 
from fig.4, that with increase of the CdS concentration, the 
values ε, tg δ, lg τ, and ρv vary depending on a  temperature-
temporary condition of crystallization. 

 
Fig.4. Dependence of dielectric constant ε, dielectrical loss-  
           angle tg δ and specific volumetric resistance ρν   
           compositions of  70% PVDF+30% CdS, at Ò=293Ê. 1. ε   
           received by FC;  2. tg δ  received by FC;  3. ρv  received  
           by FC;   1. ε  received by SC;  2. tg δ  received by SC;   
           3. ρv  received by SC. 
 

Thus according to above-mentioned experimental data the 
technology of preparation and discharge processing of 
composition (polymer–semiconductor) strongly influence 
upon the spectra of photoluminescence of compositions. 
Observable features in spectra of photoluminescence and 
values ε, tg δ, lg τ, and ρv also are connected with change of 
supermolecular structure of polymers and the charging 
condition. It is caused by change of the  degree of interaction 
of polymer with cadmium sulphide i.e. the process of 
combination of  polymer with filler and excitation of  new 
luminescent centres in single crystal CdS which strongly 
depend on interface interaction between  components of  
composition.
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At the temperature 77 K the photovoltaic current of the short-circuit is observed in monocrystals CuGaSe2 in the region of wavelengths 

(400-1200). At the increase of the light intensity from1 to 6.7 lux the negative peak reduces in the dependence Js.c ∼f(λ) and changes the sign. 
At further rise of the light intensity the spectrum form has the initial view. Depths of the impurity levels disposition (0.4 eV and 0.6 eV) were 
valued. 

 

Triple semiconductors of ÀI BIII C VI
2 type are perspective 

materials for the creation on their base of high-effective 
transformers of the solar energy, photoreceivers of the high 
efficiency. The interest to the compound CuGaSe2 is caused 
by the perspective of its use as the nonlinear transformers. 
The stimulated radiation is observed in CuGaSe2 [1]. 

Results of the research of the short-circuit current 
dependence on the wave length in monocrystals CuGaSe2  
with the purpose of the opportunities clarification of its use as 
photocells of the high efficiency are shown in the present 
paper. Monocrystals CuGaSe2 are crystallized in the 

chalcopyrite structure (the spatial group D 12
d2 ). 

The compound CuGaSe2 was obtained by the melting of 
initial components, taken in the stechiometric ratio. 

The synthesis of the semicrystalline product was carried 
out in evacuated quartz ampoules up to 10-4 mm. m.c. 

 Monocrystals were grown by the method of the chemical 
transport reactions. The crystalline iodine was used as a 
conveyer. Lattice parameters (à=5.607, ñ=10.99, ñ/à=1.960) 
were determined in the consequence of the roentgenography 
research. Obtained monocrystals had the specific resistance 
ρ=102÷107 Ohm⋅cm and ρ-type conductivity. 

Contacts from Jn and Jn-Ga eut ectics were applied on 
samples for the measurement of the short-circuit current from 
the wavelength. Samples were illuminated by the 
monochromator SPM -2. 

Samples were connected to the device B7-30 at 
measurements of the short-circuit current. Measurements 
were carried out at the temperature of the liquid nitrogen on 
samples with the specific resistance from ρ=102 Ohm ñm. to 
107 Ohm ñm.Samples may be divided into 2 groups. In the 
first group of samples (low-resistance), the sign inversion of 
the short -circuit current is observed in the dependence of the 
short-circuit current on the wavelength Js.c ∼f(λ). In the 
second group of samples (high-resistance), the sign inversion 
of the short-circuit current is not observed. 

The typical spectral dependence of the short-circuit 
current on the wavelength for low-resistance samples is 
presented on fig.1. It is seen on figure, that the dependence of 
the short-circuit current on the wave lenght has a complicated 
nature. In the range of wavelengths λ=625-825 nm the short-
circuit current changes the polarity. In the range of 
wavelengths 500÷900 nm the diffusion photo e.m.f. exceeds 
the surface-barrier photo e.m.f. [2]. 

At first, at illumination the photodiffusion flow is directed 
from the illuminated side to back rear side and the positive 
peak Js.c>0 is observed. 

At the increase of the ligth intensity the reduction of the 
positive peak rise and inversion Js.c<0 are observed. The 
latter fact is in agreement with results [2,3]. At the increase of 

the light intensity from 1 to 6.7 lux the growth of the negative 
peak reduces and changes the sign. At further increase of the 
ligth intensity the value of the short-circuit current Js.c does 
not depend on the wavelenght (fig.2). 

 

 
Fig 1. The inversion of the short-circuit current spectrum of  
           monocrystals CuGaSe2 after the irradiation by the light. 
 

 
Fig.2.The dependence of the short-circuit current at the light  
          intensity from 0,1 to 6,7 lux in the region of the  
          fundamental absorption edge. 
 
The negative peak is observed in the region of the 

fundamental absorption edge and has the fine structure A 
(720.7 nm) and B (736.7 nm) -fig.1. The mechanism of the 
PVE creation may be described by two methods: 

I – By the charges division because of electrons and holes 
diffusion at the presence of the concentration gradient, 

II – By the charges division because of spatial 
heterogeneities in samples [4]. 



PHOTOVOLTAIC EFFECT IN MONOCRYSTALS CuGaSe2 

 19 

 
Fig.3. The spectral dependence of the short-circuit current  
           photovoltage in monocrystals CuGaSe2 after the  
           preliminary irradiation by the laser (λ=0,63 mkm) 
 
In low-resistance samples CuGaSe2 (partially 

compensated crystals) Fermi level is placed between the 
valent band and acceptor level, the semiconductor reveals the 
p-type conductivity with the acceptor concentration NA-ND. 
At the increase of the light intensity in consequence of the 

free holes capture the compensation of the initial conductivity 
occurs on levels of radiation donors. Fermi level shifts in the 
direction of the forbidden band middle, the sample resistance 
increases (the conductivity reduces). This process is 
profitable in the energy respect, especially for wide-band 
semiconductors, as, for example, monocrystals CuGaSe2. 

The peak A (720.7 nm), observed in spectra, has the 
exciton nature [4,5]-fig.1. Obviously, the independence of the 
short-circuit current on the wavelength in the range 600-900 
nm   is connected with the compensation of acceptor levels 
by donor levels and the appearance of impurity bands. At 
further increase of the impurity centers concentration (at the 
expense of the compensation) the impurity band expands and 
mixes with the valent band, that is why the short-circuit 
current reduces (fig.2). 

The PVE saturation is observed at the irradiation by the 
laser light (fig.3). The influence of the preliminary exposure 
time by the laser light on the PVE spectrum was investigated. 
Depths of the two levels disposition (0.4 eV and 0.6 eV) were 
valued from the part of the PVE spectrum saturation.
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An expression defining energy of electron in superlattice with thin conducting layers in magnetic field is solved. The magnetic field is in 

layers plane. A potential of the superlattice is defined as δ-functions. Influence of weak magnetic field on minizone spectrum is investigated. 
It was shown that the influence of magnetic field leads to slight shift of minizones. 

 
Many theoretical and experimental investigations of 

electron spectrum of heterostructures, in which a magnetic 
field was directed along semiconductor layers containing 
two-dimensional electron gas, have been fulfilled. For 
example, a spectrum of quantum wells systems in magnetic 
field was investigated theoretically in works [1,2]. An 
electron mass, connected with movement along the axes of 
GaAs-AlxGa1-xAs superlattice, was experimentally investigated 
in work [3] using the cyclotron resonance method. 

The modern technology allows to make superlattices with 
thickness of layers of a few or even of one inter-atomic 
distance. In this case one can use the model of potential of 
superlattice being chosen as δ-functions. 

The aim of the present paper is to investigate influence of 
magnetic field directed along the layers of superlattice, on the 
electron minizone spectrum within the framework of the δ-
potential model. 

The axes of the superlattice is chosen along x-axes. The 
magnetic field in layers plane is chosen along y-axes. The 
vector potential is chosen as follows A=(0, 0,-Bx). In the 
approximation of effective mass the Schrodinger equation is 
the following: 
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where u(x)=(h2Ω/m)⋅δ(x-n⋅d), d is the period of the 
superlattice, Ω is potential   power, n= 0, ±1, ±2,… is the 
number of a dielectric layer. 

The wave function may be written in the following form: 
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Substituting (2) into equation (1) we obtain the following 
equation: 
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             (3) 
where  l={ch/eB)1/2   is the magnetic length, x=l2kz is the 
center of electron orbit in the magnetic field. 

We shall make the following replacement of variable: 
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As a result the equation (2) will obtain the following 
form: 
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form: 
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where p=ε- ½. 
It is well known equation for the parabolic cylinder 

function and it has t he following common solution: 
 

                      Φn=AnD p(ξ)+BnD(-ξ),                            (7) 
 

where Dp is the parabolic cylinder function, n is the number 
of conducting layer which is defined by the following 
inequalities: 
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)1n(d2
1
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The border conditions for the functions Φn are defined by 
the system of the following equations: 

 

                 Φn(ξn+0) = Φn-1(ξn-0)                             (9)  
 
              Φ′

n(ξn+0) = Φ′
n-1(ξn-0) +λΦn-1(ξn) 

                                                                                                    

where ηξξ nn +−=  , λ=21/2Ωl, η=21/2d/l. 

In x-axes  ξn corresponds to coordinates of the dielectric 
layers x=nd. 

 Subscript n at the function Φn(ξ) is defined by the 
inequalities (8), and corresponds to the conducting layer  
nd≤x≤(n+1)d. 

We have from the Bloch theorem: 
 

                   Φ0(ξ)=A0Dp(ξ)+B0Dp(-ξ)                  (10) 
 

Φ1(ξ) = dxik
e [A0Dp(ξ-η) + B0Dp(-ξ+η)                         
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Substituting (10) into the border conditions (9) one can 
obtain an equation for the electron spectrum taking into 
account that 

Dp(x) Dp
′(-x) - Dp(-x) Dp

′(x) = 2π/Γ ,   where Γ is gamma 
function                                                                            
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where D=(2π)1/2/Γ(-p). 
Let us consider a weak magnetic field so that d<<1.  
Having chosen the center of the electron’s orbit x  inside 

the area (0,d) we shall obtain:  
 

                                1,1 <<ξξ .                                (12) 

 
The parabolic cylinder function we can represent in the 

form of the following combination of degenerated 
hypergeometric functions: 
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where the hypergeometric function is represented by the 
following row: 
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Taking into account (12), representing p=ε-1/2 and 
assuming that ξ1 ε1/2, ξ ε1/2 ≅ 1 while calculating the 

expression for the spectrum we shall keep all members 
proportional to the quantities  (ξ1 ε1/2)k, (ξ ε1/2)k,  where k=1, 
2, 3,… 

After a long calculation we shall obtain: 
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where K, L and M unwieldy expressions of the order of unit. 

We shall define χ=(2m)1/2 (E-h2k2
y/2m)1/2/h and take into 

account that ε1/2η=χd, λ/2ε1/2=Ω/χ. By neglect of the 

members 4
1ξ  and 

4ξ  in the expression (14) at the limit B→0, 

we obtain the standard expression of the electron spectrum in 
the Dirac comb: 

 
coskxd = cosχd + (Ω/χ)sinχd     (15) 
 
Assuming that the electron spectrum doesn’t depend on 

the position of the center of electron’s orbit within the layer 
(0, d), in order to estimate influence of the weak magnetic 
field on the spectrum, we can assume that   ξ  =0. 

The equation (14) will be reduced to the form: 
 

 coskxd=cosχd+(Ω/χ)sinχd+[K(χd)+(Ω/χ)M(χd)] η4,                                                                                       
                                                                                            (16) 

                                                                                     
where K(χd) = Κ(ε1/2ξ, ε1/2ξ1), M(χd)] = M(ε1/2ξ1, ε1/2ξ) by 
ξ =0. 

We shall search a solution of the equation (16) in the 

following form χχχ += 0 , where 0χχ << . χ0 is the 

solution of (15) by k x=0 
 
               tgx = Ωd/2x,    x = χ0d/2 .                  (17) 

                                                     _ _  
Keeping the member   χα  , it is easy to obtain: 
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where the width of minizone is 
 

( )[ ]dctg/d/1dsinmd

h

00
2
00

0
2

χχΩχΩχ
χ

∆
−+

= . 

 
So, the influence of weak magnetic field  leadscomes to 

the slight shift of minizones of the order of 
 

                   4∆(Ω/χ0) (d/l)4. 
 
Let us make estimation of the following quantities: χ0d, 

∆, m2/h 2
0

2χ . 

We shall consider the superlattice GaAs – Alx Ga1-x As 
with x=0.3, d= 200Å  and the width of barrier a = 50Å .  For 
such parameters the distance between conduction zones of 
GaAs and Alx Ga1-x As  is  ∆Ec=100meV   [4]. One can 
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estimate  the power of potential from the following 
expression: h2Ω/m = ∆Eca0 

So, one can define the quantity   χ0d=2.5 from the 
equation (17) for the first minizone. According to this value 
we shall obtain position of the lowest minizone 

m2/h 2
0

2χ =13.8meV. The width of the minizone is 

∆=3meV. 

Using these quantities one can estimate that the lowest 
minizone’s shift is 

 

                        36(d/l)4meV   .                              (19) 
 

Though, the expression (19) has been obtained at d<<l , 
one can suppose that at d≤l the minizone’s shift may be of the 
order of minizone’s width. 
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The magnesium phthalocyanine MgPc, as well as other phthalocyanine compounds, has rather valuable physical-mechanical properties 
and thin film structures on its base can make a severe competition to well-known inorganic materials at application in the microtransducers. 
The conducted examination has demonstrated, that on the electronic processes in MgPc at alternating electric field the considerable effect 
can be rendered by the conditions on the contacts. In the present paper we show, that depending on a degree of doping by oxygen and the  
concentration of the traps in MgPc it is possible to obtain the essentially distinguished characteristics for metal - MgPc - metal structures.  

 
The layer structures on the basis of the organic 

semiconductor MgPc have been obtained by a thermal 
evaporation in a vacuum ≈10-6 Torr of the MgPc layer and 
second Al electrode onto the quartz substrate with the 
previously applied transparent  SnO2 electrode. The thickness 
of the amorphous MgPc layer was 0,2-2,0 µm, an operating 
area of the structures was equal to 0,1-1,0 sm2. Doping by 
oxygen was conducted by the exposure of the MgPc film in 
the oxygen atmosphere at the temperature 390-420 K. All 
measurements  were conducted in a vacuum ≈10-5  Torr. 

The examination of the dependence of the SnO2/MgPc/Al 
structures capacity on the temperature and bias voltage 
evidenced for the presence of the depleted by holes high-
resistive layer on the Al/Mg Pcinterface [1]. At low 
temperatures capacity of the structure is constant. With 
increasing  of the temperature it grows and reaches the upper 

limiting value nÑ , depending on a degree of the processing 

MgPc in the oxygen atmosphere (Fig.1). The values of the 

nÑ  for the samples with different oxygen exposure differ 

strongly. It must be noted, that the effect of such processing 
on the photoelectric properties of the Al/MgPc/Ag structure 
was described earlier in [2]. It is easy to explain apparent 
growth of capacity, if one supposes, that the Al-MgPc 
interface is characterized by the capacity Csch of the depleted 

by the charge carrier's layer, shunted by the resistance Rsch. If 
one accepts, that for the considered alternating-current range  
(ω=2πf) a relation Rsch >>(ωCsch)

-1 is valid, so the capacity of 
the  Al/MgPc/Ag "sandwich" can be calculated by the 
equation [3, 4]: 

 
Fig.1. The capacitance versus temperature curves for  
           SnO2/MgPc/Al  structures, proceeded in high vacuum (1)  
           and oxygen atmosphere (2).
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where  CMgPc and RMgPc are the capacity and the shunting 
resistance of  the MgPc layer, respectively.  

