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Fig.3. PL spectra of CdS thin films, 1) pH=6.7, 2) pH=10.2. 

     

 
 

Fig.4. Real ε1 (curve 1) and imaginary ε2 (curve 2) parts of     
             dielectric function of CdS film with pH=10.2. 

Two transitions can be observed in these spectra: the 

first transition at about 2.4 eV is due to the absorption at 

the fundamental band gap of CdS and the second one 

above 4.5 eV represents the transitions along the Γ→A 

direction of the Brillouin zone of the hexagonal CdS 

lattice [7]. As opposed to luminescence spectra, no shifts 

of   ε1 and ε2 due to the quantum size effect are observed 

in dielectric function spectra and energy band gap at the 

critical points of the electronic band structure of CdS are 
not affected by the increased pH of the solution. The 

possible reason of this can be low concentration of 

nanostructured CdS centers, which are well manifested in 

luminescence of  the films, but not in dielectric function 

spectra, because density of state of these centers are 

negligible in comparison with the density of states at the 

fundamental band gap of bulk CdS. 

 

4. CONCLUSION 
 

Grain sizes of CdS thin films deposited by spray 

pyrolysis method decrease with increase of pH of reaction 

solution. PL spectrum of the film deposited from the 

solution with pH=10.2 shows broad band PL emission 

located at 460 nm (2.7 eV) which can be attributed to the 

quantum size effect at grain sizes of < 10 nm. No shifts of   

ε1 and ε2 due to the quantum size effect are observed in 

dielectric function spectra what can be caused by low 

concentration of nanostructured CdS centers, and 

therefore negligibility of density of state of these centers 

in comparison with the density of states at the 
fundamental band gap of bulk CdS.  
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THERMOELECTRIC PROPERTIES OF TlInTe2-TlYbTe2 SYSTEM  

SOLID SOLUTION  

 

А.М. AHMEDOVA G.H. ISMAYILOVA 

Sumgait State University 

 
The work has been dedicated to the researching thermo-effecting of the solid solution TlInTe2-TlYbTe2. It was found out that 

when the relative quantity of the itterbium in solid solution TlIn1-xYbxTe2 rises, electric conducting increases. As the result of 

additional separation heating conducting coefficient was acute reduced. As a result it was caused the rising of the thermo effective 
coefficients’ of the same contents.  

 

Keywords: electric conduction, thermal conduction, single crystal. 

PACS: 07.20.Dt, 64.75.Nx 
 

 The work is dedicated to investigation of TlInTe2-

TlYbTe2 solid solutions thermo-efficiency. It is revealed 

that electric conduction increases almost in two times in 

TlIn1-xYbxTe2 solid solutions with ytterbium content 

increase in compositions, and thermal conduction 

coefficient significantly decreases because of additional 

center appearance of phonon scattering and these 
circumstances lead to thermal efficiency increase of the 

given compositions.  

The interaction in Tl-InTe2-TlYbTe2  system from 

which it is followed that TlInTe2-TlYbTe2  section is 

quasi-binary one of quadruple system Tl-In-Yb-Te2  is 

investigated in refs [2-4]. The quadruple compound 

Tl2InYbTe4  is formed at equal ratio of initial components 

1:1 and solid solutions TlIn1-xYbxTe2 which are 

crystallized in tetragonal cell as TlInTe2 initial compound 

are formed on the base of TlInTe2 initial compound.     

The solid solutions of bismuth telluride (n- branch) 
and stibium (p- branch) are used for thermoelectric 

cooling. The polycrystalline materials obtained mainly by 

zone melting are applied for preparation of thermo-

coolers.  

Last time the micro-miniaturization problem has the 

bigger development in connection of which the definite 

requirements to thermo-element branch materials and 

especially high degree homogeneity, well mechanical 

strength, structure perfection, high thermoelectric 

parameters.  

Polycrystalline materials haven’t already satisfied 

many of these requirements.  From this point of view the 
monocrystalline samples of TlIn1-xYbxTe2 solid solutions 

present the special interest.    

The samples are obtained from Tl, In, Te elements 

“e.p” (especial pure) and Yb “ch.p.” (chemical pure) by 

direct synthesis in evacuated quartz ampoules up to         

10-2 Pa. The stove is heated up to 1200-1300K in the 

dependence on mixture composition, is endured at this 

temperature 10-12 h and after is cooled up to room 

temperature with velocity 1012km/h. The alloys are 

annealed at 900-1100K during 140-180h for equilibrium 

state obtaining.  

The single crystals are grown up in quartz ampoules 

with inner diameter 9-12mm and length 110mm, crystal 
growth has been continued 4 days. The obtained crystals 

are cut on two plane-parallel mirror cleavage planes.  

