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OPTICAL SPECTROSCOPY of GaS NANOPARTICLES
FORMED via LASER ABLATION
A.M. Pashayev', K.R. Allahverdiyev'’, E.Y. Salayev?, B.H. Tagiyev*?
National Aviation Academy of Azerbaijan
2Azerbaijan National Academy of Sciences, Institute of Physics
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Bulk single crystals of GaS were grown by Bridgman method. Nanoparticles of quasi 2-D GaS
crystals were obtained by laser ablation technique and characterized by: - XRF; -GDOES; -SEM and
TEM; - UV-VIS absorption. Nanoparticles were ablated by using the line | = 248 nm of excimer KrF laser
operated at f = 50 Hz with pulse duration t = 4 ns and maximum energy 200 mJ. Obtained results are
analyzed with respect to particle size. Absorption spectra of particles with diameter less than 18 nm
turned out to be shifted in the blue range of spectra. This result is consisted with a weak confinement
effect on Wannier-Mott type excitons.

1. INTRODUCTION

For the last years our research groups at the National Aviation Academy of Azerbaijan,
Scientific-Research Institute of Transport and Aviocosmic Problems, and the TUBITAK,
Marmara Research Centre, Materials Institute have been focused on layered semiconductors,
specifically, GaSe, InSe and GaS due to increasing interest of their NLO and other applications
(photovoltaics, particle detection etc.). We used the LA (Laser Ablation) method to obtain the
nanoparticles of these materials with a given size and to examine elemental content (XRF- X- ray
Fluorescence, GDOES- Glow Discharge Optical Emission Spectroscopy ), structural (X- ray,
TEM- Transition Electron Microscopy, and SEM- Scanning Electron Microscopy), optical
(absorption in VIS- Visible, near-, and mid- IR- Infrared, PL (photoluminescence) also in
confocal geometry), vibrational (Raman and confocal Raman spectroscopy).

2. METHODOLOGY

The starting materials were prepared by mixing quantities of high-purity (99.999%) gallium
and sulfur pellets in the atomic proportion 1/1. Especially un-doped Gas crystals were grown by
the Bridgman-Stockbarger method in an evacuated quartz tube (10 Torr). GaS single crystals
20 mm in diameter and 60 mm in length with yellow color were successfully obtained.

Nanoparticles were grown by home built LA apparatus during stay of Prof. K.
Allahverdiyev at the Institute of Material Sciences, Tsukuba University, Tsukuba, Japan (Prof. K.
Allahverdiyev are indebted to Prof. S. Onari for his hospitability during stay at Tsukuba
University). KrF Excimer laser at 248 nm (COHERENT COMPex 201), with the repetition
frequency f = 10 Hz and pulse duration t = 10 ns, 25 mJ and 200 mJ pulses were used and the
particles were deposited at different gas pressures. In the present paper the results only for
nanoparticles deposited onto the quartz plates will be presented and discussed.

3. RESULTS

Growth from the melt (Bridgman method) provided large single crystals sufficiently
homogeneous and free of defects which allows the fabrication of samples destined for optical or
transport phenomena measurements. A little thin slice of single-crystal sample was ground into
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powder and its XRD pattern was recorded. The results showed the presence of diffractions
characteristic of hexagonal phase for GaS (Dey” space group). The XRD pattern indicated that the
as-prepared products have high crystallinity. The cell parameters are in agreement with that
presented in [1]. Elemental content analysis of grown crystals are as follows: the results obtained
by the GDOES confirmed nearly stoihciometry content (49.5 at % of Ga and 49.3 at% of S). XRF
measurements performed on series of GaS crystals showed nearly the same content. Energy
dispersive X-ray spectrometer (EDS) analysis indicated only presence of O (oxygen) element in
the spectrum, indicating the high purity of grown crystals.

The average size of grown GaS nanoparticles were controlled by a change in the pressure of
the noble gases and the laser energy. The size of grown particles was estimated by direct
observation with a TEM operated at 200 kV. All measurements were carried out at room
temperature.

The particles with the size in the range of 5 — 10 nm were obtained at conditions- when the

shape of plume was close to the theoretical one (upper right Picture presented in Fig. 1).
Spectral dependences of optical density of grown particles versus gas pressure (Ar and He) for
GasS particles for different laser powers were built, analyzed and by using these data absorption
gap versus gas pressure were built. It was established that characteristic feature of these
dependences is that with increasing gas pressure optical density shifts to lower energies. It was
seen that absorption gap increases with increasing pressure up to about 0.5 Torr (He gas, laser
pulse power 200 mJ and He gas, laser pulse power 25 mJ) and then decreases. With increasing
the distance between the target and substrate gas pressure value from which the gap of particles
start to decrease and shifts to higher gas pressure (at ~ 0.1 - 0.14 Torr at distance 30 mm and at ~
0.22 Torr at distance 60 mm).

We associate the blue shift in the optical absorption spectra of GaS with decreasing the
particle sizes to the presence of nanocrystals in the quantum size regime (nearly same as it was
reported earlier for GaS and InSe [2]). According to Brus [3] an analytical expression for the first
excited electronic state of the quantum particle is:

2 2 2
g_fhtp7y 1 1) 18e + polarization terms (1)
R

2R® |m; mp e

where: the first term is the quantum energy of localization; the second term is the Coulomb
attraction; the third term (smaller term) arises from Coulomb interaction in the presence of a
crystalline surface; R is the radius of the particle; me" and m,” are the effective masses of electron
and hole, respectively, and e is the charge of an electron, e is the dielectric constant at the optical
frequency. The value of E represents the energy shift with respect to the value of the band gap for
bulk crystal. 1t was shown, that for nanoparticles of GaS the combination of Coulomb term and
relatively large effective masses (compared to GaAs, InSbh etc.) keeps the excited state energy
near the bulk forbidden gap for diameters larger than approximately 20 nm (very similar to that
for GaSe and InSe).
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Figure 1. Shape of plume formed during ablation in dependence on the gas pressure (less than 0.05
Torr- upper left; 0.5 Torr-middle; 1.5 Torr- right). Lower 3 pictures represent the TEM of
Gas particles ablated at different He gas pressure (results are very similar to those

obtained for GaSe crystals).
4. CONCLUSIONS

1. High optical quality crystals of GaS were grown by the Bridgman-Stockbarger method
having a size of 20 mm in diameter and 60 mm in length.

2. The nanoparticles of GaS have been synthesized using LA method. The size of
nanoparticles was successfully controlled by selection of the experimental parameters of rare gas
species of Ar or He: at pressures lower than 0.1 Torr the particles with diameter more than 15 nm
were obtained. Increasing the gas pressure more than 0.1 Torr results to formation of particles
with diameter 5 nm and less (at gas pressure 1 Torr). Further increasing the pressure leads to
increasing the particle sizes (12 nm at 5 Torr).

3. Blue shift in the optical absorption spectra of GaS with decreasing the particle sizes
was explained by presence of nanocrystals in the quantum size regime. These results are
consistent with a perturbation of GaS band structure due to carrier confinement, resulting in a
widening of the forbidden gap.
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SENSING Of CONTAMINATIONS ON WATER AND EARTH
SURFACES BY LIDAR DEVELOPED AT NAA
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A new laser induced fluorescence KA-14 LIDAR system for detecting of oil spills on the sea surface
was employed at the National Aviation Academy of Azerbaijan. This LIDAR is the first performing these
kind of research not only on the Azerbaijan beach of Caspian sea, but also on the earth places of
Absheron peninsula, where oil-gas production takes place.

1. INTRODUCTION

The Light Induced Fluorescence method (LIF) has the unique capability to identify oil on
backgrounds that include water, beaches, soil, ice, and snow. LIDAR (Light Identification
Detection and Ranging) represents an active remote sensing technique used for atmospheric,
water basins, soil and forestry monitoring [1]. If oils are irradiated by UV radiation, the light is
absorbed and a portion of its energy is emitted as fluorescence. Different oils reveal different
spectra [2].

For the last years our Lasers and Applications research group at the NAA of Azerbaijan,
Scientific-Research Institute of Transport and Aviocosmic Problems have been focused on remote
sensing of oil spills on a water surface. Fluorescence KA-14 LIDAR was developed and built.

2. METHODOLOGY

Developed LIDAR consists of three units: the laser emitter, receiver and spectrum analyzer.
The third harmonics of a Nd:YAG (I =1064 nm) laser (QUANTEL, Big Sky Laser Series, CFR
200, | =355 nm, pulse duration 7 ns, repetition rate 20 Hz, energy per pulse 60 mJ, energy
bistability < 2%, beam divergence < 3.5 mrad, beam diameter 5.35 mm) was used for the
excitation of the fluorescence spectra of mineral oils spilled on a water and earth surface (latter
have been taken from the places where oil-gas production takes place). The laser sends a pulse at
wavelength of 355 nm toward the target object, causing the latter to fluoresce. The fluorescence
signal is collected by a telescope (Newtonian- type) of 200 mm aperture and transmitted to the
spectrum analyzer via the optical fiber.

Two types of spectrum analyzer have been used: e first- based on OMA ((Optical
Multichannel Analyzer) (grating spectrometer (OCEANOPTICS, model Maya 2000 Pro) with
CCD camera)). This analyzer allows registration of the detailed spectrum of fluorescence in the
spectral range of 380 — 750 nm; e second- based on multichannel optical detector (LICEL
GmbH, Multispectral LIDAR Detector. Spectral sensitivity is in the range of 300 — 880 nm). We
used such an analyzer at a second stage, for the routine measurements (signal was detected in this
case by the PMTs (Photomultiplyer)). This multispectral detector allows simultaneous detection
of multiple spectrometer wavelengths. It is based on a multianode, metal- channel- dynode PMT.
32 photocatode elements together with 32 single photon counting systems provide 2-dimensional,
spectral and range resolved data (range resolution- not less than 7.5 m).

The signal from the output of CCD camera (PMTs in the case of multichannel optical
detector) is directed to the analog-to-digital converter, from where it continues to a computer, in
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which signals are preprocessed and recorded. General view and technical parameters of
developed LIDAR is presented in Fig. 1 and Table 1, respectively.

Laser Telescope

Mobile
cart

Multichannel
optical
detector

Spectrometer

Figure 1. General view of the fluorescence KA-14 LIDAR developed at the NAA of Azerbaijan
(upper and lower pictures). The laser sends a pulse at wavelength of 355 nm toward the
target object, causing the latter to fluoresce. Part of the radiation is caught by the
receiving telescope and transmitted to the spectrometer or to the multichannel optical
detector.

Table 1.
Technical characteristics of KA-14 LIDAR for monitoring the liquid and solid dirty spices
taking place on the water and earth surfaces during oil-gas production.

No PARAMETER VALUE

1 wavelength of laser excitation 355 nm

2 diameter of telescope (Newtonian- type) 200 mm

3 coefficient of multiplying the diameter of laser not less than 3
radiation by the collimator

4 range of angular measurements of telescope relative from -20 to +20 degree
to horizon

5 spectral resolution 6 nm

6 spectral range of measurements 300 — 800 nm

7 number of spectral channels 32

8 maximal distance of ranging 250 m

3. RESULTS

The typical fluorescence response of the Caspian Sea water covered by an optically thin oil
film with UV laser source consists of wide band with a maximum in the UV range for light
refined oils and in the visible range (420-490 nm) for the crude oils [2]. Our measurements were
performed according to the next sequence: efirst- background measurement was done with closed
output of the laser beam (the laser was in operation); ethen the measurements of the fluorescence
spectra of given subject (oil, benzene and other spices) were performed; efinally, the background
spectrum was substracted from the fluorescence spectrum of a given subject and required
spectrum was registered for future analysis; esignal accumulation time was ~120 second. Some
results of measurements performed by our LIDAR from the distances ~40 m are presented below.
Fig. 2 represents the emission spectra of the Caspian sea water and crude oil on water surface.
Spectra were taken from Kala Gas-oil Production Firm of the Absheron peninsula of Azerbaijan.
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Figure 2. Fluorescence spectra of sea water (left figure- brown curve) and oil spills on the surface of sea
water (left figure- red curve) on a distnce of 60 m. Right Figure shows the difference between red
and Brown curves. Peak at ~ 402 nm at right Figure is due to Raman scattering line of water and
peak at ~ 532 nm are due to “technical peculiraities” of optical system, which do not allow to block
totally second harmonic of 1064 laser line. It is seen that developed system allows to make reliable

detection of oil spills on water surface by “Maya 2000” Ocean Optics system at least in the
distance ranges of 40-60 m.

Measurements performed at Pirallahi Oil-gas Production Enterprize at Qala, Absheron
peninsula, showed, that it is possible to measure oil spills at a distances up to 200 m The results
will published later.

4. CONCLUSIONS

The research described above focuses on the following objectives: efluorescence KA-14
LIDAR was developed at the NAA of Azerbaijan for detecting the oil spills and other dirty spices
taking place on water surface of the Azerbaijan part of Caspian sea and dirty spices, taking place

during oil-gas extraction; epreliminary results showed that developed LIDAR may be
successfully used for the detection of the fluorescence pectra of oil spills on the Caspian sea
water surface from the distances up to ~ 200 m.

This work was supported by the State Oil Company of Azerbaijan Republic (SOCAR) in a
frame of Project “Control of the Environment by LIDAR During Oil-Gas Production” under
Contract Nol and the authors are gratefully acknowledge this support.
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ANNEKTPOAKTVBHBIE KOMIT/IEKCbl B TEPMOOBPABEOTAHHbBLIX
CNOXXHOJIETMPOBAHHbBIX KPUCTAJINTAX Ge-Si
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Ha ocHOBe XONNOBCKMX W3MEpPEeHWn MOKas3aHo, YTO TepMuyeckas 06paboTka CNOXKHO-
NErvpoBaHHbIX MeAbl0 M MenKoi akuentopHoi npumecbto (Al; Ga; In) kpuctannoB Ge;Six
(0<x<0,25) npu 1050-1080K npvBOAUT K 006pa3oBaHUIO B HUX [LOMO/HUTE/bHbIX

3NEKTPOAKTUBHbIX LIEHTPOB, C 3HEPreTUYeCKUMU YPOBHSAMU PACMOfIOXEHHbIMU Bbille NepBoro
aKLUEeNTOPHOro COCTOSHUA MefAW. OHeprus axkTMBauuMum 3TUX LUEHTPOB PacTéT JIMHEMHO C
cofiep>kaHnemM KpemMHus B KpucTtasse. MokasaHo, YTo Hanbosee BepOATHOW MOJENbIO 4N 3TUX
LIEHTPOB ABMAKOTCA KOMM/IEKCbI U3 Map, COCTOALLMX 13 3ameLLiatonx atomoB Cus 1 Alg (nnm Gag;
Ing) nnu n3 mexysenbHbix aTomoB Cu; 1 3ameLLiatomx atomos Alg (nnm Gag; Ing).

B nocnegHve rofbl LOCTUTHYTbl 3HAUUTENlbHblE YCMEXW B [efie BblpaliMBaHUs W
KOHTPO/IMPYEMOTO /IErMPOBaHNA TUMUYHbIMKU Menkumu npumecamn (Al, Ga, In, As, Sb)
KpuctaiinoB cuctembl Ge-Si KOHCEPBATUBHLIMM W HEKOHCEPBATMBHLIMK MeToZaMu. 31O
06CTOATENBCTBO  JaéT  BO3MOXHOCTb  MPOBOAUTL  6oniee  yriybnéHHble  MUCCNefoBaHUS,
Hanpas/ieHHbIE HAa U3Yy4YeHWe B3aVMOJEWCTBUSA MPUMECE B CNOXHOMErMPOBaHHbIX KpucTasiax
TBEPAbIX pacTBopoB Ge-Si, NPMBOAALMX K 006pa3oBaHUI0 Pa3/IMYHbIX 3M1EKTPOAKTUBHBIX
LIEHTPOB.

B HacToslwein paboTe, Ha OCHOBE XOJIJIOBCKMX W3MEPEHWUA, W3YYeHO BANAHUE
BbICOKOTEMMNepaTypHO 06paboTKN Ha CMEKTP MPUMECHLIX COCTOSHUIA B Kpuctainax Gei,Six
(0<x<0,25), CNOXHOMErMPOBaHHbIX OAHOM M3 TUMUYHBIX MESIKMX aKLEeNTOPHbIX NpuMeceii
(Al,Ga,In) n 6eicTpoAndhYHAMPYIOLLEN, TPEXKPATHO aKLEeNTOPHON NPUMECHIO MeaM.

Llenb paboTbl — onpegeneHvie BO3IMOXHOCTW U YCIOBMIA 06pa30oBaHuns B Kpuctanniax Ge u
Ge-Si 3neKTpOaKTUBHbIX KOMM/IEKCOB MeXAy ObICTPOANM(YHANPYIOLLEA MPUMECLID Meau U
MeNKUMU NPUMEeCSMMU.

Kpuctannel Ge n Ge-Si ¢ cogepxxaHunem Si fo 25 aT.%, nernpoBaHHble ogHOBpPeMeHHO Al
(unm Ga; In) 1 cypbMOIA, BblpalMBaancb MOAEPHU3NPOBAHHLIM METOA0M BprapKmeHa. 3aMeTuM,
4TO CypbMa WUCMOMb30BaslaCb B KayeCcTBe BCMOMOrarte/ibHOW MeSIKOW LOHOPHOW npumecn Ans
yrpaBneHns CTeneHb0 KOMMEHCaUMU MPUMECHBLIX YPOBHEN uUCCneayembiX MNpumeceid. 3TO
HEO6X04UMO ANA NPOSBMEHWA B XOIOBCKUX M3MEPEHUSX HOBbIX [LOMOMHUTENbHLIX YPOBHEW,
BO3HMKAIOLLMX B 3amnpeliéHHOM 30He KpucTania. B 3aBUCMMOCTM  OT  COOTHOLLEHWS
KOHLLeHTpaLMii Me/IKMX akLenTopoB M NPUMECH CypbMbl, 06pasLibl 06nafany 3N1eKTPOHHOW Wn
AbIPOYHON MPOBOAMMOCTbIO. [MocnedytoLlee nerMpoBaHue 3TMX 06pasLoB Mefbt0 MPOBOAUIN
AN PY3MOHHBIM METOLOM MpW Temnepatype MakCMMa/lbHON pacTBOPMMOCTU 3TOW MpUMeCH B
Kpuctannax (1150-1175 K). TemnepaTypHble 3aBUCMMOCTM  KOHLEHTpauuidi  CBOGOAHbIX
HocuTenell 3apsafa B KOMIMIEKCHO JlerMpoBaHHbIX 00pasiax, BbIYMCIEHHbIE HA OCHOBE
XONINOBCKMX M3MEPEHWiA, MPOABAAKOT COOTBETCTBYHOLLME aKLENTOPHbIE COCTOAHUSA 3aMeLLatoLLnX
atomoB megn (Cus), B 3aBUCUMOCTM OT COOTHOLLEHMSI KOHLEHTpauuii Menkux akuentopoB (
Naicain) W cypbMbl (Nsp). TMocrnegyrowas Tepmuyeckas 06paboTka 3TUX KPUCT//IOB B
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nHTepBane 1050-1150 K nokasana, 4Yto BO BCexX o0bpasuax, 3akanéHHbix ¢ 1050-1080 K,
BO3HMKAKOT [OMNONHUTENIbHbIE F/TYO0KME YPOBHW, PAcrofioOXKeHHbIe Bbille NepBoro ypoBHsA Cus.
Ha TemnepaTypHbIX 3aBUCUMOCTAX KOHLEHTpaLUMmn CBOBOAHBIX HOCUTENEN 3apsifa B MaTpuLe 3Tu
YPOBHW NpOSBAAOTCA B Kpuctannax ¢ Najcaim nopsgka 10*°cm®, B koTopbix akKuenTopHble
YPOBHW MENKON NPUMECU N HUXXHETO YPOBHSA MeAW CU/bHO- MW NOMHOCTHI0 KOMMEHCUPOBAHDI.
[na ycTaHOBNEHUS NPUPOAbI 3TUX YPOBHEW, OblIM MNPOBEAEHbl 3KCMEPUMEHTLI MO OTXUTY
obpasyoB npu Temnepatypax 550-570 K [1]. Pe3ynbTaTbl NPOBEAEHHbIX MCCMeA0BaHWIA NOKa-
3a/1, 4TO NpY ITUX TemnepaTypax NPOUCXOAUT pacnas LOMONHUTENbHBIX aKLENTOPOB U OTXUT B
TeyeHun 20 4acoB NPUBOAUT K KX MONHOMY WCYE3HOBEHWMIO. AHAU3 3KCMEepPUMEHTa/IbHbIX
[aHHbIX, MOMlyY4eHHbIX B 3TOM HanpasieHWW, [And 00pasloB C PasIMyHbIM - UCXOAHBLIM
COfiepXXaHWeM MpUMecein UM COOTBETCTBYHOLUMX NUTEPATYPHbIX AaHHbIX, MOKa3blBaeT, 4TO
Hanbonee BEPOATHbIMM  KaHAMAaTamy A1 OOBACHEHWUS  NPUPOAbl  LOMNOHUTENbHbIX
3N1EKTPOAKTMBHbBIX LEHTPOB ABNAKOTCA KOMMEKCHI U3 Nap, COCTOALMX U3 3aMeLLatoLLIX aTOMOB
Cus n Als (nmn Gag; Ing) nnmn n3 mexxysenbHbix atomoB Cu; 1 3ameLaronx atomos Als (nnm Gag;
In). Mpouecc obpa3oBaHmMs 3TUX Nap KpucTannax Ge n Ge-Si, NogBeprHyTbiIX TepM0O06pPaboTKe B
nHTepsane 1050-1080 K, MOXXHO npefcTaBUTh B CneaytoLleM Buae. V36bITo4Has KOHLEHTpaLms
Meau, MO CPaBHEHUIO C PABHOBECHOMW, NpW TemnepaType OTKUra nepexofuT U3 Y3/0B B
mMexgoysmma Cu, — Cu, +V  (V -BakaHcus). YacTb Mefu, HaxoAvBLUAAcd B CTOKax B

3N1EKTPUYECKM NMACCUBHOM COCTOSIHUM, MEPEXOANT M3 CTOKOB B MeXoy3nus (cToku Cu)— Cu;.

Mpu TemnepaTypax 1050-1080 K 3amelyarolime atombl MefKMX akKLEnTOpPOB Haxogdlinecs B
y3/1aX peLéTKn, OTPULUATE/IbHO 3apsHKeHbl, & MeXXy3e/lbHble aTOMbl MeAu MONMOXNUTENbHO [1].
[locTaTo4HO MOOW/IbHBIE MOJMIOXUTENBHO 3apAXEHHble aTOMbl MeAu, MUIpUpys B MaTpuue,
B3aVIMOJENCTBYIOT C OTpULATENIbHO 3apsXXeHHbIMU aToOMamyi MenKMX akuenTopoB U 06pasyroT
3/1IEKTPOAKTMBHbIE Mapbl

Cu; + Al (Gag; In,) = Cu; Al (Gag; Ing) nnn Cu; + Al (Gag; Ing) +V =Cu Al (Gag; Ing) .

BakaHcum 1 ocTaBLUMecst aToMbl Cu; B MPOLIECCE 3aKanKu NepexofsT B cToku Cu;, V —> CTOKM.

SHeprum  aktmBaumm (Ex) W KOHUEHTpauun [OMOMHUTENbHbIX 3MEKTPOAKTUBHbIX
komnnekcoB (Nyx) MpPOBOAMAM MO [JaHHbIM TemnepaTypHO/ 3aBUCMMOCTU  KOHLIEHTpaLMK
CBOGOAHbLIX HOCUTENel 3apsiga B KpUcTannax. Vickomble napameTpbl Ex U Ny BbIMMCASAN NYTEM
MOArOHKM TEOPETUYECKMX KPMBbLIX K 3KCMEPUMEHTa/lbHbIM C  MCMOMb30BaHMEM MeToaa
HaMMeHbLIMX KBaJpaToB.

Pe3ynbTaTbl ONPeAeNeHNst 3HEPrM  aKTMBALMKM  3M1EKTPOAKTUBHBIX  KOMM/IEKCOB B
KpucTasiniax MoKasblBarOT /IMHEHbIA pocT Ey C cofepXXaHMeM KpeMHUs B MaTpuue, Ans BCexX
TPEX UCCNeA0BaHHbIX CUCTEM, KOTOPbIE OMUCHIBAKOTCS COOTHOLLEHMSIMUAL

Ge1xSik<Cu, Al> E=E, + (E’+320x)M3B=(52+320x)M3B (akLienTop)
Ger,Siy<Cu, Ga>  E*= Ey + (E’+320x)MaB=(52+320x)M3B (akLientop)
Ge1Six<Cu, In> E'= Ey + (EQ+320x)MaB=(52+320x)M3B  (oHop)

MpeacTaBneHHble Bbille pPe3ynbTaTbl MOKA3blBAlOT HEOOXOAMMOCTb Y4éTa reHepalum
[ONONHUTENbHBIX TNYBOKUX LEEHTPOB NPU 1CMONb30BaHUM MeToAa MPEeLU3MOHHOrO YrpaB/ieHus
KOHLIeHTpaumeld npumecn Mean B Kpuctannax Gei,Siy [2], coaepXalimx Mesnkue akLUenTopHble
MpUMecH.
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DEVOLOPMENT OF TECHNOLOGY OF OBTAINING AND STRUCTURE OF
NANOCOMPOSITES BASED ON ISATACTIC PP AND MAGNETITE (Fe3O4)

A.M. Maharramov, M.A. Ramazanov, H.A. Shirinova
Baku State University, NanoResearch Laboratory
h.shirinova@bk.ru

Magnetic nanocomposites generally comprise of magnetic nanoparticles, embedded in polymer
matrix. In the last few years, the need to obtain new lightweight and inexpensive magnetic materials
promoted the devolopment of magnetic polymer based composites. In this work different amountsof
magnetite (FesO4)nanoparticles were added to polypropylen matrix and nanocomposites were studied by
optic microscope and SEM.