At low temperatures RMgPc≈R0exp(Et/KT)  (where Et is a 
depth of the oxygen levels equal to 0,62 eV [5, 6]) is big 
enough, and the capacity of the Al/MgPc/Ag "sandwich" is 
determined by the capacity of series -connected capacitors 
(Fig.1, T<240K), 

 

                       ( ) 11
MgPc

1
sch CCC

−−− +≈                            (2) 
 

and for not too thin MgPc layers, that is for a case when 
CMgPc<<Csch, it is determined by the capacity of the MgPc 
layer, i.e. C=CMgPc (see fig. 1, T<240K). At high 
temperatures, when RMgPc becomes small,  

( )[ ]1RÑÑÑ 2
MgPcMgPcsch

2
MgPc

2 <<+ω , the formula (1) is 

reduced to:         
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2
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At sufficiently high temperatures ( )1RÑ 2
MgPcMgPc

2 <<ω , 
    

                      C=C sch  .                                (4) 
 

Using this limiting value of the capacity for a known 
thickness of the MgPc layer, it is possible to find the width of 
a depletion layer λs from the expression:  

 

                              1
sch0s CS −= εελ                              (5) 

 

Calculated by this manner a Schottky  barrier width (for 
MgPc ε=3)  has  appeared to be equal 115Å  for a sample, 
proceeded in the oxygen atmosphere, and 900Å for one, 
proceeded in the high vacuum.  

Knowing λ it is possible to determine the density of the 
trap centers  Nt from the equation:  
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               ( ) s0isch
6

t /10N λεεϕϕ −= ,                    (6) 

where ϕsch and ϕI  are the work function, for a contact 
material and MgPc layer accordingly. Determined  by such 
manner the trap centers density has appeared  to be equal 
3.8⋅1016 and 2.5⋅1018cm-3, accordingly, for the samples, 
proceeded in the high vacuum and in the oxygen atmosphere. 
 

 
 

Fig.2. The capacitance versus bias voltage curves for  
           SnO2/MgPc/Al  structures, proceeded in high vacuum. 

 
Fig.3. The capacitance versus bias voltage curves for  

                  SnO2/MgPc/Al  structures, proceeded in oxygen  
                  atmosphere. 
 

The experimentally observed strong dependence of the 
capacity of the asymmetrical Al/MgPc/Ag " sandwich " on 
the bias voltage (Fig.2 and 3) testifies, that only up to some 
small value of an electric field, applied to the "sandwich", the 
basic mechanism of an electrical conductivity is the tunneling 
of the equilibrium charge carriers through a Richardson-
Schottky barrier. Last circumstance determines a strong 
dependence of this field value on temperature (Fig.2). 
Beginning from this value of an electric field, at further 
increase of the bias voltage in the "locking" direction 
(negative potential is applied on Al electrode) of the 
Al/MgPc/Ag  "sandwich", starts to prevail the charge carrier 
transfer through the MgPc bulk, which initially is determined 
by a linear growth of the transport rate of the equilibrium 
charge carriers through the MgPc layer (Fig. 2), and then by 

the velocity of the thermal-field generation of the non-
equilibrium charge carriers (Poole-Frenkel effect section). 
The growth of the thickness of the depleted by the charge 
carriers layer under growth of the  bias  voltage  (Ub>1V) is 
accompanied by decrease of the  equilibrium capacitance of 
the Al-MgPc junction at the "locked" state of the 
Al/MgPc/Ag  "sandwich". It is described by the relation: 

 

                          bias
2

sch UC =−                                         (7) 

 
and the slope of this linear sketch (see Fig.2 and 3) is 
determined, in particular, by the density of the ionized trap 
centers of the non-equilibrium charge carriers [5]: 
 

                        ( ) ( ) 1

t
2
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2
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U
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∂
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Determined by this manner the trap centers density 

Nt=3.7⋅1016sm-3 for a sample, proceeded in a high vacuum 
and Nt=2⋅1018sm-3 for a sample, proceeded in the oxygen, 
atmosphere are in a good agreement with the values, 
determined in [3].         

The properties of a Schottky barrier manifest themselves 
self also in the photocurrent -versus-light intensity 
characteristics of the structure. In the Fig.4 the voltage-
capacitance characteristics of the SnO2/MgPc/Al structure 
has been shown. Under illumination, a separation of the non-
equilibrium charge carriers on a surface barrier between Al 
and MgPc takes place in the MgPc, doped by the oxygen. A 
resistance of the barrier layer at high L, even at room 
temperature, decreases so that capacity of the barrier layer at 
small bias voltages decreases sharply (Fig. 4, curve 1). 

 
Fig.4. The barrier capacitance versus bias voltage curves for  

                  SnO2/MgPc/Al  structures, proceeded in oxygen  
                  Atmosphere, at T=298K and L=3⋅104Lx light intensity  
                  (f=104Hz). 

 
The intersection point of an extrapolated linear section of 

the Ñ-2 ∝ Ubias  dependence, under the constant illumination 
L=3⋅104 Lx with the voltage (Fig. 4, curve 2) gives the value 
of the diffusion potential Ud=0.4V. Using this value of Ud  
and taking into consideration a Schottky  decreasing of the 
barrier [7], equal to 0.12 eV on the Al/MgPc interface, we 
obtain the width of the Schottky barrier Ô=0.52 eV, that is in 
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a good agreement with the results, observed on a direct 
current.  

 

 
 
Fig.5. The barrier capacitance versus alternating current  
           frequency curves in dark (1.3) and under steady-state   
           illumination  L=3⋅104Lx for SnO2/MgPc/Al  structures,  
           proceeded in high vacuum (1,2) and oxygen  
           atmosphere(3,4).  
 
A frequency dependences of the capacity of the 

SnO2/MgPc/Al “sandwich” at room temperature are given in  

a fig. 5. The dark capacity for undoped by the oxygen 
"sandwich" is high enough and does not depend on the 
frequency. At the same time, under illumination capacity of 
the structure considerably increases (Fig. 5, curve 2) at low 
frequency region, because of the effect of the surface electron 
defects on depleted by the charge carriers layer. With growth 
of the frequency the light increment of capacity decreases 
sharply. After the doping of the MgPc layer in the oxygen 
atmosphere, capacity of the structure sharply grows and has 
irreversible character (Fig. 5, curve 3). Under illumination the 
capacity of the MgPc layer, doped by the oxygen, exhibits a 

strong changes, promptly decreasing with the frequency  
growth. The apparent behavior of the capacity is completely 
correlated with the results of the analysis of the equation (1), 
from which it follows, that at high light intensities in the low 
frequency region the capacity of the sample should be equal 
C≈Cs. It is seen from the Fig. 5 (the curve 4), that this 
limiting value of the capacity is reached at the light intensity 
L=104 Lx.  

The obtained results allow to conclude, that on the basis 
of the magnesium phthalocyanine films it is possible to 
produce thin-film photoelectric cells with high enough light 
sensitivity. In contrast to earlier what described earlier, the 
photoelectric cells offered by us have more stable 
characteristics.
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THERMODYNAMICS OF SEMICONDUCTIVE FILM WITH A PARABOLIC POTENTIAL IN 
A STRONG MAGNETIC FIELD 

 
F.M. GASHIMZADE, A.M. BABAEV, KH. A.GASANOV 
Institute of Physics Azerbaijan National Academy of Sciences 

H.Javid av, 33, Baku, 370143 
 

The expressions for the density of states, magnetic susceptibility, entropy, heat capacity and also for the transverse magnetothermopower 
of electron gas in a quantum well have been obtained for the cases of nondegenerate statistics and strong degeneracy. It is demonstrated that 
in the case of strong degeneracy, quantum levels lying below the Fermi level intersect the Fermi level with an increase of the magnetic field, 
which leads to jumpwise oscillations of theirs magnitude. 

 
INTRODUCTION 
 
In the past decade, numerous experimental and theoretical 

investigations have been focused on the variety of 
thermodynamic and galvanomagnetic properties of 
semiconductor dots, films and the wires [1-5]. In [1] a linear-
response theory was developed for the thermopower of a 
quantum dot of small capacitance and in the quantum regime 
of resonant tunneling and at a constant number of electrons 
on the quantum dot and the oscillations were predicted. 

Thermoelectric properties of nanowires in the magnetic 
field were investigated in [2], where the magnetic splitting of 
thermopower peaks was predicted and a scheme for 
measuring of thermopower in a circuit containing a nanowire 
and leads made from the same material was described. 
Thermopower peaks are due to the magnetic field on-and-off 
switching of the energy levels. 

The thermoelectric power and longitudinal magneto-
Seebeck coefficient of 200 nm diameter single-crystal 
bismuth nanowire were measured in [3]. It was theoretically 
calculated that bismuth nanowires should have a high 
thermoelectric figure of merit over bulk Bi, when the 
diameter become less than 10 nm. The thermopower and 
conductance of atomic-size metallic contacts have been 
studied in [4]. For contacts of atomic dimensions, abrupt 
steps in the thermopower which coincide with jumps in the 
conductance were observed. 

The electronic conductance in nanowires modeled by 
soft- and hard-wall confining potentials under the influence 
of a magnetic field and in the linear and nonlinear rate was 
investigated in [5]. The behavior of the conductance 
demonstrates a ``magnetic switch'' (on and off) effect of the 
quantum electronic transport in nanowires. 

It is assumed that a similar behavior should also be 
observed for thermodynamical parameters of electrons in the 
quantum well under the conditions of strong degeneracy. 
This assumption stems from the fact that under these 
conditions, the dependence of thermodynamical parameters 
simply reproduces the behavior of the density states at the 
Fermi level [6]. 

In the present work the density of states, magnetic 
susceptibility, entropy, electron heat capacity and 
magnetothermopower of electrons in a parabolic quantum 
well are calculated. 

At first, the expression for the electron spectrum and the 
density of states will be given, and then the thermodynamical 
parameters for the case of nondegenerate statistics and for 
strong degenerate one will be calculated. 

 
ELECTRON SPECTRUM IN A PARABOLIC 

QUANTUM WELL IN A LONGITUDINAL 
MAGNETIC FIELD 

 
For standard electron dispersion law, the sought spectrum 

can be represented in the following form [7-10]. 
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Here, the Landau gauge is chosen for the vector-potential 
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The coordinate wave function which corresponds to the 

energy eigenvalue (1), has the form [8,10] 
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( )xHN - is the Hermite polynomial [11]. 

The density of states is  defined by the expression: 
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Then, by moving from the summation over k z and k y  to 
the integration and using the expression (6), we obtain 
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where Lx  is the well width and Ô(x) is the Heaviside function. 

 
NONDEGENERATE STATISTICS 
   
It is known that the thermodynamical Gibbs potential is 

determined by the formula 
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For the nondegenerate statistics, 
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n is the electron concentration (in our case it is two 
dimensional concentration), and 
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erf(t) is the probability integral [11], k0 is the Boltzmann 
constant. 
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From the Obraztsov’s formula for the transverse 
thermopower [13] follows that, 
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In our calculations for GaAs, we used the data from [10] 
given for the parabolic well with width Lx=4000Å, and the 

height �1=150meV, and electron mass m=0,067m0 in order to 
obtain the estimate ω0=4,437⋅1012s-1. Note that according to 
Fig.1 in [10], �1�(mω0

2/2)⋅(Lx/2)2 in a zero magnetic field. 
For InSb semiconductors we assumed that m=0,016m0, 

and Ñω0=7,5meV in accordance wit h [12]. In addition, we 
put n=2⋅1010cm-2, and 5⋅1010cm-2 for InSb and GaAs, 
respectively. The calculated dependences c(H)  and CV(H)  for 
InSb, (g=-51,2 , curve 1) and GaAs (g=-0,44, curve 2) at 
T=300 K  are shown in Fig.1 and Fig.2, respectively. 

 

                                 
 
Fig 1. The dependence of magnetic susceptibility on the 

reduced value of the magnetic field z=ωc (H)/ω0 for InSb (curve 1) 
and GaAs (curve 2) for the nondegenerate case. 

Fig2. The dependence of electron heat capacity on the 
reduced value of the magnetic field z=ωc (H)/ω0 for IbSb 

 
THE CASE OF STRONG DEGENERATION 
 
In the case of strong degeneracy, the magnetic 

susceptibility, heat capacity and thermopower change 
nonmonotonously having the oscillatory behavior [3,8]. 

In the formula given below, it is taken into account that 
the Fermi level is much lower than b⋅ (Lx/2)2 at the 
considered concentrations 
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where z=ωc/ω0, η =εF// 0ωh  Here, h the position of the Fermi level is determined from 
the expression for the concentration and depends weakly on 
the magnetic field: 
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As the magnetic field increases, the quantum levels 

located lower than the Fermi level intersect the Fermi level 
leading to the abrupt decrease in absolute value of 
thermopower, magnetic susceptibility and heat capacity. 
However, between the above abrupt decreases the density of 
states, the magnetic susceptibility, heat capacity and 
magnetothermopower increase proportionally to ω(H)  and 
thus, the oscillatory behavior χ(H) , CV(H)  and α(H)  are 
observed. 

The dependences χ(H) , CV(H)  for InSb n=1012cm-2 (curve 
1) and GaAs n=5⋅1011cm-2 (curve 2) at T=4,2K are shown in 
fig.3 and 4, respectively. The concentrations are higher than 
in the nondegenerate case since our aim was to observe 
several oscillations. 

In the case of InSb, the jumps are nonuniform due to a 
considerable influence of the quantum level spin splitting. 

Thus, in the present paper the magnetic susceptibility, 
heat capacity and nondissipative transverse 
magnetothermopower in a quantum well have been 
investigated. The expressions for the density of states, 
magnetic susceptibility, entropy, heat capacity and 
thermopower of electron gas have been obtained. It is shown 
that in the case of degeneration, the dependence of χ(H) , 
CV(H), α(H)  on the magnetic field has a nonmonotonous 
oscillatory behavior. 

 

 

                    
Fig 3 . The dependence of magnetic susceptibility on the reduced 

value of the magnetic field z=ωc (H)/ω0 for IbSb (curve 1) and GaAs 
(curve 2) for the degenerate case. 

Fig.4 . The dependence of electron heat capacity on the reduced 
value of the magnetic field z=ωc (H)/ω0 for IbSb (curve 1) and GaAs 
(curve 2) for the degenerate case. 
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The mathematical modeling of components distribution in crystals of solid solutions InSb-InAs at the zone recrystallization of the 
material was constructed, regarding changes of component segregation coefficient with the melt content. Concentration components profiles 
along ingots for various values of operation parameters (compound of the melted band) were calculated. Obtained results determine the 
optimal mode of InSb-InAs crystals growth with the fixed homogenous and variable contents. 

 
The significance of the study of semiconductive solid 

solutions of binary systems is determined by the control 
possibility of fundamental crystal parameters, determined 
optic-electron properties of the material by means of the 
components ration change. It is known, that the diamond-like 
system of solid solutions InSb-InAs refers to the rank (class) 
of perspective material both in scientific and applied aspects. 
Results of theoretical calculations of the components 
distribution in this system at crystals growth from the melt by 
Chohralskiy method were represented in paper [1]. 
Analogous problems were solved recently for the system Ge-
Si [2-4], results of which are in agreement with experimental 
data. The mathematical modeling of components distribution 
in quasi-binary system of solid solutions InSb-InAs at the 
zone recrystallization of the material was constructed in the 
present paper, regarding the complex nature of the change of 
component distribution coefficient with the melt compound. 
The purpose of the paper is determination of optimal 
operation parameters for InSb-InAs crystals preparation with 
fixed homogenous and variable compound.  

The problem was solved in the following approximation 
[2,5]: the evaporation and compound components resolution 
(decay) are absent in the melt, InSb and InAs diffusion rates 
are rather high in the melt and provide the compound 
uniformity on the overall volume, the components diffusion 
in the solid phases is negligibly low, the equilibrium between 
liquid and solid phases, determined by the state diagram of 
the quasi-binary system, exists in the crystallization front, the 
crystallization front is plane, the compound of the original 
polycrystalline ingot is macroscopic homogenous. 