The presence of big concentration 

)1010(~ 32019  cм of stoichiometric vacancy in crystal 

lattice of TlIn1-xYbxTe2 solid solutions and localized states 

in forbidden band [2] connected with them, is the 

character peculiarity of solid solutions. This value 

increases with mole rate increase in solid solution content 

as a result of which the electric conduction significantly 

increases (almost in two orders) with increase of 

ytterbium content in TlIn1-xYbxTe2 solid solution 
composition, electric conduction coefficient decreases 

because of appearance of additional  of phonon scattering 

and these circumstances lead to increase of thermo-

efficiency of the given compositions [2].   

Thermo-electric effect is carried out on equation 

base 

                          /2z                                (1) 

 

(where is thermo-emf,  is electric conduction 

coefficient,  is thermal conduction coefficient).   

The calculations show that at temperatures           

500-900K in some compositions the thermo-efficiency is 

(2,44 3,21)10-3 К-1. The biggest value of thermo-

efficiency in given temperature interval has the 

composition TlIn0,91Yb0,09Te2 (see table). 

 

                                                                                                                                                                      Table 

Thermoelectric efficiency of TlIn1-xYbxTe2 solid solutions 
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ELECTRIC PROPERTIES OF LDPE-CdS  NANO-COMPOSITES ON THE BASE OF 

PRE- IRRADIATED POLYMER 

 

М.А. NURIYEV, А.М. МAGERRAMOV, А.А. SHUKUROVA, I.М. NURUYEV 

Institute of Radiation Problems of ANAS 

AZ 1143, F. Аgayev str., 9, Baku, Azerbaycan 
 

The electric properties of LDPE/CdS nano-composites obtained by method of film oriented stretching previously modified by 
γ-irradiation influence have been investigated. It is shown that changes in nano-composite dependences ρv=f(1/T) with modification 
different doses by previous γ-irradiation are the result of molecular segment mobility difference of oriented crazed regions and 
differences of radiation process velocities in the structure of oriented polymer matrix.        

HDPE/CdS nano-composite thermo-treatment leads to stabilization of structural and energy states of charge carrier active 
centers because of filler penetration into matrix volume.   

 

Кeywords: composite, low-density polyethylene, oriented stretching, γ –irradiation, electric  properties, resistivity,  

           molecular segment, mobility. 

PACS: 78.67.Sc; 82.35Np 

 

INTRODUCTION 
 

The polymer composites with semiconductor nano-
particles have the wide physic-mechanical characteristics 

and high electro-active properties. Characteristics are 

caused by polymer matrix and properties are supplied by 

corresponding fillers [1,2].  The development of new 

compositions on their base has the practical interest at 

manufactoring of high-sensitive selective chemical 

sensors and photo-luminescent transformers [3-7]. The 

modification procedure of polymers by crazing method in 

liquid medium has big possibilities among different 

methods of nano-composite obtaining [8-10].   

Earlier we have investigated the nano-composite 

electric properties on the base of low-density 
polyethylene (LDPE) and cuprum sulfide (CuS) obtained 

by crazing method of polymer in active liquid medium 

[11,12]. The aim of the presented work is the study of 

LDPE/CdS nano-composite electric properties formed on 

the base of LDPE films previously modified by γ-

irradiation action.     

 

EXPERIMENTAL PART 
  

The γ- irradiation of LDPE up to dose 500 kGy is 

carried out in installation РХМ--25М on the base of Co60 
isotope. The measurements of ρv volume resistivity are 

carried out with the help of teraohmmeter E6-13A at 

sample linear temperature growth with velocity            

~2,5 К/min.   

The orientation stretching of polymer samples LDPE 

is carried out in isopropanol-water medium with the help 

of devices developed by authors [11]. The unit elongation 
of vane-form part of irradiated sample films at nano-

particle formation is 10-30% in dependence on irradiation 

dose. CdS nano-particle in oriented polymer matrix LDPE 

are formed from CdCl and Na2S salt solutions at different 

component concentrations. CdS nano-particles are formed 

in pores formed at oriented stretching of polymer films by 

layerwise chemisorption ion method. In formation process 

the sulfur ion sorption are firstly carried out and then 

cadmium ion sorption is carried out after film 

intermediate washing by distilled water. By this fact the 

one cycle of CdS nano-particle formation in forming 

pores is ended. One can regulate the sizes and quantity of 

formed CdS nano-particles in polymer film pores 

changing the number and time of the cycles.  The 

composite samples with 6 CdS formation cycles by 30 

min duration each one are used in the investigations. CdS 

nano-particle formation is observed by film color change 

after each sorption cycle. CdS nano-particle number in 

polymer matrix is defined by weight method and it is ~  

2,7% vol. for investigated samples with six formation 

cycles.   
 