Nanoparticles of magnetite (FesO4)were synthesized by co-precipitation method from an
aqueous solution, containing iron salts and a base, at room temperature in ambient atmosphere.
As a result, the mean diameter of magnetite Fe;O4 nanoparticles varies from 7 to 15 nm. The
morphology of synthesized powder was characterized by SEM microscope (JEOL-JSM7600F).
The crystalline structure of magnetite nanoparticles was characterized by X-ray powder
diffractometer (Philips X-pert). The magnetic polymer nanocomposites, containing these
magnetite nanoparticles in isotactic PP matrix, were manufactured by ex-situ method.
Composites were prepared with different amounts of magnetite nanoparticles, namely 1%, 3%,
5%, 7%, 10% by weight. Thickness and diameter of samples are equal to 100 ym and 4 cm.

The distribution of magnetite(Fe;0,4) nanoparticles in the polymer matrix was studied by
optical (Zeiss Axio Imager A2m) and scanning electron microscopy (SEM, Jeol JSM-767F)
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Figure 1. Studies of the microstructure of the magnetic polymer nanocomposites
by an optical microscope a) PP+5%Fe;O, b) PP+7%Fe;0
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It can be seen from the Figure 1 that the distribution of particles improves with incresing of
consentration.

Studies of the microstructure of the magnetic polymer nanocompositesnamely 5% and 7%
by SEM are shown in Figure 2.

Figure 2. SEM images of nanocomposites a) PP+5%Fe;04 b)PP+7%Fe;0

SEM images show that for PP+5%Fe;O4nanocomposite avarage size of nanoparticles is
16nm and for PP+7%Fe;O4nanocomposites avarage size of nanoparticles s
15nm.Agglomerations, occured in both case, which contain quite high content of FezO4
nanoparticles. But avarage size of nanoparticles in polymer is not so higher than initial size of
nanoparticles.
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BBICOKO3HEPI'ETUYHECKOE N3JTYUEHWE B OBJIACTU
CrnaoWwHOro CrnekKTPA TOHKMNX NMJIEHOK GaSe
noa ,U,E|7|CTB|/|E|\/| JNNA3SEPHOIO U3NMYYEHWA
A.l". Kasbim-3aae’, B.M. CanmaHoB?, A.I". MyceliHoB?,
A.A. CanmaHoBa?, A.X. OuHuep®, P.M. Mamegos®

YBakuHckunii CocyaapcTBeHHbI YHuBepcuTeT, “Asep6aiigKaHckuii MocygapcTBeHHbIi
YhusepcuTeT HedbTv v MpombilwneHHocTy, ° Kapekuii YHusepeuTeT, Typums

vagif_ Salmanov @ yahoo.com

WccnepgosaHbl  m3nyyaTebHble PEKOMOMHAUWMM HEPaBHOBECHbIX HOCUTENEA TOKa B TOHKMX
KpucTannax GaSe, reHepupoBaHHbIX NPU  BO3GYXKAEHUM KpuUCTaina NasepHbiM  WU3NyYeHUeM ¢
3Heprueii(3,51 3B), HAMHOrO NpPEBbLILAOWEN LUMPUHY 3amnpeLLeHHO 30HbI KpucTanna. BbisiBNeHHbIe
Monocbl W3y4yeHUn B [/ MHHOBONMHOBOM 06nacTW ChnekTpa CBA3aHbl C fepekTamu WU NpUMecsimu, B
4aCTHOCTMU, N36bITOUYHLIMU aTOMaM CefeHa.

B rnybuHe cn/iowHOro crnekrpa NorioweHns MHOrMX nonynpoBOLHUKOB HabntojaroTcs
MWKW, KOTOPble MOXHO WHTEPMPeTMpoBaTb KakK 3KCUTOHHble COCTOSIHWA, CBfA3aHHble C
MUHUMYMamy 30H 60fiee ryOOKMX, 4Yem 30Hbl, 0b6pasylolime Kpai (yHAaMeHTaIbHOro
nornoweHns. Ho 3T  MuMKM  MOryT COOTBETCTBOBAaTb W 0CO6eHHOCTAM  BaH-XoBa,
pacrnonoXeHHbIM B CUMMETPUYHLIX TOYKax 30HbI bpunmosHa [1]. B nocnegHem cnyvae
BO3HMKaeT BOMPOC O BO3MOXHOM PO/ 3KCUTOHOB, 06Pa3yHOLMXCA B YaCTHOCTM, OKOJIO
cef/10BbIX ToveK. O6pa3oBaHMe TakMX COCTOSHWM, U UX CTabUIbHOCTb M3y4YeHa HeAoCTaTOuHO,
MO3TOMY MCCNefoBaHWA MOT/OWEHNSA 3a KpaeM (PyHAaMeHTa/IbHOro MOr/oLLEeHNA NpeACcTaBNAoT
3HauUTe/bHbIN  MHTepec. [lpoBefeHMe TakKMX WCCNefoBaHWUA TpebyeT Hanmume TOHKUX
KPUCTa/1/IOB C OTHOCWUTE/IbHO MasibiM 3HaYyeHWeM KO3((UUMEHTa MNOrMOWeHNs Bbille Kpas,
OTCYTCTBMEM MOBEPXHOCTHbLIX [AE(EKTOB, a Takke MOLLHOro /1a3epHOro Wu3NyyeHus
nepecTpavMBaeMolri 4acTOTOW B LUMPOKOM [uana3oHe 3Hepruid. Ha Haw B3rnsg, CroucTble
Kpuctanbl Tuna AsBg, APKUM NpeacTaBUTeNieM KOTopbIx ABnseTcd GaSe, ya00Hble 00beKTbI AN
MPOBEAEHNS TaKNX IKCNepUMEHTOB. Kak M3BECTHO, B 3TUX KPUCTaNaX MeXay CrosaMu UMerTCA
cnabas BaH -gep -BaanbcoBas CBSi3b, UTO MO3BOJISIET OCYLUECTBUTHL CKOM BLO/b M/IOCKOCTU
CMamHOCTM W MOMyyYnUTb 06pasubl C TOAWMHAMWU BMOTb A0 AO/IM MUKpOHa. OTCyTCTBME
060pBaHHbIX CBA3eM MPaKTUYECKM WCK/IOYaeT BO3MOXHOCTU 06pa30BaHWA MOBEPXHOCTHbIX
YPOBHEN (KOHLEHTpaLMs NOBEPXHOCTHbIX NPUMECE Ha ABa NOPSAKA MEeHbLUE YeM B OObIYHbIX
MONYNPOBOAHNKAX) W 3TV KpuUCTan/bl 00/1a4al0T  BbICOKOKAYeCTBEHHbIMU  €CTeCTBEHHbIMU
3epKa/IbHbIMW MOBEPXHOCTAMU. BBUAY TOro, 4to KO3(MMULMEHT MOr/IOLEHNA BbilLe Kpas, Mai
(a ~103 cm™ no cpasHeHMo ¢ 104 +105 cm™ B Knaccuueckux MonynpoBOfHMKax Tuna Ge,
Si,...), MOXHO 6bII0 YBEPEHHO M3y4aTb WX OMNTMYECKME CBOMCTBA MPW AOCTAaTOMHO OOMbLUMX
3Heprusx, nosib3ysacb M3MEPEeHUAMU NPOMYCKaHWUsA U POTONIKOMUHECLLEHLIN.

Hamm B rnybuHe CNIOWHOIO  CMeKTpa TOHKMX MneHoK GaSe  o6Hapy»xeHa
(hOTONMOMUHECLIEHUMA C  3HEPruel, HaMHOro npeBblllatoWweli Kpak  (PyHAaMEeHTasbHOro
norsolleHns  (lWMpnHa  3anpelleHHol 3oHbl  GaSe cocTasnseT  Ej~2,023B). TonwmHa
nccneayemblX 00pas3LoB Obla OT [Jofeidi MUKPOHa [0 2-4 MUKPOH. B KauecTBe WCTOYHMKA
U3NyyeHns mcrnonb3oBascs UMNynbCHbIi Nd:YAG nasep (LQ529B) co BCTPOEHHbIMU
reHepatopamu 2-in n 3-ii rapMOHUK, NpPeAHa3HaYeHHbIA 415 reHepauun U3NyYeHus ¢ LIMHON
BO/HbI 1064, 532, 355 HM 1 C nepecTpanBaemMon [/IMHON BOJHbI B Anana3oHe oT 410-710 HM.
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OnntenbHOCTL flasepHOro ummnynbca coctasnana  At=1-10-8cek., MakCMManibHas 3Heprus
n3nyyeHns ~ 135 M. VIHTEHCMBHOCTb M3NYYeHUst U3MEHSANACh MPU MNOMOLLM KaIMbpoBaHHbIX
HEMTPa/IbHbIX CBETOBbLIX (hUNbTPOB. CreKTpbl (POTOMOMUHECLEHLUMN TOHKMX MNNeHOK GaSe
UccnefoBa/ICb C MOMOLLbKO aBTOMATM3MPOBAHHOIO MOHOXpOMaTopa C [ABOWMHOM Aucnepcueit
M833, C KOMMbIOTEPHLIM YPaB/eHVEM Y AeTEKTOPOM U3NTYYEHNS, PETUCTPUPYIOLLUM U3/TyYeHNe
B AvanasoHe A/MHbl BoMHbI 350 —2000 HM.

Mpwn BO36Y>XAeHNM 06pa3yoB GaSe 3-i rapmoHukoid Nd:YAG nasepa (I =355 HM), 6bin
06Hapy>KeHbl OTYET/IMBbIE JIMHUW U3/y4eHUs B 061acTu AmMH BOSMH 355-375 HM (puc.l).
CneKTpbl JIIOMUHECLEHLMN UCCNef0BaHHbIX 06pa3L0oB COCTOAT U3 ABYX SIMHWUIA C MaKCUMYyMaMmu
|, =362 um (~3,43 3B) n |, =372 um (~3,33 3B). Ha puc. 1 Takke npefcrasfeHa NNHUA
M3NyYeHns nasepa C AJIMHOW BOMHbI A=355 HM. Habniogaemas B W3MYyYEHUN NIMHUA C
MaKCMMyMOM | , MOJIHOCTLIO KOPPEenMpyeT C COOTBETCTBYIOLMM MUKOM B FNy6uHe 06nacTu
CO6CTBEHHOr0 MOrNoLWeHns, Habngatowmmesa B pabote [2]. ABTOpbI 3TON paboTbl CBA3LIBAKOT
3Ty JIMHUIO MNOT/IOWEHNs € ry6oKMMM aKcMTOHaMK (deep excitons), o6pa3oBaBLUMMUCA OKOJIO
CeA/IoBON TOYKWU. TOT (haKT, YTO COOTBETCTBYIOLUMIA aHANIOr NVHUW U3NTYYEHUS C MAKCUMYMOM
| ; =362HM OTCYTCTBYET B CMEKTPe MOr/IOWeHNs, No-BUAMMOMY, CBUAETENLCTBYET O TOM, YTO
3Ta IMHMA CcBA3aHa C AetheKTamMmu UAM NpUMecaMu, 061afarowymMmn, 04HaKo, TO cneLuguKkon,
4YTO WX YPOBHW pacnofaratoTca B 0071aCTU  CMIOLWHOMO CMeKTpa, MpeBbILaloLLen Kpaii
CO6CTBEHHOrO MOr/IOLLEHUS.

250

245

240

Ign, B OTH. €A,

235

"\

230 V4 \-/

350 355 360 365 370 375 380 385 390
A, nm

Puc. 1. CekTpbl U3y4eHUst TOHKMX MeHOK GaSe 3a KpaeM (yHAaMeHTabHOTO MOr/IoLLEHUs.

Mpy nccnefoBaHUM CMEKTPOB WM3MYy4YeHMSt TOHKMX MNeHOK GaSe, B AMHHOBONHOBOWA
00/1aCTV CrneKTpa 0bHapy)XeHa eLle ofHa NMHUA U3NYYeHUst C MakcUMymom ~707 HM (puc.2).
WNHTEHCMBHOCTb 3TON NMHUM HaMHOrO (~5pa3) NpeBbilLaeT MWHTEHCUBHOCTb IMHWUIA U3NTYUeEHWS,
HabMoAaBLINXCS B 061aCTU CNIOLWHOrO CrekTpa. PacnonoXeHue 3TOro nvMkKa B MPUMECHOM
06nacT cnekTpa MO3BONSET MPEANONOXWUTb, YTO OH OOYCNOBMEH HAINYMEM W3BbLITOUHBIX
aTOMOB CE/leHa.
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Puc. 2. CnekTp n3nyyeHns TOHKUX NieHoK GaSe B 06/1aCTV NPUMECHOIO NOT/OLLEHMS.

Taknum 00pa3om, MpuBefeHHbIe Bbille pe3ynbTaTbl MOKasbiBAKT, YTO KpucTaiibl GaSe
ABNAKOTCA  YOOOHbIMM  00beKTaMu  [ANA  WMCCNef0BaHUA  OMTUYECKOrO  MOTJIOWEHNA U
NOMUHECLLEHLMM 3@ KpaeM OCHOBHOIO MOr/owWweHns. Hanmume 3HaumTeNbHOM YyBCTBUTEILHOCTY
B 3TOW 06N1acT CBUAETENbCTBYET O BbICOKOM KauyecTBe eCTECTBEHHbIX MOBEPXHOCTHbLIX C/IOEB U
MO3BOJIAET YTBEPXAATb, 4YTO KpucTaiibl GaSe MOryT OblTb WCMOMb30BaHbl B KayecTse
MCTOYHMKOB N3Ny4eHWs B KOPOTKOBO/IHOBOW 06/1aCTW CMeKTpa.
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RADIASIYA IL8 MODIFIKASIYA OLUNMUS POLIPROPILEN (PP)

V& GUMUS SULFID (Ag,S ) ©SASINDA PP/Ag,S NANOKOMPOZITLORIN
SONOEMULSiYA USULU iL® ALINMASI VO QURULUSU

M.8. Ramazanov, S.Q. Nuriyeva, i.A. Mammadli
Baki Dovlat Universiteti
aliyeva-s@list.ru., i.ilahe199218@gmail.com

Tadgim olunan isda kombinasiyali metodla alinmis izotaktik polipropilen va gumis sulfid asash
nanokompozitlarin alinma texnologiyasi islanmis va polimer nanokompozitin qurulusunda bas veran

dayisikliklar, nanohissaciklarin formasi, paylanmasi va 6l¢usi tadgigq olunmusdur.

Son illards Uzvi polimerlara daxil edilmis geyri-Uzvi nanohissaciklarasasinda alinmis
materiallarin  tadqiginde  perspektivli naticalar alds edilmisdir.Glimus sulfid (Ag,S)
nanhossaciklarine maragin artmasi onlarin unikal elektrik, termoelektrik, optik ve fotogolvonik
xassalari ila baghdir [1-3]. Tarkibinde Ag,S nanohissacikleri olan nanokompozitlar bu
xassalarina gora glnas elementi, yarimkegirici, fotodetektor, sensor, ekranlasdirici ortik, radio
dalgalarin aktiv adsorberi v infraqirmizi stialanmanin polyarlasdiricisi kimi mixtalif cihazlarda
genis tatbiq sahalsrina malikdir [4-5]. Bundan basqaAg,S asasli polimer nanokompozitin
xassalari polimerin sintez  Usuluna cox hassasdir ve polimerin qurulusundan kifayat gadar
asthdir. Polimer Ag,Snanohissaciklarinin matrisds 6lgllarinave paylanmasina stabillasdirici va
qurulus yaradan molekul kimi tasir gosterir. Diger tarafdan geyri-Uzvivalizvi materiallarin
birlasmasi har ikifazanin xassalarinin 6zlnds camlamasine ve daha yaxsl naticalarin alds
olunmasina sabab olur [6].

Qeyd etmak lazimdir ki, bazi polimerlariradiasiya (y-stia) ilamodifikasiya etdikda onlarin
xassalarinda dayisikliklar yarana bilir. Bela stalanmanin tasiri ils bas veran dayisikliklaralimlar
Uciin genis arasdirma movzusu olmusdur. Polimerlarde gamma slalarin tasiri ils dayisikliklarin
dyranilmasi movzusu polimer lglin uygun stabil sistemin yaradilmasi baximindan da maraglidir.
Muayyan edilmisdir ki, radiasiya tasiri polimerlarda kimyavi dayisikliklarin, hamcinin tikilmalar,
zancirin dagiimasi, mixtslif kimyavi gruplarin yaranmasina sabab olur.Onlarin optik xassalarini
arasdirdiqda isa gadagan olunmus zonanin eninin azalmasi misahida olunur [7-9].

Polimer/yarimkegirici nanokompozitlarinhazirlanmasi ucunbir  goxusullariglanib
hazirlanmisdir. Tadgiq olunan isda isa polipropilen (PP) ve gumus sulfid ssasli (PP/AQ,S)
nanokompozitinin alinmasi prosesinds ultrasas va mikroemulsiya metodlarini tatbiq edilarak
kombinasiyali alinma dGsulu taqdim edilmis [10],hamginin sintez zamanipolipropilenin
aktivliyiniartirmaq tigtin onun tozunu ®°Co izotopunun y-siialari ile miixtslifdozalarda (15, 30, 50
kGy)sualandirilmis va radiasiyanin polimer nanokompozitin qurulusuna, morfologiyasina tasiri
oyranilmisdir.

vy sualarin PP polimerinin qurulusunda hansi effektiv dayisikliklera ssbab olmasini
muayyan etmak Uc¢ln modifikasiya olunmamis, y stialari ils modifokasiya olunmus polimer va
hamin polimer asasinda alinmisPP/Ag,S nanokompozitin iQ spektrlari sakil 1-da gostarilmisdir.
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Sak.1. Modifikasiya olunmamis PP(a), y-stias! ila modifikasiya olunmus (b) PP
va hamin polimer asasinda alinmisPP/Ag,S (c) nanokompozitin 1Q spektrlari

1167, 997 va 972 sm™ zolaglari polimerin izotaktik oldugunu gdsterir. 2950va 2870-
2880sm™ piklari CHsgruplarinin asimmetrik va simmetrik valent ragslarine,2920ve2838sm™
piklari issa CHygruplarinin asimmetrik valent ragslarina uygun gslir.Slialanmadam sonra bazi
xarakteristik piklarin (1167, 997 sm™) yoxa ?lxma5| musahida olunur. Bu da polimer zancirin
dagilmasi demakdir. 2838, 1462 va 1378 sm™ piklari da misayyan daracada itir. Belalikla metil
va metilen gruplarinin C-H rabitalari qirihr.Demak olar ki, stialanma CHs gruplarinin sayini
azaldaraq onlari CH, gruplarina cevirir va polipropilen zancirinda tikilmalara sabab olur. y
stalanmadan sonra polimerds har hansi bir kaskin pikin yaranmasi missahida olunmur. Yalniz
3370-3400 sm™intervalinda genis bir zolaq miisahida olunur ki, bu da O-H hidroksil gruplarina
uygun galir. Bu isa sualanmanin tasirinden polimer zancirds hidroksil gruplarinin
formalasdigini gostarir. Hamcinin 1600-1715 sm™ dalga uzunluglari oblastinda zolaglar yaranir
ki, bu da C=0O qruplarinin yaranmasi demakdir. Bu yeni qruplarin yaranmasi stialanma
prosesinin vakuumda apariimadigindan irsli gals bilsr, yani oksigen havadan géturils bilar.
PP+Ag,S nanokompozitinin iQ spektrini tadgiqi 2838, 2722, 1716, 840 sm™ piklarinin ve 3370-
3400 sm dalga uzunlugundaki intensivliklarinin azalmasi gorinir.Hamginin ilkin halda
musahida olunan 1629, 1598 sm piklari da misahida olunmur. Bu iss hamin gruplarin Ag,S
nanohossaciklari ils 6rtilmasina dslalat edir. Naticada stialandiriimis polimerin nanohissacik
Ucun optimal mihit oldugunu anlasilr.

Stialanma dozasinin matrisda nanohissaciklarin formalasmasina tasirini tadqig etmak Ugin
sakil 2-da ilkin mahlullarin sabit konsentrasiyasinda (0,01M), mixtslif dozalarda modifikasiya
olunmus polimerlardan alinmis PP+Ag,S nanokompozitlarininatom qiivva mikroskopik (AQM)
tasvirlari gostarilmisdir.

AQM tasvirlarin tahlilindan gorundr ki, y stialanmadan sonra polimerin sathi daha hamar
olur, yani nimunanin sathinin qurulusu polimerda yaranan aktiv markazlarin hesabina dayisir.
Hamcinin, y stialanmanin dozasinin artmasi ile kompozitin hacminds Ag,S nanohissaciklarinin
migdarinin dayismasi, yani muayyan giymata kimi coxalmasi musahida olunur.

Bela bir naticays galmak olar ki, polimerin bu nanokompozitda funksiyasi tek baglayici
kimi deyil, ham ds gumus sulfid hissaciklarinin aglomerasiyasinin garsisini almaqdir. Demali
nanohissaciklarin diametrini tasir edan faktorlarin parametrlarini uygun secerak idara etmak
olar. Belalikls, y stalarin dozasini dayisarak nanohissaciklarin formalasmasi, paylanmasi va
Olcusini idars etmak olar. Tadgigatlar naticasinds gumdis sulfid nanaohissaciklarinin
polipropilen matrisds bircins ve homogen paylandigi misahida olundu.
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Sok. 2. Mixtalif dozalarda sualandiriimis tozlardan alinmis PP+Ag,S nanokompozitinin
SEM tasvirlari: a) 0 kGy b) 15 kGy c) 30 kGy d) 50 kGy
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TACLI BOSALMANIN T8SIRi ALTINDA POLYARLASMA PROSESININ
PVDF/ZrO, POLIMER NANOKOMPOZiYA MATERIALLARININ
QURULUSU V8 LUMINESSENSIYA XASSSLSRINS TaSIiRI
F.V. Haclyeva, M.A. Ramazanov, A.M. Rahimli
Baki Ddvlat Universiteti, NanoArasdirmalar Laboratoriyasi
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Verilmis isda tacli bosalmanin tasiri altinda polyarlasma prosesinin PVDF/ZrO, polimer
nanokompoziya materiallarinin qurulusu va liminessensiya xassslarina tasiri dyranilmisdir. Misayysn
edilmisdir ki, polyarlasma prosesi zamani nanokompozisiyasinin komponentlari arasinda yaranan
fazalararasi sarhadds yaranan yiklar hesabina yiiksak daxili lokal saha yaranir ve bu sahsnin tasiri
altinda nanokompozitlards slava liminessent markazlar yaranir va naticads lliminessensiyanin intensivliyi
artir.

Polimer matrisda yerlasan fotoaktiv nanohissaciklarin ¢ox bdyik kimyavi aktivliyi malik
oldugundan onlar matrisda ¢ox yuksek fazalararasi garsiligh tasirler gostarir. Nanokompozitds
nanohissaciklarin dlgulari formalasan tstmolekulyar quruluslarin 6lgularina yaxin ve ya barabar
oldugunda isigin tasiri altinda polimerin makromolekullari yarimkegirici doldurucuda yeni alava
liminessent markazlar hayacanlandirir [1-2]. Nanokompozisiyalarin polyarlasma prosesi zamani
kompozisiyalarin komponentlari arasindaki maksvell relaksasiya muddatinin farqi hesabina
fazalarasi serhadds elektrik yuklari yigilir ve bu yikler nanokompoziyanin komponentlari
arasindaki fazalararasi garsiligh tasirlari dayisir. Nanokompozisiyalar 2 ve ya daha ¢ox va bir-
birils kompleks elektrofiziki va fiziki-mexaniki xassalarina gora kaskin dayisan komponentlardan
ibarat oldugundan onlarda laylararasi polyarlasma prosesinin bas vermasi mumkindir. Bu
proseslarin bas verma ehtimali polyarlasma saraitindan, polimer matrisds va polimer-doldurucu
sarhaddindas yuk talalarin konsentrasiyasi va darinliyindan ¢ox giiclu asthidir. Bununla bagh tacli
bosalmanin tasiri altinda aparilan polyarlasma prosesinin nanokompozitlerin qurulus ve
liminessent xassalarina tasirinin dyranilmasi ¢ox bdyik maraq kasb edir.

Verilmis isda tacli bosalmanin tasiri altinda bas veran polyarlasma prosesinin PVDF+ZrO,
asasli nanokompozisiyalarin qurulusu va liminessensiya xassslarina tasiri dyranilmisdir. Tacli
bosalma ile polyarlasma prosesi iyna-mistavi elektrodlar vasitasi ile hayata kecirilmisdir.
Iynalarin diametri 0,3 mm, iyna va niimuna tabagalari arasindaki masafs 1 sm barabar olur.
Bosalma gearginliyi U=6-9 KV, bosalma muddasti 5-10 daqiga taskil etmisdir. Numunalarin
galinhigr 100 mkm taskil etmisdir. Tacriibadan avval nlimunalarin sathi xisusi temizlsnmisdir.
Daha sonra nimunalar yers baglanmis elektroda yerlasdirilmis ve 6 kV garginlikde nimuna
sathindan 6x10° m masafada yerlasdirilimis metallik iynalar vasitssi il tacli bosalmaya maruz
edilmisdir [3].

Hamginin PVDF+ZrO, asasli nanokompoziyalarin tacli bosalmanin teasiri altinda
polyarlasmadan 6nca va sonra qurulusu atom-quvvat mikroskopu vasitasi ila tadqiq edilmisdir.
Skanetms hava seraitinds rezonans tezliyi 40-97 Hs-s va ucunun ayrilik radiusu 20 nm barabar
olan plazmakimyavi isulla hazirlanmis zondlarla integra-Prima skanedici-zond mikroskopunda
aparilmisdir. Misyyan edilmisdir ki, tacli bosalmanin tasiri altinda polyarlasmadan sonra
nanokompozisiyalarin sathinin qurulus elementlarinin xirdalanmasi bas verir [4].