Let us introduce following notations: 0
mV  and Vm are 

volumes of the melted zone at initial  and current moments: 
Cc, Ci, Cm are molecules concentrations of the second 
component (InAs) in the crystal, original ingot and melt, 

respectively, 0
mC  is concentrat ion of the second component 

in the melted and at the initial moment, C is the total number 
of InAs in the melt, Vc is melt volume crystallized in the time 
unit, Vi is InSb-InAs ingot volume melted in the time unit, 
K=C0/Cm is equilibrium segregation coefficient InAs, L, � 
and Z are lengths of original ingot, melted zone and 
recrystallized part of the ingot, respectively. 

According to the problem, conditions we consider, that 
the rate of the melt crystallization Vc does not depend on the 
time and then we receive in accepted above notations: 

                 ;
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m =      
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                        tVVVV icmm )(0 −−=                        (2) 

 
We consider, that till the final melted zone both Vc-Vi 

and Vc do not depend on time. In this case following 
relationships are right at the initial part of the ingot of the 
length L-�: 

 

      0
mm VV =  ,   im CC =0  and mcCVC =& 0

miCVK +    (3) 

 
Substituting (3) in (1) and dividing variables we receive 

after integration: 
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In limits of the latter melted 
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Substituting (5) in (1) after integration we receive: 
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here 
0
mfC is the start concentration of the second component 

in the latter melted zone. Marking the part of the super-

crystalline melt 0
mc VtV  by the symbol γ, we rewrite the 

equation (6) in the following form: 
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To calculate the integrals (4) and (7) we should   know  
the analytic dependence of the segregation coefficient K on 
the melt compound Cm. For the examined system InSb-InAs 
versus the compound, K changes in a complex way from 
∼20.5 to1 and does not yield to the mathematical description. 
The dependence diagram of K on Cm in the overall range of 
component concentration was constructed in paper [1] on the 
base of state diagram data of this system in conjugated solid 
and liquid phases. Applying these data, integrals in equation 
(4) and (7) may be calculated by the numerical (graphic) 
method [2,5]. 
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Fig.1. Calculated concentrations InAs alond crystals InSb-

InAs, grown by the method of the zone melting. The 

length of the melted zone �=L/10. The original 
compound of ingots is: 1 – C i=50; 2 – 40; 3 – 20;          
4 – 10 mole% InAs.. 

 
The components distribution in the ingot InSb-InAS, 

calculated from equations (4) and (7) by the numerical 
method, for four various values Ci is demonstrated on fig.1. 
In the calculation it was accepted, that �=L/10. As it is seen 
from fig. 1, at all cases the concentration InAs is maximal in 
the ingot origin and, then, reducing, reaches homogeneity 
with Cc=Ci, At the ingot end the second component 
concentration again begins to fall and reaches practically zero 
at Z=L. The length of the final part with the variable 
compound for all examined ingots compositions, is equal to 
the width of the melted zone �. The extent of the original part 
with the variable compound depends on the initial ingot 
composition. It is connected with the segregation coefficient 
change with the melted zone compound. The rate of the 
compound change along the crystallization direction on the 
final part of the melted zone falls with Ci reduction, since the 
length of this zone is fixed according to the problem 
condition. 

The control possibility of InAs concentration profile in 
the ingot by the change of the melted zone length is 
demonstrated on fig.1. As, for example, the distribution of 
InAs along the ingot InSb-InAs for four various values of � is 

illustrated on fig.2. The original compound of all ingots is 
identical and contains 40 mole %. 

 

 
Fig.2. Calculated concentrations InAs along crystals InSb-

InAs, grown by the method of the zone melting from 
the original compound InSb0.6InAs0.4. The length of the 
melted zone is: 1 – �=L/2; 2 – L/3; 3 – L/5; 4 – L/10.. 

 
The influence efficiency of operation parameters � on the 

components redistribution in the ingot InSb-InAs at the zone 
recrystallizat ion of the material is visually demonstrated on 
curves of fig.2. 

As it is seen, the length of the melted zone in wide 
(broad) limits determines the extent of crystals parts with 
variable and homogenous compounds. 

Family of curves of fig.1 and 2 shows the possibility of 
mathematical modeling for operation parameters 
determination and optimal technological conditions for InSb-
InAs crystals growth with the fixed homogenous or variable 
compounds. 

The following conclusion may be done on the base of 
aforesaid data and results. 

The mathematical modeling of component distribution in 
solid solutions InSb-InAs, at the zone recrystallization of the 
material, conducted, regarding the dependence of 
components segregation coefficient with the melt compound, 
allows to value optimal technological parameters, as the 
original compound of the ingot and length of the melted 
band, with the purpose of the crystals receipt with the fixed 
components distribution. 

 
[1] G.H. Azhdarov, E.S. Huseynov, M.A. Àkperov. Izvestiya 

ÀS of Azerabijan, ser.. physico-technical and  math. 
sciences, 2000, v.20, ¹5, p.11.   

[2] G.Kh. Azhdarov, T. Kuchukomeroglu, A. Varilci,          
M. Altunbash, A.I. Kobya, P.G. Azhdarov. J.Crystal 
Growth, 2001, v.226, p.437. 

[3] I. Yonenaga.  J. Crystal Growth, 2001, v.226, p.47. 
[4] P.G. Àjdarov, N.À. Àgayev. Non-organic materials, 1999, 

v.35, p.903. 
[5] V.Ì. Glazov, V.S. Zemskov. «Physico-chemical bases of 

semiconductors alloy », Moscow, «Science», p.371. 

 
 
Received: 18.03.02 



FØZØKA                                                        2002                                                  CØLD VIII  ¹ 2  

 
INFLUENCE OF ANTIOXIDANTS ON THERMAL PROPERTIES OF FIBROINS OF 

NATURAL POLYMER 
 

R.S. ISMAILOVA, N.A. EYUBOVA, S.G. ALIEVA 
Sector of radiation researches, NAS Azerbaijan, Baku, Azerbaijan 

 
Thermophysical properties of fibroins of natural polymer are investigated. It is established, that at injecting of antioxidants N- (3,5-di-

tret-butyl-4-hydroxyfenil) salicylaldimin into the structure of fibroins, by additional fertilizing of caterpillars by last-named, amorphous sites 
increase and thus the stability of silk to external influences raises, i.e. the stabilization occurs due to sewing action of antioxidant. 

 
Correlations between crystal and amorphous phases of 

fibroin of natural polymer, a degree of thermostability, 
temperatures of fusion, vitrifying and thermal destruction, we 
investigated by means of derivatographical analysis. 

Derivatogrammes were taken from derivatographe Q-
1000 of firms ÌÎÌ.  Hinge plate of samples was 50-70 mg, 
mg was 100, sensitivity channel DTA was 1/5, DTG was 
1/10, inert substance (oxide of aluminum) was fastened at 
1000î C within 10 hours. 

The natural polymer silk fibroin was used as object of 
research, received from caterpillars, both fed up by 
antioxidant, and without feeding. Since the IV age tested 
groups were fed up by antioxidant N- (3,5-di-tret-butyl-4-
hydroxyfenil) salicylaldimin, with the formula:      

       
    C(CH3)3                   H               H                   H 

  
 
  HO                           N=CH                                         H 

 
                       

    

    C(CH3)3                   H               H                   H    
 
In a fig. 1 fibroin dervetogramme of control and tested 

samples is given. According to the  figure, character of 
curves DTA, TG, DTG for tested and control  samples are 
similar. 

From curves of losses of weight TG we see, that in the 
region 70-100 î C there is a loss of weight about 20-30 % (on 
DTG effects at 90 100 î C), that is caused by secretion of 
adsorptive moisture [1,2]. 

 Endothermic effect on curve DTG (insert) in the region 
of 150-165î C is connected with melting of a crystal part of 
fibroin [3]. The areas of endothermic effects on curves DTG 
at 330-360 î C, caused by destruction of fibroin,as we see 
from the insert, considerably increase versus the contents of 
antioxidant.  

At the same time, according to the insert on DTA curve 
reduction of the area of endothermic effect is obviously seen 
at 165 î C, corresponding to melting of silk fibroin received 
with additional fertilizing of caterpillars by antioxidant. 
Ratios of areas of melting effect (vitrifying) of a crystal part 
of natural polymer between control and tested samples 
correspond to: Ê: Î = 4.4:3.2, i.e. the degree of crystalline of 
the tested sample slightly decreases (approximately on 14 %). 
Along with this, the growth of vitrifying temperature on 15 
î C is observed. Thus for the control samples Ts=150 î C, and 
for the tested samples Ts =165 î C. The presence of such 
changes in tested samples in comparison with control 
samples gives us the right to assert about increase in 
refractoriness of the crystal part of fibroin, received by 

additional fertilizing of caterpillars of silkworm by 
antioxidant. 

 

 
 
Fig.1. Derivatografical curves of fibroin: K are control, and O 

are tested samples 
 
According to the fig.1, the beginning of thermal 

destruction of fibroin of the crystal part of natural polymer in 
the tested sample corresponds to 320î C, and in the control 
samples to 300î C. However the loss rate of weight (DTG) in 
the control sample is in 1,9 times more, than in the tested 
sample that testifies on increase of a degree of refractoriness 
of tested samples. 

On the  basis of data of derivatigraphical researches of 
natural polymer fibroin it is possible to conclude, that 
antioxidant actively  includes in the molecular structure of 
fibroin, in consequence the degree of crystalline decreases, 
and this causes increase of a degree of fibroin amorphism. 

The following fact also is the confirmation of given 
conclusions: the antioxidant [4] has property to render the 
antiradical action, causing the delay of formation rate of free 
radicals in fibroin, and thus promotes to reduction of quantity 
of submicrocracks in a material. 

Thus, we can tell, that at injection of the antioxidant into 
the structure of natural polymer silk, most likely, chemical 
bonds, causing a branching of macromolecules of fibroin are 
formed in lateral chains. 

 O  O 
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For the first time the phase-formation in the system Ga0,5-xSnxIn1,5S3  was investigated in details by the method of the thermal, 
roentgenographic, microstructural analysis. Their monocrystals are obtained by the method of the direct crystallization. It was established, 
that they belong to the initial stage of the ordered polytype series of the structure of the layered type on the vourcite base. 

 
Introduction 
 

The significance of the physical-chemical and structural 
study of substance with semiconductive properties is obvious. 
The synthesis, the monocrystals growth, the study of their 
physical-chemical and structural peculiarities, phase-
formation regularities and the mechanism of structural phase 
transition have a great scientific-practical mean. In this aspect 
Ga2S3-In2 S3 system compounds are perspective objects for 
the solution of questions of the structurization, polymorphy, 
polytype, methods of the phase stabilization and the 
clarification of characteristics physical-chemical properties. 

The phase equilibrium in Ga2S3-In2 S3 quasi-binary cut of 
the triple system Ga-In-S were for the first time studied by 
authors [1,2], where the formation of just one triple phase 
GaInS, melting uncongradually, was established. It should be 
noted, that in these papers there is a visible discrepancy in the 
state diagram and values of hexagonal cell parameters. 
Neither was determined the crystal structure of the 
compound. 

Judging from experimental facts on the presence of some 
polymorphy modifications in sesqui chalcogenide of A2S3  
(A-Al, Ga, In) type, authors [3,9] investigated in details the 
phase-formation in the given system. 

Applying the method of chemical transport reaction (CTR), 
the presence of polymorphy phases line, polytype forms and 
three independent compounds (table 1) was established as 
result of roentgenostructural study of monocrystals, obtained 
from before synthesized contents Ga0,5In1,5S3 and GaInS3 in 
various temperature gradients. 

To reveal the influence of multivalent tetrahedral atoms on 
the stabilization of polymorphy modifications (GaIn)2 S3, 
partially substituting tetrahedral placed atoms Ga and In by 
atoms Cu and Mn (conserving the total balance of the 
valency) by the method of direct synthesis, authors [10,11] 
realized 2H and 3R polytypes, having the layered structure of 
polytype line a= 3,82 Å, c �15 Å  ·  n ( n = 2,3 )  and a = 3,82Å , 
c � 18 Å ·  n ( n = 2). 

 
Experimental part 
 
The objective of the present work is to receive the 

monocrystals  on the base of Ga0,5In1,5S3 with the partial 
substitution of tetrahedral coordinate atoms In(Ga) by atoms 
Sn and the study of their structure and phases stabilization . 

The synthesis was conducted in pumped-out quartz 
ampoules (10-2 Pa) in the one-temperature furnace at 1223-
1273 K (the heat rate is 100 grade/hour). After half an hour 
keeping at this mode the ampoule was slowly cooled up to 
the temperature 673-693 K and was held at the given 
temperature during 72 hours, As a result samples from yellow 

(Gà0,17Sn0,5In1,5 S3) to red (Gà0,33Sn0,25In1,5S3) colors, lightly 
cracked on the fine plate-layered crystals, were obtained. 

 
Table 1 

Crystallographic data of polymorphic  phases and polytype forms 
of  compounds of (GaIn)2S3  content. 

 
The content 

of the phase 

Sp.gr. à, Å â, Å Ñ, Å Z 

GaInS3 Ð3ml 3,81  18,19 2 

GaInS3 P3ml 3,81  54,61 6 

GaInS3 P61 6,65  17,92 6 

GaInS3 P63mc 3,81  30,62 10/3 

GaInS3 P3m 3,81  45,89 5 

GaInS3 Bb21m 19,06 6,19 3,81 4 

Ga0,5In1,5S3 P3ml 3,84  12,33 1 

Ga0,5In1,5S3 R3m 3,81  100,04 11 

Ga0,67In1,33S3 2H 7,64  74,00 8 

GaInS3 R3m 3,82  63,41 6 

Ga0,25In1,75S3 C2/m 6,55 3,72 12,62 

â=100 î 

4 

GaInS3 Shpinell 

str. Type  

10,79   8 

 
It should be noted, that temperature conditions at the initial 

stage of the synthesis were chosen by the experimental way 
with the involvement of the literature data analysis on the 
receipt of binary compounds In2S3, Gà2 S3, SnS and the 
thermographic record of synthesis process of each content. 
By this it was supposed, that the fusing temperature grows 
almost in a linear fashion with the content change. Though 
the obtained material has the crystal-mosaic nature, the 
method is reliable and may be successfully applied to obtain 
many sulphides, having the layered structure. 

The roentgenographic study showed, that all synthesized 
samples are homogeneous and applicable for the detailed 
roentgenographic analysis. The diffractograms were obtained 
on the device DRCI (the roentgen diffractogram of common 
use) (the radiation Cu-Kα). The analysis of calculated 
inteplane distances (d) showed, that investigated contents are 
isostructural and formed on the base of the ordered phase Ga-
InS3, realized in the temperature gradient 873-973 K with the 
part of crystal Jα (CTR). The indexing of interplane distances 
allowed to reveal, that both contents are isostructural and 
crystallized, unlike the ordered modification GaInS3, in the 
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rhombohedral lattice with parameters: a=6,500 Å; c= 18,685 
Å, V=684,13Å3, Z=6, sp.gr. P62, Vs= 38,45 Å3 and a=6,485 
Å; c= 18,653 Å3, V=679,81Å3, Z=6, Vs= 37,77 Å3; for 
Gà0,17Sn0,5In1,5S3 and Gà0,33Sn0,25In1,5S3 respectively. 
Roengenographic data of  the samples under investigation are 
presented in table 2. 

Synthesized compounds with regard to various solvents are 
mainly stable (concentrational mineral acids dilute them with 
the hydrogen sulphide emission), and  keep  the primary 
characteristics fore a long time. 

Microhardenesses were determined on polished 
semicrystalline samples. The research showed, that the 
microhardeness of  samples  under investigation depends on 
the orientation of fine-crystalline faces of the surface for 
Gà0,33Sn0,25In1,5S3 and Gà0,17Sn0,5In1,5S3 respectively.      