EXPERIMENTAL RESULTS AND THEIR 

DISCUSSION 
 

The comparison of temperature dependences of 
resistivity lgρv=f(1/T)  of LDPE/CdS (fig.1) composite 

samples shows that slope ratio of dependences for 

composite formed on the base of irradiated film is bigger 

than corresponding slope of ratio for composite on the 

base of` initial film.  

Such dependence motion means that Еа conduction 

activation energy for composites on the base of irradiated 

films is bigger than one for composites on the base of 

unirradiated films that is the result of formation of new 

relatively deep trap centers. As it is seen from fig. 1, the 

composite samples formed on the base of LDPE irradiated 
films have the cavity on lgρv=f(1/T) dependences in low-

temperature region (curve1) which decreases in 

composites of irradiated LDPE (curve 2; 100kGy) and 

disappears (curves 3,4; 300 kGy and 500kGy).  By our 

opinion, the observable cavity is the result of moisture 

desorption sorbed at preparation and saving of composite 

samples. At influence of previous irradiation by low doses 

the stitching processes dominate. These processes worse 

the pore-formation at oriented stretching of polymer 

matrix and moisture sorption. The polymer matrix 

destruction processes dominate at influence of previous 

irradiation by high doses in volume but stitching 
processes continue on surface [13]. We propose that 

stitching preventing the moisture sorption and formed 

polymer active centers interacting by formed nano-

particles lead to relative increase of composite resistance 

(curves 3,4 on fig.1). 
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Fig.1. Temperature dependences of resistivity of LDPE/CdS nano-composites formed on the base of previously -irradiated  

  LDPE at different doses; 1- D = 0; 2 – D = 100kQr; 3 – D = 300 kQr;  4 – D = 500kQr  

  

 
 

Fig. 2. Temperature dependences of resistivity of LDPE/CdS nano-composite pressed after formation: 1- initial.;  2- 100kGy;   
            3- 300kGy;  4- 500kGy. 

 

The polymer destruction results in high-temperature 

region are expressed by increase of dependence 

inclination with increase of γ-irradiation dose.   

The composite thermotreatment is carried out by 

thermal pressing method with the aim of obtained 

structure perfection and composite parameter 
stabilization. The thermal dependences lgρv=f(1/T) of 

resistivity of LDPE/CdS composite samples formed on 

the base of irradiated LDPE which are treated by 

thermotreatment by short temporary  thermal pressing 

during 5 minutes at polymer matrix melting point, are 

shown on fig.2.    
It is seen that enough strong radiation influence is 

observed in spite of thermotreatment of samples by 

pressing. The beginning of high-temperature part decay 

shifts to the side of low temperatures (heat resistance 

worsens) with increase of matrix previous irradiation dose 

but angle of inclination of resistance decay doesn’t 

change. It is considered that thermotreatment of 

LDPE/CdS nano-composites formed on the base of          

-modified polymers leads to stabilization of structural 
and energy states of capture carrier active centers formed 

by polymer previous irradiation.     

At the thermotreatment the nano-particles formed on 
subsurface area penetrate into sample volume and as a 

result the surface active centers (energy state) leading to 

activation energy change disappear and its value 

stabilizes. Moreover, during thermotreatment the 

oxidation of separate chain links previously radiated 

polyethylene by the way of linking of formed radicals 

with oxygen takes place in the presence of oxygen. 

The oxidation causes the additional destructions and 

polymer chain shortening decreasing its molecular mass 

and increasing its mobility and concentration [13]. As it 
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was above mentioned, this is accompanied by shifting of 

decay beginning to the side of low temperatures.  

Thus, the observable changes in ρv=f(1/T) nano-

composite dependences on the base of LDPE with 

modification different doses by previous -irradiation are 
result of difference of molecular segment mobility of 

crazed oriented regions and difference of radiation 

process velocities in the structure of oriented polymer 

matrix. The introduction of CdS nano-filler in LDPE by 

polymer crazing method changes the molecular segments 

mobility and ipso facto causes the effective radiation 

modification of low-density polyethylene.   

Thermotreatment of HDPE/CdS nano-composites 

formed on the base of -modified polymers leads to 
stabilization of structural and energy states because of 

filler penetration in matrix volume.  

The thermal oxidation of polymer matrix decreasing 

the molecular mass and increasing its mobility and 

concentration, lead to change of their electric conduction.
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