PVDF+1%ZrO, asasli nanokompozisiyalarin ltiminessensiya spektrlari tacli bosalmadan
onca va sonra Cary Eclipse spektrofliiorimetrinds 300-700 Hm dalda uzunlugu intervalinda tadgiq
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edilmisdir.  LUminessensiya spektrlari  nimunani  A=265 nm dalga uzunlugunda
hayacanlandiriimagla alinmisdir. Sakil 1-de PVDF+ZrO, ssasli nanokompozisiya materiallarinin
tach bosalmaya mearuz edilmadan ©6nce ve sonra liminessensiya spektrlari gostarilmisdir.
Sekildan gorindiyl kimi liminessensiya spektrinds 389 nm, 446 nm, 458 nm, 495 nm, 530 nm,
565 nm pikler misahids edilir.Mlsyyan edilmisdir ki, tacli bosalmanin tasiri altinda
polyarlasmadan sonra liminessensiyanin intensivliyi artmisdir ve bu artma demsak olar ki ZrO,-
nin polimerin matrisindaki buttin migdarlarinda masahida edilmisdir.

200+
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500+

302,00

Intensity (a.1.)

400+

200 -

400 500 600 700
Wavelength (nim)
Sok. 1. PVDF+1%ZrO, asasli nanokompozisiya materiallarinin tacli

bosalmadan 6nca (1) va sonra (2) liminessensiya spektrlari.

Sekilden gorundiyd  kimi, PVDF+ZrO, nanokompozisiyanin liminessensiyasinin
intensivliyi asasen 330 nm, 360 nm, 378nm va 531 nm dalga uzunlugundaki piklsrds musahida
edilmisdir. Ferz edilir ki, polyarlasma prosesi zamani PVDF+ZrO, nanokompozisiyasinin
komponentlari arasinda serhad yiklsr hesabina coxlu miqdarda elektrik yiklar yaranir. Bu yuklar
hesabina yuksak daxili lokal saha yaranir va bu sahanin tasiri altinda nanokompozitlards slave
liminessent markazlar yaranir va naticada liminessensiyanin intensivliyi artir [5-6].
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THE TECHNOLOGY OF PREPARATION OF NANOCOMPOSITES ON THE
BASE OF ISOTACTIC POLYPROPYLENE/TITANIUM NANOPARTICLES AND
INVESTIGATION OF THEIR STRUCTURE

A.B. Ahmadova, F.V. Hajiyeva, M.A. Ramazanov
Baku State University, NanoResearch Laboratory
mamed_r50@mail.ru

In this paper we report of obtaining novel nanocomposite structures based on isotactic
polypropylene and nanoparticles of titanium. The distribution of titanium nanoparticles in the
polymer matrix was studied by optical (Zeiss Axio Imager A2m) and scanning electron
microscopy (SEM, Jeol JSM-767F). The IR spectra reveal that after the introduction of titanium
nanoparticles in the polypropylene matrix there is a significant decrease in the intensity of the
band at 2950 cm™ and 2839 cm™ which indicate on weakening CH stretching vibrations in the
spectrum of polypropylene. SEM studies of polypropylene (PP) and nanocomposites based on
PP+Ti showed that the introduction of nanoparticles in polypropylene leads to change of the
supramolecular structure of the polymer and forming of a relatively ordered structure with the
introduction of 1% of titanium nanoparticles in the polymer.

As advanced technologies are expanding, the need for novel functional materials
significantly increases. Nowadays, materials with a special combination of properties (e.g.,
magnetic—transparent, conductive—transparent, catalytic—-magnetic, etc.) are strictly required.
Materials based on nano-sized metals will surely represent an adequate solution to many present
and future technological demands, since they exhibit both novel properties and unique properties
combinations. In recent years, the number of researches devoted to engineering of materials with
special and practically important physical properties based on polymer composites containing
metals nanoparticles significantly increased.Polymeric nanocomposite materials, composed of
two or more phases, require the development of physical and chemical basis of preparation of
new active elements by means of modification of its structure and properties. Polypropylene
(PP) at the present time is one of the most prevalent synthetic thermoplastic polymer, that is
widely applied in many fields. When PP is combined with metallic nanoparticles such as titanium
nanoparticles at the nanometer level and varying the composition of the polymer matrix and
titanium nanoparticles, their ratio, the degree of dispersion, and other characteristics of the filler,
it is possible to prepare materials with a desired set of properties.

PP/Ti based polymer nanocomposites were prepared as follows: isotactic polypropylene
was solved in toluene at a temperature of 120°C. Nanoparticles of titanium, which were obtained
by electroexplosive technology, added to the polymer solution (the volume content of
titanium1%, 3%, 5%, 7%, 10%) at a temperature of 120°C withoutcooling the polymer
solutionand stirred for an hour to obtain a homogeneous mixture. The mixture was transferred to
a Petri dish and dried in a vacuum oven in 24 hour. The thin film nanocomposite were obtained
by hot pressing at the melting temperature of polypropylene and a pressure of 10 MPa. Cooling
the film after hot pressing was carried out in water and the cooling rate was 20 degree/min.

Figure 1 shows the IR spectra of nanocomposites based on polypropylene with titanium
nanoparticles.
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Figure 1. FTIR spectra for the pristine PP (1), PP+1%Ti (2),
PP+3%Ti (3), PP+5%Ti (4)

The IR spectra reveal that after the introduction of titanium nanoparticles in the
polypropylene matrix there is a significant decrease in the intensity of the band at 2950 cm™ and
2839 cm™ which indicate on weakening CH stretching vibrations in the spectrum of
polypropylene. The distribution of titanium nanoparticles in the polymer matrix was studied by
optical (Zeiss Axio Imager A2m) and scanning electron microscopy (SEM, Jeol JSM-767F). The
surface of nanocomposites based on PP+Ti was studied by optical microscopy at various volume
content of titanium. It was found that with increasing concentration of Ti nanoparticles the larger
agglomerates formed in a matrix. SEM studies of polypropylene (PP) and nanocomposites
basedon PP+Ti showed that the introduction of nanoparticles in polypropylene leads to change of
the supramolecular structure of the polymer and forming of a relatively ordered structure with the
introduction of 1% of titanium nanoparticles in the polymer.
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TOPOLOGICAL INSULATOR BASED PHONONIC
CRYSTALS:FUNDAMENTAL AND APPLICATIONS
A.M. Mamedov
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It is well known that metamaterials are artificially designed composite materials which can
exhibit properties that cannot be found in nature. These properties can be electronic, magnetic,
acoustic, or elastic and have, of late, come to include static properties [1]. In the context of
acoustic metamaterials (AMM), these properties refer to the bulk modulus and density, and for
elastic metamaterials, they refer to the moduli (bulk, shear, and anisotropic) and density of a
designed composite material. AMM have the potential to achieve unique, unprecedented effective
acoustic properties [2] while maintaining reasonable sample sizes. Analogous to their
electromagnetic counterparts [3], these materials utilize engineered deep subwavelength
microstructures, making effective-medium theory and effective properties appropriate.
Unprecedented anomalous effective properties have been predicted and demonstrated using these
designs, with negative acoustic and elastic properties drawing major interest due to the
implications of new interface and shear modes, evanescent wave enhancement, and reversal
Doppler effect and refraction [3].

On the other hand phononic or sonic crystals [2] utilize structures with periodic high
impedance inclusions in a low impedance matrix. Numerous novel phenomena have been
demonstrate using these crystals (focusing, negative refraction, tunneling, and wave guiding).
Physically, these phenomena are caused by Bragg scattering in an array of unit cells near the first
Brillouin-zone edge, when the wavelength in the matrix is comparable to the periodicity [4].

In the present work the acoustic band structure of a two-dimensional (2D) phononic crystal
(PC) containing an organic ferroelectrics and topological insulator were investigated theoretically
and numerically by the plane-wave-expansion (PWE) method [5]. Two-dimensional PC with
square lattices composed of topological insulator cylindrical rods embedded in the organic
ferroelectric matrix are studied to find the existence of stop bands for the waves of certain energy.
This phononic bandgap - forbidden frequency range -allows sound to be controlled in many
useful ways in structures that can act as sonic filters, waveguides or resonant cavities. Phononic
band diagram w =w(k) for a 2D PC, in which non dimensional frequencies wa/2mc (c-velocity

of wave) were plotted versus the wavevector k along the IM'-X-M-I" path in the square Brillouin
zone (BZ) show four stop bands in the frequency range 0.01-8.0 kHz. The ferroelectric properties
of matrix and unusual properties of topological insulator give us ability to control the wave
propagation through the PC in over a wide frequency range.

We study the 2D composites by solving the basic acoustic wave equation and use Bloch
wave analysis to identify the band gaps.

The numerical results for the band structure are expressed in terms of the normalized or
reduced frequency Q, which is an expression of (wa/2mcl) and it ranges from 0 to 3.0. The
calculated band structures of the 2D phononic crystal shown that there exists complete acoustic
band gaps for the assumed model around 0.4 to 2.8. The complete band gap along the right-
handed triangle M-X-M-I" with vertices at I' =(0,0), X = (m, 0) and M =(m, m) show us that the
entire angular range of the wave propagation direction, while other directions are not forbidden
within a certain range of frequencies. The density of states (DOS) as a function of frequency
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were also computed. The phononic DOS were calculated by sampling k-points in the 2D BZ. We
found the density of states as a function of frequency w by doing a sum of all the bands over all
the frequencies. DOS calculations are particularly important since some physical properties, such
as thermal conductivity and specific heat, can be modified by changing the phonon density of
states in a phononic crystal. Briefly, they provide insight into the microscopic and macroscopic
properties.

The dispersion relation, w(k), for the first and second bands were calculated. For this
calculation, we have to calculate the full band diagram for all k-vectors in the first BZ, not like
the band diagram calculated only along the I'-X, X-M, and M-I directions in the first BZ. Like
the band structure construction, we used the frequency-domain PWE method to create the equi-
frequency contours (EFC). They are illustrated in Figure. The plots provide a better
understanding of how such dispersion influences acoustic velocity. Moreover, the contour plots
of the associated dispersion surfaces are shown in figure. The EFC are at the intersection of the
3D dispersion curves with a horizontal plane and they provide an essential source of information.
Eigenfrequency contours are especially informative about its qualitative shape.
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Figure 1. (a) The dispersion, w(k), relation (band-diagram) for the first bands of
the square phononic crystal, calculated for all k-vectors in the first

Brillouin zone. (b) The equifrequency contours for the first bands zone.
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By considering the acoustical wave vector and the group velocity as local parameters, the
shape of the equifrequency contours can be used accurately to account for anisotropy. Circular
dispersion in reduced k space means that the medium is an isotropic medium and the wavevector
of the acoustic wave and the group velocity are parallel for any propagation direction. Therefore,
in the material the velocity of the acoustic wave does not depend on the direction that the wave
travels. As can be seen, the radius of the EFCs clearly increases as the frequency increases.

The equifrequency surfaces, of the incident wave along the I'-X-M-I" direction shows that
local curvature of the EFCs deviates from circular symmetry. An equi-frequency plot of the 2nd
band, which is a little bit more complicated than the 1st band, which exhibits a square-like
contour. The case of a non-circular EFC, however, indicates anisotropic behavior. On the other
hand, a square like contour also reflects some symmetry in a particular direction. This could
especially be advantageous and even be more effective if the self collimation property of the
phononic crystal is considered. It must be noted that the group velocity vg is normal to the equi-
frequency contour but not collinear to the wave vector k. At each frequency, the energy flow
direction is given by the normal to the equi-frequency contour, and is in the direction of the
maximum rate of change of frequencies. The calculated contours also allow us to analyze
whether the phononic crystal can have negative density or not, depending on the sign of the
dispersion slope. From the equi-frequency contour plots above, we can see that the radius of the
circle increases with frequency. Hence, we can conclude that the dispersion slope is positive.

The unusually large angles (~180°) between the phase and group velocities of acoustic
waves lead to many unusual wave phenomena observed at crystal-air or crystal-isotropic medium
interfaces. In order to understand the dynamics of wave propagation, the concept of group
velocity may be useful from the viewpoint of energy transportation. From [2], it follow that the
envelope of the wave packet propagates with the velocity Vg. The direct calculation of the
derivative of the dispersion relation calculated numerically is not always convinient and can give
error. As shown in [2], the group velocity of the wave packet is equal to the velocity of energy
transfer. Thus, by using the results of [2, 3] the group velocity can be always calculated more
accurately, irrespective of the number of points in the dispersion curve. Therefore, we have
calculated the group velocity along the high-symmetry directions '-X-M-I" of the BZ. It is
evident that the components of the group velocity versus the high symmetry direction (I'-X-M)
vary over a wide limits. The dependences Vg, which describe the wave packets of localized
modes of any order exhibit (generally) a maximum at certain propagation constants. This means
that the dispersion of group velocity can be positive, negative or zero [2]. It is worth mentioning
that the group velocity of the waves is zero at the high symmetric point X meaning that there is
no energy transfer at this point.

In this paper, we initially discussed the band structure of two dimensional phononic crystal
composed of a topological material embedded in a polymer host. We use the plain wave
expansion method to calculate band gaps in the acoustic band structure of the locally resonant
phononic crystal. The results of this study illustrate that the width of the first band decreases and
more phononic stop bands appear under the assumption of the fluid/solid approach. The findings
of this paper may be useful to the improvements in the design of acoustic phononic crystals and
they provide some perspectives in a way for designing acoustic filters or insulators.
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A one-step bench top chemistry route to the synthesis of germanium (Ge) nanoparticles
(NPs) around 3 nm in size were shown by using GeCl, as a precursor. It was indicated that this
facile method can be utilised in ambient air and temperature so it has more advantages than the
other synthesis routes. Luminescent free-standing Ge NPs were prepared as suspended in water
or ethanol. In ethanol, photoluminescence emission of the Ge NPs was observed between 700-
800 nm. Optical and morphological features of Ge NPs were correlated using transmission
electron microscopy, X-ray diffraction, Raman spectroscopy and photoluminescence
spectroscopy. The structure of the particles was determined by a core/shell model with a small
crystalline core and an amorphous outer shell with a surface that was terminated by hydrogen.
Investigation of toxicity of Ge NPs in HeLa cells was carried out and compared with commercial
carboxyl coated Cd/ZnSe quantum dots. The toxicity test showed that Ge NPs are less toxic
compared to commercial CdSe quantum dots.
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MBSAMSLI SiLiSIUM TOZUNUN KiMY8Vi
ASILAMA METODU iL8 ALINMASI
F.9. Rustamov, N.H. Darvisov, M.Z. Mammadov,
V.E. Bagiyev, Y.Y. Bobrova, H.O. Qafarova, Z.A. Agamaliyev
Baki Dovlat Universiteti, Fizika Problemlari ETi

Masamali silisium ununun kimyavi asilama metodu ils alinma texnologiyasi islanmisdir. P- va n-
tipli silisium ununun kimyavi asilanmasi modifikasiya olunmus HF:HNOjz;: CH3;COOH mahlulunda
oksidlasdiricinin  ¢atismazhgr rejiminda aparilmisdir.  Alinmis  ndmunalarin - morfologiyasi va
fotolyuminessensiya xassalari tadqiq edilmisdir.

Masamali silisium tozu adstan iki texnoloji tsulla alinir. Birinci Gsulda masamali silisium
tabagasi elektrokimyavi va ya kimyavi asilama sulu ils silisium l16vhasi tizarinda alinir. Sonra bu
tabage silisium ldvhasindan ayrilarag, ultrases vannasinda Gyddalir. Naticade masamali
silisiumun tamiz sakilds tozu alinir [1]. Lakin bu Gsulla praktiki tstbiq tctn lazim olan gadar
masamali silisium tozu hazilamag problemlidir va baha basa galir. ikinci tisulda avvalca silisium
kristali mexaniki yolla kuravi dayirmanda tyudullr, sonra alinan toz dsnalari uygun asilayici
mahlulda kimyavi asilanmaya mearuz qalir. Adatan asilama Gciin tatbiq edilan mahlul 4:1:20
hacmi nisbatinda gotirilmus HF (49%), HNO3 (65%) ve H,0 garisigindan ibarstdir va masamali
silisiumun formalasma reaksiyasinin arasikasilmaz etmak ¢tin mahlula tadricon HNO3 damcilari
alava olunur [2]. Bu halda alinan tozlar dsnaciklari silisium kristallitlarinin Gzarini nazik sathls
ortmis masamali silisium gatindan ibarst olur. Bu usulla, prisipce, kifayst gadsr toz halinda
masamali silisium almaq olur, lakin bu Gsulun ¢ixisi kifayst gadsr azdir. Bundan basga bu
mahlulu kasilmaz va intensiv olaraq garisdirmag talsb olunur. Bu da onunla slagadardir ki,
masamali silisium gidrofobdur va suda islanmir.

Bu isda masamali silisium tozunun modifikasiya olunmus mahlulda alinmasi metodikasi
islanmisdir. ©vval p- va n -tip silisium tabagalari kiiravi daiyirmanda tyudilarak hissaciklarinin
Olculari 5 mkm- dan kicik olan silisium tozu alinir. Asilayici mahlul olaraq 1200:1:800 hacmi
nisbatde goturilmis plavik tursusu  (49%), nitrat tursusu (65%) va sirks tursusu garisigi
secilmisdir. Asilayici mahlulda sirks tursusunun kifayst gadsr olmasi silisium ktistallitlarinin
yaxs! islanmasini tamin edir. Asilanma saffaf polipropilen gabda magnit garisdiricisinin tstiinda
aparilir. ©vval gaba silisium tozu, sonra isa astlayict mahlul tokilir. Qabarciglarla musayist
olunan reaksiya bir dagigadsn sonra baslayir. Masamali silisium toz danalarinin alinmasi
mahlulun sathina onlarin ¢ixmasi ile miusayist olunur ki, onlar da mahlulun ssthindan yigilirlar.
Bu prosesds zaman kecdikca reaksiyanin sirsti azalir, ona godre masamali silisiumun
formalasmasinin arasikasilmaz edilmasi ¢tn mahlula periodik olarag damcilarla nitrat tursusu
alava edilmali ve mahlul arada arabir garisdiriimalidir ki, onun bitin kristallitlara tasirini tamin
etmak mumkun olsun.

Gostarilan Gsul ils alinmis masamali silisium tozu vizual olaraq gonur-narinci rangds olub
otaq temperaturunda qirmgqizi rangli fotoluminessensiyaya malikdir.

Sekil 1-da silisium tozunun kimyavi asitlanmadan avvalki va sonraki 900 ve 45000
boyltmalards SEM sakillari verilmisdir. Géranduyd kimi kristallitlerin sethinds alinan masamali
silisium sathin morfologiyasini tam dayisir ve sath nahamar olur.
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c)
Sakil 1. Kristallitlarin sathinin masamali silisiumsuz ( a va ¢) va masamali
silisium gatinin yaranmasindan sonra (b va d) SEM tasviri.

Alinmis  masamali  silisium  tozunun

fotoluminessensiyasinin  stialanma  spektrlari
tadgiq edilmisdir (Sakil 2). Stialanma spektrlari L
320 nm dalgg"uzur!'lugundakl isigla hayacan- % il
lanmisdir. Bltin nlmunaler otaq temperatu- 5
runda, yarimeni 0.85 eV olub, fotoluminessen- £ o8-
siyanin maksimumu 661 nm-a disan girmizi =
- - - ags = w
luminessensiya malikdirlar va bu silisium g Y]
I6vhalari Gzasrinds alinan masamali silisiumun ¥ 02
stialanma spektrlarina tam uygundur [3]. =
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1.6 1.8 2.0 22 2.4
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Sakil 2. Masamali silisium tozunun
fotoluminessensiya spektri
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MONTYYEHUE N UCCNEAOBAHME ONTUYECKNX CBOVCTB
ZnO/PMMA HAHOKOMIO3UTHbIX MJIEHOK

P.[bx. KacymoBa, ['.M. Mawmepos, LL.A. LLlamnnoBa
BakuHcKkuii FocyaapcTBeHHbI YVBEPCMTET

shahla_shamilova@mail.ru

B npefcTaBneHHoi paboTe TLAaTenbHO OnMcaHa TEeXHONOTWs NOAYYEHUS TOHKMX MneHokK ZnO.
M3yyeHbl ONTWUYECKMe CBOMCTBA W MOPCONOrMs MOBEPXHOCTEA HAHOKOMMO3WTOB. TeopeTU4ecku
nccnefoBaHo 4acTOTHOe npeobpasoBaHe ZnO/PMMA CcTpyKTyp € y4eTOM (has30BbiX 3(DGeKTOB,
KOTOpbIe MO3BONAIOT BbIABUTL MyTW MNOBbILLEHUA 3NGEKTUBHOCTY NpeobpasoBaHns. AHAIMTUYECKUM
MeTOAOM Tak>Ke OLEHeHO OXKuaaemoe npeobpaszosaHue 3hPeKTUBHOCTU Ha Pa3MYHbIX A/MHAX BOJH
NasepHoro msnydeHus. MeToanka aHanmMsa ONTUYECKUX FeHepauui, npojenaHHas B faHHON paboTe,
MO>KET 6bITb MCNONb30BaHA /151 APYrMX HAHOKOMMNO3UTHbIX MAEHOK.

Okeng  umHka  (ZnO)  ABNSETCA  HETOKCUMYHLIM - MOMYMPOBOAHWKOM  C  LLUMPUHOWA
3anpeLyeHHON 30Hbl Ey =3.30 3B, n-Tuna 3nekTponposogHoCcTW. Cpedun pasnyHbIX NprMeHe-

HWI, TaKMX Kak nasepHble gnodbl [1], nbe3oanekTpuyeckme npeobpasoBaTenu [2], TpaH3UCTOPbI
[3] v ntomuHOoOpBI [4], ZnO, Takke NUCMO/b3YeTCA B KayecTse OY(epHOro npo3payHoro cios B
CO/MHEYHBIX 3/IEMEHTax Ha OCHoBe auceneHunga meau-ungua-rannmsa (CIGS) [5]. Kak npasuno,
AN IPUMEHEHNS YCTPONCTB COMHEYHbIX 3/1EMEHTOB, ZNO HAHOCAT ¢ NoMoLbt0 BY-pacnbineHus,
13-3a ero OTHOCUTENIbHO HM3KO CTOMMOCTW OCaKAeHWs. HefocTaTkamy UCNOb30BaHUA Takoro
MeTOoa ABNAOTCA BbICOKAasA CTOMMOCTb 060PYA0BaHNSA U CNOXHOCTL 3KCnyatauun. ZnO Takxe
MOXeT ObITb BblpalleH 3/1EKTPOXUMMUYECKMM METOAOM OCaxaeHus [6, 7], KOTOpbIl umeeT
HU3KYI0 CTOMMOCTb 000pYyAOBaHWA, MPOM3BOACTBA W MNPOCT B 3KchayaTauuu. [pyrum
CYLLECTBEHHbIM MPEVMMYLLLECTBOM MeTOZa OCaXAEHUA TOHKMX TM/IEHOK SABNSAETCHA, HU3KasA
Temneparypa 06paboTKKM, MO3BOMAKOLLAA KOHTPO/MPOBATb TOJMLUMHY TMJIEHKN W pas3finyHble
(hopMbI NMOAIOXEK. DTOT METOZ TaKXKe N03BONAET U36eXaTb UCMO0/b30BaHNUSA BAKYYMHbIX CUCTEM,
MO3BO/IAOLLMX POCT M/IEHOK B HOPMa/lbHbIX /1a60paTOpHbIX YCnoBusx [8].

B HacToswen paboTe, HAHOCTPYKTYpHble TOHKWe nneHkn (40-100 HM) ZnO 6bn
OCaX[eHbl Ha NOBEPXHOCTb NeHOK PMMA/SNO; 371eKTPOXUMUYECKM OCaXKAEHVEM.

Mepen ocaxaeHWeM, MOLMOXKKM TLIATE/IbHO MPOMbIBA/IUCH AEUOHU3NPOBAHHOW BOAON Y
BbICYLLEHbl a30THOW NpPOAYBKOW. [NEHKM oOCaxaaincb NP KOMHATHOW TemnepaTtype C
noTeHUManoM ocaxaeHus -1.2 V. [na Toro, 4tobbl NAEHKU Obinv TOMWMHOW B 200 HM,
oCaX/eHve NPoBOAMNOCL B TedeHne 3-4 MUHYT [9].

ToHkve nnieHKMn ZnO  OblNM  3MEKTPOOCAXEHbl € WCMOJb30BaHWEM  OObIYHOWN
TPEX3NEKTPOAHOW CUCTEMOM, C rpaMTOBOM MNacTUHOW aHogHoro anektpoga n Ag/AgCl kak
BCrioMoratefibHbliA  anekTpod. BopgHbld  pactBop cogepxan 0,1 M HuTpata LMHKa
(Zn(NOg3),#6H,0) pacTBOpeHHbI B 150 MA  OeMOHWM3MPOBAHHOM BOAbl.  Temnepatypy
nogaepxveann npu 80°C (+ 2°C). O6pasubl pasmepamu 10x8 MM? 6binv BbIpalLeHbl Mpw
pasNMyHbIX KaToAHbIX noTeHumanax mexagy (-0.9 + -1.1V) otHocuTenbHo AgQ/AQCI. MneHkn
omKuraucb B TeveHune 15 muHyT npu 550 °C B aTMocepe aproHa. M3ydyeHvne mopdonormm
MOBEPXHOCTM M/IEHOK MPOBOAWINCH C MOMOLLBIO CKAHMPYHOLLEro 3/1eKTPOHHOTO MMKPOCKOMa
(COM). OnTtuyeckme CneKTpbl MOr/OWEHNSA OblM CHATbI C  NOMOLWBO Y ®P-BUAMMOTO
CMeKTPOMETpa AN onpesesieHns Kpas NoraoWweHns 1 LUMPUHbI 3anpeLLeHHON 30Hbl ZnO MeHOK.