 
Table 2 

Roentgenographic data of phases Gà0,17Sn0,5In1,5S3 and 
Gà0,33Sn0,25In1,5S3 

 

Gà0,17Sn0,5In1,5S 3 Gà0,33Sn0,25In1,5S 3 

dexp I/I0 HKL dexp I/I0 HKL 

6,2282 55 003 6,2195 45 003 

3,2503 100 110 3,2433 100 110 

3,1146 15 006 3,1104 10 006 

2,8810 20 113 2,9159 10 113 

2,8053 15 200 2,8070 10 200 

2,7352 15 106 2,7565 10 106 

2,6984 80 202 2,6952 70 202 

2,2936 10 116 2,2325 12 116 

2,0767 60 009 2,0731 50 009 

1,9489 12 109 1,9411 10 109 

1,9058 90 118 1,9018 80 118 

1,8413 10 302 1,8289 10 302 

1,6260 10 220 1,6218 8 220 

1,5856 10 223 1,5713 8 223 

1,5564 12 0012 1,5531 10 0012 

 
Discussion 
 
Results of the experimental study  on the synthesis and  

roentgenographic analysis of polytype forms  of compounds 
of Gà0,5-XSnXIn1,5S3 type were described above. It was 
established, that they are individual compounds and 
isostructural with the ordered structure on the base of 
vourcite, and are photosensitive in visible region of the 
spectrum. Certainly, the presence of experimental data on the 
transmission, absorption, voltamperic characteristics is 
necessary for the discussion of optic and electrooptic 
properties of materials under investigation. These works are 
still underway and it is planed to report on results in the 
nearest future. We should note only the fact, that the width of 
the forbidden band of investigated samples is visibly reduced 
in comparison with the ordered phase GaInS3, for which �Fg  
makes 2.84 eV. 

In the present paper we found that it is necessary to discuss 
experimental facts of the phase-formation and the influence 
of various cations on the stabilization of polymorphic 
modifications. Gà2 Sn3 – In2 S3 system phases, realized to the 
present time, are assembled in table 1. Their structural data 
are described in papers [3-9,12]. It should be noted, that three 
stable polymorphy varieties of (GaIn)2 S3 type-monoclinic, 
rhombohedral, cubic and five polytype lines, the line 
beginning from structural variant ã – In2 S3 , i.e. c� 9 Å ·  n, the 
line with period c� 12 Å ·  n;  c� 15 Å ·  n ; c� 18Å ·  n, with 
the constant value a� 3,8 Å and the ordered line with the 
constant a� 6,5 Å, c� 18  Å are distinguished among revealed 
phases. 

The preliminary crystal-chemical analysis of indicated 
structural facts allows to reveal, that unlike the influence of 
copper atoms, where the polytype line  

c� 15 Å ·  n and Mn-Ohm polytype line with c� 12 Å ·  n are 
mainly stabilized, at the tin part, as a stabilizing atom, the 
ordered phase, realized in limits of the spatial group of P62  
symmetry and non P61 for the ordered phases GaInS2, is 
formed. Such situation allows to conclude, that, except the 
valency of “elements-stabilizers”, ion radii and Jn and Ga 
atoms ratio have the essential part for the phase stabilization. 

 
Conclusion 
 
Therefore, crystallographic and physical-chemical 

properties of crystals Gà0,17Sn0,5In1,5S3  and Gà0,33Sn0,25In1,5S3 
are for the first time synthesized and investigated. It was 
established, that these crystals are wide band semiconductors 
and form the ordered structure of the layered nature. 
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In the present work the tensometric properties of monocrystal of Ge-Si solid solution of p-type with Si content 5-10 at.% have been 

studied. From the studied crystals the strain gauge sensors have been made. To do this, the section was cut out from a sample perpendicular 
or parallel to the crystal (111) axis, and then crystal was cut on plate of 200 mcm thickness. The samples after polishing had a thickness 30-
40 mcm and a length 2 mm. 

 
The semiconducting materials hold a special place 

among the substances, possessing the tensor effect. The 
investigations [1-3] established that the resistance 
semiconducting tensometers have a variety of advantages in 
comparison with the wire ones. 

The most widely used semiconducting materials in strain 
gauge sensors and transformers are germanium and silicon 
offering the significant tensor effect [4-6]. The successful use 
of tensoresistors in different fields of science and engineering 
specifies the necessity for the further study of the tensometric 
properties not only of germanium and silicon but also of the 
germanium-silicon solid solutions. As to the solid solutions 
of the germanium-silicon system, their tensometric properties 
have been studied [2-3]. Here the monocrystals Ge – Si have 
been studied. From the works [2-3] it follows that the 
systematical investigation of Ge – Si solid solutions has not 
been carried out. Evidently, for elucidation of all the 
advantages of Ge – Si solid solutions the further research in 
this direction is necessary. 

In the present work the tensometric properties of 
monocrystal of Ge – Si solid solution of  p – type with Si 
content 5-10 at.% have been studied. 

From the studied crystals the strain – gauge sensors have 
been made. To do this, the section was cut out from a sample 
perpendicular or parallel to the crystal (111) axis, and then 
crystal was cut on plate of 2 mcm thickness. The samples 
after polishing had thickness 30-40 mcm and length 2 mm. 

Since the semiconducting crystals limiting deformation 
increases with decrease of their diameter [3-5] as well as the 
surface areas are slightly damaged in cutting, the samples are 
etching in hydrofluoric acid. As a contact material there has 
been used the golden microwire prekept in antimony vapours. 
The contact quality was checked by their volt -ampere 
characteristics. 

The unit described in [3] was used in investigation. For 
determination of the tensosensitivity coefficient the 
tensoresistor was fastened to an elastic cell which was given 
the known value of deformation. In this case the dependence 
between deformation and deflection was used. This 
dependence for the clean bend is determined by formula: 

 

                 
22 y4l

hy4
2
h

EJ2
Mh

+
===

ρ
ε  

 
where l is a distance between supports, y is a value of 
deflection, M is a bending moment, h is a thickness of elastic 
cell (beam), E is a module of elasticity, J is a inertia moment, 
ñ is a radius of curvature  

Dependence of resistance change on deformation (ε) is 
presented on the Fig.1. 

The samples are different in base that has led to the lack 
of coincidence of their graduation characteristic though they 
have been cut out from the same Ge – Si solid solution. In the 
case, when the axis of Ge – Si solid solution tensoresistor is 
parallel to the plane (111), the tensosensitivity coefficient is 
equal to 0 unlike the tensoresistors orientated in the direction 
(111) when tensosensitivity coefficient is large and the 
graduation curves are characterized by the linear dependence. 

.  

Fig.1. Dependence of Ge1-xSix crystals resistance change (
R
R∆

) 

on deformation at x values: 1-0; 2-0.05; 3-0.10 
 
For the investigation of the mechanical properties of 

the studied Ge – Si solid solutions tensoresistors the method 
of tensile strain was used. 

The deformation and tension of the elastic region was 
calculated by formula: 

l2/r
F

r3/l 32 π
σδε ==  

where å is a relative strain, ó is a tension, r is a radius, l is a 
length of a sample, ä is an arrow of flight. 

Thus, the tensometers made from Ge – Si solid 
solution have the high tensosensitivity coefficient, the 
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dependence of the resistance change on strain change in the 
strain region under investigation is linear one, hysteresis is 
absent, the influence of different physical factors on the 
tensometers operation is minimum; therefore the marked 
samples may be recommended as  tensoresistors. 

The nature of strength change depending upon Si content 
in Ge. The presented plots show that in these dependences 
two representative regions are observed: strong softening and 
little change of the mechanical parameters. With Si content 
up to 10 at. % the mechanical strength of Ge1-xSix crystals 
increases as compared with higher Si content and this agrees 
well with the results of works [1]. It is seen that with the most 
sharp changes and going into the saturation of microdefect 
values at different doses the foregoing statement is well 
confirmed, i.e. at 1015 ÷ 1016el/ñm2 doses the annihilation of 
defects plays a leading part and at 1017el/cm2 the annihilation 
process and microdefect are saturated. It should be taken into 
account that in Ge1-xSix crystals under study the local 
heterogeneities with linear sizes ~2 and ~12mcm connected 
with dislocations [7] are available. It is established that Ge1-xSix 
crystals strength increases with increase of irradiation dose 
up to 1016 el/ñm2 and at the large (~1017 el/ñm2) doses it 

decreases. As it is shown above  the nature of Ge1-xSix 
crystals strength change, is well explained by interaction of 
point defects created by the irradiation with the structural 
defects and dislocations. 

Obtained in experiments the whole complex of data on 
the study of the accelerated electrons flow action on 
mechanical properties on Ge1-xSix base is possible to be 
explained assuming that under the accelerated electron flow 
action the simplest disturbances of the crystal lattice, arising 
at irradiation and being the defects of  “vacancy” type lattice 
take place. 

From these considerations for the explanation of the 
radiation effects in Ge1-xSix crystals there has been proposed 
a model based on the ideas of the structural heterogeneities of 
the solid solutions consisting of the regions enriched either 
by silicon or germanium. The interface between these regions 
serves as the efficient drain for interpoint atoms forming as a 
result of irradiation. Their intense absorption and enrichment 
of volume with free vacancies determine the features of the 
radiation processes in Ge1-xSix crystals and in devices on their 
basis. 
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Peculiarities of the switching elements use in switching systems are being observed. Electromagnetic and electron elements may be used 
as switching elements in switching points. Two separated electric circuits are used for the fulfillment of the switching system function at 
application of electromagnetic relay as the switching element. If electron elements are used in the switching system, then they may be 
divided into 2 groups on the operating principle: elements with and without memory property. 

Electron elements, having the memory property in the state of the stable balance, don’t consume the energy. Diodes on the base of 
compound semiconductors, which don’t consume the energy from the source in the balance state, may be used as non-contact switching 
elements with 2 stable states. Schemes of logic elements, whose work is based on the signals coincidence on the entry, may be used in 
switching systems in switching points. Then the controlling circuit and the informational circuit are joined in a single element in each 
switching point. 

 
In switching systems, providing information transmission 

and distribution, switching elements are used for closing and 
opening of electric circuits. Various switching elements may 
be used versus the application region and claims, raised to 
switching systems, respectively. Electromagnetic and 
electron elements are usually used in switching systems for 
the closing and opening of electric circuits [1,2]. 

Neutral electromagnetic relays of the direct current, 
named usually as electromagnetic relays with opened and 
sealed contacts, are most widely used in the technology of the 
automatic switching as electromagnetic elements. 

 In switching systems respective switching elements are 
set in the open state for the closing of electric circuits. If 
electromagnetic relay is used as the switching element, then 
the respective relay responses for the closing of the necessary 
electric circuit. 

The response of the respective relay is realized by the 
special control signal. Respective contacts, forming the 
transmission section for information signals, are closed at the 
relay response. Thus, at the application of the 
electromagnetic relay as the switching element in switching 
systems two separated electric circuits are used for the 
fulfillment of the switching system function. One of these 
circuits is controlling, the other is informational. The relay is 
switched on and off by means of the controlling circuit, and 
information transmission is realized by means of the 
informational circuit, i.e functions, fulfilled by these electric 
circuits, are different. It is necessary to take into account this 
peculiarity at the switching nodes formation with the 
interconnection mechanism of the controlling device with the 
switching system. 

Such interconnection device must provide the output of 
respective control signals for the response of electromagnetic 
switching elements. As the control circuit and the information 
circuit are separated at the use of the electromagnetic relay as 
the switching element in the switching system, then all 
controllable relays are joined in one matrix for the control of 
switching elements. 

The selection and the switching of respective switching 
elements are realized by means of control signals, i.e.  the 
control signal is used only for the controlling circuit of the 
switching system, but this signal isn’t connected with the 
informational circuit. 

It allows to use the signal of the necessary shape and 
force for the control of electromagnetic elements. Various 
non-contact elements, having two stable states, are used as  
electron elements in switching systems. Non-linear 
dependence between physical values, giving the opportunity 
of jump -shaped transition of the element from one state into 
another, is used at the work of these elements. 

 On the operating principle, electron elements may be 
with and without memory. In any case the element changes 
its state under the influence of the external controlling signal, 
but in one case the element conserves this state up to next 
appearance of the controlling signal, and in another case it is 
only temporary, until the controlling signal exists. Electron 
switching elements, with the memory property, acquire the 
especial importance, because these elements don’t consume 
the energy from the feed source in the state of the stable 
balance. 

Diodes on the base of compound semiconductors, 
specifically diodes on the base of copper selenide (Cu2Se) 
may be used as non-contact switching elements with 2 stable 
states [3,4,5]. 

The scheme of the memory element with the diode on the 
base of compound semiconductors, worked out by researches 
of Institute of Physics of Azerbaijan AS, is shown on fig.1. 

 

 
 
Fig.1. The scheme of the memory element on the base of Cu2Se.   
 
Element contains the controlling entry (1), informational 

entry (2), limiting resistor (3), exit (4) and the diode on the 
base of compound semiconductors (5). The information 
transmission from the entry 2 to the exit 4 is provided at the 
receipt of the controlling signal to the entry 1. The switching 
peculiarity at the use of diodes on the base of compound 
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semiconductors in switching systems is concluded in the fact, 
that controlling signals and informational signals are 
separated in the time and space. Such peculiarity of diodes on 
the base of compound semiconductors allows to construct 
switching systems of high reliability. 

Schemes of logic elements, for example, the scheme of 
the logic element “I”, whose work is based on the signals 
coincidence on the entry, are used at the contemporary stage 
of electron technology development in switching systems. 
Then both the control circuit and the informational circuit are 

joined in a single element in each switching point. The 
controlling signal and informational signal fulfill identical 
functions. The signal on the exit of the scheme of the logic 
element is respective output signal of the switching system.  

The indicated peculiarity of logic elements allows to 
construct switching schemes on the matrix principle.  

It should be noted, that the use of the same or another 
elements as the switching element depends on the region of 
the switching system application and on claims, raised to 
them.
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 NEUTRINO-QUARK SCATTERING 
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The neutral Higgs boson production has been discussed in the νq→νlHo inelastic scattering. The cross section of the process has been 

obtained in the mq<<mw region and for the ratio of this section to the one for νq→lq reaction it has been shown that linear growth is possible 

(~Gs).  
 

As is well known, the Standard Model (SM) of 
Electroweak Interaction assumes existence of neutral massive 
scalar Higgs bosons [1]. However, in spite of the fact that 
many predictions of the model were proved by experiments, 
and particularly, heavy W±  and Z0 bosons were discovered 
/2/, the Higgs sector of the model has not been yet studied. 
The search for Hiqqs particles were extended to the energy 
area of 200 GeV in cms and intensively continued, since the 
mass of these particles is a free parameter of the theory and 
can be found in a relatively wide range: 7GeV≤mH≤1TeV  [3]. 
Therefore, the current requirement is the theoretical 
investigation of all possible reactions with participation of 
Higgs bosons. 

The present paper discusses the production of Higgs 
particles in non-elastic neutrino-quark scattering: 

 

)k(H)p(q)k(l)p(q)k( 0
2211 ++→+ν  ,      (1) 

    
where 4 momenta of particles are indicated in brackets. 

The coupling constant of Higgs boson and other particles 
is proportional to the mass of particles. Taking into account 
that quark’s mass is mq<< mw (this is true for u,d,s,c,b-quarks 
but untrue for t-quark with mass of mt ~170 GeV), it is 
possible to assume that a diagram with radiation of Higgs 
boson by intermediate W bosons will be the main 
contribution into the process (1). 

The corresponding amplitude can be written as follows: 
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where  lµ  and Jv  are lepton and quark weak currents,  
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Assuming reasonably the left longitudinal polarization of 

the final lepton and summing up by quark polarization, we 
obtain for the square matrix element the following: 
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into account that quarks, masses are m1.2<<mW .  
In accordance with the general rules, the differential effective 
cross section of the process (1) can be written as
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where ε1, ε2, ω are energies of the initial and final quarks and 
Higgs boson, respectively, Nc=3 is the color factor.  

