BECTHHK KOI'OPCKOI'O roCY/JJAPCTBEHHOI' O YHHBEPCHTETA
2017 r. Beimyck 3 (46). C. 7-11

YK 53.083
H. 4. buxbepauna, M. I1. boponenko, I1. 0. I'vnaes, P. J1. FOnycos

SJIEKTPOPNINUYECKHUE CBOMCTBA OKCHIHON FPOH3bBI NAYWO;

DKrcnepumeHmanvHo onpeoeneHsbl 3aKOHOMEPHOCHU POPMUPOBAHUS INeKMPOPUIULECKUX CEOUCME HA-
HOYGCmuY nymem usmepeHus YOeabHOl NPoGoOUMOCMIL 00PA3Y08 Npu HAZpege U MepMOCMUMYIUPOBAHHOT
Odeunmepranayueti UOHO8 WerouHbIX Memannos. Paspaboman u cobpan s3xcnepumeHmanbHulil CmMeHo npo-
CPAMMHO-YNPAGIIAEMO20 HAZPEBA U MEePMOYUKIUPOBAHUS CO CReYUANbHOT UIMePUMENbHOU A4elIKOl Onia no-
poutkoguix mamepuanos. C e20 nomoubto 6viia NPOGedeHA CPAGHUMENbHAS OYEeHKA IPPeKkMUEHOT IHepeUlLL
ArRMUBAYUYU NPOYecco8 OUHMEPKALAYUL UOHOG UeIOUHBIX MEMAI08 8 CUHME3UPOBAHHBIX 00PA3YAX OKCUO-
HbIX BPOH3 U NOPOULKAX, NOOBEPABULLXCS OPODIEHUIO 8 YCI0BUAX UHMEHCUBHO20 MEXAHUYECKO20 NOMOJ.

Krrouegwie cnoea: HAHOYACmMUuYybl, SHEPcUL AKMUAyuu, OKCUOHDBIC 6pOH3bl.
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ELECTROPHYSICAL PROPERTIES OF OXIDE BRONZE NAxWO;

Experimentally determined regularities of the formation of the electrophysical properties of nanoparti-
cles of oxide bronzes. Samples of oxide bronzes were obtained by self-propagating high-temperature synthe-
sis. Then the samples were subjected to mechanical crushing. Measured conductivity of the samples during
heating. Created a special measurement cell for powder materials. Created automated experimental stand.
On the experimental test bench conducted a comparative assessment of effective energy of activation of pro-
cesses of deintercalation of alkali metal ions in the powders.
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Introduction

A large number of publications today dedicated to the materials after grinding to the nano range has ac-
quired new optical and ¢lectrical properties [1, 2]. They can therefore be used as functional materials [3]. Na-
noparticles of noble metals have found wide application in Biomedicine [4]. Open questions remain of conduc-
tivity [5] nanoscale layered and tunnel structures by their doping with alkali and alkaline earth metals. The pa-
per presents first results of determination of the electrophysical properties of synthesized oxide bronzes.

The aim of this study was comparative examination of electrical conductivity of oxide bronzes for de-
termine the activation energy in the processes of deintercalation.

Experimental techniques

The basis of measuring stand for measuring the conductivity of oxide bronze powders when heated in-
side a tube furnace is shown in ligur 1(a).

a) b)
Fig. 1 — a) Experimental setup; b) Measuring cell: 1-tungsten electrodes inserted into the cylindrical channels;
2-the studied material; 3-a tube of diclectric material with cylindrical hollow channels; 4 — capacity of the dielectric;
5 — thermocouple; 6 — hole for thermocouple; 7-ceramic washer; 8-a hollow bolt
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The measuring cell is an iron U — shaped steel frame with curved inside edges. Inside the bolt is a tube
of dielectric material (porcelain) with a cylindrical hollow channels. In the tube channels are inserted two
tungsten electrodes. In a small thin-walled ceramic container is filled and compacted the investigated powder
(or placed a small solid sample of the test material). Between the tube with electrodes and the hollow bolt is
placed a thin diclectric washer. She has a hole diameter smaller than the diameter of the tube. The design is
fixed hollow bolt. A chromel — alumel thermocouple is placed in a volume of powder through an additional
hole in a ceramic container. Measuring cell with powder mounted on a tripod and placed in a high tempera-
ture furnace «UDIAN». Tungsten electrodes and a thermocouple connected to a digital multimeter «True
RMS» via RS-232 output. Connecting to a computer using environment «MatLab» allows you to record the
resistance and temperature of the test material at specified intervals of time. Measurement of temperature and
resistance were conducted simultaneously, which allowed to analyze the temperature dependence of the elec-
trical conductivity of oxide bronzes.

Mathematical model

As is well known [6, 7], at low temperatures the concentration of electrons in the conduction band of
one type of impurity is determined from the equation:

E
= AT ?exp| ——% |, 1
o Xp( ij (1)

where E, is the activation energy of the impurity semiconductor, 4=1,38-10 J/K=8,625-10 ¢V is the Boltz-
mann's constant. As the mobility p and the factor 7°? change slowly compared to the exponential member in
the region of low temperatures the conductivity of doped semiconductor is changed by the exponential law:

E(l
0 =0,exp| — T ) (2)

where the coefficient op depends on the kind of semiconductor.

One of the main characteristics of a semiconductor is its energy of activation. By measuring the re-
sistance R at different temperatures T and build a graph of 1/T in a semilog scale, it is possible to find the
activation energy. This is a straight line, i.c., the model: y=a+bx, y =ino, x=T", a=Incy, b=-Ea'k’. The an-
gular coefficient of this straight line we find the activation energy of impurity semiconductor.

Experimental results and discussion

Taking into account the methods of temperature analysis of SHS materials [8] and the introduction of
corrections [9], with a limited number of distinguishable signal gradations against a noise background [10],
activation energies were determined from the temperature dependence of the specific electric conductivity,
as shown in Fig. 2.

The obtained values of effective activation energy for the processes of intercalation in oxide bronzes:

E,=8,625-10°¢V-10317=88984-10"¢V=0,898¢V (Nao;WO3); 3)
E.=8,625:107eV-2772 =81954.10~eV=0,820eV (Na,TiO5); (4)
E,=8,625-107eV-18091=35681-10°eV=0,357eV (Ko, TiO,). (5)
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Fig, 2 — The inverse temperature dependence of electrical conductivity:
a) Nay; WOs;; b) Nay,TiO;; ¢) Kg1,TiO,

Biofunctional material based Nay ;WO; illuminated by Er-laser radiation with a wavelength of 1.3-1.5
um [11], which corresponds to:

A=hc/Ea; hc =4,1-10-15 -3- 108=12,3-10-7 ¢V-m; (6)
Ea(A=1,5um)=0,82¢eV; Ea(A=1,3um)=0,%V. (7
Given the above, the thermal effect is observed due to the educated «intercalation» levels.
Conclusions

Chemical methods, laser-chemical and SHS received a new biofunctional synthesis of nanoparticles of
complex metal oxides and oxide bronzes. Nanoparticles of oxide bronzes of transition metals possess high
photothermal effect of the absorption of quanta of light by nanocrystals [12]. Such nano-sized crystals of
complex oxides and oxide bronzes having the properties of semiconductors with low activation energy of
conductivity have a high absorption in the IR region of the spectrum. The special role of the surface in semi-
conductors is that it has a surface energy levels located in the bandgap (surface States); electrons and holes
within those levels localized near the surface. Therefore, along with deep "intercalation" levels, should be
formed near surface levels. The levels of both types detected in all samples. The energies corresponding to
them can differ in 2 times.
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