Kak npasuno, ana onpegeneHns ¢asbl ¥ KpUCTaIorpaMyeckoro aHannsa ool nposeaeH
PEHTTEeHOCTPYKTYPHbIV aHaM3 Ha OTOXOKEHHbIX ZNO MNEHOK, NOMYYEHHbIX MPY PasiInyHbIX
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noTeHumanax. TUNUYHAA PEHTIeHOCTPYKTYpPHas KapTuHa ZnO njeHOK nokasaHa Ha puc 1.
AndpakTorpaMma  WANKOCTPUPYET M/IEHKW, OcaxieHHble npu -0.9 V, OHU ABNAOTCS
NOMMKPUCTa/IIaMM C reKcaroHaslbHOM (a3oil 1 061aaatoT CUIbHBIM MMKOM B niockocTu (002).

100 ; . ) : . . ; . .

~
1=}
(=2

LD -

a0 -

Intehslty (arb.units)

20 —JLM_A_A_J\__.-__
u 1 1 1 1 1 1 1 1 1
a 40 50 [i1] 70 6o
20 (degree)
Puc 1.

CKaHVPYIOLWMIA  3NEKTPOHHBIA  MUKPOCKON  Obl1 UCMOMb30BaH  AJ/19  UCC/ef0BaHUA
MOP®O/IOrnmM NOBEPXHOCTU. Ha pucyHKe 2a nokasaHbl COM doTorpaduu naeHoK HaHeCceHHbIe,
npu -0.9 V. Cnon okKasaimMCb KOMMAKTHbIE, MOBEPXHOCTM GECnyCTOTHble, pPa3Mepbl 3epeH
cocTtasfisinv ~ 1.0 MKM 1 UMenu pasfiMyHyo opueHTauunio. MukpodoTtorpagus, nokasaHHas Ha
puc.26 oTobpaxkaeT BUZ, NNeHOK ZnO, ocaxeHHbIX npu -1.0 V. 3epHa 6blaiv 04eHb KOMMaKTHbIe
N HAHOKPUCTA/IINYECKME.

6)

Puc 2.

Ha pucyHKe 3 nokasaHbl CNEeKTPbl ONTUYECKOro NMPonycKaHna OTOXOKeHHbIX Npu 550 °C
B TeyeHWM 15 MWHYT MNEHOK OKCMAA LMHKA, OCaXAEHHbLIX MPWU pPas/fIMyHbIX KaTOAHBIX
noteHumanax. Ou4eBMAHO, UYTO OMTMYECKOe MPOMYyCKaHWe BoO3pacTaeT B Y®d-o6nactu npu
YBEIMUYEHUN NOTeHUMana OCaXaeHus. [na NNeHKW, HaHeceHHoh npu - 1,0 V, onTuYecKuii
KO3(pMUMEHT NPOMYyCKaHWs COCTaBNseT OKoMo ~ 85%. LLmpuHa 3anpeLleHHON 30HbI NAEHKM
BblUNC/IEHa U3 rpadmka 3asucumocTu (ahv)®~hv, KoTopas cocTasnseT 3,3 3B.

TeopeTUyeckKUMN  BbIYUCNEHUSAIMKW,  YCTAHOB/IEHO  YTO,  BO3MOXXHOCTb  MOJMYUYNUTb
HE/IMHEWHBbIA ONTUYECKUI OTKIMK B MOAOOHBLIX TOHKWUX MNMIEHKaX ABNAETCA MpUBEKaTe/lbHbIM
NPakTUYeCcKn, OCOGEHHO OHW MOTYT ObITb NErKO UCNOMb30BaHbl /11 HESIMHENHO-ONTUYECKMX
npeo6bpasosatenein [10,11].
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B paboTe Mbl OCYLLECTB/ISNIN TEOPETUYECKUIA aHaIN3 BANAHMS Pa3MepoB M KOHLEHTpaLun
HaHo4acTumL, ZnO Ha KyOMYeCKyt HENMHENHOCTb HAHOKOMMO3NTHbIX NAeHOK ZNnO/PMMA.

Taknum 00pa3oM, YMCMEHHBIA pacyeT 3MEKTUBHOCTU, MOMYYEHHbIA B NPUOAVKEHWNN
3afjaHHOM MHTEHCMBHOCTW, MOATBEPXKAAET TOT (hakT, YTO NpU 60/1ee BbICOKMX KOHLEHTPaLmMsaX
ZnO, NNIEHKN TeHepupyrT CUMbHEE Ha CUrHane TPEeTbeil rapMOHWKM M3-3a 6O/bLUON A/INHBI
B3aVIMOAECTBIMS HENIMHEHOM Cpeabl.

[aHHas paboTa YaCTUYHO BbINOSHEHA NPy IMHAHCOBOW noanepxke PoHaa Pa3sutus
Hayku npu Mpe3sngeHTe AsepbaiigpkaHckoi Pecny6imnku -I'paHT Ne EiF-2013-9(15)-46/04/1
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EFFECT OF ION IMPLANTATION ON OPTICAL PROPERTIES
OF NEAR SURFACES LAYERS ON KR" IMPLANTED GAAS: SE
AND RBS INVESTIGATION
M. Kulik*?, E.B Asgerov'®, A.P Kobzev*, M. Latek®
LO6beaMHEHHBIN MHCTUTYT SAepHbIX nccneaosaHmii, 141980, [ly6Ha, Poccus
?Institute of Physics, Maria Curie-Sktodowska University, Poland 20-031, Lublin Poland
National Nuclear Research Centre, 370143, Baku, Azerbaijan
*Institute of Electron Technology, A.I Lotnikow 32/46, 02-668W Warsaw, Poland

The optical constants refraction and extinction indexes of the near surface layers of GaAs
after and before Kr* ions implantation have been studied by spectroscopic ellipsometry SE in the
wavelength range from 250 nm to 900 nm. The samples of semi-isolating crystals were double
irradiated with 250 keV and 100 keV. The total fluences were 1x10**cm? and 1x10*°cm™. After
this process the samples have been exposed to ambient air for one month. In that time the
irradiated surfaces were covered by native oxide layers. Then the ellipsometric spectrum of
angles W(\) and A(\) were measured at three incidence angles 65°, 70° and 75°.

The thickness of the implanted layers were determined form the Rutherford Backscattering
spectrometry RBS. The energy and the ions doses were so chosen to receive parallel flat layers
enriched in krypton atoms in the near surface layers. The thickness of the native oxides layers
were obtained on the basis of measurements with resonance nuclear reaction **0O(a,a)**0 NR.

The refraction and extinction coefficients spectrum have been obtained by VASE software
code. In this calculations of optical properties was described the implanted layers with the
paramagnetic model of the dielectric functions. In these study ware obtained the average values
of pseudo dielectric functions.

It was assumed that the thickness of the near surface layers are homogenous and the optical
parameters of the native oxides on the implanted samples are the same like before implantation. It
was notice that the both methods optical and nuclear are good describe the implanted near
surface layers.

MEMRISTIVE EFFECT IN TIGaSe; SINGLE CRYSTALS
MirHasan Yu. Seyidov'?”, Rauf A. Suleymanov?,
Yasin €ale’, Serdar Guren® , and Emir Suad Olcay*

'Department of Physics, Gebze Institute of Technology, 41400, Gebze, Kocaeli, Turkey
2 Institute of Physics of NAS of Azerbaijan
rauf_suleymanov@gyte.edu.tr

Non - volatile memory or non-volatile storage is a computer memory that can get back
stored information even when not powered. Non -volatile memory means that when the computer
is shut down, anything contained in memory are served. Such type of memory not only would
save energy, but it would allow for computers to be turned on and off almost instantly, by passing
the slow start -up and shutdown sequence. Non-volatile memory may eliminate the need for
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comparatively slow forms of secondary storage systems, which include hard disks. Modern
semiconductor nonvolatile memories, such as flash memory have been successfully scaled down
to achieve large capacity memories through improvements in photolithography technology.
However, conventional memory scaling is expected to come up against technical and physical
limits in the near future. In order to overcome this problem, new materials or structures have been
proposed as a new alternative to the conventional scaling technology. Recently, a new candidate
has emerged: resistance random access memory (ReRAM). It is based on new materials which
show a resistive switching phenomenon. The ReRAM memory cell has a capacitor -like structure
composed of semiconducting material sandwiched between two metal electrodes. Because of its
simple structure highly scalable memory structures have been proposed. In the resistive switching
phenomenon, a large change in resistance occurs on applying voltages, and the resistance of the
cell can be set to desired values by applying the appropriate voltage. Recent studies have shown
that the switching speed can be faster than several nanoseconds. However, driving mechanism for
such ReRAM has not been developed. Therefore, elucidation of a driving mechanism is currently
a very important issue in the development of ReRAM. Detailed experimental and theoretical
studies on the resistive switching phenomenon must be carried out to determine the driving
mechanism, and some possible models must be proposed. Besides, new materials suitable for
using in ReRAM structures becomes extremely important both from physical and technological
points of view.

The last years a new approach or more strictly speaking, a new philosophy has been
developed and widely used considering the resistive switching phenomena - it is the conception
of so-called “memristor” which was introduced by Leon Chua in 1971 [1].

The term “memristor” contain two basic concepts - memory and resistance. A memristive
system is a passive device that cannot store energy, but that remembers the total charge transfer
due to the metastable changes of its conductance. The key attribute of a memristor is that the
resistance of switching depends not on the instantaneous value of the applied voltage rather on
the entire dynamical history of the charge flowing in the system. Thus the memristor devices
provide a new hot issue in the field of electronics and materials sciences.

Memristors are currently under intensive study by various research groups due to its
potential for next generation nonvolatile memory applications, crossbar latches as transistor
replacements, analog computation and circuit applications, circuits which mimic neuromorphic
and biological systems. Hewlett - Packard Laboratories succeeded in fabricating a memristor
based on TiO; film in 2008, which consists of a TiOyx and a stoichiometric TiO; thin layer,
sandwiched between two platinum electrodes [2]. Since 2008, other transition metal oxides have
been studied to explore memristor effect, including ZnO, VO,, and TaO.

The mechanism of memristor is still a controversy. It is usually proposed that migration of
charged oxygen vacancies results in the continuous change between low resistance states and
high resistance states. Other explanations have been proposed such as memristive filament
model, electron trapping -detrapping effect, modification of the interface between electrode and
materials, etc.

Several nanofabricated devices have been found to manifest memory effects similar to
those predicted by Chua. In these structures, the memory effects depend on charge carrier
rearrangement at the nanoscale due to external perturbations. All memristors exhibit a distinctive
“fingerprint” characterized by a pinched hysteresis loop confined to the first and the third
quadrants of the I-V plane.

Electrical resistance switching effect is a phenomenon that has been recently discovered in
TIGaSe, layered semiconductor by researchers offering this presentation [3]. It was
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experimentally observed that electrical resistance in TIGaSe, can be switched reversibly by an
electric current flowing between a high resistance state and a low resistance state. Surprisingly,
the memristive switching effect has been discovered by us in bulk semiconductor material
including the “fingerprint” of memristive behavior - pinched hysteresis loops, Fig.1.
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Thus, we consider theTIGaSe; layered crystal and probably other crystals from the same
family (TIInS,, TIGaS,, etc) as new type semiconductor materials suitable for using in ReRAM
devices. Moreover, due to the long time investigations of these materials in our group, we have
chances to establish the mechanism of memristive behavior investigating these materials. We
think also, that semiconductors with layered crystalline structure may be very perspective
constructing memory switching devices, because Me-Semiconductor-Me structures usually used
in such devices are faced often with the problem of the quality of the surfaces of semiconducting
material. In our opinion, such a problem will be much less important in layered semiconductors
which have the extremely high quality of the crystals surfaces.
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OVNISNTIEKTPUYECKASA CMNEKTPOCKOIMNNA N AC-NMPOBOANMOCTb
MOHOKPUCTAJIJTOB CUCTEMBbI TISbS; - TIGaS;

C.H. MycTadaesa’, 3.M. Kepumosa®, .M. Axmegosa®, J1.A. Vicmaunsage’
MucTuTyT dmsnkn HAH Asep6aiigykana
2AsepbaiiaykaHckuii FocyjapcTBeHHbIN SKOHOMUYECKUIA YHUBEpPCUTET
3HaLI,VI0HaJ'IbHaF| Akagemuna Asvaunm
solmust@gmail.com

MoHokpucTannbl TISbS, n TIGaS, aBnsat0TCcs NpuBeKaTeNbHbIMWU 06 beKTamun 415 UCMONb30BaHUS B
KayecTBe (DYHKUMOHA/bHBIX 31EMEHTOB Pa3/NYHbIX 31EKTPOTEXHNYECKNX YCTPOINCTB B COBPEMEHHOMN
3NeKTPOHUKe [1-4]. Ans paclmpeHus ykasaHHOro kiacca nonynpoBOAHUKOB LienecoobpasHo co3faHue
TBepAbIX pacTBOPOB Ha MX OCHOBE, YTO MO3BONMT BapbMpOBATb W YNPaBNaTh WX AN3NEKTPUYECKMY
CBOMCTBaMM 1 NPOBOAUMOCTbIO, YT O U SBMANOCH LEMbi0 HACTOsLLEn paboThl.

[vanekTpnyeckne Ko3MMUUMEHTbI BblpaLleHHbIX MOHOKPUCTaNNoB cucTeMbl TISDS, -
TIGaS; wu3MepeHbl pe30HaHCHbIM MeTo4OM. [lMana3oH 4acTOT MepPeMEHHOro 3/1IeKTPUYECKOro
nons coctasnsan 5 x 10°-3.5 x 107 I,

O6pasupl 13 TISbS, n TIShS,<3%Ga> ansa 3nNeKTPUYECKUX N3MEPEHWNIA ObIIN N3rOTOBNEHDI
B BUAE MJIOCKMX KOHAEHCATOpOB. B KauyecTBe 3/1eKTPOAOB WMCMONb30BaHa cepebpsHas nacrta.
TonwmHa n3yyYeHHbIX MOHOKpPUCTaNIMYeckmnx o6pasyos coctasnsna ot 100 go 300 mkm. Bce
[AN3aneKkTpryeckne namepeHusa nposegeHsl npy 300 K.

Hamy n3yyeHbl YaCTOTHble 3aBUCUMOCTU AeWCTBUTENbHOW (€') M MHMMON (€") uacTei
KOMM/IEKCHOM [AN3NEKTPUYECKOM NPOHULAEMOCTM MOHOKpucTannoB TISbS, n TIShS,<3%Ga>.
YCTaHOB/EHO, YTO eCM B AnanasoHe YacToT oT 5x10% 1o 3.5x10° 'y, €' TIShS, ymeHbLUaeTCs OT
9.7 po 6.7, T0 B TISbS,<3%Ga> 3HaueHus €' Gblnv 60onee BbICOKMMU, YMeHbLUasich OT 14.3 Ao
10.5 no mepe yBenMyeHMs 4acToTbl. B oTAmMume oT € MHMMas 4acTb KOMIM/IEKCHOM
AV3NEKTPUYECKON NpoHULaemMocTn €" npeTeprieBania 60/iee  CYLECTBEHHYKD 4YaCTOTHYHO
[ucrnepeunio, ymeHblladch npuvepHo B 9 pa3 B TISbS; n B 6 pa3 B TIShS,<3%Ga> no mepe
yBENMNYEHNs YacToTbl 0T 5x10* fo 3.5x10" I,

V3MepeHbl Takxke 4acTOTHbIE 3aBUCUMOCTY TaHTeHca yrna AnaneKTpuyeckux notepb (tgd)
B MOHOKpucTannax TIShS, u TIShS,<3%Ga>. B TISbS, Bnnoth Ao 1.6x10° Iy vMenn Mecto
60nee CyLLEeCTBEHHbIE AMU3NEKTPUYECKMEe NOTEPU NO cpaBHeHUIO ¢ TISbS,<3%Ga>, a npu 6onee
BbICOKMX 4acToTax 3HayeHus tgd B 060MX KpucTasiax Maso OT/Myanucb Apyr ot gpyra. B
o06oux Kpuctannax Kpueas tgd(f) Hocmna cnagatowmii xapaktep. dopma 3KCrnepuMeHTa/IbHOM
KpuBoi tgd(f) B WM3yuyeHHbIX KpuCTasax XxapakTepHa [18 YacTOTHOrO W3MeHeHMs
AM3NEKTPUYECKUX NOTePb C YHeTOM BK/IaZa 3/1eKTPOonpoBOLHOCTH Kpuctanna [5].

3HauMTeNbHYIO YaCTOTHYHKO AMCMNEPCUI0 MpeTepreBasa Takke MPOBOAMMOCTbL  YKa3aHHbIX
KpUCTa/1/I0OB Ha NepemMeHHOM ToKe (ac-nposoaumMocTb). Ana TIShS, ykasaHHas 3aBMCMMOCTL B
yacToTHOM 06nacTn f = 5x10* — 6x10° Iy M3meHsieTcA No 3akoHY Ox~f °°, @ npu yacToTax f =
6x10° 'y, Habntoganach 3aBUCUMOCTb Oxc~f 8. B kpucTannax TIShS,<3%Ga> npu cpaBHUTENbHO
HU3KUX YacToTax Takke HabMofanach 3aBMCUMOCTb BAA Ogc ~ f ©°, HO 3akoHOMepHOCTb Gy~ %2
MMena MecTo npu Gonee HU3KUX YacToTax, 4em B TISbS, (f = 1.6x10° I'Ly). Mpwm 3TOM 3HaYeHUs
ac-nposognmMocTu KpucTtannos TISbS,<3%Ga> B0O BCei N3y4eHHO 061acTy YacTOT NPEBbIWAIN
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3HaYeHUa 0, Kpuctaios TISbS, . CnefyeT OTMeTUTb, 4YTO 3HayeHMe MPOBOAMMOCTU
TISbS,<3%Ga> Ha noctosHHOM Toke npu 300 K Takxe 6bino 6onbLie, 4em B TISbS; (B 2 pasa).

Hab/to1aemast HaMM 3KCMEPUMEHTATbHAA 3aBUCUMOCTb Gac~f ®8 B yKasaHHbIX KpucTaniax
CBMAETENbCTBYET O TOM, YTO OHa OOYC/OBMeHa MpPbDKKaMW HOCUTenen 3apafga Mexay
NOKaIN30BaHHbIMW B 3amnpeLLeHHON 30He COCTOSIHUAMM [6]. STO MOryT 6bITb SIOKa/IM30BaHHbIE
BO/IM3N KpaeB paspelleHHbIX 30H COCTOSHWUA WM JIOKaIM30BaHHbIE BOMM3M YpPOBHA Pepmu
COCTOAHMA. HO TaK Kak B 3KCNepPUMEHTASIbHbIX YCI0BUSAX MPOBOAMMOCTbL MO COCTOAHUAM B6/IM3K
ypoBHA ®epMu Bcerja LOMUHMPYET Haj MPOBOAMMOCTLIO MO COCTOAHWUAM BOAU3WM Kpaes
paspelleHHbIX 30H, MOMYYEHHbIi HaMW 3aKOH oa ~ T °® CBUAETENbCTBYET O MPLIKKOBOM
MexaHu3me nepeHoca 3apsga no COCTOAHUAM, NOKaN30BaHHbIM B OKPECTHOCTU YPOBHA depMu.
[lns aToro mexaHun3ma nepeHoca 3apsga cornacHo [7]

4

p3 2 2.5 Vo
Oac(f):%e kTNFa f In T y (1)

rae e —3apaf 3NeKTpoHa; k — nocTosiHHas bonbumaHa; N —NI0THOCTb COCTOAHWIA BONN3W YPOBHSA
®epmyn; a=1/a. —pafuyc JOKaM3auUMKW; o — TMOCTOAHHAA Ccrnaga BOHOBOW  (PYHKLMU
NIOKaNM30BaHHOTO HOCUTENS 3apsija y~e *'; vpn —POHOHHAs YacToTa.

CornacHo opmyre (1) ac-npoBOAUMOCTb 3aBUCUT OT YacTOThl Kak  f [In(v on! f)]4, T.e. Npw

f << vph BE/MUMHA G5 NPUBN3UTENBHO NPOMNOPLIMOHa/bHA f 08 C nomoLupto thopmynbl (1) no
3KCNepPUMEHTa/IbHO HalleHHbIM 3HaYeHUAM Oqc(f) BbIUMCANAM NIOTHOCTL COCTOSHUIA HA YPOBHE
®epmMu. BoluncneHHble 3Ha4eHns Ng 415 UCXoAHbIX MOHOKpucTannos TIShS, n TISbS,<3%Ga>
coctaBnanM 9.6x10™ n 1.23x10* aBcm®, cooTBeTcTBEHHO. COrMacHO Teopuu MpPbIKKOBOM
MPOBOAMMOCTM Ha MEepPeMEHHOM TOKE CpefHee paccTosHue npbbkKoB (R) onpegensetca no

cneaytoLLein opmyne:
v
R = 1 |n(ﬂj _ )

2d f

BbluncneHHble no gopmyne (2) 3HayeHns R gna kpuctannos TISbS; n TISbS,;<3%Ga>
cocTasnsam 84 u 94A, cooTBETCTBEHHO. DTV 3HaueHUs R MpUMEpHO B 6 pa3 MPeBbILLAKOT
CpefHee pacCcTOsiHVME MeXAy LeHTpaMy JIoKa/M3aumMm HocuTenein 3apsfa B M3YYeHHbIX
KpucTtasinax. 3HayeHns R no3sonmam no opmyne

t ' =v,,-exp(-2aR) (3)

onpefennTb CpefHee BPeMs MPbDKKOB B kpuctannax: 1.7 x 107 ¢ gna TIShS, n 6.3x10” ¢ ans
TISbS,<3%Ga> . Mo dopmyne [6]

AE =3/(2nR®-N;) 4)

OLleHeH pa3bpoc NoKanM30BaHHbIX BOAM3WM YpPOBHSI depmy cOCTOsHMIA 84 1 46 m3B, a no
thopmyre:
N, =Ng -AE (5)

onpe/eneHa KOHLEHTPaLUMS FNYBOKUX SIOBYLLEK, OTBETCTBEHHbIX 33 MPOBOAUMOCTb KPUCTa/INOB
Ha nepeMeHHOM Toke: Ni=8.1x10"cm™ ansa TISbS, 1 5.7x10% cm™ gna TIShS,<3%Ga>.
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3 nonyyeHHbIX JaHHbIX CNeayeT, YTo C BBeAeHueM rannmsa B TISbS, geiicTBUTENbHAsA U
MHMMasi COCTaBASAOLME KOMMAEKCHON AWM3NEKTPUYECKO/ NPOHULAEMOCTM, MPOBOAMMOCTb Ha
MOCTOSIHHOM W MEepPeMeHHOM TOKe, CpefHee pacCTOSiHUE W BPems MNPbDPKKOB, MIOTHOCTb
NOKaNM30BaHHbIX BOMM3N YPOBHS DepMU COCTOSHWIA YBENMYMBAOTCS, a FpaHMYHas 4acToTa
Hayana NPbPKKOBOI NPOBOAMMOCTMN YMEHbLLAETCS.
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TEPMOCTUMYNNPOBAHHAA NITOMWHECLEHL A
KPUCTAJI/IA Ca(AlGay.),Ss :Eu**
E.I". Acagos’, C.A. AbyLios', ®.A. Kasumosa',
T.LU. N6parumosa’, K.O. Tarues?, P.d. MexTveB
1|/|HCTI/1TyT Pusnkn HAH Asepbaiia>kaHa
2 Baker Xbt03 Meperput gopora, Westhill BusHec-napk Benmko6puTanus
$BakuHCKMiA [ocyjapCTBeRHbI YHUBEpCUTET
elsenesedov@gmail.com
WccneposaHbl thoTonoMuHecueHuma (PJ1) n TepmonoMuHecueHums (TJ1) TBepapbix
pacTBopops Ca(Al,Gai.).Ss :Eu**(7%) cocTasa x=0.1, x =0.2 n x= 0.3. [pn TemnepaType

293K crnekTpbl (hOTONOMUHECLEHLMN, 06GYCNoBneHHO nepexogamu 4f°5d — 4f'(3S7,) moHoB
Eu?", LUMPOKOMNOCHbI 1 0XBaThIBAT CheKTpabHy0 obnacTb 500-600 HM U uMeT
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MakcuMym npu 556HM. C yBeNMYEHWEM X WHTECMBHOCTb CMEKTPOB pacTeT. CnekTpbl
TEepMONOMUHECLIEHLN, B OCHOBHOM, COCTOST U3 CUIIbHO NEPEKPLIBAIOLLMXCA NOMOC W SHEPTIN
aKTVBaLMM NOBYLLEK ONpeAeneHbl Mo TemnepaTypam MakcUMyMoB KpuBbIX T/1.

KntoueBble c/oBa: TepPMONIOMUHECLEHLMS, TEepMOBO36Y>KAEHe, LEHTPbl 3axBaTa,
FMy6UHa NOBYLLIKM, MOHbI EU”" .

BeegeHue

M3yyeHne HeopraHMYecKnx MatepranoB B HacTOsLLEe BPeMS - 3TO COBPEMEHHOE Hay4HO-
TEXHUYECKOE HarpaB/ieHue, CBA3blBalOLlee B OAHY KOMMAEKCHYK npobnemy psag 3afjad
KBaHTOBOW 3/1EKTPOHMKM, CMEKTPOCKONUK, KpucTannorpapum n XMMUYECKON TEXHONOMUN.
OCHOBHbIMW 06bEKTAMU €r0 M3y4YeHUs SBASKOTCA aKTUPBMPOBAHHbIE KPUCTa bl C MPUMECHIO
pefkosemesibHbIX MOHOB (P3W). 3roToB/neHve BbICOKOMPOM3BOAUTENbHBIX YCTPOMCTB ANA
BM3ya/mM3aLuMy N OCBELLEHWS, KOTOpble B COCTOSHUM KOHKYPUpOBaTb C TPaguLMOHHLIMM
cuctemamu, TpebyeT MOMyYeHUS IFOMUHOMOPOB CO  CreumpuyecKMMK CBOMCTBaMKU. 3ITa
HEo6X04AMMOCTb CMoco6CTBOBasIA Pa3BUTUIOTEXHOMOMMN MOSTYYEHWS! HOBbIX MaTepuanoB Wn
ONTUMM3ALMN  Y)XKe  CYLUECTBYIOLUMX  NIOMUHOGOPOB.  Pe3ynbTaTbl  UcCnefoBaHMA
NOMUHECLIEHTHBIX CBOWCTBa cuctembl MS- Al,S3; (M=Ca,Sr,Ba), akTMBMpOBaHHOW MoHamm Eu,
T.e. CaAl,S4:Eu, SrGa,S4:Eu, BaGa,S4:Eu, npefcTasneHbl B [1-6].