Since out of three final particles only lepton is actually 
detected, then the section that has been integrated by  
momenta of quark and Higgs boson is of real interest , i.e. 

dependent only on the lepton parameters. The integration is 
convenient to perform by using invariant method. Introducing 
the integration by intermediate 4-momentum q1, the section 
can be presented as follows: 
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It is evident that 4-vector Qµ depends solely on p1 and q1 
and can be written in the following way: 

                              µµµ 11 BqApQ +=                              (7) 

Let us introduce the standard kinematic invariants of the 
reaction:
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where energies ε1, ε2 and the exit angle of  lepton θ are given 
in L.S. A and B coefficients are expressed through kinematic 
invariants with the help of two functions f1≡p1Q, f2≡q1Q: 
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It is convenient to calculate f1 and f2 functions in the frame, 

where .0kppq 211 =+=+
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Being expressed through 

invariants, they are equal (everywhere, where possible, it has 
been assumed that m1, m2<<mw   and m1, m2<<E1E2) to:
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In such a manner, the process section (1) in L-system takes the form: 
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Taking into account the relationship 
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the small value 2
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W m/Ã  in the denominator, we finally 

write down the cross section in the completely invariant  
form: 
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Let us compare this expression with the same one for 

inelastic scattering νq→lq without Higgs production: 
 

  2

2
W

2
1

2
2

2
0

m
t

1

1
ms

msG
dt

d









+

−
−

=
π

σ
                     (13) 

For high energies of the neutrino )m,ms( 2
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comparison of cross sections will give the ratio: 
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It is difficult to estimate the integral, but assuming a weak ν-
dependence of the integrand, we may consider that the 
integral value is proportional to the range of integration: 

4
Wm/s~F  (the mass in the denominator is required by the  

for the right of dimensionality reasons). In this case we obtain 
R~Gs, i.e. it shows a linear growth. 
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FREE CARRIERS LIGHT ABSORPTION IN SEMICONDUCTIVE QUANTUM WIRES AT 

THE ELECTRON SCATTERING ON THE ALLOYED DISORDER 
 

G.B. IBRAGIMOV 
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The theory of free-carriers light absorption is developed in quasi-one dimensional triple semiconductive structures at the carriers 
scattering on the alloyed disorder and the direction of the photons polarization along the wire length. Obtained expressions for the absorption 
coefficient show the oscillatory dependence on the photons frequency and on the area of the wire cross-section. The absorption coefficient 
grows with the reduction of semiconductive wires cross sizes. Obtained results are compared with those of the quasi-two-dimensional case. 
The examined absorption is compatible with that, caused by the electron-photon interaction. 

 
Last years semiconductive heterostructures are successfully 

used in optic and microelectronics. The modern technology 
allows to create semiconductive heterostructures with quantum 
wells and quantum points. The quantum wires research is of 
great interest, so far as it’s possible to observe in these systems 
optical and kinetic properties, untypical for massive crystals. 

In ultrathin semiconductive wires, called usually wires 
with the quantum well, carriers are quantized in two cross 
directions, move only along the wire length and behave as 
quasi-one- dimensional electron gas. Optical electron 
transitions are widely investigated for  a long time in various 
quantum nanostructures. Particularly, free carriers light 
absorption (FCA) in quantum wells is investigated in details 
in papers [1-11]. 

FCA in the quantum wires is mainly examined at the 
scattering on photons [12-13]. However, if the material of the 

quantum well is the solid solution, then it’s necessary to take 
into account the electron scattering on the alloyed disorder 
side by side with the simple scattering mechanism. This 
additional scattering process comes because of the 
disordering atoms locations in the alloy lattice nodes. The 
electron scattering in triple structures [14-17] and quantum 
wells on the base of triple semiconductors are investigated in 
many papers [18-24]. 

The purpose of the present paper is to examine the light 
absorption by the quasi-one-dimensional (Q1D) electron gas 
at the electrons scattering on the alloyed disorder. 

We consider the quantum wire from the alloy, marked by 
a symbol A1-xBxC. We put down the well-known expression 
for the energy spectrum and wave function of the electron in 
the rectangular wire 
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Where a and b are cross sizes, L is the wire length. In 

quasi -one –dimensional systems the second order of the 
perturbation theory is used at the FCA coefficient calculation. 

The matrix transition element from the state knl into the state 
lnk ′′′ is determined by the following formula: 
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Where indices klnnlk ′′′′′′, and n’T’k’denote the initial, 

intermediate and final electron states, Ω  is the photon 
frequency, HR is the electron-photon interaction operator, Hdis 

is the scattering potential on the alloyed disorder. The matrix 
element of electrons interaction with photons is equal to 
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Where ∈is the high-frequency dielectric constant, n0 is 

the photons number in the radiation field, ε is the polarization 
vector, V is the crystal volume. Here electromagnetic waves 
are polarized along the wire length (in the x direction) 

When the quantum well consists of triple semiconductors 
(like Ga1-xInxAs). Then in the approximation of the virtual 
crystal the electron scattering potential on the alloyed 
disorder has the form [18,25-26]: 
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Where ( ) 01
0

Ω=−Ω ba rrY , when ra and rb are inside 

of the same unity cell and vanish elsewhere, and summations 
run over all unit cell, Ω0 is the volume of the unit cell. At 

such potential form, the matrix transition element from the 
state knl into the state lnk ′′′ has the form; 

                                                      

                                              ( )
2

1

0

2
1

1
2
1

11 













 +






 +−

Ω
=Η′′′ ′′ llnndis xx

V
Vknllnk δδδ                                    (5) 

 
We receive for the transition rate at the transition from the initial state into the final state 
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The absorption coefficient is calculated by summation of 

all occupied initial and unoccupied final states. We receive 
for the FCA coefficient at the electron scattering on the alloy 
disorder:

 
 

                     

( ) ( )
( )

( ) ( ) ( )∑∑ ∫∫
′′

′′′′

′

′
′′ −−−

+






 +






 +×

×
∈

−
=

nl ln
kkknllnkknlknl

kk

kk
llnn

22
1

34

0
22

dEdEEEff
EE

EE
2
1

1
2
1

1

cab

x1xVå2

Ωδδδ

Ω

Ωδπα

h

h ,            (7)    

 
where fknl is the electron distribution function. In the case of the nondegenerate electron gas: 
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here ne is the electron concentration. 

Substituting (8) in (7), we receive the formula for the 
FCA coefficient  

 

           

( ) ( ) ( )

( ) ( )ZKZexpZ
TK

ElEn
exp

.
2
1

1
2
1

1
TK

exp1
abmc

TKnx1xVå2

1
B

0
l

20
n

2

nl ln
llnn

B2
3

2
133

2
1

Bå0
222

3
2

5








 +
−×

×





 +






 +
















−−

∈

−
= ∑∑

′′
′′∗

δδΩ

γδΩ

Ωδπ
α h

h                  (9) 

        
where: 

    
( ) ( )

TK
llEnnE

Z
B

ln

2

220220 −′−−′−Ω
=

h
 

   
Here K1(Z) is the modificated Bessel function. As it 

follows from (9), the FCA coefficient is the oscillatory 
function of the photons frequency and the cross size of the 
quantum wire. 

Let’s further analyse the simplest case of low 
temperatures, when electron occupies just the first subzone 
bottom. This situation is realized, when. Ea/KBT>>1, 
El/KBT>>1. If the quantum energy isn’t enough for the 
electron transference in second and high subzones, then 
summands give the main contribution to (9) at n=n′=l=l′=1. 
In this case we receive for the FCA coefficient:
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It’s known, that the absorption coefficient reduces as   Ω2 

in long waves limits and  has the semiclassic form [27]. This 
expression, which will be received below; is considered as 
semiclassical, because the electron movement is quantum –
mechanical, and the classic Drude theory takes into account 
the light interaction with electrons. 

The semiclassical expression is obtained in approximation 
KBT>> Ωh  for the nondegenerat electron gas. At the 
asymptotic application of the modified Bessel function for 

small argument values (
TK2 B

Ωh
<<1) the FCA coefficient has 

the form: 
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Using the formula [24], for the electron gas at the 
scattering on the alloy 
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For the comparison we present the absorption coefficient 

of the Q1D electron gas at the scattering on the acoustic 
phonon [13]: 
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From (10) and (14) we determine for αalloy/αac 
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Where ρ is the crystal density, υs is the sound velocity, Ed  

is the deformational potential. This ratio value estimation for 
Ga0.47In0.53As –516/T, i.e. the scattering on the alloyed 
disorder gives the greater contribution to the common FCA 
coefficient, than on acoustic photons. 

For comparison we present the FCA coefficient of the 
Q1D electron gas at the scattering on the alloyed disorder 
[11]
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Where d is the quantum well thickness. As it follows from (15) and (10),
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Using asymptote of the modified Bessel function K1(Z) 
for greater argument values, we receive from (16)  
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Graphs constructed by means of (9), are shown on 

fig.1-2. Schemes types correspond to the mentioned above 
analytical results on the FCA coefficient behaviour. 
Calculations were conducted for the absorption coefficient 
Gao.47In0.53As. Peaks, which correspond to intersubzone 
transitions, are observed in frequency Ω  (fig.1). 

 

 
 
Fig 1. The free –carrier light absorption in a quantum wire is     
           shown as a function of the photon frequency for  the      
            case of alloy-disorder scattering for various transverse    
            sizes of the wire. We have chosen1.a=b=10 -6ñ ì;  
            2.a=2 ⋅10 -6ñ ì; b =10 -6ñ ì; 3. a=b=2 ⋅10 -6ñ ì. 
 
 In the dependence α(Ω) peaks shift to the part of the 

high photons frequency at the reduction of cross sizes. It’s 
connected with the fact, that the distance between 
subzones increase with the reduction of wire cross sizes. It 
was determined in [24], that the electron scattering on the 
alloyed disorder in Q1D structures grows with the 
reduction of wire cross sizes. Such rise is explained by the 
FCA coefficient growth with the reduction of 
semiconductive wire cross sizes. When the photon energy 
is higher, than the distance between various subzones, then 
the electron, simultaneously absorbing a photon, scatters 
and makes transitions in the same or other subzones. With 
the wire cross sizes reduction, the distance between 
neighbour subzones  increases and then transitions occur by 
means of the alloyed scattering only in the same subzone. 
In this case, the absorption process depends on the rate of 
the electron on the alloyed disorder. 

The dependence of the absorption coefficient α on the 
cross section is given on fig.2 for various values of waves 
lengths. It’s seen from figure, that the absorption 
coefficient dependence on the area of the quantum wire 

cross section has the oscillatory form. Schemes , 
constructed by means of (18), are shown on fig.3. 

 

 
Fig. 2. The free-carrier absorption coefficient is shown as a  
            function of the reciprocal of the cross section of the   
             quantum well wire, 1/a 2, at 300K. Curve 1is for the  
              wavelength λ=5 µm and curve2 is for λ=3µm 

 
Fig. 3. The ratio of the free-carrier absorption in a quantum  
            wire to its value in the quantum well is  shown as a  
            function of the reciprocal cross section of the  
            quantum well wire 1/a 2. Curve 1 is for the wavelength  
            λ=10µm, curve 2 is for the wavelength λ=5µm, curve  
            3 for the wavelength λ=3µm. 
 
The author would like to thank M.I. Aliev and 
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THE NEW SUBTYPE FOR THE SPECTRAL CLASSIFICATION OF SOME  

WOLF-RAYET TYPE STARS 
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The modern schemes for the spectral classification of WR type stars are analyzed. The new subtype WO5 for the spectral classification 
of some WO stars is proposed. The importance of introduction of the subtype WO5 is substantiated. It is proposed that according to point of 
view of evolution, the WO5 stars are intermediate between WC and WO stars. 
 

1. Statement of the problem 
Stars are separated on defined groups with the aid of 

reasonable spectral classification. In the ideal case the 
spectral classification depends only on effective temperature 
and luminosity. In the classification system for the absorption 
spectra of ‘normal’ stars the effective temperature and 
luminosity are closely related. This is result of the fact that in 
the case of ‘normal’ stars, the absorption line spectrum and 
continuum spectrum forms approximately in the same region 
of the star. 

In the case of Wolf-Rayet (WR) stars, having expanding 
envelope, however, the emission lines are formed in the 
‘stellar wind’ or in the envelope of the star, which removed 
from the level, emitting the continuum radiation. Therefore, 
for the WR stars, the spectral types do not connect with the 
effective temperature and luminosity. The spectral subtypes 
of the WR stars indicate the temperature of the wind, at least 
qualitatively. 

It has often been suggested that the ionization state of a 
WR spectrum is related to the ionization temperature in the 
wind and possibly even to an effective temperature, but this 
connection has not yet been established physically. It is 
possible that the ionization state of the wind is mainly  
determined by the density, and may have little or nothing 
relation to the effective or an ionization temperature.     

 
2. Spectral classification of WN and WC stars. 
According to the scheme proposed by Beals and Plaskett 

[1], the WR stars have been divided into two spectral types: 
the WN and WC types. WN stars which exhibit emission 
lines of predominantly He and N ions with little evidence for 
C, have been considered as C-poor objects, while WC stars, 
showing predominantly He and C lines and virtually no 
evidence for N, have been considered as N-poor. In both 
subtypes the visible spectra show little or no evidence for 
hydrogen. In 1968 Smith improved classification scheme [2] 
for the spectral classification of galactic Pop.I WR (WN and 
WC) stars. Further, essential changes of line strengths among 
these ions have been observed from star to star. Therefore for 
the spectral classification of WN stars WN4-9 (Table I) 
subtypes and for the spectral classification of WC stars WC4-
9 (Table II) subtypes were proposed [1, 2]. These subtypes 
certainly represent different ionization conditions in the 
stellar wind of the WR stars. WN and WC stars have 
different chemical composition, but not all astronomers agree 
with this assumption [3].  

Classification strongly depends on lines ratios, mainly of 
NIII, NIV, and NV ions for the WN subtypes, and the CIII 
and CIV ions (along OV) for the WC subtypes respectively. 
In the case of WC stars, emission lines widths are also 

additional criterion. Among the late WN stars, the appearance 
of the helium spectrum is also an criterion (Table I, Table II). 

We would like to note that the spectral criteria for 
determination of WN subtypes depend mainly on the lines in 
the blue part of the spectrum, namely λλ4000-4700 ÅÅ; and 
for determination of WC subtypes, mainly in the yellow part 
of the spectrum, namely λλ5500-5900 ÅÅ. 

It was established that the WN3, WN4 and WN5 stars 
could be easily  separated by means of ratios of the NIII, NIV 
and NV ions. Early WN subtypes correlate well with the 
Smith subtypes. This is, mainly, because of the gradual 
weakening and then disappearance of, first NIII, and then 
NIV with transition from WN5 to WN3. The great overlap 
was found for the WN6, WN7 and WN8 stars. In other words 
there are some WN6 stars which have nitrogen line ratios 
similar to those of some WN7 stars, and some WN7 stars 
with ratios similar to WN8 stars, and conversely. WN7 and 
WN8 stars are similar, but they can be separated clearly on 
the basis of the strength and displays of the HeI spectrum.  

WN subtypes are usually separated to two subgroups 
WNL (WN7-9) and WNE (WN2-6) versus presence of little 
H or absence of H in their spectra.   

However in the case of WC stars there is the good 
agreement with the Smith subtypes.  

It is known that WN stars contain CIVλλ5801, 5812 in 
the optical region and CIVλ1550 in the UV region. 

The WC subtypes contain little or no nitrogen. The only 
evidence for nitrogen ions in the optical region is possible 
weak blends of NIII ions side by side with very strong carbon 
features (which might even be due to other carbon ions) 
according to [4, 5]. In UV region NIV, and NV lines may be 
weakly present but blends make the identification a little 
uncertain [6].   