B HacTosiLee paboTe NpMBOAATCA  pe3y/bTaTbl WCCef0BaHWUA TePMOIFOMUHECLEHLN
(T/1) n oTonoMnHecueHLn (®JT) B Kpuctannax Ca(AlGar):S4Eu?*. M3BecTHO, uTO
nccnepgoBaHne TJT B NIIOMMHECLEHTHBIX MaTepuanax MO3BOJMIIET OMNPefenvTb BakHenwue
napameTpbl NI0BYLLEYHbIX YPOBHEN (3HEPrUs aKTVBaLMK, CeYEHNS 3aXBaTa, YaCTOTHBIV (hakTop 1
Ap.), Urparowmx pewaroLlyto posb B MNOSBAEHWM BPEMEHHOM 3aBUCMMOCTU WHTEHCUMBHOCTU
NOMUHECLEHLNN.

2. MeToanKa aKCcnepumMeHTa.

CoeanHeHne Ca(AlyGarx)2Ss CUHTE3MPOBA/IOCL METOAOM TBepAMasHbIX peakunin 13
MOPOLLKOBbLIX KOMMOHeHTOB CaS, Al,S3 1 Ga,Ss, B3ATbIX B CTEXMOMETPUYECKMX COOTHOLLEHNAX B
rpauTM3NPOBaHHBIX KBapLEBbIX aMryiax 0TKayaHHbIX [0 10* MM.PT.CT. BaKyyMa no peakuuu:

CaS+X(ALLSs) + (1-X)(GaSs)——Ca(Al,Ga):Ss

AKTNBMPOBaHME NOHaMK eBPOMNKA OCYLLECTB/IANOCL BBeAEHNEM B LLUMXTY EuUFs.

T/1 uccnegoBaHa No MeTOAMKE, onucaHHoW B [7]. O6pasubl BO3GYXAanUCb PTYTHOM
namnoin MPK4 npu TemnepaType >XWAKOro asota. Temnepatypa ob6pasua permctpupoBaniach
TepMOnapoi Mef-KOHCTaHTaH. PacxoXeHus Mexzay nokasaHusmu u3mepuTesibHOW TepMonapsbl
M NOKasaHWAMKU Tepmonapbl, MOMELLEHHONM B LEHTp obpasua, meHee 1 rpag. BenmumH ad[C
TepMonapbl PerucTprpoBaiachb 3M1eKTPOHHLIM NMOTEHLMOMETPOM.

CnekTpbl (hOTOMMOMUHECLIEHLMMN CHUMANUCL Ha crnekTpomeTpe HR-460 (Jobin-lvon
Spectrometer HR 460). ACTOYHNKOM BO30Y)XKAEHWS CNYXIW NasepHblil anog (405 Hwm).

3.Pe3ynbTaTbl M3MEPEHUIA U NX 06CYXKAEHWS

AKTVBMPOBaHHbIE NOHaMK eBponus Teepable pacTBopbl Ca(Al xGa 1.).S4:Eu®* o6nagarot
MHTEHCWBHbIM CBEYEHWEM B 3e/IEHOIN CnekTpasibHOM o6nacTn. Cnektp ®J1 ero, npefcrasnser
C060M LIMPOKYHO MOIOCY, 0XBATbIBAOLLYH AManasoH A/IMH BOMH 525- 625 HM C MaKCUMYyMOM Ha
556 HM (puc. 1) 1 06YCNOBNEHHYIO 3NEKTPOHHbIMU Mepexopamn 4f°5d — 4f'(S;y,), noHa Eu?".

+

[ina Bcex cocTaBoB (x=0,1-0,3) ¢ pocToM cofepxaHusi Eu®* BospacTaeT WMHTEHCMBHOCTb
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n3nyyeHms. Kak BMAHO M3 puc. 1 C pocToM cofepxaHus akTtmsatopa OoT 3% po 7%
MHTEHCMBHOCTb CMEKTPa YBE/IMUMBAETCA B TPU Pa3a.

T T T T T T
10000 Ca(AIXGaH)ZSA Eu
1. Eu-3%

8000 L 2. Eu-5% i
3. Eu-7%

6000 - E

| (OTH.. en)

4000 | 1 E

2000 4

0 el 1 1 1 1
500 520 540 560 580 600 620

A, HM

Puc.1. 3aBucumocTy cnektpos ®J1 Ca(AlGay),Ss :Eu?* oT koHueHTpauum (x= 0.1, 0.2)

Ha puc. 2 npeacTaBneHb! cnekTpbl T/1 TBepabIx pacTBopos Ca(AlGas.,):Ss :Eu?* coctasos
x=0.1(a), x=0.1(6), x=0.2(c), x=0.3(z).

Cnektp TJ1 HenermpoBaHHoro Ca(AlGa;«).Ss (puc.2a) coctout M3 ABYX CWU/IbHO
nepekpbiBalOWUXcA Nonoc Cc  Makcumymamn  npn 187 n 264K.  Cnektp T/
Ca(Alo1Gapey)2S4 7%EU?" (pnc.26) COCTOMT M3 [BYX CUNbHO MepeKpbIBaIOWMXCA MOA0C C
mMakcumymamm 165 n 179K, a T1akke cnabouMHTEHCUBHbLIX nied npu 95 n 232K. Criektp T/
TBepHoro  pacteopa  Ca(AlgoxGagey):Ss7%EU*  (puc.3m) CTOMT M3 Tpex  CUMbHO
NepeKpbIBaOLLMXCA NOMOC C MakcumyMamu npu 157, 194, 239 K n cnaboro nnedva npu 297K.
CnexTp T/1 TBepgoro pactBopa Ca(Al 3xGa 07)2Ss :7%EU®*(pUCc.2) COCTOUT U3 TPeX CUMbHO
NepeKpbIBaOLLMXCA MO0C ¢ Makcumymamu npu 102, 133, 259K 1 cnaboro nneyva npu 297K.

Pe3ynbTathl u3MepeHuin T/1 B nccnefyembix 06pasLax aHaIn3npoBaHbl Ha OCHOBE TeopUi
W Mogenen, onucaHHbiXx B [8-10]. TlOCKONbKY BCe CMEKTPbl LUMPOKONOMOCHbI CUIbHO
MepeKpbIBaOTCA MPUMEHUTL K HUM (hOopMy/fbl ANA AUCKPETHLIX MWKOM He MpefcTaBnsercs
BO3MOXHbIM, 15 BbIYMCNEHUA 3HEPTMN aKTMBALMM IOBYLLEK Mbl MO/b30BAINCL (HOPMYNION He
3aBUCALLE OT nopagaKa KUHeTuku [7]:

Ea =A- kTmax ) (1)

rae Eq- aHeprus akTBaumm noByLUek, A — NOCTOsSHHASA, NPUHUMAaOLWas 3Ha4YeHns B npegdenax 15
- 30[8], k — mocTosiHHas BonbLmaHa (0.86.103B), T, — TemmepaTypa MakCUMyma KpuBOii
TEPMOMIOMUHECLEHUMW.  [INA ONpejeneHns 4acTOTHOro (paktopa M CeveHus 3axBaTa MOXXHO
nonb3oBatbecs hopmynamm [9]:

bE Ea
S = 2a e kTmaX , (2)
KT fax
) SE. .
SE = (—,,_,.—“—) (3)
KTZN, - 7

rae s- 4aCTOTHbIN (hakTop, B — ckopocTb HarpeBa(0,17K/c), Ne — NAIOTHOCTb COCTOSHUIA B 30HE
MPOBOAUMOCTH, Vi- TENJIOBas CKOPOCTb 3/1EKTPOHOB.
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Puc.2. CnekTtpbl TJ1 HeflermposaHHOro (a) v NernpoBaHHbIX T/
Ca(AlGar)2Ss :Eu 7% , x=0.1 (b), x=0.2 (c), x=0.3 (d)

MapameTpbl NoBYLLEK, onpeseneHHble popmynam (1), (2) u (3) npueeaeHb! B Tabn. 1.

Tabnuua 1.
MapameTpbl NI0BYLLEK, ONPeAeNneHHbIX U3 CneKTpoB TJ1 HeaKTUBMPOBAHHbIX U1
aKTMBMpOBaHHbIX Eu TBepabix pactBopoB Ca(AlyGa;x)2Ss.

O6pa3Libl T(K) E.=25K T nax(3B) Si(cm?) S(can™)
Ca(Aly1Gag),Ss:EU7? 1) 95 0,204 1) 145x10% | 1) 8x10°
2) 165 0,355 2) 10" 2) 10,4x10°
3) 179 0,385 3) 4x10™ 3) 4x10°
4) 232 0,5 4) 12x10™" | 4) 12x10°
Ca(Aly,Gagg),Ss:EU7? 1) 157 0,34 1) 18x10™° | 1) 18x10°
2) 194 0,42 2) 132x10™ | 2) 13,2x10°
3) 239 05 3) 4x108 3) 4x10°
4) 297 0,64 4) 6x108 4) 7,8x10°
Ca(Aly ;Gag1),S4:Eu7? 1) 102 0,22 1) 2,5x10™ | 1) 2,5x10°
2) 133 0,286 2) 5x10™" 2) 5x10°
3) 259 0,57 3) 2x10™Y 3) 2x10°
4) 339 0,73 4) 7,2x10% | 4)7,2x10°
Ca(Alg1Gagg),Ss 1) 187 0.4 1) 14x1078 1) 13,8x10°
2) 264 0,57 2) 9x10™8 2) 9x10°
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MwunHc [10], aHanuM3vpys pasnnyHble NMTepaTypHble AaHHblE, KacatoLMecs CeyeHus
3axBaTa JIOBYLUEYHbIX YPOBHEW, MOKasas, 4YTO CeYeHWe 3axBaTa JIOBYLUEYHbIX YPOBHE B

3aBMCUMOCTM OT TWMa W NpUpoAbl M3MeHseTcs B npegenax 1072:10%2cm2. Mo 3HaueHWAM
3axBaTa /IOBYLLUKM Pa3fenstoT Ha TpY Fpynnbl.

a)npuTarueatoLme LeHTpbl (10°+10"cm?)

b)HeitTpanbHble LeHTpb! (10™7+10"%cm?)

C) oTTankmBatoLLye LeHTpb! (107°+10%cm?)

Kak BUAHO 13 TabnLbl 1, CeUeHns 3axBaTa MOYTYM BCEX JIOBYLLEK HaxXOAATCA B Mpefenax
10810 "cM?, T.e. OHV ABNAIOTCA HEMTPAIbHBIMU LIEHTPaMU.

TakuM 06pa3oM, aHan3 MoyYeHHbIX Pe3yNbTaToB MOKa3bIBaeT, YTO BBEAEHME B TBEPAbIE
pacTBopbl Ca(AlGa;4)2Ss MoHOB EU®* MpnBoauT K 06pa3soBaHUI0 HOBbIX AeheKTOB, KOTOpble
MPOSBAAIOT Ce65 KaK 3MeKTPOHHBIE IOBYLLKU. 3TN NOBYLLKM, KaK NOKa3blBalOT 3KCMEPUMEHTI,
yuacTBYIOT B (DOPMUPOBAHNI HOBbIX MO/OC B crekTpax TJT uccneyembix TBEP/bIX PacTBOPOB.
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SONOKIMY®Vi USULLA KOBALT SULFID 8SASINDA
NANOHISSSCIKLSRIN ALINMASI
L.R. Qahramanli, M.B. Muradov
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Taqdim olunan isda kobalt sulfid nanohissaciklari etilengliikolda sonokimyavi Usulula sintez
olunmusdur. Difraktometrdan alinan naticalara gore kubik fazada CogSg nanokristallari formalasmisdir.

Acar sozlar: kobalt sulfid, sonokimyavi Usul, nanohissaciklar.

Hal-hazirda nanoquruluslu materiallarin onlarin hacmi analoglarindan fargli qeyri-adi
xasssalari misahids olunmusdur. Fiziki ve kimyavi xassalara hissaciklarin élgllari, qurulusu va
formasi tasir gosterir. Kicik ol¢tliu zarraciklards kvant dlcull effektlsr misahids olunur. Kegid
metal halkogenidlarinin nanoquruluslari — CdS, ZnS, HgS, PbS va CuS onlarin hacmi quruluslari
ilo migayisada geyri-adi fiziki va kimyavi xassalar gostarir [1, 2]. CoS —da metal holkogenid
fazasina daxil olan bir Gzvdir (CoS, CoS,, Co3S4 va CogSg) Ve kimyavi birlasmalar baximindan
murakkabdir [3, 4]. Onlar unikal Katalitik, elektrik, optik, magnit xassalari va elektromagnit
spektrda gorunan ve infragqirmizi rejima yaxin gucli daxili udmasi ile alagadar xisusi maraq
dogurur. Bu da kobalt sulfidin xassalarinin onun hissaciklarinin 6lc¢ustindsn, formasindan,
paylanmasindan va sathindan kaskin sakilds asili olmasi xtsusi diggati calb edir. Buna gors ds
CosS kristal strukturu va optoelektronik xtsusiyastlari layli geyri-tizvi matrislarin mikromahitindan
muxtalif sakilda asili ola bilar. Onu da geyd etmak lazimdir ki, xassalara, morfologiyaya va
stoxiometrik tarkibs muxtalif sintez tsullari tasir edir. Bu xassalari 6yranmak baximindan kobalt
sulfidin nanohissaciklari, nanomaftillari, nazik tabagslar kimi muxtalif morfologiyalari sintez
etmak Ugun bir nege say gostarilmisdir. Muxtslif forma ve Olculi metal halkogenidlari ham
kimyavi, ham da fiziki hazirlanma Usullari ila (hidrotermal/solvotermal metod, mikrodalgali
stalanma, kimyavi buxarlanma ¢okdirms dsulu) hazirlanmisdir.  Sonokimyavi proses
nanostrukturlu materiallarin hazirlanmasinda calbedici metoddur. Proses daha vacib hissaciklarin
— Olculsrin paylanmasina, kicik olcular, yuksek sath sahasina ve yaxsi termik stabilliya gatirib
cixarir. Faza temizliyi asanligla slds olunur. Ultrasonik radiasiya kimyavi hallediciya tasir
edildikds molekullar radiasiya tezliyina va daxili istiliyin artmasi hesabina titramays baslayacag.
Kimyavi reaksiyada ultrasas radiasiyasinin effekti onun ¢ox yuksak temperatur va ylksak
tazyigin olmasi ila baghdir. Sonokimyavi harakstds iki istigamat mdvcuddur: Qabarciglarin
daxili parcalanmasi va gabarciglar ve maye arasinda interfeys [1-5].

Isin magsadi kobalt sulfid nanostrukturun sonokimyavi metodla etilengliikolda sintez
etmakdir. Bu proses sada, maraqli, genis migdarda mahsul alda etmak tiguin alverisli Gsuldur.

TOCRUBI HiSS®

Kobalt sulfid nanohissaciklarini  hazirlamag Uclin  kobalt asetat kristalhidrat
Co(CH3C0O0),-4H,0 va natrium sulfiddan Na,S-9H,0 1:1 mol nisbatinda goétirdlir. Dvvalcs 3,5
gr Co(CH3COO0),-4H,0 tarazida ¢akilir, 20 ml etilen glikol slavs edilir va otaq temperaturunda
ganisdirthir. Sonra 4,8 gr Na,S-9H,0 tarazids ¢akilib, 20 ml etilen gliikolda hall edilib garisiqg
mahluluna alava olunur. Qarisig mahlul 35kHz tezlikds 1 saat ultrasss garisdiricida garisdirilir.
Alinmis gara rangli ¢okunti distills suyu ils yuyulur ve daha sonra etanolda bir ne¢a dafa
yuyulub 80°C 24 saat havada qurudulur. Alinmis niimuna rentgen difraktometrinds tadqiqg olunur.

58



BDU-nun Fizika Problerlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalq konfrans

NOTICOLORIN MUZAKIRSSI

Sakil 1-da sonokimyavi Usulla 1 saat muddatinds alinmis mahsulun rentgen difraksiya
analizi gostarilmisdir. Analizin naticalarina gére PDF kartlarla mlgayisads kubik fazada CogSg
nanokristallar formalasdi§ (a=9,944A) miiayyan olunmusdur.
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SNEKTPUYECKWE W TEM/NIOBLIE CBOVICTBA 3KCTPYAVPOBAHHbIX
OBPA3LOB TBEPAOIO PACTBOPA BigsSbisTe; C PA3/IMYHBIMUA
PASMEPAMW 3EPEH

b.LU. Bapxanos, M.M. Tarues, I".3. barvesa, P.HO. Annes,
I".4. AbgnHoBa, T.[. AnneBa, H.M. AxyHaoBa, K.M. MareppamoBa
WHcTuTYyT Dunsukn HAH Asepbaiig>kaHa
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VccnefoBaHbl aneKTPUYECKME U TENOBbIE CBOCTBA B LUMPOKOM UHTepBasie TemnepaTyp 80+300
K MOHOKpMCTanmyeckux o6pasLos 1 aKCTPYLMPOBaHHbIX 06pa3LoB TBepaoro pacTsopa BigsShysTe; p-
TunNa C pasiuuHbIMU pasmepamiy 3epeH. BbisBneHo, YTO pasMepbl 3epeH CyLLeCTBEHHbIM 06pa3oM
BMAIOT Ha BeMUMHY KO3h(PuLMeHTa TepMO-34C o, 3M1eKTPONPOBOAHOCTU 0 U TEMNONPOBOAHOCTY C
“ccnefoBaHHbIX 06pa3LLoB.

Tepmo3aneKTpuyeckne martepuasibl paboTatoT B YC/OBUAX MEPEMEHHbIX TeMmnepaTypHbIX
rpafueHToB, MO3TOMY TBepAble PacTBOpPbl Ha OCHOBE Xa/lbKOTEHWAOB BUCMYTa W CYpbMbl,
Mo/lyYeHHble METOLOM KpUCTa/IIM3aLMmM U3 pacrniaBa HefOCTaTOYHO MeXaHW4ecKu YCTONYmBbI,
TaK Kak /lerko paspyLuaroTcs no naockoCTAM CMariHOCTM, YTO CKa3blBaeTCA Ha CPOKaXxX C/yXObl
oxflaxpalwmx — mogyneid.  lMosToMy B HACcTosllee  BpeMs  WHTepeCc  BbI3bIBAKOT
TEPMO3/IeKTPUYECKME MESIKO3ePHUCTbIE MaTepuasibl, KOTOpble 60/iee MeXaHWYecKu MpPOYHble,
yemM  MaTepuanbl  MOMyYeHHble  KpuUCTa/M3auveld M3 pacnnaeBa, a  YBe/IMYeHue
TEPMO3NIEKTPUYECKOA 3PMEKTUBHOCTU, B HUX MOXHO [OCTMYb 32 CYET YMEeHbLUEHUs
PeLLeTOYHOIN TENIONPOBOAHOCTA B pe3y/ibTaTe BO3pacTaHus paccesHus (POHOHOB Ha rpaHumuax
3epeH 1 CTPYKTYPHbIX JedeKTax BHYTPU 3epeH.

OfHVM 13  Cnoco6oB MONYYeHUA MEeNKO3ePHUCTLbIX MaTepuasioB  SBMSETCA METO/
3KCTPy3un. MonyyeHHble 3KCTPY3uel MaTepuanbl 06M1afatoT MeNKOAWUCNEPCHONW CTPYKTYPOM,
TEKCTYPOi1, MOHWKEHHOW Ten0npoBOAHOCTLI0, 60/1ee BbICOKOM MeXaHWYeCKOM MPOYHOCTHLIO, a
TaKXKe YCTOMYMBOCTHIO K TEPMUYECKUM BO3LEACTBUAM.

MonyyeHne 06pasLOB 3KCTPYAMPOBAHHOrO MaTtepuasna CBA3aHO C NPOBELEHWEM LEeNoro
psfa TeXHOMOrMYecKuiA onepauuin, TakMX Kak CWUHTE3 TBEpAOro pacTBopa W3 WCXOAHbIX
KOMMOHEHTOB; pa3me/ib4yeHne CUHTE3UPOBAHHOIO Cr/laBa A0 COCTOSHWUA NOPOLLIKA; U3roTOB/IEHME
13 MOJTY4EeHHOro NOpoLLKA METOLOM XO/OLHOr0 MpPeccoBaHUs GPUKETOB; 3KCTPY3UU BPUKETOB
(BblaaBnMBaHMe GPUKETOB, HArPeTbIX L0 NJIACTUYECKOr0 COCTOSHUSA, Yepes (Pubepy).

OKCMepUMeHTa/lbHO ~ YCTaHOB/IEHO, UTO Ha TEPMO3NIEKTPUYECKME  XapaKTepUCTUKU
mMaTepuasioB 4NA TePMO3IEKTPUYECKMX NpeobpasoBaTenell 3HEPrnv CyLLLECTBEHHO B/IMAIOT Takue
(baKTOpbl, Kak [faBfieHWe W Temnepatypa 3KCTPy3uuW, pasmep 4acTuL, MUCXOAHOTO MOPOLLKa,
Temnepatypa W BpeMsi OTXUra Mosly4eHHOro TepMO3/IEKTPUYECKOro martepuana. [loaTtomy,
onTUMMU3aUMe  TEXHONMOTMYECKMX  MPOLECCOB € YYETOM  (PU3MKO-XUMUYECKUX U
TEXHO/IOTNYECKMX  OCOOEHHOCTEl  3KCTPYAMPOBAaHHbIX — MAaTepuasioB, MOXHO  YBEINYUTb
9PMEKTUBHOCTb  IKCTPYAMPOBAHHLIX TEPMO3/IEMEHTOB W MOBBLICUTb  CTAOW/IBHOCTL  UX
napameTpoB, KaK B MPOLECCe M3roTOB/IEHNSA TEPMO3/IEMEHTOB, TaK M B NPOLLECCe 3KCnyaTauum
NprBopoB Ha MX OCHOBE.

[aHHasa paboTa MocBsLLeHa UCCeA0BaHNIO BMSHUA PAa3MEPOB 3ePeH Ha 3N1EKTPUYECKUE U
TennoBble CBOMCTBA SKCTPYAMPOBaHHbIX 06pa3LoB TBEPAOro pacTeopa BigsShysTes.

[ns nonyyeHus o6pasuoB OblNM UCMOMb30BaHbl Tennyp Mapku "TB-Y", Bucmyt -"Bu-
0000", cypbma -"Cy-0000". Peakuus cuHTe3a MNpPOBOAWMMNACL B OTKa4aHHOM 0O0beMe C
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0CTaTOYHbIM AaBneHreM ~107 MMa. KOMMOHeHTbI TBEpAOro pacTBOpa, B3ATble B PacyeTHbIX
COOTHOLUEHUSAX, cnnasnanuce npu temnepatype ~900 K B 0TKayaHHbIX KBapLEBbIX amnynax B
TeyeHue 6 Y, NPU HenpepbIBHOM NepeMeLLMBaHUM BELLECTBA B HEW KauyaHWEeM.

MoHoKpuCTabl b1 NOMYYeHbl METOAOM BpumikMeHa, a 3KCTPYAMpPOBaHHble 06pasLbl
Ob1/IN M3rOTOB/IEHBI U3 NMOPOLLUKOB CUHTE3MPOBAHHOIO Martepuana ¢ pasmepamu 3epeH 1; 15; 30;
50 MKM. [ns MNonyyeHUs SKCTPYAMPOBAHHOIO MaTepuana TEepPMO3MEKTPUYECKUIA MaTepumarn
npeaBapuTeNbHO M3Menbyancs A0 pasmepoB MeHblue 100 MKM ¥ fanbHeliluee M3MenbyeHune
MOSTYYEHHOr0 MOPOLLKA MPOBOAWIOCL B M/IaHETApHONM LLApOBOA MenbHUUE Mapkm AlO-2Y.
[MonyyeHHbIe NOPOLLKM NpeccoBasiv METOLOM OLHOOCHOI0 NpPeccoBaHWA Noj, AaBEHUEM 4T/em?,
3KCTPY3MS MOMYYEHHbIX GPUKETOB MPOBOAMMAcCh MO AaBneHvem 8 T/cM® mpu TemnepaType
~660K co CKOpPOCTbHO 4 MM/MUH.

Bbinv  nccnefoBaHbl  KOI((MUMEHTLI  3M1EKTPONPOBOAHOCTU  (0), Tepmoaac (Q) wu
TennonpoBogHocTM (X) B wuHTepBasie TemnepaTyp 80-300 K MOHOKPUCTa/IINYECKUX W
3KCTPYAMPOBaHHbIX 06pa3LL0B C Pa3/IMYHbIMUK pa3Mepamm 3epeH.

Ha puc. 1 npeacTtasfieHbl, COOTBETCTBEHHO, TeMMepaTypHble 3aBUCUMOCTM KoadduumeHTa
anektponposogHocTm ¢ (1, a), Tepmo-3gc o (1, b) mu TennonposogHocTn y (1, c¢) AnA
MOHOKPUCTA/IIMYECKUX 00pasLoB W  3IKCTPYAMPOBaHHbIX 00pa3LoB TBEpLOro pactsopa
Bio5Sh; sTes ¢ pa3fiMyHbIMK pasMepamu 3epeH.