The theoretical investigations suggest that the apparent 
composition anomalies in WN and WC subtypes are related 
to stellar evolution [7]. According to modern statements, WN 
subtypes are result of stars evolution in which CNO 
equilibrium products are observed on the stellar surface (in 
the wind). These include enhanced helium and nitrogen, and 
diminished carbon and oxygen (in comparision with 
‘normal’). WC subtypes result from the appearance of 
products of helium burning in which carbon and oxygen are 
enhanced at the expense of helium and nitrogen.    

 
3. Spectral classification of WO stars. 
In 1982 Barlow and Hummer [8] introduce the new type 

WO for the spectral classification of some WR stars. Table 
III presents spectral criteria for the definition of the WO 
subtypes. As we see from Table III the WO subtypes are 
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defined by the relative strengths of OIV, OV and OVI. In [8] 
authors propose that the spectra of WO stars reflect an actual 
enhancement of the abundance of oxygen, relatively to the 
WC stars. Such enhancement of oxygen can be interpreted as 
due to α particle capture by carbon nuclei during the late 
stages of core helium burning in initially massive stars. The 

enriched material is eventually exposed on the surface by 
mass loss stripping. In this scenario the WO stars represent 
the next evolution stage after the WC phase, either at the end 
of core helium burning or already in the core carbon burning 
stage. The small number of WO stars in comparison with WC 
stars, is in agreement with this hypothesis. 

 
Table 1. Spectral classification of WN stars according to [1,2]. 

 
WN 

subtypes 
 

 
N ions 

 
Other criteria 

WN9 NIII present, NIV weak or absent HeI,  
lower Balmer series P Cyg 

WN8 NIII >> NIV HeI strong P Cyg,  
NIIIλ4640 ≈HeIIλ4686 

WN7 NIII > NIV  
WN6 NIII ≈ NIV, NV present but weak  
WN5 NIII ≈ NIV ≈ NV  
WN4.5 NIV > NV, NIII weak or absent  
WN4 NIV ≈ NV, NIII weak or absent  
WN3 NIV << NV, NIII weak or absent  
WN2 NV weak or absent  Strong HeII 

 
Table 2. Spectral classification of WC stars according to [1,2]. 

 
       

WC 
subtypes 

 

 
CIIIλλ5696/CIV λλ5805 

 
CIIIλλ5696/OVλλ5592 

Other 
criteria 

WC9 CIII > CIV OV weak or absent CII present 
WC8.5 CIII > CIV OV weak or absent CII       not 

present 
WC8 CIII ≈ CIV OV weak or absent  
WC7 CIII < CIV CIII >> OV  
WC6 CIII << CIV CIII > OV  
WC5 CIII << CIV CIII < OV  
WC4 CIV strong,  

CIII weak or absent 
OV moderate  

 
Table 3. Spectral classification of WO stars according to [8] and our investigations. 

 
WO 

subtypes 
 

 
The criteria for the classification 

WO5 CIVλ5810, OIVλ3400, OVIλλ3811, 3834 is strong,  
 CIIIλ5696/OVλ5590 � 1, The intensity of OVIλλ3811, 3834 is smaller     
than the intensity of OIVλ3400 (OVI< OIV) 

WO4 The lines of CIV are strong, the CIII lines are absent,  
OIVλ3400, OVIλλ3811, 3834 are strong; the intensities of the lines OVI  
λλ3811, 3834 and OIVλ3400 are approximately equal (OVI≈OIV)  

WO3 The intensity of the lines OVIλλ3811, 3834 is greater than  
for the line OIV λ3400 (OVI>OIV) 

WO2 The OIV lines are absent; the intensity of the line OVλ5590  
is smaller than for the line CIVλ5810 (OV<CIV)  

WO1 The intensity of the line OVλ5590 is greater than or is equal to  
Intensity of the line CIVλ5810 (OV≥CIV) 

 
In order of excitation increase the WO subtypes runs: 

WO4, WO3, WO2, WO1.    
The difference between WN, WC and WO subtypes can 

be understood purely in terms of ionization, excitation and 
structural differences among them. Different subtypes 
represent different composition. It is suggested that they 
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result from the stellar evolution. The separation of WR stars 
to WN, WC, and WO types is connected with the different 
chemical composition and related to stellar evolution. 
According to modern evolutionary status, the WN and WC 
stars represent the early and late stages of core helium-
burning phase, respectively, during the evolution of massive 
stars [7, 9]. On the other hand, according to [8], the WO stars 
represent the next evolution stage after the WC phase. 
Therefore, we obtain such an evolution scheme for the WR 
types: 

WN  → WC →  WO 
 

      4.The reason for the proposition of new subtype WO5. 
The new subtype WO5 is proposed because of 

uncertainties in the spectral classification of some WR-OVI 
stars. Below we discuss some of them. 

HD 16523.  According to [10] the spectral subtype of the 
WR-OVI star HD 16523 is WC5, and according to [2] the 
spectral subtype of this star is WC6.  

Table IV presents the classification criteria for the WC5, 
WC6, WC8 stars according to [10] and our results for the 
WR-OVI stars HD 16523, HD 17638, HD 192103. 

From Table IV we see that the spectral subtype of the 
WR-OVI star HD 16523 is uncertain as estimated from the 
different criteria: the ratio CIIIλ5696/CIVλ5810 and width at 
the half intensity for the CIII, CIVλ4650 corresponds to the 
subtype WC5, but the ratio CIIIλ5696/OVλ5590 corresponds 
to the subtype WC6. 

HD 17638. According to [10], the spectral subtype of the 
WR-OVI star HD 17638 is WC6. From Table IV we may 
infer that the spectral subtype of this star is uncertain as 
estimated from different criteria: the intensity ratio of the line 
CIIIλ5696 and  

OVλ5590 (CIIIλ5696 /OVλ5590 ), the intensity ratio of 
the emission lines CIIIλ5696 and CIVλ5810 corresponds to 
the subtype WC6, but widths of the CIII, CIVλ4650 
correspond to the subtype WC5. 

HD 192103. According to [10] in the spectra of the HD 
192103 the emission doublet OVIλλ3811, 3834 of middle 
intensity presents. Our results for this star correspond to the 

subtype WC8, which is given in [10]. 
We may infer that in two cases (HD 16523 and HD 

17638) the spectral subtype of the WR-OVI stars, as 
estimated from different criteria, is uncertain. The spectra of 
the WR-OVI stars, HD 16523 and HD 17638 differ from the 
spectra of usual WC5 and WC6 stars because the emission 
doublet OVIλλ3811, 3834 with the different intensity present 
in spectra of these stars. The Sanduleak stars [11] were also 
considered earlier as WC4 and WC5 stars [10]. However, 
Barlow and Hummer [8] argued that the Sanduleak stars 
[11]may be considered as WO stars and for the spectral 
classification of these stars they proposed spectral subtypes 
WO1-4 (Table III). The argument for this conclusion is the 
presence of the strong emission doublet OVIλλ3811, 3834 in 
spectra of these stars. In the spectra of the WO stars, the 
carbon lines are very weak or not observable. The stars HD 
16523 and HD 17638 differ from the usual WC5 and WC6 
stars because in these stars the emission doublet OVIλλ3811, 
3834 presents. The stars HD 16523 and HD 17638 differ 
from usual WO (WO1-4) stars, because carbon lines have a 
considerable intensity in the spectra of these stars. We see 
that the WR-OVI stars HD 16523 and HD 17638 have a 
spectral characteristic intermediate between WO (WO1-4) 
and WC4-6 stars. In the spectra of the WR-OVI stars HD 
16523 and HD 17638, the intensity of the emission doublet 
OVIλλ3811, 3834 is smaller than that of the emission line 
OIVλ3400  (OVI<OIV). From Table III we see that in the 
spectra of WO4 stars the intensities of the emission doublet 
OVIλλ3811, 3834 and OIVλ3400 are approximately equal 
(OVI ≈ OIV), and in the spectra of the WO3 stars already 
OVI>OIV. Therefore, according to the ratio of the intensities 
of the emission doublet OVIλλ3811, 3834 and of the 
emission line OIVλ3400, the stars HD 16523 and HD 17638 
continue WO4 stars at lower ionization potentials. According 
to this result we argue that for the define spectral 
classification of the WR-OVI stars, whose optical spectra are 
intermediate between WO4 and WC4-6 stars, the new 
spectral subtype WO5 may be proposed. Table  IV lists the 
classification criteria for the determination of the WO5 
subtype.

   
Table 4. The spectral classification of the WR-OVI stars. 

 
 
Subtype 

 
CIIIλ5696/OVλ5590 

 
CIIIλ5696/CIVλ5810 

The widths of the  
CIII, CIV λ4650(Å) 

WC5 < 1 << 1 85 
WC6 > 1 <<1 45 
WC8 OV weak or absent ∼ 1 20 

Our   results 
HD 16523 1.20 << 1 88 
HD 17638 2.74 << 1 76 
HD 192103 13.25 1.13 18 
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The previous study [1] is developed to prove the concept, that is, contribution of oxygen and impurities effect the free-radical (FR) 

processes participating in the reactions of the side groups of macromolecules in rubbers. For this purpose, instead of the impurities which are 
distinguishable and which contain chloroprene rubber having a multi-component ESR (Electron Spin Resonance) spectrum and oxygen, we 
used the doping of diepoxysilane. It is proven that the effect of oxygen is superior to the others in reactions in which FR’s take part, provided 
that the amount of oxygen in the polymer system is sufficient. The dopings selected help the concentration of the FR’s in rubber decrease and 
the structure of the material be more homogeneous. It is found that there is an adverse correlation between the decrease in the concentration 
of the FR’s and the amelioration of the strength characteristics of rubber.  

 
INTRODUCTION 
 

In reference [1] it was suggested that the FR’s processes 
which take parting the reaction of side groups of the 
macromolecules, in general are affected by whereas in this 
study the conclusions of the effects of a more special doping 
on the FR processes (that is, in isoprene and chloroprene 
rubbers) are made. For instance, the isoprene rubber is 

interesting by its few characteristics. First, through the 
microstructure point of view, it is the most similar one to the 
natural polyisoprene rubber. Spectroscopically and according 
to the chemical structure analysis we can write for the best of 
polyisoprene rubber which has a stereo ordering the ordered 
cis-1, 4 structure. 

  
                       CH3                              CH3                                             CH3 
                       
             —CH2—C=CH—CH2—CH2— C=CH—CH2—…, side.[—CH2—C=CH—CH2]2 
 
According to chemical activity the structure of cis-1, 4 of 

the synthetic polyisoprenes looks like that of natural rubber, 
so that all the results obtained for the isoprene rubber can be 
used for the natural rubber as well. Secondly, the isoprene 
rubber is a semicrystalline polymer belonging to the class of 
rubbers whose crystalline phase is minimum (from 15 % up 
to 50 %). Due to the presence of the structures 1, 2 and 3, 4 
crystallization is difficult in this rubber and in general the 
rubber is composed of an amorphous phase. Therefore, the 
processes of oxydation and degradation that signify the use 
parameters of the materials manufactured on the basis of this 
rubber occur, in general, in amorphous parts. Consequently, 
the investigations in the chloroprene rubber can unveil the 
effect of the external agents on all kinds of rubber and in 
oxydation and degradation processes in more detail. On the 
other hand, the chloroprene is different than the isoprene 
rubber due to the presence of the chlorine (Cl) atom having 
an unpaired nuclear spin and a high electronegativity and 
which takes place instead of the side group of CH3. Thus, 
since the electron freed in the polymer chain is more strongly 
localized on the Cl atom the results obtained for this rubber 
should be different than the results of ESR for other rubbers 
cited in reference [1] where the examinations on the 
chloroprene rubber with the addition of Se and Te were 
reported. These results are different than those of the other 
rubbers. Therefore, we developed these studies with a doping 
having a greater molecular mass and oxygen containing 
groups.  

In the above mentioned processes it is obvious from the 
references that the FR’s play an important part in the polymer 
structure due to some reasons. On the other hand, the 
processes of polymerization depend on the type (character) of 
active centre and these centres may be FR’s, ions or 
coordination complexes [2-7]. Hence, there are two principal 
types of polimerization: radicals and ions. In the processes of 
radical polymerization, as the π - bond between two carbon 
atoms breaks under the effect of the active centre, the 
electron pairs separate (homolotical breaking) and as a result 
of the joining of monomer molecule with the active centre a 
FR regenerates. In the ionic processes, the π - bond breaks in 
such a way that each of the electrons in a pair passes on to a 
carbon atom and the other carbon atom is charged positively 
(heterotical breaking). Hence, as a result of the interaction of 
the active centre and the monomer molecule, an ion forms 
that has a charge of the same sign as that in the active cent re. 
Therefore, the active groups of the enlarging polymer chain 
either become FR’s or ions. Recently a greater emphasis is 
given to the radical polymerization of the rubbers. Because 
the FR’s affect both the polymerization process of rubber and 
its molecular and supra molecular structure (SMS) by 
interacting with themselves and with active centers, that is, 
the physico-chemical characteristics and use parameters of 
the materials made taking this rubber as a basis happen to 
vary. Indeed, the physico-mechanical characteristics of 
polymers depend on the degree of crystallization, the ratio of 
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the amorphous to crystalline regions, molecular mass and so 
on [2-5, 8-17]. 

We explain the important role that the FR’s play in the 
physico-mechanical and use characteristics of rubbers. Due to 
the above mentioned reasons, it is scientifically interesting to 
investigate the processes of FR’s in rubbers for different 
dopings and side atoms. The results given in the study are the 
results that the authors obtained recently, but no extensive 
studies have been published except the abstract of some 
conferences [15-18]. Then, after new ideas have appeared 

through both references and the authors, preliminary 
mechanisms have been developed. Therefore, although a bit 
late, we decided to present these conclusions in an extensive 
and detailed publication.  

 
METHODS AND PREPARATION OF THE SAMPLES  

 
The chloroprene rubber is used as the material of 

investigation and silicon organic compound-diepoxysilane 
(α, ω- di(γ-glycyl-oxypropylmethylfenylsilane)) – 

 

is used as the doping. The ratio of the doping is 0-10 weight 
%. The dopings are mixed in rolling machine with some 
ingredients as powder and at (323±5) K during 35-38 
minutes. The temperature and period of vulcanization are 
respectively 423 K and 5, 10, 20, 40 and 60 minutes and the 
pressure is 1.2 MPa. The reason to choose doping material is 
to use in polymer systems, this doping together with its 
analogs and inorganic silicon compounds as plastifier and as 
filling material. The methods of measurement for ESR and IR 
spectra are given in [1]. In all cases the results are calculated 
statistically according to the Student criteria and the 
probability of validity is ϒ= 0.95. In order to compare the 
validity of the results of our spectroscopic researches, in most 

of the cases, the physico-mechanical characteristics of the 
mixtures of resins specially prepared chloroprene rubber are 
measured and explored.  

 
RESULT AND DISCUSSION 
 

In all the samples a multi-component spectrum is 
observed. In pure chloroprene rubber a 7-component and 
practically isotropic Hyper Fine Structure (HFS) is observed 
[1], whereas in the doped case, in addition to this (additional 
spectrum) also a wide asymmetric peak (g≈2) is observed. A 
typical spectrum of this kind is shown in Figure 1a. Let us 
now examine the characteristics of all the observed spectra:  

 

  
Fig.1. The ESR spectra in the rubber chloroprene with the amount of diepoxysilane a) after the vulcanization, b) after rolling, c) the  
           variation of the ESR spectrum components in the rubber chloroprene with the amount of diepoxysilane after rolling. 
 