M3 pucyHka cnepyet, 4to B UCCNeAOBaHHOM TBepPAOM pacTBOpe [/1A BCeX 06pasLoB
3/1IEKTPONPOBOAHOCTL B MHTEpBasie TemnepaTyp 100+300 K ¢ pocToM TemnepaTypbl pacTeT 1 B
[aHHOM TemrepaTypHOM WHTepBasie 06HAPYXXMBAET MeTa//IMYeCKNiA XapakTep MPOBOLUMOCTY.
Takoe noBefeHVe XapaKTePHO A/ YaCTUYHO BbIPOXAEHHbIX NONYNPOBOAHWUKOB, rAe y4acTBYHOT
[Ba MexXaHuM3Ma pacCesiHusi HocuTenell 3apsja: Ha 3apsHKeHHbIX MPUMECSX W TenioBbIX
KonebaHusAX pelleTkn. KoathhumumeHT TepMOo-34C O C YMeHbLUEHWEM TeMNepaTypbl BO3pacTaeT no
abCconoTHON BenmumrHe. Mo 3HaKy KoagdhuLmeHTa TEPMO-34C YCTaHOBMIEHO, YTO UCCeA0BaHHbIe
o6pasLbl 06nafatoT NPOBOAMMOCTLIO AbIPOYHOro Tuna. C pocTomM TemnepaTypbl KOIMPULNEHT
TenIonpoBOLHOCTA YMEHbLLIAETCH.

M3 pucyHka TakKe BMAHO, YTO TEPMO3NIEKTPUYECKME MapameTpbl 3aBUCAT OT pa3MepoB
3epeH MCXOLHOro MOpPOLLKA, MCMNONb30BAHHOIO 4719 M3rOTOBMEHUSA WCCMef0BaHHbIX 006pas3LioB.
Tak, C yMeHbLLUEHVEM Pa3MepPOB 3epHa 3HaYeHNA KO3IPPULMEeHTa 3/1eKTPONPOBOLHOCTU O, TEPMO-
34C O W TenonpoBOLHOCTN y YMEHbLUAOTCA. 3HauYeHUs KO3MMULUMEHTa TEenIonpoBOLHOCTH
MEJIKO3EPHUCTLIX  3KCTPYAMPOBAHHbLIX 06pa3LoB  BO BCEM  UCCNEAOBAHHOM  WHTepBase
TemnepaTtyp OKa3blBaeTCA ~2 pasa HUXe 3HauyeHW Ko3(uumeHTa TensonpoBOAHOCTU ANs
MOHOKPWCTA/INI0B TOrO0 Xe TBEepAO0ro pacTeopa.

ANeKTPONPOBOAHOCTb ¥ TEPMO-34C ONPeAenstoTCsA 3/1eKTPOHHLIMU CBOMCTBaMM BELLLECTBA.
Ha 31eKTponpoBOAHOCTL 1 TEPMO-34C MOXHO BNUATb, MEHSAS KOHLEHTpaLMIO HOoCUTeNeit 3apaja,
HO BO3MOXHOCTEI CHUKEHWS TENIONPOBOAHOCTY UMEETCS ropasfo MeHbLLE.

TennonpoBOAHOCTb eCTb CyMMa TEMN/IONPOBOLHOCTU 3/1EKTPOHOB Ce M TEMI0NPOBOAHOCTYU
(POHOHOB Cg:

C=C¢*+Cy.

PelieToyHas TeMnIONPOBOAHOCTb MOXHO YMEHbLUUTb 3@ CYET paccesHus (POHOHOB Ha
TOYEYHbIX AepeKTax M Ha rpaHMuax 3epeH. Ha ToyeuHbIX AedheKTax CW/bHee pacceuBaroTcs
KOPOTKOBOJ/IHOBbIE (DOHOHbI, & Ha rpaHMLUax 3epeH AIMHHOBOMIHOBbIE. B NOAMKpUCTaNIMYecKnx
06pa3Lax Mex3epeHHble rpaHuLbl U MPUNOBEPXHOCTHBIE C/ION 3epPeH BCErga cogepxar 60/bLuoe
KONMYecTBO fetekToB [1], KOTOpble AehopMUPYIOT peLlleTKy U 3((heKTUBHO paccemnBatoT
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(DOHOHbI, MOBbILLEHVE TEM0BOE COMPOTMBAEHME 06pa3LoB. B MonynpoBOAHWMKOBLIX TBEPAbIX
pacTBOopax HambGOoNblUWIA BKNaf B TENJ0MPOBOAHOCTb AAOT AJIMHHOBOJSIHOBLIE (JOHOHBI, T.K.
KOPOTKOBOJ/IHOBbIE (DOHOHbI CW/IbHO PAacCeMBatOTCs Ha MMEKLWMXCA B 6OMbLLIOM KONMYECTBE
TOYeYHbIX gedekrax [2].
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1 TeNN0NPOBOAHOCTY ¥ (C) AN1A MOHOKpUCTaNIa U 3KCTPYLMPOBAHHbIX
06pa3LioB TBepAOro pacTeopa BigsShy s Tez C pasnnyHbIMK pa3mepamii 3epeH

Mex3epeHHble rpaHuLpl, B 06LLUEM C/ly4yae, [BOSKUM 00pa3oM BMSIOT Ha 3MEKTPOHHbIE
CBOICTBA MaTepuana. Bo-mnepBbix, NOTeHUMabHble 6Gapbepbl, CO3AaBaeMble MeX3epeHHbIMM
rpaHULAaMK, CYLLECTBEHHO YMEHbLUAOT MOABMXHOCTb HOCUTENeld 3apsfa, uTo NpUBOAUT K
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YBENNYEHNO  3PAEKTUBHOIO  YAENbHOTO  COMPOTUBMIEHWS  MOJMYNPOBOAHUKA.  BO-BTOpLIX,
MEX3epeHHble rpaHuUbl -3T0O 060pBaHHbIE CBA3WM, KOTOPble MOrYT SBAATHCA JI0BYLLIKAMM
HOCUTENel, NPUTArMBaTh K ce6e NprMec Un CO6CTBEHHbIE AeteKTbl.

TakMm 06pa3oMm, 3a CYeT CHVKEHWA pasMepoB 3epeH BO3MOXHO 3aMETHO YMEHbLUWTb
PeLLETOYHYHO TENONPOBOAHOCTL, YTO M HabMoAaeTCa B MCCMef0BaHHbIX HaMu obpasuax. Mpu
3TOM, YeM MeHbLUe pasMepbl KPUCTa//IUTOB (3epeH), TeM 60/blie BEPOATHOCTb pacCesHus
(POHOHOB Ha rpaHMLax, U TeM MeHbLUe 3HayeHWe TennonpoBOAHOCTM. V3mesbyeHne 3epeH
MPMBOAWT TakXkKe K CHWKEHUIO 3/1eKTPUYECKOM MPOBOAUMOCTU. OGBACHEHUEM CHUXEHUS
3NEeKTPUYECKON MPOBOAUMOCTU MOXET CMY)XXWUTb CHUXKEHWE MOLBUXHOCTU [bIPOK 38 CYET pocTa
paccesHWa Ha rpaHuuax 3epeH. CoOMNpPoOTMBNEHME MEXKPUCTAIUTHLIX MPOCNoeK 60/blue
COMNPOTUB/IEHNS 0ObeMa 3epeH, W YBeNMYeHWe Yucia MEXKPUCTIIUTHLIX MPOCNOeK Mpu
YMEHbLUEHUN Pa3MepoB 3epeH MPUBOAWUT K CHWKEHUIO 3/1eKTPUYECKOM MPOBOAUMOCTU B
MEIKOCTPYKTYPUPOBaHHbIX 06pa3sLax.

[aHHas paboTa BbINOSHEHA NPU (PUHAHCOBO nogaepxke ®oHga Passutnsa Hayku
npw Mpe3ngeHTe AsepbainmkaHckon Pecny6nmkuy — IMpaHT Ne E1F-2013-9(15)-46/07/1.
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BANAHMNE MAJIbIX TBEPALIX YACTWL, LiNbO; HA HEKOTOPBIE
CBOWCTBA HEMATUYECKUNX XXUAKNX KPUCTAJI/10B
.M. Baiipamos, P.H. VicmannoBa
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B AaHHOIN paboTe MCCnefoBaHo BAMSHUS MarbIX TBEPAbIX YacTWL, HMOGaTa MMTUS HA (U3NKO-
XWMUYECKMEe CBOWCTBA HEMATWYECKUX >KUAKAX KPUCTanMoB. Bbino nokasaHo, YTO MpuUCYyTCTBUe
yacTul, HMoBaTa NMTUA B >XuUAKuX KpucTanioB (XKK) ymeHbluaeT TemnepaTypy NPOCBET/EHUS,
N3MeHseT nopor adhekTa dpefepukca, YMeHbLIAET Hanps>KeHue 3NeKTPOruapoanHaMUYecKux
HeycToiiunBocTM (ArAH). SKcnepUMeHTanbHble Pe3yNbTaTbl O6bACHATCA MOSBNEHUEM NOKa/IbHbIX
3NeKTPUYECKUX MO OKONO NOMSIPU30BAHHbBIX CErHET031eKTPUYECKMX HAHO YaCTUL, NPX MPUNOXKEHNN
BHELLIHEro 3M1eKTPUYECKOTO NONs, @ TakXKe U3MeHeHneM 3(h(heKTUBHON BA3KOCTU U YNpyrix CBOWCTB
YKK, cyliecTBOBaHMEM AOMONHATENbHBIX NPENATCTBUIA (YacTULbI) MOHAMM.

MocnegHve Bpemsa B 06n1acTU XUAKMX Kpuctannos (XKK) akTyasbHbIM HarpasneHuem
ABNAETCA pa3paboTka rmbpuLHbIX CUCTEM, B YACTHOCTW, COCTOALUMX M3 Masbix yactuy n XKK.
[axe npu [ocTtaToyHo 6OMbLIMX pa3mepax YacTuu, MopAafka AAMHbI BOSHbI NafatoLlero
U3Ny4eHUs BO3HMKAET OMTWUYECKWI IPMEKT MPOMYCKaHWs CUCTEMbl B Y3KOW CMEKTPasibHOM
obnactn, KoTopas Mof [eNCTBMEM 3NEKTPUYECKOro mnond cmewtaetcs [1-2]. Kpome Toro,
BBEIEHHbIE YaCTWLUbl BAUAIOT Ha anekTpodumsnyeckme csoicTBa XK, Bbi3blBas M3MeEHeHMe
napameTpoB 3eKTOB OCYLLECTB/IAEMbIX B 3TUX cUCTeMax [3-4].

63



BDU-nun Fizika Problerlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalq konfrans

Ecnn matepvanom vactuy, ABASETCA (DeppOMAarHeTVK WU CErHeTO3/IeKTPUK, TO MOryT
BO3HUKHYTb JOMONHUTENbHbIE 3)eKTbl. B 0aHOR 13 nepBbix paboT [4] 6bI10 MOKas3aHO, YTO
[06aBMeHNe MarHUTHbIX 4YacTuL, MPU MasOil KOHUEHTpauuu MpUBOAUT K 3HAYMTENIbHOMY
YBe/IMYEHNIO YyBCTBUTEILHOCTU XKK K MarHUTHOMY nonto. B nocnefHue rofbl 66110 NoKasaHo,
4TO NpY JO06ABMEHNN CErHETO3NEKTPUYECKNX YaCTUL, YBEIMYMBAETCSA ANANEKTPUYECKNIA OTKINK
XK 1 n3meHseTca NnpoBoANMOCTb.

B [OHHOW paboTe MCCnefoBaHO BMSHWUA MaslbIX TBEPAbIX 4YacTuu, HMobaTa UTUA Ha
(hU3NKO-XMMMNYECKME CBONCTBA HEMATUYECKNX XXUAKNUX KPUCTa/IOB.

JKCNepuMeHTbI MOKasan, 4YTO MOPOroBoe HanpskeHve addekta Ppegepukca npu
fo6asneHunn yactuy, LiINbO3 yBennumnBaeTcsa ¢ yBenmyeHeM KOHLEHTpaLMm 4yacTul,

Mpn pobaBneHMM 4YacTUL, BPeMs BK/KOYeHUs YXYALIaeTcd, Mpuyem npu  60nbLUeM
KOHLEHTpauun B 60/bLLUEA CTeneHW. B yacTHOCTK, BpeMs BKIKOYeHUs yBenuyunack ¢ 0.08 cek
(umcTbiA 5CB) fo 0,18 cek (koHueHTpaums 1%) n 0.25cek (KoHUeHTpaums 4%) npu 10 B, npu
[06aBNEHNM YaCTUL, BPEMS BbIK/TIOUYEHUA YXYALIAeTCs, npuyeM npy 60/bLUEM KOHLEHTpaLUN B
60/NbLUE CTeneHn. B yacTHOCTK, BpeMs BbIK/OUeHMs yBenmumnack ¢ 0,2 cek (4nctblii 5CB) o
0,6 cek (KoHUeHTpaumsa 1%) n 1,45 cek (KoHueHTpaums 4%) npu 10 B.

CornacHo [5], yacTuLbl He HapyLialoT nose avpektopa XXK, ecnn napameTp cuenneHus { =
WR/K HamHOro MeHblue 1, rae W- aHeprug cuenneHns monekyn XXK ¢ NoBepXHOCTbHO YacTu,
KOTOpas MMeeT MopAAoK BennunHbl 10™ -10° M/m?, K —mogynb ynpyroctu XK, umetoLas
nopsgok 10™2H, 2R —pa3mep yacTuLl. /Icrnonb30BaHNe 0NEMHOBOI KNCMOTbI YMEHbLLAET 3HEPT 0
cuensieHns 1 OLHOBPEMEHHO CTabuIn3npyeT KoMNo3mT. Kpome Toro, yumTbiBas KOHLEHTPaLMIO
HaHOYacTuL, NJIOTHOCTM 06eMX OCHOBHBIX KOMMOHEHT KOMMO3WTa, pa3Mepbl HAHOYACTML, MOXHO
noKasaTb, UTO CpefiHee pPacCTosHMe MeXAy YacTuuamu 7,5 MKM, KOTOpoe Ha MopsjoK 60/bLue
yem pasmMepbl YacTuy,. Ipu aTom, 06Llee HapyLLeHWe Nona AYpeKTopa YacTuLaMn OKasbiBaeTCs
NPeHebPeXXMTeNIbHO MaslbIM.

Takum 06pa3oMm, MCMONb3YeMblA KOMMO3WUT C 33faHHON KOHLEHTpauuer 4yacTuL, MOXHO
CYMTaTb OTHOCMTENBHO OAHOPOAHONM CPefo, N OH JO/MKEH BECTU Cebs Kak uncTblin XKK, HO C
M3MeHEeHHbIMM napameTpamu. pu cdepryeckoii opme M ManbiX KOHLEHTpauuax 4actul,
Temnepatypa NPoCBeT/IeHWs Konnounga onpegenserca oopmysoi [5]

Tck = (1'fv) Tcp

rae f, —06beMHas KOHLEHTpauus yactul, T, —TemnepaTypa npocseTeHns unctoro XK.
MoporoBoe HanpsbkeHne addekta Ppegepukca A umcToro XK, a TakkKe HU3KO
KOHLIEHTPMPOBAHHOTO KO//I0Ma ONPEAENSIETCS BbIPaXKEHUEM:

Upn =T (Kii/Eo AS) 1/2,

roe i=1 n 2 gna XXK ¢ nonoXkntenbHON M OTpULATENbHOM AMANEKTPUYECKON aHU30TPONUEN,
COOTBETCTBEHHO; K; u K3 -ynpyrne nocTOsiHHbIE M3rnba M PacTHKEHUS; € - NEKTpUYecKas
MOCTOSHHasA A€ — AN3NeKTpUYECKas aHU30TPONKS.

13MeHeHMe BEIMYMHBI NOPOrOBOI0 HanpPsHKEHNA KOMOMAA MO CPaBHEHMIO C YMCTbIM XKK
CBfizaHa C [BYMSI KOHKYpPMPYHOLMMKU (hakTopamu: MPUCYTCTBME YacCTuL, YBENMYMBAHOLLMX
napameTp nopsiakKa U MONEKY bl ONIEMHOBOI KUCNOTbl YMEHbLUAKOLME 3TOT NapaMeTp, KOTOpbIN
BINSIET Ha AM3MEKTPUYECKO aHM30TPONuio Konnouga. B pesynbTtate NOpOroBoe HampsKeHue
N3MEHSETCH.

WwmeeTcs aucnepcma g npu 750 KL, 13-3a TOro 4To MoneKynbl XK He UMET BpeMeHU
AN NOBOPOTa BOKPYF KOPOTKOM OCK NPU ObICTPbIX U3MEHEHUAX HanpaBneHUA MPUIOXKEHHOTO
nons, B TO BpPeMs KaK €L MOYTU HE W3MEHSETCH, MOCKO/bKY 3TO COOTBETCTBYET MOBOPOTY
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monekyn XK BOKpyr [AnvMHHOW ocu. CnepfoBaTenbHO, [AU3MEKTPUYECKas aHM30Tponus
YMEHbLLUAETCA N, COOTBETCTBEHHO, NOPOrOBOE HarpsXKeHWE YBENNUYNBAETCA.

®Pun3nYecKnii MexaHU3M HeyCTOMYMBOCTU MOXET ObITb ONUCaH Crefyowmm 06pasoMm.
OfHOPOAHO OpUEHTUPYEMbIA HeMaTudecknii KK cTabunusmpoBaH Ynpyrum BpallaloLmm
MOMEHTOM WM3-3a cuenneHns Monekyn XK ¢ NoBepXHOCTbIO MOAMNOXKKMW. [M3NeKTPUYECKUIA
BpaLLlatoLLMIA MOMEHT U U3-3a BHELLHEro nons v nonsi 06beMHOro 3apsiga ctabunusnpyeTtcs ans
KK ¢ oTpuuatenbHON AM3NeKTPUYecKoim aHu3oTponueid. Bcnegcteme 3neKTPMUECKOro noss
TaKkKe CTabunn3vpyeTcs BO3HMKAMOLLMIA BpaLLaOWMA MOMEHT. VOHbl —HOCUTeNn 3apsfa B
HeMaTM4eCcKon hase, NOABMKHOCTb KOTOPOW BAOMb AJIMHHON MONEKYNAPHON OCcK 60bLUe Yem
nepneHAVKYNApHO K 3TOMY HanpasneHuto. B pesynbTare 31eKTponpoBOAUMOCTb B OLHOM
HanpasneHun 6onble, Yem B ApyroM. [loatomy, Yy Hematnyeckoro >KK 06bI4HO
ANeKTPONpPOBOAMMOCTb MMEET MOJIOXKUTENIbHYI0 aHW30TPONUID. MNOBEPXHOCTHBIA 3apsif MOXET
ObITb CHOPMMPOBaAH BCNEACTBME 3TON aHU30TPOMNUM U3-32 MOHHOTO PasfefieHus.

MprnoXxxeHHOe Mone AeNCTBYET Ha 3apafbl, Bbl3blBas BO3HUKHOBEHME NOTOKA BELLECTBA BO
B3aMMHbIX HarpaBfieHNAX. 3TO CO3AaeT HEeMOCTOAHHbIA BpalatoLMili MOMEHT, BbI3BaHHbIN
3NEKTPONPOBOAMMOCTLIO M AENCTBYIOLMIA HA MONEKY bl. dPdekT I AH BO3HMKAET, ecnn 3TOT
BpalLaloLLMii MOMEHT MpeBbILLAeT BCe Apyrve Bpaljatowime MOMeHTbI. pu HU3KMX 4YacToTax
MPUIOXKEHHOTO MOJIS, HEYCTOMYMBOCTb XapaKTepu3oBaH TEM, YTO MPOCTPAHCTBEHHbIA 3apsf
KonebeTca ¢ YacToTow nons. B To »ke caMoe Bpems, HACKO/IbKO NOpor BO3HUKHOBEHUS JOMEHOB
Bunbamca HM30K, BpeMs peakuun AMPEKTopa SBNSETCA AOCTATOMHO 60/blMM. TakuM 06pasom,
MOpPOroBoe HanpshKeHWe Pe3Ko YBENMUMBAETCS MPWY NPUOIMKEHNM K KPUTUYecKoW 4actoTe fe,
KOTOpasi CBA3aHa C AN3NEeKTPUYECKON penakcaumein T, COOTHOLLEHNEM:

fo= (22'1)1/2/ Tc

rae &= e°ne(eL/en - o1/on)! Age.n HasbIBaeTCA MapaMeTpoM Xendpuaa; e U €1 - KOMMO-HEHTbI
AV3NEKTPUYECKON BOCMPUUMYUMBOCTU, AE -AU3NEKTPUYECKAs aHU30TPOMUS; N-KO3(-(PULNEHT
BA3KOCTW; oy and o - 3MeKTPONPOBOAHOCTb BAOMb WM NEPNeHAVKYNAPHO  AVPEKTOPY,
COOTBETCTBEHHO.

Bpems BK/HOYEHNS YMEHbLUIAETCA C YBE/IMYEHWEM HaMpsXKeHWs, 4TO MOATBEPXKAaeTcA
JKcrnepuMeHTOM. B 3TOM cny4ae, MPUCYTCTBME YaCTWL, YBENNYMBAET BPeMSA BKIHOUEHWUA MO
cpaBHeHMtO ¢ uncTbiM XKK. Mpexxae BCero, 370 CBA3aHO C yBeMUYeHNEM SPMEKTUBHON BA3KOCTM
M yMeHblleHWeM ynpyrux csoictB XKK, a Takke C NpeofoneHnem [OMNOSHUTEbHbIX
npenaTcTBUiA (Y4acTuu) noHamu. Kpome TOro, npu MNPUIOXEHUM BHELLHErO 3/1EKTPUYECKOro
nonda, Agunonu monekyn KK OKOMO MNONAPM30BaHHbIX CErHEeTO3/IEKTPUYECKMX  HacTuL,
OPWEHTMPYIOTCA BAO/Mb IMHWIA 3NEKTPUYECKOrO NONSA, @ UMEHHO, HOPMa/lbHO K MOBEPXHOCTM
MOANOXKN, YBENMUMBasA HauYa/lbHYHO TOMeOTPOMHY KOH(Urypauuio Mmonekyn XXK. Mpu atom,
(hopmmpyeTca  [OMONHWUTENbHbIA  BpaLLaloWMin  MOMEHT, KOTOPbIA  YBE/MYMBAET BpeMS
BK/IIOYEHUSA W YMEHbLUAeT BPems BbIK/IIOYEHUA MO CPaBHEHMIO € 4ucTbiM KK npu Tex xe
HanpshkeHusx. B aTom cnyyae, MUHMMYM B 3aBUCMMOCTW BPEMEHM BbIK/IFOUYEHUA OT HanpsiXXKeHNs
cBAi3aH C nonspusaumeii ob6nacTell OKOMO YacTuL, CO3AAKOLMM AOMNOMHUTEbHBIA BpaLLatoLLuii
MOMEHT 1 CO34At0LLMIA Xa0TNYECKOe ABVKEHME YaCTuL,
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p-Si-n-CulnsSg HETEROKECIDININ ELEKTRIK
VO FOTOELEKTRIK XASSOLORI
L.H. Hassnova', 8.Z. Mahammadov’, A.A. 8hmad?
Baki Dévlst Universiteti, 2Azarbaycan Texniki Universiteti

rovshan63@ rambler.ru

Vakuumda termik buxarlandirma tsulu il p-Si l6vhasi Uzerina Culn,S; nazik tsbagssi

cokduriilmakls hazirlanmis heterokecidin elektrik ve fotoelektrik xassslari tadqiq olunmusdur. Har iki
yarimkeciricinin parametrlari nazars alinmagla heterokecidin energetik zona diagrammi qurulmusdur.

Culn.S; kristalli spinel qurulusuna malik olmagla kristal gsfesinda anion va ya kation

vakansiyalarina malikdir. Bu defektlarin yaranmasina ssbsb olacaq atomlarin tetraedrik
yerlasmasinda har U¢ tetraedrdan birinin markazina atomun yerlasmasinin mimkin olmadigi
gostarilir [1].

Kristal qurulusda yaranan bels periodik vakansiyalar onu defektli kristallar grupuna aid
edir. Vakansiyalar kristalin enerji diagraminda rekombinasiya markazlari yaradirlar va bunlar da
Culn.S; kristalinin fotoelektrik va liminessent xassalarinds [2-4] muayyan rol oynayirlar. p-Si-

n-Culn,S; qurulusu heterokecid hazirlayib, onun elektrik va fotoelektrik xassalarini tadqgiq
etmakla har iki kristalin xassalarindaki xtsusiyystlari 6zinda camlasdiran yarimkegirici cihazlar
hazirlamaq olar.

Isda mikrosxem hazirlamaq igiin istifads olunan p-Si monokristal 16vha (izarina vakuumda
termik buxarlanma usulu ils Culn,S, birlasmasi ¢okdirmakla formalasdiriimis p-Si-n-Culn,S,
heteroqurulusun elektrik ve fotoelektrik xassalari Oyranilmisdir. Culn,S; birlasmasinin nazik
tabagasini almaq tgun xdsusi rejimli vuxarlandirma Gsulu tatbiq edilmisdir. Tarkibindi asan ucan
kukdrd komponenti olan Culn,S, birlasmasi olctisui bir ne¢a mikron olan zarracikli toz halinda
tiytidiilarak vakuum buxarlandirma kamerasinda temperaturu 1150°C-a gadar kézardilmis grafit
putanin icarisine miayyan miqdarda tokulir. Bels rejimds buxarlandirilan birlssmanin nazik
tabagasi ham p-SI, ham da onun yaninda yerlasdirilmis NaCl I6vhasinin Gzarinda alinmisdir.

NaCl Gzarinds alinmis tabaganin tarkib va struktur analizi aparilmisdir. Bu tabaganin tarkibini va
qurulus parametrlarinin buxarlandirilan maddanin tarkibi va parametrlari ila uygun galdiyi
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tastiglanmisdir.

p-Si-n-Culn,S; heteroqurulusunun 300 K-ds volt-amper xarakteristikasi sakil 1-da tasvir
olunmusdur. Gérundiyu kimi, garanliq seraitds VAX-si sirf diod xarakteri ils ifads olunur (ayri
1). Heterokegidin dlzlina carayan istigamati Si tabagays musbat potensialin tatbigi ils misyyan
olunur. Hacmi yiklar oblastinda cerayankecirma mexanizmi rekombinasiya-tunel prosesina
uygundur.

ks garginlikds carayanin Ziner xarakterli oldugu gostarilir. Heterokecid k6zarma lampasi
il isiglandirldigda VAX 2 ayri ils tasvir olunur. Heterokegidi Culn,S; tarafindan siglandidigda

hassasliq oblasti 800 —1250 nm dalga uzunlugunu shats edir. Spektr ham Si, ham da Culn.S,
kristalinin  fotohassasliq oblastlarini  shats edir. Spektrds muisahide olunan ekstremal
maksimumlarindan biri (A=950 nm) Culn.S,, digari (A=1100 nm) Si gadagan olunmus

zonalarinin enina uygundur. Elektrik ve fotoelektrik xassslarin tadgiginin naticaleri asasinda
heterokecidin energetik zona diagrammi qurulmusdur (sak. 1, a).

Sok. 1. p-Si- CulnsSg heterokecidinin VAX-1 va energetik zona diagrammi (a): 1 garanliqda; 2 - isiqda
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N3YUYEHVME HAHOKPUCTANNTNYECKOI O CYJIb®UNAOA LIMHKA,
MONYYEHHOIO T§MAPOTEPMAJIbBHBIM METOAO0OM

M.A. Dxatapos, E.®. Hacupos, P.®. MexTues, P.C. [pkatapnn
BakuHckuid TocyaapcTBeHHbI YHUBEPCUTET
maarif.jafarov@mail.ru

PasB/Ta MeTOAMKA MONMYYEHNs HAHOYACT WL, Cynbdnaa UMHKA MapoTepMabHbIM CNoco6oM 13
BOAHbIX PAacTBOPOB NPEKYPCOPOB KaK B 06beMe, TaK 1 Ha NOAN0OMKKAX BUAE TOHKNX NNEHOK ZnS.

BBegeHune

B nocnefHee BpeMsi 60/bLLIOW MHTEPEC MUcCnefoBaTesiell NPUBMEKAOT Takue maTepuasbl,
KaK OKCWUAbl LMHKA W TUTaHa, CyNb(uAbl LUHKA W KagMus, UYTO OOBACHAETCA BbICOKUM
NOTEHUMAIOM MPUMEHEHNA 3TUX MaTepuasioB B CONIHEYHOW W BOLOPOAHOM 3HepreTvike, B
TOM/IMBHBLIX 3/IEMEHTaX, aKKyMynsaTopax W KaTaMTUYecKuxX peaktopax. OcoObli MHTepec
MPeLCcTaBNAOT HaHOpasMepHble MaTepuasibl, B KOTOPbIX MOryT Habnogatbca pasMepHble
apheKTbl, NPUBOAALLME K 3HAYUTENbHOMY WM3MEHEHUIO CBOWCTB MaTepuaioB U3-3a 60/bLLIOMO
BK/laZa NoBepxHOCTU. Cpefn HUX ZnS BbI3blBaeT MOBLILIEHHBIA WHTEPEC C TOYKU 3PeHUs
MPaKTUYECKON 3HAYMMOCTM, MOCKO/IbKY OH SBNSETCA MOYNPOBOAHWKOM, OTHOCUTCA K
matepuanam rpynnbl A"'BY', nmeeT 60MbLLytO WIMPUHY 3ampeLLeHHOM 30HbI -0K0Mo 3.6 eV, 4To
COOTBETCTBYET YNbTPa(MONIeTOBOM 06/1aCTV CNEKTPA, U ABMISETCSA BeCbMa BaXKHbIM MaTepmasioM B
npubopocTpoeHnn  (NOMUHOMOP, AETEKTOPbI, CBETOAMOAbI, HE/MHENHbIe  3NEMEHTbl
np.),HanpumMep, B KayecTBe Oy(epHbIX CNOeB CONHEYHbIX 3neMeHToB CIGS (KagMuiA-uHAWR-
rannuin-ceneH). Kpome TOro, ZnS ucnonb3yeTcsd B reTepocTpykTypax tuna ZnO/ZnS ans
YMEHbLUEHUS  LUMPWHbI  3aMpeLLeHHOn  30Hbl W YBEAMYEHMS  ONTUYECKON abcopbumm
[1].MonynpoBoAHMKOBLIE MaTepuasbl ZNnS MofyyatoT pasHoobpasHbiMK cnocobamu. Cpeau
METOL0B MOJSlyYeHUs MEHOK CY/Nb(MA0B METaN/0B LUMPOKOE pPacrnpoCTpaHeHue nonayymnu
MOSIEKYNIipHas anuTakcua [2], TepmoBaKyymMHOe wucnapeHue [3-4], MeToAbl XMMWUYECKOro
ocaxieHns w3 pacteopa [5-6], nuponM3  aspo3onii  PacTBOPOB  TMOMOYEBWUHHbIX
KOOPAMHALMOHHBIX COeAMHEHWIA Ha HarpeToin Noanoxke (MeTof nynbBepu3auun asposons) [7],
1 apyrvie. Manovsy4yeHHbIM METOAOM NOMYYEHUS TOHKMX MNIEHOK ABNAETCA 30/b-reflb MeTos,. B
3TOM Hanpas/eHUN WU3BECTHblI PaboTbl MO NONYYEHUIO HAHOCTPYKTYP Cy/Mb(UA0B MeTanoB B
mMaTpuuax HeopraHudeckux okcuaos (SiO2, SnO2) [9]. Ocoboe MeCTO 3aHMMatOT METO[bl
MMMOGMIM3aLMN MeTaNIoCyNb(MUAO0B B NONMMepHble MaTpuubl [10].

[na npakTUYecknx npuMeHeHU BakHa pa3paboTka MeTOAO0B CWMHTe3a, MO3BOJAIOLMX
nonyyartb Matepuasbl C 3ajaHHbIMW CBONCTBAMM C BbICOKOWA 3KOHOMUYECKON 3(PEKTUBHOCTHHO.
MeTofpbl OCaXJeHMs NPEKYpPCOpOB B BOAHOW (ha3e, MeXaHOXMMUYECKMe MEeTOAbl SABNAKTCA
HWU3KO3aTPaTHbIMK 1 MO3TOMY, NMOTEHUMa/IbHO BbICOKOIPMEKTUBHBIMK. Ana nonyyeHns ZnS B
HacTosLLee BPeMA MHTEHCMBHO pa3BMBaeTCA rMApOTepMasibHbIA MeToL CcuMHTe3a. Hanmpumep, B
[8]aTM NerkogocTynHbIM M HU3KOTEMMEPATYPHbIM METOAOM CUHTE3MPOBaHbl pPa3HO06pasHble
CTPYKTYPbI U3 ZNS C pPeLUeTKOl B HOPLMTA, BK/IKOUaAIOLLME KaK 3ano/IHeHHbIE, Tak U NoJible Cepbl.
OfHaKo KOHeYHbIi pe3ynbTaT ruapoTepMasibHOTO0 MeToAa CUHTe3a OYeHb CU/BbHO 3aBUCUT OT
OonbLIMHCTBA [feTasleld TEXHOMOMMYecKoro npoiecca, MO3TOMY [A/19 ero MpUMEHeHUs |
MONYyYEeHNs BOCMPOM3BOAMMbBIX Pe3ynbTaToB  HEOOXOAMM  TwaTeslbHbli  BbIGOP BUAa W
KONMYEeCTBEHHOI0COAEPXKaHNA MPEKYPCOPOB M 0TPAbOTKa TEXHONOMNYECKNX PEXXMMOB.
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OKCnepuMeHTa/IbHasA 4YacTb

Ona  cuvHTe3a ZnS  MCNONb30Ba/IM  CNEAYHOLWME  UCXOAHble  KOMMOHEHTbI  HUTpaT
(Zn(NO3),-6H,0), auetar (Zn(CH3C0OO0),-2H,0) wnn  cynbgpaT  (ZnSO4-7H,0)  UMHKa
ntnomouesuHa ((NH;),CS). Pabouve pacTBopbl COMeil LUHKA C KOHUeHTpauusamu oT 0.01 o
0.5Monb/n roTOBUAM B OUMAWUCTWINMPOBAHHOM BOAE MNPU MNepeMelLuvBaHUM Ha MarHUTHOM
Melanke B TedeHne 30 MUHYT NpU KOMHATHOW TemmnepaType. 3aTeM B pacTBop [06aBnsu
TUOMOYEBUHY /MO0 B CTEXMOMETPUYECKOM COOTHOLLEHMU, MBO B M36bITKE (4O CEMUKPATHOrO
136bITKa). MoNyYeHHbI pacTBOP CHOBA MepemMeLurBa/Iv Ha MarHUTHON Mellasike B TedeHue 30
MWUHYT MpyY KOMHaTHOW Temnepatype. CWHTe3 MPOBOAWIM KaK B HEUTpas/ibHOM, Tak U B
LLLenoyHouM cpefe. B nocnegHem cnyyae s nonyvyeHUs Heob6xoammoro 3HadeHms pH pacteopa
pobaensnm  pacteop rugpokenga amMmmoHus(NH4OH). Vcnonb3oBaHue  LIENOYHON  cpefbl
3HauUMTE/IbHO YCKOPSET NpoLEecc cuHTe3a ZNnS, No CKOMbKY, Kak 13BecTHO [10], B K1ucnon cpese
TUOMOYEBUHA [OCTATOYHO YCTONYMBA, & B LUENOYHOM MPOMCXOLMT LECTPYKUMUA MO peakuuu
(NH,),CS + 20H o S* + H,CN, + 2H,0 c 06pasoBaHMeM WMOHOB cepbl. [103TOMY B
NPUCYTCTBMN  CONEA  MeTal/loB  06pasytoTCsd  COOTBETCTBYHOWME Cynbdpuabl. O6paboTKy
NMPOBOAMAM BO (DTOPON/IACTOBOM CTakaHe B MHTepBasie Temnepatyp 60-1000C.Ocafok B BuAe
MOpPOLLKa OTAENANN OT CynepHaTaHTa LeHTpUdyrnpoBaHnem, NpoOMbIBaay BOLOIN ¥ BbICYLUMBAIN
npu TemnepaType 60°C. B HEKOTOPbIX CydyasX OCAKAEHME OCYLUECTBSAN Ha MOBEPXHOCTY
NpeABapuTENIbHO OYMLLEHHON MOL/I0XKMA MOHOKPUCTAIMYECKOTO KPEMHUSA, PacrofioXXeHHON B
CTakaHe noj, yrniom okosno 45°.

MonyyeHHble 06pasLpbl UCCMeA0BaIM HA 3IEKTPOHHOM pacTpoBOM MuKpockone (JEOL) ¢
3HEpProAnCnepCUOHHON MPUCTaBKON, PEHTreHOBCKOM AW(PaKTOMETPe U  aTOMHO-CU/IOBbIX
MUKpockonax «Integra Prima» .

CUHTE3 MpU CTEXMOMETPUYECKOM COOTHOLLUEHUN WCXOAHbIX KOMMOHEHTOB LMHKA W
CepbINpMBOAMT K (hOPMMPOBAHMIO YacTuLy, ZnS B BuAe cdep, a TaKkKe 4YacTul, BecbMma
pasHoo6pa3HoI POpMbI, HanpuMep, B BUe Nepbes (PUCYHOK 1).

Puc.1. Mopconorus o6pastia, ocaxaeHHoro npo 80°C 13 pacTeopa aletaTa LyHKa
(Zn(CH3C0O0),-2H,0) n TomouesmHbl ((NH,),CS) ¢ koHueHTpaumeld 0.12 M

SneMeHTHbI cocTaB cdep, onpefesieHHbIi MUKPO30HA0BLIM aHa/IM30M, COLepXuT 50-
54atoMHbIX % UMHKa 1 46-50 aT. % cepbl, YTO 6/IM3KO K CTEXMOMETPUYECKOMY COZEPXaHUIO B
Cynbuae LMHKa.

Ha pucyHke 16 nokasaHa Mopdosiorns o6pasyoB ZnS, oCaXAEHHbIX Ha KPeMHUEBYHO
MOL/I0XKY 13 pacTBopa C U30bITKOM TUOMOYEBMHbI. Kak BUAHO M3 pUCYHKa, ZnS pacTeT B BUAe
cthep NOYTU NPaBWUIbLHON (YOpPMbl. Ha BEpXHeN CTOPOHE MOLJIOXKM MOXHO Habntogath ciepsbl,
3apOoXKAeHVEe M POCT KOTOPbIX MPOMCXOAN/T B 06bEME pacTBOpa, U KOTOpbIE 3aTeM OCaauINCh Ha
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noaioxky. Wx pasmepbl BapbupytoTcs oT 300 HM A0 3 MUKPOH. Ha HWKHeli CTOpoHe
KPEMHMEBOW MOAM0XKKN MOXHO BUAETb cthepbl ZNnS, 3apoAMBLUMECS HA NOBEPXHOCTU MOAI0XKKMN.
X pasmepbl UMEKOT 3HauMTENbHO MeHbLUMn pa3bpoc 3HauveHuit (300-800 HM) BcnencTeume
OAMHAKOBbIX YC/OBMIA PoCcTa Y NMOBEPXHOCTU MOANOXKW. Pasmepamu cep MOXXHO 3(h(heKTUBHO
yNpaBATb, MEHAA YC/OBUA CUHTE3a (KOHLIEHTpaums pacTBopa, COOTHOLLEHWE KOMMOHEHTOB,
BpemMs M Temnepatypa).TEPMUYECKUA ODKUI ZNnS NPUBOAMT K WU3MEHEHUIO MOPQOIornm
(pucyHok 1B), nocne omxuras atMocepe Bo3ayxa npu temneparypax 400-5000C npoucxognt
3p03u1s MOBEPXHOCTM Chep, 3N1EMEHTHBI COCTaB 060raLLaeTcs KUCI0POAOM.

KaK Wn3BeCTHO, OCHOBHble pediekcbl ZNnS Npoucxofat oT 111-oTpaxkeHus B Cy4vae
cpaneputa 1 100-oTpaxkeHns (d=3.290E) B cnyyaeB topumuta. 3TV pedriekCbl Npu MeaHOM
N3/y4eHMN PacnonioXeHbl Npu yrie 20~280. MNo3aToMy Ha/iMuMe Ha peHTreHorpaMmMax obpasLos
ZnS cnaboro v wupokoro (~3°) pednekca npu yrne 20~29° cBMAETeNbCTBYET 0 HAMUUM (a3bl
ZnS cpasy nocne MnosyvyeHns 06pasLioB METOAOM FMApoTePManbHOTO ocaxaeHus npu 80°C u
CYWKN ana ypaneHus Bofbl (pvcyHoK 4). OueHka pa3mepa Kpuctanimtos D no copmyne
LLlepepa ana 31O NMHUM HEKOPPEKTHA, MOCKO/MIbKY OHAa COCTOUT M3 pednekca 111 pelueTku
Kybr4yeckoro ZnS 1 pacrnosioXXeHHbIX B HENMOCpeACcTBEHHOM 6am3ocTu pedrekcos 100, 002 n 101
rekcaroHa/lbHOM MoauuKaLmmn ZnS. Takxxe Ha peHTreHorpamMmmMe HabniLarTcs peduiekcsbl (asbl
ZnO co 3HauYMTENbHOWM nonywmpuHoii ~0.70 npu yrnax 31.8, 34.4 n 36.3°. B aToM cnydae
oueHKa pasmepa kpuctannmtos D no opmyne Llepepa fgaet 3HadeHve 120 E. MomumMo 3TmX
LWMPOKMX W CcnabbiX MWUKOB  HabMOAaeTcAd  MOSB/IeHME  3HAYMTENbHOrO  KOMMYecTBa
[0NONTHUTENBHBIX PedieKcoB Bo61acTyh yrnoBs 20 oT 4 Ao 30°.Kak BUAHO U3 PUCYHKaA 4, YacTb U3
ped/IeKCOB PacrooXeHa SKBUANCTAHTHO, HaumnHas ¢ yrna4.39° co cpegHum warom 4.5°. MoXxHo
npocneanTb OKOM0 12 3KBUAMCTAHTHbLIX Per/IeEKCOB,KOTOPble MPUHAL/IEXAT OTPaXKEeHUAM OT
OAHUX W Tex >Xe napane/ibHbIX MN0CKOCTEN. IKBUAWUCTAHTHbIA CNEeKTP ObICTPO YMeHbLUaeT
CBOK MHTEHCUBHOCTb MPU Harpese yxke 4085°C v MMeeT rpaHuLly TemnepaTypHoii CTabubHOCTM
[0 170°C. Mocne Harpeea [0202°C 1 OXNaXAeHWs1 OH MCYE3aeT, Ha PEHTTreHorpaMme OCTaeTcs
LWMPOKMUIA NK B 06nacTu 28° 0oTZnS, a Tpu pednekca oT ZnO yBeNMUMBAKOT CBOHO
WNHTEHCMBHOCTb.

CuvHTe3 B LLUENMOYHON cpefe NPUBOAMT K Pe3KOMY poOCTy  KonuyectBa ZnS
COOTBETCTBYHOLLME PEHTreHorpaMmbl WMMEKT 3HAYMTe/IbHO 60/1ee BbICOKYHD WHTEHCUBHOCTb
(prcyHOK 2). Kak BUAHO M3 pUCYHKa 2, CTPYKTYpa Mony4YeHHbIX 06pasuoB 6113Ka B CTPYKTYpe
Kybn4eckoro ZnS, WUMeeTCs OuYeHb Heb6OosMbluas MPUMECh reKcarOHabHON MoauuKaumm.
HeobxoAMMO OTMETWUTb, YTO YI/I0Bble MOMOXEHUA PEdIEKCOB 3HAUYUTENIBHO CMELLEHbI
OTHOCUTENIbHO 3TaNIOHHbIX [aHHbIX: pediiekc 220, KOTOpbIA [O/DKEH pacronaratbCsa npw
yrne20=47.57°, pacnonoxkeH npu 49° a pednekc 311 — npu 57.9° Bmecto 20=57.91°. MMo-
BUAVMOMY, 3TO SABMISETCA CMEACTBMEM OOMbLUMX BHYTPEHHUX CXMMAIOLWMUX HAMNPSXKEHWA B
HaHOKPUCTaINNTAX, U3 KOTOPbIX COCTaB/IEHbI Chepbl.

CHWM3y MnoKasaHbl MOJIOXeHUS U OTHOCUTE/bHbIE MHTEHCUBHOCTU Pe(/IEKCOB B 3TA/IOHHOM
CTPYKType Kybuueckoro ZnS. Tak Kak CBOMCTBa NAEHOK ONPeAenstoTcs MUKPOCTPYKTYPOM
MAeHKK, Bbln NPOBELEH aHaNM3 NOBEPXHOCTY NOMYYeHHbIX 06pa3LoB OKCuaa 1 cynbuaa LMHKa
Ha aTOMHO-CM/10BOM MUKPOCKOTE.
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Puc. 2. PeHTreHorpammMa o6pasua ZnS, CUHTE3MPOBAHHOTO B LLE/IOYHOI
cpefie npu Temnepatype 80°C, nocne omkura

BbiBOAbI

MeTOAOM CKaHMpYtoLLeli 3NEKTPOHHON U aTOMHO-CW/IOBOV MUKPOCKOMWUM UCCefoBaHa
MOP(ONOrnst CUHTE3MPOBAHHBIX FMAPOTEPMAsbHBIM METOLOM 06pasLoB ZnS B 3aBMCUMOCTY OT
TEXHOMOTMYECKUX YCMIOBUIA NMONYYEHMs, METOOM MUKPO30HAA MPOBEAEH 3MEMEHTHbIA aHanu3
06pa3LoB. MeToIoM PEHTFeHOCTPYKTYPHOIO aHanm3a 1ccneoBaHa KpucTanimieckas CTpykTypa
MoNy4YeHHbIX 06pasLoB, BbIsBEHA CTPYKTYpa KpUcTaiMuecknx (a3 ZnS, a Takxke (a3 ¢ HU3KOI
TemnepaTypHoli CTabuIbHOCTbIO, MPUHAAEXALLVX, NMO-BUAMMOMY, rMapaTaM MeTasoB.
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CTABWNbHOCTb U ITIOMVHECLIEHTHBIE CBOVICTBA HAHOUACTWL, CdS,
CUHTE3SNPOBAHHDbIX B PA3/TMYHbBIX PACTBOPUTENAX

M.A. Dxaapos, E.®. Hacupos, P.®. MexTnes, C.A. MammagoBa
BakuHckuid FocyaapCTBeHHbI YHUBEPCUTET
maarif.jafarov@mail.ru

HaHouacTuubl XanbKOreHWaoB MepexodHbiX MeTanoB coeauHeHuid rpynnbl AlIBVI
(kBaHTOBble TOUKM (KT)) B AMCNepcusX M amOp(HbIX MaTpuuax npeacTaBnstoT 60/bLUOMN
MHTepec Kak 00beKTbl, OMTUYECKME CBOWCTBA KOTOPbLIX LLe/IMKOM 3aBUCAT OT BMAA, pa3mepoB u
peekTHoCcTM KT. Tak, Npu M3MeHeHUM pasmepa yactuu, ZnS, CdS, CdSe n CdTe oT 2 0 5 Hm
MOJIOXEHNe MaKCUMYMOB WX CMEKTPOB MOT/IOWEHUA U (D/IyOPeCcUeHUUN MOXET U3MEHSATLCA
6onee yem Ha 100 HM, nepekpbiBas AmanasoH OT G/vdKHero ynbtpaduoneta o MK -obnactu
crnekTpa. KoMmnosuTHble Matepuanbl Ha OCHOBE MOAMMEPOB (MNOAMMETUIMETaKPWIAT, MOIN-2-
TMAPOKCUITUIIMETAKPUNAT U Ap.), aKTUMBMPOBaHHble KT, MOryT MCMonb30BaTbCA B KayecTse
TPaHC(OPMaToOpoB  M3/lyYeHUss B /IMH3AX CBETOAMOAOB, JIIOMWHECLEHTHBIX COJIHEYHbIX
KoHueHTpaTopax (JICK) [1, 2], aekopaTMBHbIX 3/1EMEHTaX W APYrMxX Matepuanax u ycTpoicTBax.
OfHO U3 HanpaBneHwin ucnonb3oBaHust KT — 6M0- 1 Xummueckue ceHcopbl [3], rae OHw,
6narogaps 60nbluein OTOCTAbMALHOCTM, 3(MHEKTUBHOCTUA W3/YYEHUS U YYBCTBUTENIbHOCTU
MOFyT 3aMeHWUTb [pyrve martepuaibl, Hanpumep OpraHuWYyeckue Kpacutenu. [1oBbllLeHWe
KBaHTOBOW 3(h(heKTMBHOCTU W3NyYeHUs U ctabunbHocTh KT, Hanpumep nermposaHue ZnS
mapraHuem [4, 5], No3BOMSET MCMONb30BaTh TakMe MaTepuasibl B 3/1eKTPOSIFOMUHECLEHTHbIX
YCTPOWCTBaX B COYETAHWM C OpraHMyecKMmu matepuanamn. Lienblo gaHHON paboTbl SBAsSeTCS
CpaBHEHMEe CMEKTPasIbHO-MOMUHECLEHTHbIX CBOMCTB KT CdS, cvHTe3pOBaHHbIX B Pas/iNyHbIX
pacTBOPUTENSX, @ TaKXKe M3Y4YeHUe BAUSHUA PacTBOPUTENS UM COOTHOLLEHWIA KOHLEHTpaumi
MPEKYPCOPOB Ha pa3Mep YacTuL, U YCTOMUMBOCTbL KOMIONAOB.

3kcnepumeHT.  HaHouyacTuubl CdS 1 ZnS  nonyYann npu  B3aMMOAENCTBUM
npeaBapuTe/lbHO CUMHTe3MpoBaHHbIX aueTtatoB (TPA) kagmma n umHka ((CH3COO),Cd),
(CH3COO0),Zn) cooTBeTCTBEHHO C cepoBogopofoM (H.S), pacTBOpeHHbIM B TpebyeMom
pactBoputene (atunauetare (3A),atuneHrnukons (3) puctunnmposaHHas soga(H,0)) npu
WHTEHCVBHOM MEXaHN4YeCKOM MNepemMeLLMBaHnN.

[3eta -noTteHuMan w pAucCnepcHocTb 4actuy, CdS HenocpeACcTBEHHO B KOMMOUAHBLIX
pactBopax(3l, A, H,0) onpefensnu Ha nasepHOM aHanM3aTope pasmepa 4yacTuy, U [3eTa-
noTeHumana, NPUHUMN [elCTBUS KOTOPOro OCHOBaH Ha AMHaMWUYeCKOMPAacCesHWM CBeTa.
Mpr6op NO3BO/MAN aHaNM3MPOBATL pacrpefefieHne YacTul, no pasmepam B Amana3oHe0,6—-6000
HM ¥ M3MepATL f3eTa -NoTeHLMan YacTul, pasmepom 5 HM — 10 MKM.

CneKTpbl NOrNOWEHNS B BUAUMON W BvdKHER YD -06/1acT M3MEPSIUCL B KBapLEBbIX
KHOBETax CAJ/IMHOI onTuyeckoro nytu 1-10 MM Ha cnekTpotoTomeTpe B MHTepBasie 200—-900 HMC
waroM 1 HM B [uanasoHe ONTUYeCKMX MNAOTHOCTeA [0 3. CnekTpbl qyopecLeHLnn
perncTpmpoBasiMHa cnekTpodyopumeTpe B AnanasoHe 360—-820 HM ¢ WwaroM 1 HM B peXXmme«Ha
OTPaXEHME» AN YMEHbLUEHWUS BAMSAHMS peabcopbumun. CpegHuii pagmyc dactuy Cds,
OLEeHMBaIM M3 CMEKTPOB MOI/IOWEHNS MO Kpak Monockbl mornoweHus(kpaik Ypbaxa) no
M3MEHEHWNIO LUMPUHBI 3ampeweHHon 30Hbl (AEQ) OTHOCWUTENbHO OOGBLEMHOrO KpucTasna c
MCNONb30BaHMEM MPUGAMKEHUA 3(MEKTUBHLIX Macc. PasMep 4Yactuy onpegensnca w3
CBET/IONO/bHBIX  U300paKeHMn  (MMKpodoTorpadmii), MNOMYYEHHbIX Ha MNPOCBEYMBAIOLLEM
3NeKTPOHHOM MuKpockone (M3M) CM12, KonnonaHblepacTBOPbl HAHOCU/IUCH Ha MefHbIe CETKU
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C aMOpGHbIM YrNepoAHbIM MOKPLITUEM, BbICYLUMBAINCL W WUCCNEAOBA/INCL C  Pas/INYHbIM
YBE/INYEHNEM.