It could have been thought that the multi-component ESR 

spectrum observed in the chloroprene rubber belonged to the 
Mn+2 ion, but the number of components, intensity (I) and the 
HFS constant vary greatly depending on the treatment 
temperature (Ttreat), the conditions of manufacturing the 

sample and the vulcanization of the rubber (see the ESR 
spectra given in the article). Sometimes a well distinguished 
spectrum of 9-10 components is observed. Here, a singlet 
whose intensity is higher than those of the other components 
is observed at the centre. On the other hand, all this multi-

 O              C6H5                    O 
 

            CH2     CH CH2O(CH2)3  Si  (CH2)3OCH2CH  CH2 

 

                                                                                                  CH3 
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component spectrum sits on a very wide peak. The fine 
structure of the Mn+2 ion should be composed of 6 
components of equal intensity, while the HFS should be a 36-
peak spectrum. However, the HFS constant is 6.8 -7.7 mT, 
whereas for the spectrum that we obtained this value goes up 

to 9.0 – 9.5 mT as mentioned. All these data are against the 
idea that the multi-component spectrum that we observed in 
chloroprene rubber belongs to the Mn+2 ion, as conforming to 
the transition elements. 

 
Fig.2. The dependence of the concentration of paramagnetic centers on the amount of diepoxysilane, in the rubber chloroprene and for  
           the narrow peak, after vulcanization 

 

The narrow central peak has g=2.003±0.0005 and the 
width ∆Hm=0.9±0.05 mT. These parameters do not depend on 
other things except Ttreat and 10 weight % percentage. In only 
one 10 weight % ∆Hm increases up to 1.1 – 1.4 mT. The 
width is the same for all the components of the ‘isotropic’ 
spectrum and ∆Hm is (1.2 – 1.4 mT) and the HFS parameter is 
both the same and around 8.5 – 9.0 mT. The width of the 
wider peak varies greatly depending on both Ttreat and the 
ratio of the dopings. Its value changes around 30 – 60 mT and 
increases as the amount doping gets higher, but diminishes as 
Ttreat increases. This conclusion can be thought as the effect of 
the vulcanization. When we drop the temperature down to 77 
K it decreas es practically to half. 

“The additional spectrum” can only be observed in the 
samples collected from the rolling machine and can be 
explained in two ways, that is, the HFS of the isotropic 
spectrum is practically observed at around 8 – 9 mT and the 
number of components depends on the conditions of 
manufacturing the sample. Furthermore, an asymmetric peak 
which is in the interval 7 – 7.5 mT is seen from the central 

peak (Figure 1b). The positions and the intensities of these 
peaks vary in an uncontrolled way and strongly (they slide 
from the central peak in either direction) (Figure 1b, 1c) but 
the HFS constant remains fixed. The distance between the 
central peak and the first distinguished component is 1.8 – 
2.5 mT towards the low magnetic field side, while around 8 – 
9 mT towards the strong magnetic field side. This shift is 
sometimes so strong that these peaks slide towards the central 
narrow peak and unite with it (overlap) and as a result, a 
hardly distinguished doublet is observed (Figure 1c). The 
width of the above mentioned components increases 
depending on the percentage of the doping, from 1.2 up to 2.0 
mT. The more important variations are in the intensities of 
the narrow and wide peaks and also proportional to the 
intensities of the components of both ‘isotropic’ and 
‘additional spectra’. 

Narrow peak: a- In the absence of ingredients after the 
vulcanization, for 3 weight % diepoxysilane, paramagnetic 
centres (PC) get their greatest concentration (N). But it drops 
at 10 weight % and in this case N becomes less than even that 
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of the pure (undoped) samples (Figure 2). As Ttreat increases 
N becomes higher at each value of the ratio, but the general 
shape of the curves does not change. Only at Ttreat = 433 K a 
drop is observed, that is, at 3 weight % a striking maximum is 
seen (when there are paraffin and niosine ingredients). At 
Ttreat = 433 K, N is almost four times greater than what it is at 
other values of Ttreat  for all values of the doping. b- after 

rolling at all values of Ttreat   a minimum is observed at 3 
weight %. However, as paraffin and niosine are added the 
rubber becomes stabilized, that is, as the doping gets higher 
N drops slowly. But at Ttreat  = 433 K and for 3 weight % a 
minimum is observed. As Ttreat  increases the general trend 
stays the same, that is, N increases as well (Figure 3).

 

 
Fig.3. The dependence of the concentration of paramagnetic centers on the amount of diepoxysilane, in the rubber chloroprene and for  
           the narrow peak, after rolling. 
 
Wide peak: a- after the vulcanization, it is generally 

observed that it obeys the stability rule. 3 weight % and 6.5 
weight % (at low and high values of Ttreat, respectiveliy  ) but 
for higher than 6.5 weight % N increases absolutely (7 – 8 
fold).  When paraffin and niosine are added the shapes of the 
curves do not change, but N increases a bit all the time 
(Figure 4). This trend is observed to be weaker for narrow 
peak. As Ttreat   gets bigger so does N, but at 433 K a sudden 
drop is seen (N becomes less than even that of the pure 
sample). All these phenomena are observed in more detail 
when the ingredients are added. b- Following the process at 
the rolling machine as the amount of diepoxysilane gets 
greater, so does the value of N for the PC. However, at 293 K 
at 3 weight % a minimum is observed. For all the ratios of 

doping, as Ttreat   increases so does N and when the 
ingredients are added N becomes even greater (2 – 3 fold) 
(Figure 5). But at 10 weight % it is different. At Ttreat = 433 K 
the PC’s appropriate for the peak are not practically 
observed, but at 10 weight % another narrow peak is seen. 

That the HFS is not observed in the rubber divinylnitrile 
[1] shows that the unpaired electrons (UE) arise from the 
breaking of the chemical bonds as a result of the mechanical 
processes, are strongly localized on the C atoms and do not 
interact with the side protons. The observation of the 7-
component spectrum in pure rubber of chloroprene shows 
that these UE’s are drawn from the C atom toward the Cl 
atom (due to the high electronegativity of the Cl atom) and in 
mutual interaction with the nucleus of the Cl atom (spin of 
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the nucleus I = 3 / 2). It is known that the number of peaks in 
the HFS must be (2nI + 1) (where n is the number of nuclei 
that are in mutual interaction). Consequently, the 7-
component spectrum in the rubber of chloroprene can be 
explained by the interaction with the nuclei of the two Cl 
atoms (n = 2). The isotropy of HFS proves the equivalence of 
these two chlorine nuclei. The above explanation is supported 
by the rule that gives the ratio of the intensities for the 
interaction of the HFS components with the two equivalent 
nuclei [19], that is, 1: 2: 3: 4: 3: 2: 1. There may sometimes 
be small deviations from these ratios that originate from the 
weak interaction between the Cl atom and side protons, 
because the UE has moved to the side atom. These variations 
are more pronounced when silicon organic compounds are 
added. That is, dopings play a filling role rather than a cross 

role. Indeed, the concentration of the FR’s increases as a 
result of the breaking bonds on the one hand (narrow peak, in 
Figure 6a) and the N value of the PC’s that are appropriate 
for the wide peak increases on the other (Figure 6b, 6c). It 
may be thought that the wide peak originates from the 
formation of the peroxide radicals, the mutual reinforcement 
of the UE’s with the UE’s of the oxygen molecule and the 
formation of the anion radicals as a result of the joining of the 
oxygen containing groups of diepoxysilane. This thought is 
supported by the fact that the narrow central component of 
the spectrum widens (as a result of the spin-orbital 
interaction) and the exchange is cancelled. The narrowing of 
the peak as the measurement temperature of the wide peak 
drops supports also the explanation we have given for the 
formation of this peak. 

 
Fig.4 . The dependence of the concentration of paramagnetic centers on the amount of diepoxysilane, in the rubber chloroprene and for  
          the wide peak, after vulcanization 
 
If we take into account the formation of FR’s above the 

narrow central peak that has a HFS, the formation mechanism 
of the wide peak and the dependence of N / Nst (where Nst = 
5.4 x 1015  is the amount of spin in a spin-standard sample) on 
various factors (Figures 6a-c) then we can explain the 
obtained results as follows. The silicon organic compound 
causes a great deal of bond breakings by playing a filling 
role. Indeed, the increase in the value of N for the PC’s 

belonging to the narrow peak as the dopings and Ttreat  get 
higher, supports this idea. This phenomenon becomes more 
emphasized by the presence of the diepoxysilane bigger 
molecular volume. Consequently, the supra molecular 
structure (SMS) of the rubber equalizes according to its 
dimensions, that is, the rubber becomes more homogeneous 
structurally. Therefore, the successive steps of polimerization 
and vulcanization become easier. 
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Fig.5 . The dependence of the concentration of paramagnetic centers on the amount of diepoxysilane, in the rubber chloroprene and for  
          the wide peak, after vulcanization 
 

 
 
Fig.6. a) ESR spectrum with the narrow peak, in the rubber chloroprene with the amount of diepoxysilane after the vulcanization; b) the  
           ESR spectrum with the wide peak, in the rubber chloroprene with the amount of diepoxysilane after the vulcanization; c) the  
            isotropic ESR spectrum in the rubber chloroprene after vulcanization.   
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Fig.7. The  characteristic IR absorption spectrua in the rubber chloroprene with the amount of diepoxysilane: a) pure rubber; b) 3 weight 

%, c) 6.5 weight %, d) 10 weight%. 
 
Since an ordered vulcanization network results during 

vulcanization the nuclei of Cl become completely equivalent 
and thus an absolutely isotropic spectrum occurs (Figure 1a, 
6a, 6c). If the samples undergo only the process of rolling the 
above mentioned homogeneity is not observed, the isotropy 
of the spectrum is deteriorated (Figure 1b, 1c, 6b) and also 
both the intensities of the HFS components and the distances 
between them change considerably. On the other hand, an 
additional spectrum with the HFS, which is a bit different 
than the HFS constants of the isotropic spectrum is observed 
and this spectrum is placed with the peaks of the isotropic 
spectrum in pairs. The intensity, number and the placement of 
the ‘additional spectrum’ vary according to the prehistory of 
the sample. All the above said can be explained by the results 
of the mechano-chemical processes of the rubber. In fact, the 
multi chemical bonds that are uncontrolled during rolling 
break and these breakings are random. Simultaneously with it 
form various associates which are quite different from each 
other. Therefore, the UE’s interact with the nonequivalent 
nuclei of Cl and protons. Furthermore, the UE’s that are 
localized in different structural units form different ESR 
spectra [19, 20], that is, the shape, parameters and the 

gathering kinetics of the PC’s vary strongly, since they 
depend on the local environment of these centres. The 
possibility of observing the additional spectrum in the ESR 
spectrum shows that the SMS’s in the rubber are not 
homogeneous. 

The contribution of the silicon organic compounds causes 
with the addition of oxygen containing groups (that exist in 
the structure of diepoxysilane), the chemical complexes and 
unifications. Consequently, due to the above said, as a result 
of the addition of diepoxysilane to the structure of rubber 
chloroprene, a binary situation arises. The structure of rubber 
is homogeneous according to the SMS’s on the one hand and 
the FR processes vary greatly on the other. If we consider the 
stimulating role of the FR’s in the radical polymerization 
processes of the elastomers, then they take part in two 
“competing” processes [2], that is, radical polymerization and 
oxidation reaction. In the later stages of the vulcanization of 
the rubber whose prehistory was given above (the one that 
has SMS and PC’s with FR’s) some part of the FR’s continue 
the oxidation chain and worsen the characteristics of the 
rubber (that is, material) and some other part make the 
characteristics better by starting the radical polimerization 
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(that is, stimulating). The resulting effect, whether positive or 
negative, depends on the superposition of these factors. The 
disappearance of the FR’s that occurred by the addition of 
oxygen after the vulcanization proves that they pass on to the 
oxidized form. The greater the concentration of FR’s of this 
type, the more oxidized becomes the rubber. Its properties 
worsen and this is observed better at higher values of the ratio 
of the doping and on the contrary, the observation of the 
multi-component isotropic spectrum shows that the UE’s 
become stable in the homogeneous structure of the rubber. In 
other words, the better the network of vulcanization, the 
better will be the degree of isotropy of HFS. This is observed 
better at 3 weight % of diepoxysilane. Under these 
circumstances, it can be said that ordered SMS’s that have 
optimum dimensions form beforehand and help the process 
of vulcanization. Therefore, the final structure of the rubber 
based resins is more homogeneous and the physico-
mechanical and use characteristics of this resin should be 
ameliorated. 

As can be seen, the ESR results of the rubber chloroprene 
that was produced by the contribution of the diepoxysilane 
plays a vital role in both manufacturing and using processes 
of the FR’s that we suggested in reference [1]. The ideas that 
we gave above are also supported by the results of the IR 
absorption spectra in the same type of rubber samples that we 
used for ESR. A typical example of these spectra is given in 
Figure 7. When we added the contribution two types of 
phenomena are observed: the optical densities of the peaks 
that belong to the C=C and C=O bonds vary and a scattering 
occurs at the limit of SMS of the IR rays. Furthermore, the 
optical densities of the peaks become respectively minimum 
and maximum for the C=O and C=C bonds at 3 weight % of 
the silicon organic compounds. Also at certain values of λ  
the λ -dependent scattering is observed to have a maximum 
value. If we take into account the mechanisms that we 
suggested in this study and in reference [1] and explain the 
formation of the background by the dispersion of the IR rays 
at the limits of the SMS’s, then at the 3 weight % of the 
contribution, the SMS’s occur spontaneously, dispersion 
diminishes and thus, the vulcanization network that has 
formed as a result of the vulcanization becomes more 
ordered. Therefore, the load that affects the rubber externally 
is distributed homogeneously in its volume and consequently 
increases the strength of the rubber against degradation and 
breaking. The interpretation for the ESR and IR spectra of the 
rubber chloroprene given above supports both the results of 
the dynamic-mechanical and electrical measurements of the 
diepoxysilane used in these rubbers and also the results of the 
use parameters of the appropriate mixtures of resin. Indeed, 
as the amount of the diepoxysilane increases, so does, the 
breaking tension-σ  and at 10 weight % it becomes 
maximum (the strength gets 35 % greater). The electrical 
strength varies in the same manner. The glass transition 
temperature drops gradually and becomes saturated, relative 
deformation increases first, at 6.5 weight % it becomes 
maximum, then decreases a little. The resin materials made of 
such mixtures have good technological and use parameters. 

 

CONCLUSIONS 
 

We can summarize the results for the characteristics of 
the ESR in linear rubbers that we presented as follows. 

Although in references the ESR is observed in these rubbers, 
all of these PC’s arise under various strong external factors. 
But, in spite of some thoughts in favour of the addition of the 
FR’s in the degradation and breaking processes of these 
rubbers, no PC is observed in them after the processes. Our 
results prove that such centres play an important role in the 
oxidation and breaking processes with FR’s and this 
determines the degradation and breaking properties of the 
materials made of these rubbers in later stages. Consequently, 
FR’s result after breaking the chemical bonds, in the 
processes of synthesis of the rubbers. Since the FR’s have a 
great chemical activity, they develop the oxidation reactions 
similar to the chain following degradation. The chemical 
bonds with the neighbouring macromolecules in the region 
where FR’s settle become excited and brittle, also the 
breaking activation energy diminishes. The breaking in 
chains can continue through the thermal fluctuations. These 
radicals which have a long lifetime are secondary type of FR 
materials and are generally localized in amorphous regions 
and where the structure is defective. As one passes from the 
rubber devinylnitrile to rubber chloroprene, the ESR 
spectrum becomes more like the component form instead of 
singlet. We can explain this, in case that there are atoms or 
groups of atoms in the side chains, whose electronegativity is 
greater, by its stronger interaction with these groups. As can 
be seen from the observed ESR spectra, as the amount of 
oxygen increases in the rubber system, the concentration of 
FR’s becomes higher. When different structures are added to 
the structure of the rubber, both the concentration of FR’s, 
the SMS and the molecular structure of the rubber change. 
The structure of the rubber becomes more homogeneous, that 
is, the following network of vulcanization becomes better. On 
the other hand, a correlation is observed between both the 
concentration of the FR’s and structural variations and also 
the physico-mechanical and electrical strengths of the rubbers 
and other use parameters. For all that we said we can 
conclude the following. The rubber materials have a certain 
structural information, the so called ‘prehistory’ before they 
are manufactured and this factor determines later the 
degradation and breaking phenomena of these materials. 

The concentration of FR’s shows an extremal variation in 
both the amount of the oxygen containing groups and the 
physico-mechanical and electrical strength of the rubbers, 
depending on the ratio of Ttreat and the dopings. This extremal 
situation which depends on the molecular and SMS of the 
rubbers can be explained with the mechanism that we 
presented in our previous paper [1], that is, the presence of 
the supra molecular compounds which are special for each of 
the rubbers. As we thought, the overall effect of the dopings 
goes up to the point that the dopings cover the surface of the 
above said structure with a mono atomic or mono molecular 
layer [21, 22, 23]. For the optimum amounts of dopings and 
Ttreat , some optimum ratio of the amorphous and crystalline 
phases occurs and this brings about the best physico-
mechanical and technological properties of the materials. 
Therefore, the results of these two papers allow to arrange the 
use parameters of the rubbers and resins we investigated and 
to choose the composites and mixtures of resins that have the 
best parameters. 
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ELECTROPHYSICAL PROPERTIES OF TlIn1-xSmxSe2 (0≤≤õ≤≤0,08) CRYSTALS 
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In the present paper we outline the research results of the temperature dependence of the specific electroconductivity, the Hall 
coefficient and thermo e.m.f. in the temperatures ranges 300÷1100 K of TlIn1-xSmxSe2 (0≤õ≤0,08) alloys. The width of the forbidden band of 
indicated alloys system is determined. It was revealed, that the width of the forbidden band reduces according to the additivity law at the 
partial substitution of indium atoms by samarium ones in TlSmSe2.  By investigating the influence of the directed deformation on electron 
properties of TlIn1-xSmxSe2 alloys we found their dependence on temperature and deformation. These crystals have high coefficient of the 
strain sensitivity. 

 
The information about the existence of TlIn1-xSmxSe2  

type alloys was given in papers [1-6]. 
In present paper we outline research results of 

electrophysical properties of TlIn1-xSmxSe2 crystals. The 
alloys synthesis was carried out according to the methods 
described in [1]. As initial substances Tl-99,99 mass%; In-
99,99 mass%; Se- specially pure, Sm, containing as 
impurities (mass%): sizes-0,05, Cu-0,01, Fe-0,01 were used. 
Monocrystals of TlIn1-xSmxSe2 alloys system with content up 
to 5mole % of TlSmSe2 were obtained by the method of the 
zone growth from before synthesized samples. Monocrystal 
samples with average siz es 2õ4õ6 mm3 were cut out from the 
average part of ingots. Alloys, containing (6÷8) mole % of 
TlSmSe2  were semicrystal. Curves of the concentration 
dependence of the microhardness (h), electroconductivity (σ) 
and thermo e.m.f. (α) were plotted to reveal boundaries of the 
solid solutions existence. 

 
Fig. 1. Concentration dependences of microhardness (H),  
            electroconductivity (σ) and thermo-e.m.f. (α) of system  
            alloys TlInSe2-TlSmSe2  alloys system. 
 
The microhardness was measured on the PMT-3 device. 

Loads of ~10H were used. Numerical values of the crystal 
microhardness for each alloy were obtained by the statistical 
treatment of 10 measurements results. The measurements 
results of the system TlIn1-xSmxSe2 are presented on fig 1. At 
the partial substitution of indium atoms by samarium ones H 
reduces and beginning from 8 % of TlSmSe2 it remains 
constant. The H reduction corresponds to the homogeneity 

region. Such supposition is in agreement with measurements 
results of α and σ, in the range 0÷8 mole % of TlSmSe2  
thermoelectric parameters change, α and σ do not practically 
change across limits of the indicated concentration region. In 
whole, concentration dependence of H, σ and α are well 
correlated and allow to reveal boundaries of the solid solution 
homogeneity of the indicated system. 

Electric properties of crystals were measured by the 
compensational method in the constant magnetic field at the 
constant current in the temperature range 300÷1100 K on 
four samples with identical concentration of electrons and 
TlSmSe2 content, whose electric heterogeneity does not 
exceed 5 %. 

Temperature dependences of the electroconductivity (σ), 
Hall coefficient (R) and thermo e.m.f.  

(α) were investigated. The errors of measurement of α, σ 
and r were 4,8 and 5 %, respectively. The forbidden band 
width of solid solutions of the indicated system was 
determined from high-temperature dependences of                
lgσ=f(103/T) and lgRT3/2=f(103/T). As it follows from fig.2a, 
the alloys electroconductivity of the TlInSe2 - TlSmSe2  
system at low temperature reduces mainly with the 
temperature growth, but, further, it grows with the own 
carriers appearance. The thermal dependence of the Hall 
coefficient for the indicated system alloys corresponds to the 
thermal dependence of the electroconductivity (fig. 2b), i.e. 
the free carriers concentration remains constant at low 
temperatures, but the Hall mobility is limited mainly by the 
scattering on longitudinal acoustic oscillations. Therefore, the 
mobility as well as the electroconductivity of these alloys fall 
with the temperature growth (fig. 2a). 

 

 
Fig.2 . Temperature dependences of electroconductivity (a) and  
           Hall coefficient (b) of TlIn1-xSmxSe2 alloys system,  
           where 1-õ=0; 2-õ=0,02; 3-õ=0; 4-x=0,06; 5-x=0,08 . 
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The dependence of thermo-e.m.f. on the temperature for 
alloys TlInSe2-TlSmSe2 is presented on fig. 3. In the impurity 
region the thermo-e.m.f. increases with the temperature 
growth, reaching maximum in the biased region and it 
reduces with the own conductivity receipt, what is typical for 
all investigated phases. 

 
Fig.3. Concentration dependence of the forbidden band width  
          (a) and the temperature dependence of thermo-e.m.f. (b)  
          of TlIn1-xSmxSe2 alloys  system 
 
The concentration dependence of the forbidden band 

width, determined by high-temperature slope of curves lg 
σ~103/T and lg RT3/2~103/T of TlIn1-xSmxSe2 alloys is 
presented on fig. 4. These data show, that the width of the 
forbidden band reduces according to the additivity law at the 
partial substitution of indium atoms by samarium ones in the 
TlInSe2 lattice. Obviously, it is connected with the fact, that 
in TlInSe2 the valent band is mainly formed by fissionable 4r-
levels of selenium ions and partial by 5r5s-levels of indium 
ions, but the conductivity band is formed by 5r5s levels of 
indium ions and 6r-levels of tallium ions. D-states of 
samarium atoms, which are energetically placed upper, are 
hit in the conductivity band at the partial substitution of 
indium atoms by samarium ones. In the TlInSe2 -TlSmSe2  
system at the samarium concentration growth their valent 
electrons transfer into the itinerant state, which causes the 
strong electron interaction and the lattice “distension”. In this 
regard in the TlInSe2-TlSmSe2 system at the transition from 
the TlInSe2 to the solid solutions on its base the width of the 
forbidden band reduces.  

As it is well known [7] TlInSe2 is crystallized by the 
tetragonal syngony. The growth of the samarium 
concentration in TlInSe2 does not lead to the compound 
structure breakdown. It means, that in the case given the 
samarium atoms reveal the trivalence, approved by 
semiconductive properties. However, it is possible to form 

the trivalence state with spare, mobile electrons, weakly 
connected with f-orbit and providing in solid solutions the 
growth of velocity of electrons, weakly connected with f-
orbit, what, in its turn, leads to the change of the forbidden 
band width. 

 

 
Fig. 4. The dependence of strain sensitivity on the temperature  

            at various deformations (a), and the dependence of the  

            strain sensitivity on the deformation at various  

            temperatures (b) of alloys TlIn1-xSmxSe2 where 1-õ=0;  

            2-õ=0,03. 

 
The influence of the directed deformation on the electron 

process in TlIn1-xSmxSe2 crystals was investigated. Ohmic 
contacts were formed by the indium melting in the gas flow 
with the following soldering of copper wires (d=0.01 mm) on 
obtained needle crystal billets with mirror faces without 
additional treatment. 

Plates from 45 steel with the thickness of 0,5 mm and the 
length 50 mm were tared beams for pasted sensors. The 
substrate surface according to the treatment range 
corresponded to the 7 class. Before the sublayer application 
substrates were treated by the ethyl spirit. On the cleaned 
substrates the sublayer of the epoxy-cresol varnish (EP -96), 
presented as the solution of the epoxide resin (E-40 is the 
modification of same acids with the addition of 
butanomodified pesol (PB) and the resin K-421-02) was 
applied. 

The sublayer thickness was 10 mk. The uniform (with 
respect to the thickness) covering was provided in the process 
of the sublayer application. 

After an hour heating (keeping) at the room temperature 
the substrate was carried in the drying cabinet for the high-
temperature polymerization. 

The slow temperature increase up to 480 K and the 
heating during 1 hour at this temperature provide the full 
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polymerization and exclude the air bubbles appearance. The 
second layer of the varnish, a bit exceeding the strain resistor 
sizes, was applied on the prepared substrate. 

TlIn1-xSmxSe2 crystals with soldered tapings were placed 
on the varnish layer and slightly pressed, the crystal surface 
was fully covered by the varnish. The crystal was 
simultaneously set in the necessary position in the substrate 
plane. The sensor drying was being carried out at 318÷323 K 
during an hour with the following annealing, at 490 K during 
2 hours. The indicated drying mode showed to be the most 
optimal one and the devices showed the maximal sensitivity. 

The strain sensitivity coefficient, being the main 
characteristic of the strain resistor, was determined by the 

formula 
ε

∆

oR

R
K =  where 

l

l∆
ε =  is the relative change of 

the samples length or the relative deformation, ∆R/Ro is a 
relative change of the resistance, ∆R=R-Ro is the resistance 
change, where Ro is the sample resistance before 
deformation, and R is the sample resistance after 
deformation, l is the samples length, ∆l is its change. 

The temperature dependence of TlIn1-xSmxSe2 crystals 
strain sensitivity (K) was carried out in the temperature range 
300-560 K. 

As a particular case, K dependences on the temperature 
at the constant deformation are presented on fig. 5, but K 
dependences on the deformation at various temperatures are 
presented on fig. 6 for TlInSe2. 

From conducted research it follows, that for TlInSe2  the 
dependence of the strain sensitivity coefficient on the 
deformation is linear at various temperatures, beginning from 
room up to 580 K. 

  
CONCLUSIONS 
 
By our research of electrophysical properties of       

TlIn1-xSmxSe2 alloys system depending the content and 
temperature it was established that the width of the forbidden 
band reduces in the solubility region (0 ≤ x ≤ 0,08) at the 
partial substitution of indium atoms by samarium ones in 
TlInSe2. It was found, that TlIn1-xSmxSe2 (0≤ õ≤0,03) crystals 
have high coefficient of the strain sensitivity. 
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New solutions of the principal chiral field problem are constructed by means of discrete symmetry transformations for the algebra 

SL(3,C). The generalization to the case of arbitrary semisimple algebra of the rank higher than two is discussed. 
 
1. The problem of constructing of the solutions of self-

dual Yang-Mills (SDYM) model and its dimensional 
reductions, the principal chiral field problem in our case, in 
the explicit form for semisimple Lie algebra, rank of which is 
greater than two, remains important for the present time. The 
interest arises from the fact that almost all integrable models 
in one, two and (1+2)-dimensions are symmetry reductions of 
SDYM or they can be obtained from it by imposing the 
constraints on Yang-Mills potentials [1-10].  

This work is a direct continuation of [13], where the exact 
solutions of the principal chiral field problem have been 
derived for the case of algebra SL(2,C). The discrete 
symmetry transformation method [12] applied here allows to 
generate new solutions from the old ones in much more 
easier way than applying methods from [11], and the case of 
SL(3,C) algebra gives us a key to construct solutions for an 
arbitrary semisimple algebra.  

2. Equations of the principal chiral field problem are the 
systems of equations for the element f , taking values in the 

semisimple algebra, 
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In the case of  two-dimensional space: 1θ =1, 2θ =-1, 

ξ=1x , ν=2x . 
Following [12], for the case of a semisimple Lie algebra and 
for an element f being a solution of (1), the following 
statement takes place: 

There exists such an element S taking values in a gauge 
group that  
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Here +
MX  is the element of the algebra corresponding to its 

maximal root divided by its norm, i.e., 
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−− f~  - is the coefficient function in the decomposition of f~  

of the element corresponding to the minimal root of the 

algebra, 1ff
~ −= σσ  and where σ is an automorfism of the al-

gebra, changing the positive and negative roots. 
In the case of algebra SL(3,C) we’ll consider the case of three 
dimensional representation of algebra and the following   

form of 






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−

=

001
010
100

σ . 

The discrete symmetry transformation, producing new 
solutions from the known ones, is as follows: 

         11

~
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∂
∂
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=
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∂

S
x
S

S
x
f

S
x
F

i
i

ii

θ                    (3) 

3. Let's represent the explicit formulae for transformation 
in the case of SL(3,C) algebra  

 

          −−−+++ +++++++= 2,12,1221122112,12,12211 XaXaXahhXXXf ττααα   ,               (4) 

 
In connection with the general scheme, first of all, it is 

necessary to find the solution of the equations (2) for the 
SL(3,C) valued function S for given f, solution of  equations (1). 

From (2) it is clear that S is upper triangular matrix and 
can be represented in the following form: 

 

                     HexpXexpXexpXexpS 0222,12,111 ββββ +++=     ,                                          (5) 

 
where H=h1+h2. 

After substitution of the last representation of S into (2) 
and taking into account (4), we have at every step of the 
recurrent procedure the following relations 

 

12212,10 ,,ln αβαβαβ ===   

 2x12,1x21x2,1x2,1 iiii
)()()()( αααδδαβ −+−=    (6)  

As the initial solution we'll take the explicit solution f 
belonging to the algebra of upper triangular matrixes: 

     22112,12,12211 hhXXXf ττααα ++++= +++     (7) 

The component form of self-duality equations for this 
case is following 

                0
xx ji
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∂ ντ
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ji xx

ji xx
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2

},{ νν
ν αδ=
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 ,    i=1,2,                  (8) 
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       ,                

 
where 

122211 2,2 ττδττδ −=−=  and figure brackets of two 

functions g1 and g2 denotes: 
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The general solution of system (8) takes the form 
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  (9)    

    

Here the circle integration goes over the complex parameter λ. 
 By the direct check one can be convinced that (9) are the 
solutions of equations (8). The formulae (9) can also be 
obtained as a solution of homogeneous Riemann problem in 
the case of the solvable algebra [11]. 
Let’s represent two types of Backlund transformation by 
means of which one can construct new types of solutions of 
equations (8) from the known solution (9). For solutions of 
first two equations of (8) this two Backlund transformations 
are the same: 

     2,1i,)()()(
sss x

1k
i

k
ixix

k
is ==− +ααδαθ      (10) 

 

For solutions of the third equation of the system (8) they 
are different: 
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and 
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Note that starting, zero step of upper transformations 

procedure coincides with initial solutions  (9). 
Let’s return to the solution of the equation (7) at the first 

step of the recurrent procedure. 

Comparing (6) and (12) we came to the conclusion that 
1,0
2,12,1 αβ = . 

Finally, knowing all components of matrix S and using 
(3) we can express the solution 
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 of self-duality equations at the first step of the recurrent procedure in terms of chains (10)-(12): 
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 The general formulae of the recurrent procedure as well 

as the expression for the group element will be considered in 
further publication.   

As it is seen from formulas (11-12) for algebras of the 
rank higher than two, the number of corresponding Backlund 

transformations of the initial problem solutions  will be equal 
to the rank of the algebra.  Thus, it is necessary only to 
overcome the routine calculations using, for example, 
Mathematica 4-0 software.  
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