PesynbTatbl U UX 06Cy>xaeHMe. [laHHbIA MeTOj, peav30BbIBa/ICA NPW NCMNO/b30BaHUN B
KayecTBe npekypcopa kagmus ero auetata Cd(CH3;COO),-2H,0, WMEIOLWEro XopoLuyto
pacTBOPMMOCTb. [J06aBKM HU3KOMOMEKY/APHLIX OpraHUYecknx pacTBOpUTENel, K npumMepy
AMMETUNCYNbOKCNAA, U Ap. C Lefbio NOBbILEHUS PacTBOPUMOCTM APYruUX COfel Kagmus,
Hanpumep Cd (CH3COO),, npmBoguanM K TOMY, YTO MpW OCaxAeHWu HaHoyactuy CdS npw
BO3zeicTBMM H,S Ha peakLMOHHY CMeCb YacTuLbl cpa3y BbiNajann B BUAe rpyboancnepcHoro
ocafKa.

Mo onucaHHOI Bbille MeToAMKe Oblna MosiydeHa cepust KONMOUAHbBIX PacTBOPOB B Tpex
pacTBopuTeNsix. DA —3TO CMOXHbIA 3up, HECNocobeH K MNOMMepM3aunn, 4To aaeT
BO3MOXHOCTb OLEHUTb CTabUIbHOCTb CUHTE3UPYEMbIX KOMMOMA0B BO BpemeHW. H,O sBnsetcs
CUNBbHOMOMAPHLIM MPOTOHHBLIM PacTBOPUTENIEM C BbICOKOM € =78 M HecrnocobHa MposBAATb
CTaGUAM3MPYIOLLMX CBOMCTB No oTHOLeHWto K KT rpynnsl A"BY'.

CUHTe3MpOoBaHHbIE MO OMNWCAHHOWM BbilLe METOAMKE KONIOMAHbIE PacTBOPbI HAHOYaCTuUL,
CdS 6blnm cTabWbHbI U HE MEHSANN CBOMX OMTUYECKMX CBOMCTB NOC/e UX XPaHEHWSI B TEMHOTE B
TeyeHne HeCKONbKMX CYTOK. pu XpaHeHWW KonnomaHblx pactsopoB CdS/H,O 6Gonee 7 cyT
MPOUCXOANT BblNageHne HaHovacTuy, CdS B ocagok. pu mMexaHU4ecKoM peamcreprupoBaHmmn
4acTWLbl PaBHOMEPHO pacrpefensalTca No BCemy 00bEMY WM AWUCNEpPCUss OCTaeTCACTabu/bHO
TaKoM >e ANUTeNbHbIA MPOMEXYTOK BPEMEHW. ITO FOBOPUT O TOM, YTO KO/IIOUAHLIA PacTBop
CdS/H,O B MeHblUeint cTeneHW o06nagaeT CeAMMEHTALMOHHON YCTOMUYMBOCTBIO, HEXENN
KoarynsMoHHOIA.

Ha puc. 1 npuBefeHbl CNeKTpbl MOrfoweHns HaHovactuy, CdS B pasfiMuHbIX
pacTBOpUTENAX. AHaIN3 CMNEKTPOB MOr/IOWEHUS A1 pasHbIX COOTHOLUEHWIA KOHLEHTpaumi
MPEKYPCOpPOB, B YACTHOCTU 3HAYUTE/IbHOE YBENMYEHNE UHTEHCUBHOCTY MOT/IOLEHUA AUCNePCUm
B MakCUMyMe 3KCUTOHHOIO MuKa Mnpyv YBeMYEHUN KOHUeHTpauun HS u  HensmeHHon
KOHUeHTpaumn auetata Cd, NOKasbIBaeT, YTO MPY 3KBUMOIAPHOM COOTHOLLUEHUW MPEKYPCOPOB
kagmua un cepbl ((CH3COO),Cd:H,S) B cpefie He NPOMCXOAUT WXMNOHOIO XUMMWUYECKOro
B3aMMOZeNCTBUA. Takum o06pa3oM, B pacTBope, Hapagy co ¢opmuposaswmmMuca KT CdS,
ocTaeTcs He npopearnposaslunii TAA Cd. YeTbipexKpaTHbIA N30bITOK MOHOB Cepbl K KaAMUIO
NPUBOAUT K 3PMEKTUBHOMY (HOPMUPOBAHUIO OOMbLUE KOHLEHTpALUMM HaHOYacTuL, BO BCEX
pacteopuTensax (puc. 1, kpusble 3). Popma NepBoro 3KCUTOHHOTO MUKA B CMEKTPE NOrOLLEHNS,
Mo KOTOPOMW XapaKTepu3yeTcs AWMCNepPCHOCTb HAHOYaCTUL, B CUCTEME, MO3BO/AET OTMETUTb, YTO
npy n3bbITKe cepbl B YacTuLpbl B cucTteme 60/1ee MOHOAUCTEPCHDBI, YeM MPU 3KBUMONSPHOM
COOTHOLLUEHMMW MPEKYPCOPOB UM M3ObITKE KagMus, MpW 3TOM Kpail Monocbl MOrNOWeHns He
CLBMraeTcs U pa3mep YacTuL, OCTaeTCA NOCTOSAHHbIM.

B cucreme CdS/3A  opmMupyroTCd  MOHOAMCMNEPCHble  YacTuubl 4N BCEX
COOTHOLLEHUMKOHLEHTPALMI MPEKYPCOPOB, YTO COMPOBOXAAETCH BbIPAKEHHLIM 3KCUTOHHbIM
nukoM. Kpome TOro, npu u36bITKE Cepbl MakCUMyM MO/IOCbl MO/IOWEHNS He3HauUTeNbHO
CLBMraeTcs B [/IMHHOBO/IHOBYIO 06s1acTb criekTpa (puc. 1, 6, KpuBas 3), 4TO rOBOPUT O
He3HauMTe/IbHOM KPYMHEHWM HaHoyacTul. Mpu cuHTese KT B BoAe (hOpMUPYHOTCA camble
KpYrHble MNoNnaucnepcHble YacTuLbl — MAKCUMYM 3KCUTOHOTO NKa He BbIPaXKEH Y HAXOAMUTCA B
06nactu 470 Hwm.
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Puc. 1. CnekTpbl nornoweHns CdS 8 3l (a), A (6) n H,O (8B).
CooTHoweHune (CH;COO0),Cd:H,S: 2:1(kp. 1); 1:1 (kp. 2) 1 1:4 (kp. 3)

M3 cnekTpoB nornowieHus (puc. 1) 6bin paccumTaH CpeaHuin amameTp uvacTtuy CdS.
OnameTp yactuy, B 3 1 DA COCTaBNSAeT OKOM0 5 HM M MOYTM He 3aBUCUT OT COOTHOLLEHUS
ocagutens K npekypcopy. [Ans cuctembl CdS/H,O npu  yBennMYeHUM KOHLEHTpaumm
cepoBogopoa popMumpyroTca 601ee KpynHble YacTuubl oT 5,5 40 8,0 HM COOTBETCTBEHHO.

[aHHble pacyeToB AvameTpa 4acTul, U3 CMeKTPOB MOr/IOWEHNA XOPOLLO COrfiacyrtoTes ¢
pesynbtatamy NM3M. V3 puc. 2 BUAHO, YTO HAHOYaCTMLbI COBpaHbl B arnomeparbl KPYMHbIX
pasmMepoB. 3T AaHHble MOATBEPXKAAOT pe3yNbTaTbl U3MEPEHUIn HeMOCPeLCTBEHHO B pacTBOpax
METOAO0M AVMHAMWYeCcKOoro paccedHus ceeTa. [laHHble CBETOpacCesHWUs XapakTepusyroT pasmep
arnoMepaToB — CKOM/EHMS OTAE/bHbIX YacTuL, pas3fe/ieHHbIX aAcopOvpPOBaHHLIMU HAa HUKX
noHamm CH3;COO- 1 HS— npenaTcTBYHOLWUMUN UX CNNAHNIO.
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Puc. 2. M3M-toTo ancnepcuin CdS B 3F (a) SA (6) n H,0 (B). CooTHOLLIEHME
(CH3CO00),Cd:H,S: 1:4 (a),1:1 (6) n 2:1 (B)a 6 B

Hanbonee kpynHble arnomepatsl CdS (go 1 mkm) Habnwogatotca B 3T, UTO, BEPOATHO,
CBSI3aHO C Ha/IMUMeM B Cpefe NONMMEPHBIX LIENOYeK, TakK Kak pacTBOpUTESlb UCNONb30Ba/ICs 6e3
npeaBapuTeNbHON MeperoHKn. KccnefoBaHMs U3nyyaTeNibHbIX CBOWCTB AMCNEpCUid Nokasanu,
yTo B cnekTpax nyopecueHUMnCdS/aIr n CdS/SA (puc. 3) OTCYTCTBYHOT NOJOCHI, CBS3aHHbIE C
pasMepHO-3aBUCUMbIM ~ MEX30HHbIM  NepexofoMm,  TaKk  Has3blBaeMON  «O0ObEMHOM»
NOMUHECLEHLMER, N HabNo4aeTCs LWMPOKas nosioca nanydeHns samanasoHe 450—-750 HM.

M3nyyeHne OTHOCMTCA K  TakHa3blBaeMOM  «MOBEPXHOCTHOM  NFOMUHECLEHLMUN»,
06YC/IOBNEHHON W3NyYaTeNbHOW penakcaumein yepes [LeeKTHble YPOBHU KPUCTaSI/INYECKOMN
pewweTkn CdS, atakke BINAHMEM afCcopOUPOBaHHbLIX Ha MoBepxHocTMyacTuy, noHos CH;COO-
n HS—-.®dnyopecueHumns B cucteme CdS/H,O He Habntoganacb. MNpUUYMH 3TOrO MOXET ObITb
HECKOJIbKO, HanpuMep Hannume racawmx gyopecueHumio CdS npumeceid, Takux, Kak WOHbI
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enesa unu Apyryux KaHasoBO6bICTPOA 6e3bi3nyyaTenlbHOM penakcaumm 3HeprumBo36byXaeHns B
yacTuLax.
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Puc. 3. CnekTpbl NtoMuHecUeHUmMn CdSe 9A (kp. 1) n 3l (kp. 2). AamHa
BO/IHbI BO30Y»XaeHUs 350 HM, cooTHoLweHne(CH3COO0),Cd:H,S - 1:4

3akntyeHue

Mony4yeHbl YCTOMNYMBbLIE KOMNOUAHbIE pacTBOPbI HaHoyacTuy, CdS auameTpom 3—-6 HM B
9A, A n H,0. Crabunuzayms 4YacTuL, B peain3oBaHHON CXeMe CuHTe3a 06ycnoB/eHa
3apAfOBbIM - (PAaKTOPOM  YCTOMYMBOCTM W [OCTUraeTcs B OTCYTCTBME  [LOMOSHUTE/NbHbIX
cTabunmnsnpyromx fobasok. Ycrtonumsble gucnepcun KT B H,0 1 QA MOryT HenocpeacTBeHHO
MCMO/Nb30BaTbCA KakK B KayeCcTBe LUMPOKOMOMOCHBIX (DYOPeCUMPYIOLMX AUCNEPCUA U AN
[aIbHENLWNX  UCCNef0BaHNA  KBAHTOBO-Pa3MepHbIX  ONMTUYECKUX CBOWCTB, TaKk W ObITb
nepeHeceHbl B Apyrue pacTBopuTeNn, B T.4. MOHOMEPbI A1 NONYYEHNS ONTUYECKN NPO3PayHbIX
KOMMO3UTHbIX ~ MaTepuanoB.Takke MNpefCcTaBNsdeT  WHTepeC  MPOBeAeHVEe  JAaslbHelLmnx
nccnefoBaHMiA NPUYMH oTCyTCTBUSA hiyopecueHumn KT CdS B BOAHbIX AUCrepcusix.
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5CB NEMATIK MAYE KRISTALININ ASTANA
GORGINLIYIN® BaTiO; NANOHISSOCIKLORININ ToSIiRI
M.8. Ramazanov, A.R. imamaliyev, S.8. Himbstov
Baki Dovlat Universiteti
shirxan-humbatov@mail.ru

Muasir ekranlarin maye kristal displeydsn ibarst olmasi onlarin  6l¢tu va c¢akilarinin
Kicildilmasina sarait yaradir. Texnikanin davamli inkisafi maye kristaldan ibarst qurgularin
texniki xarakteristikalarinin yaxsilasdiriimasini talsb edir. Bu Gsullardan biri daha yaxsi maddi
parametrlare malik olan maye kristallarin sintez olunmasidir ki, bu imkan getdikca mahdudlasir.
Digar usul ise maye kristallarla basga funksional materiallarin xassalarini konstruktiv sekilda
slagalendirmakdir. Isda istifada olunan BaTiO3 nanohissaciklarinin 4-pentil 4-sianobifenil (5CB)
nematik maye kristalinin asas elektrooptik parametrlarindan biri olan astana garginliyina tasiri
oyranilmisdir.

Ekperimentds nematik maye kristal olaraq genis yayilmis 4-pentil 4-sianobifenildan (5CB)
Vo orta 6l¢ust 600 nm olan BaTiO3 nanohissaciklarindan istifads olunmusdur.

5CB maddasinda nematik maye kristal fazasi 22 °C - 36 °C temperatur araligindadir va
musbat dielektrik anizotropiyasina malikdir: e, =195, e, =6,7,Ae=¢, —e, =+128.

Barium titanat yiksak spontan polyarlasmaya malik olan segnetoelektik material olub Kdri
temperaturu 120°C-dir®>. BaTiO3 nanohissaciklarinin maye kristalda dispersiya olunmasi xiisusi
texnologiya asasinda yerina yetrilir®, BaTiOz nanohossaciklari, olein tursusu va heptan 1:2:10
¢oki nisbatinds qarisdirilir.

Maye kristalin dielektrik va elektrooptik xassslarinin tadqiqi elektrooptik yuvacigin kémayi
ile aparilir. Elektrooptik yuvaciq tabagali (sendvig¢) qurulusa malik olub, bir-birindan dielektrik
arakasma ila ayrilmis, daxili sathi saffaf va kecirici (nazik In,O3) tabags ila 6rtilmis iki parallel
mustavi slse I6vhadan ibaratdir. Planar orientasiya almag maqgsadila kecirici tabaganin (izarina
nazik oriyentant tabagasi ¢akilir.

Elektrooptik yuvaciga doldurulacag maye kristal tabagasinin galinligi teflon arakesma ila
nizamlanir va bos yuvacigin elektrik tutumunu 6lgmakls

e,S
d ===
0
disturu ile dagiq tayin edilir. Burada e, =8,85 pF / m-elektrik sabiti, S- elektrooptik yuvacigin

is¢i sahasidir, C, -bos yuvacigin elektrik tutumudur. Maye kristal displeylards va isiq
modulyatorlarinda tatbiq baximindan elektrooptik yuvacigin asas parametrlarindan biri Uy,
astana garginliyidir. Bu parametri elektrik tutumunun garginlikdan asililiq grafikindan tayin
etmak olar. Elektrooptik effekt maye kristal muhitin effektiv dielektrik nifuzlugunun, bunun

e,eS

naticasinda yuvacigin elektrik tutumunun (c = —eC,) dayismasina sabab olur. 5CB maye

kristahh misbat dielektrik anizotropiyasina malik oldugundan elektrooptik effekt planar-
homeotrop kecid seklindadir. Bu kecidda maye kristalin dielektrik nifuzlugu artdigindan tadqiq
olunan yuvaciqda astana garginliyi olaraq elektrik tutumunun artmaga basladigr garginlik
gotaralir.
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Sakil 1. 5CB doldurulmus elektrooptik yuvacigin volt-farad xarakteristikasi

5CB+BaTiO3, 45 mkm
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Sekil 2. 5CB+BaTiO; doldurulmus elektrooptik yuvacigin volt-farad xarakteristikasi

Eksperimental naticalar

Sakil 1 va 2-ds gorlinduyt kimi, tsmiz maye kristal olan yuvaciqda U, =12V garginlikdan

baslayaraq elektrik tutumunun artmasi masahida olunur. Bu, yuxarida geyd olundugu kimi, maye
kristalin planar orientasiyadan homeotrop orientasiyaya kegcmasi naticasinds effektiv dielektrik
nifuzlugunun artmasi ila baglidir. Maye kristala BaTiO3 nanohissaciklarinin alava olunmasi volt-
farad xarakteristikasinda shamiyysatli dayisiklik yaradir: tutumun U, = 0,4V garginliyindan

baslayaraq zsif, U,,, =2V garginliyindan baslayaraq kaskin artmasi misahida olunur. Bundan

alava, BaTiOs; nanohissaciklari alave olundugu maye kristal yuvacigin volt-farad
xarakteristikasinda 6 VV-dan baslayaraqg tutumun bir gadar azalmasi gorinr.
Volt-farad xarakteristikalarindan o da gorinar ki, planar -homeotrop kegid zamani elektrik
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tutumunun giymati temiz 5CB halinda Conax _ 2850 ~25, bHCB+BaTiO; halinda
min 1150
isacﬂ = 325 ~ 2 dafs artir. Bu isa gozlsnilsn S _ 195 ~ 29 giymatindan xeyli asagidir.

Cnin 165 e, ,

Planar-homeotrop kecid hacmda baslayir va garginlik artdigca sathlara dogru yayilir. Giicli
ilisma halinda sath yaxinhgindaki molekullar az donirlar, naticads astana garginliyindan
dafalarla boylk garginliklards bels alinan homeotrop orientasiya mikammal olmur va dielektrik
nufuzlugunun e, =19,5qiymati alinmir.

BaTiO3; nanohissaciklari slave edilmis kompozitde iki astana garginliyinin alinmasi
asagidaki kimi izah oluna bilar. Natica gostarir ki, 1% -li BaTiO3 nanohissaciklari arasindaki orta
masafa 10 mkm tartibindadir va elektrik sahasi olmadqda bu hissasiklar spontan polyarlasmasi
sifir olur, yani maye kristalin direktor sahasini tehrif etmir. Elektrik sahasi tatbiq etdikds
hissaciklar polyarlasaraq 6z lokal sahssini yaradir. Yuvaciga verilan gearginlik birinci astana
garginliyindan bodyuk oldugda bu lokal saha hissaciklarin bilavasite sathi yaxinligindaki maye
kristal molekullarinin orientasiyasini dayisir. Bu, maye kristalin dilektrik nufuzlugunu hiss
olunacaq daracada artirir. Garginlik artdigca polyarlasmis hissacikle maye kristal molekullarinin
orientasiyasi daha bdyik masafalerds dayisilir. Garginlik ikinci astana gearginliyindan bdyik
oldugda nanohissaciklarin tasir masafasi onlar arasindaki masafs tartibinds olur va bitiin hacmds
molekullarin sstha perpendikulyar dizillsu bas verir. Bu isa mihitin dielektrik nufuzlugunun
ikinci dafe va kaskin artmasina sabasb olur. BaTiO3z nanohissaciklarinin alave olunmus maye
kristal yuvacigda planar-homeotrop kegidin iki marhalada bas vermasi elektrooptik dlgmalarls da
tasdiq olunur [3].
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OMPEAENEHUE OMNTUYECKNX KOHCTAHT - KOQ®®PNUMEHTOB
MOrIOWEHNA (a) 1 MTPEJTOMJTEHNA (n) B NMJIEHKAX CIJTIABOB  a-nk-Si:H

B.A. Hapkados, B.B. [lagatiosa’
WHcTuTyT PagnaymoHHbix Mpobnem HAH AsepbaiifikaHa
“BakuHCKWIA Focy1apcTBeHHbI YHUBepcuTeT

bnajafov@rambler.ru, vusalemuseyibova@gmail.com

B pa6oTe wuccnefoBaHbl crnekTpbl WK nornoweHns nneHok cnnasoB a-nk-Si:H B fguanasoHe
3Heprum 0,03 + 3,0 3B. OnpegeneHbl onTUYecKne KoahmumeHTbl nornowenns (o) naeHok ans cnabo u
CWLHO NOrnoLalWmx obnacTeid CnekTpa, a Tak >Ke onpeaeneHbl KOAUUMEHTbI npenomaeHmsa (n),
ON5 pasINYHbIX MPO3PaUHbIX MOAI0KEK.

Mpn onpefeneHnU OMNTUYECKMX KOHCTAHT, KO3MMMUMEHTOB norfoweHus (a) wu
npenomneHns (n), U3MepseTca BenMyYMHa nponyckaHus T, oTpaxeHua R [1-15]. WMcnonb3ys
YC/I0BME COXPaHEHNS SHEPTUM MOXXHO HaTV KO3(MULMEHT NOT/IOWEeHUs :

a+R+T=1. @

3-3a MHOrOKpaTHbIX OTpaXeHWUId B NOAMNOXKKe W nneHke (puc. 1), 3afaya ycTaHOBMEHMS
cBA3M MeXay R U T 1 ONTUYECKMMW KOHCTAHTaMM He TpuBMaibHa. O6bIYHO [enaeTcs HECKObKO
ynpoLaloLWmMx NpeanonoXeHnii A1 NONyYeHUs CBSA3N M3MepseMblX BemunH R, T, a u n. Mpw
MPOXOXAEHNN CBETOM TrpaHuUbl pasgena [AByx cpef, Mafjatolmini nyd pasbuBaeTcs Ha
OTPaXEHHbIA 1 MPeNoMMeHHbIN. HanpaBneHus 3TUX nyyeil  OnpedensieTcs  3aKoHamm
reoMeTPUYECKON ONTUKM — 3aKOHaMK OTpaKeHUs U npenomneHus. OgHako, NnoiHoe onucaHune
MPOUCXOAALLUMX MNpPU 3TOM ABNEHWUN TpeOyeT OMpefeneHns WHTEHCUBHOCTM W COCTOSIHWS
NoNAPM3aLMN OTPAKEHHOTO M NPESIOMAEHHOro Nyyeid. [nsa NAOCKOW rpaHuubl pasgena ABYX
M30TPOMHBIX HE MOT/IOWAOLLMNX CPe MHTEHCUBHOCTb U COCTOSHME NONSPU3aLMN OTPKEHHOTO 1
NPENOMIEHHOr0 Nlydeli onpegenseTcs gopmynamn ®dpeHens, BbiBeAeHHbIMU MM B 1821 T. Ha
OCHOBaHMM  CTapblX NpeAcTaBneHuiA 06 ynpyrom agwupe. Pas3suTas  BNOCNeACTBUM
3NeKTPOMarHWTHas Teopus CBeTa, fasfia 3TUM (popMmyniamM HOBOe W BMOJHE MOC/ef0BaTe/lbHOe

000CHOBaHWE.
I

'° //7
[[ -
S

Ir

Pyic. 1.CXeMaTuueCcKuii paspes CUCTeMbI MieHKa-MOAI0KKA U X0, Syueld B 3TOi cUCTeMe:
Iy - nagatowme, | — npowegwee, |5 — otpaxeHoit usnyuenme.
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[na peweHns 3agaun OMNpeaeneHns ONTUYECKMX KOHCTaHT TOHKMX M/IEHOK, Hambornee
MPOCTbIM METOLOM SIBNSETCH METO[, OCHOBaHHbIN Ha M3MEPEHUN NHTEP(EPEHLMOHHOM KapTUHbI
Mo CMeKTpam MNponyckaHWs Mpy MNageHny CBETOBOrO Mydka MNeprneHAuKYNSspHO MOBEPXHOCTU
obpasua. ATOT MeToA He TpebyeT co3aaHuMs cnelmanbHOM annapaTypbl. BeluncantenbHbli TpyA,
CBSI3aHHbIA C 00pabOTKOM CMEKTPa/lbHbIX KPWBbIX MPOMYCKaHUA, MOXET ObiTb CBeeH K
MVHUMYMY 3a CYET NPUMEHEHNS YAOOHbIX MPOrpamMM Ha KommnbtoTepe. [n1s 3Toro Heo6xoamMmo,
yToOGbl OMTUYECKass TOMWMHA NNeHKM (Npou3BefeHVe MoKasaTenst MNpPenoMIeHnst  Ha
reOMETPUYECKYD TOMWMHY) Oblla He MeHee MOMOBWMHbI A/INHbI CBETa, MNafatollero Ha
uccnefyemblin  obpasey,. PaccMOTpvM CHadasa cfiyyalk c€nabo MOor/fowaroLlein nneHkn Ha
npo3payHol  noafioxkke. Kak  npaBuno, B KayecTBe  MOAJIOKKM  MCMOMb3yeTCs
nnockKonapasinesibHas NnacTUHKa C rnokasareneM MpesiomMeHnss Ny, KOTOPbIA HaM 3apaHee He

M3BecTeH. Ha NnacTUHKY HaHOCWUTCS €nabo NOrMOLAOLLMIA CNOV C HEM3BECTHBLIM MOKasaTesieM
npenomneHus i =n, —ik,. 3a orpaHnymMBatoLLe cpeabl NpuMeM Bo3gyx n, =n, =1 (cpefa 1 u
cpefa 4). CxemaTuWyecKuil paspes Takoi CUCTEMbI M XOf Nyyeil NMpu MaJeHWM Ha Hee CBeTa
nokasaH Ha pucyHke 1.[1n onpefeneHns onTUYeCKUX KOHCTaHT MOAJIOKKM W MNeHKN Ng, N, 1

K, Heob6xogMMO M3MepWTb CMEKTPa/bHYHD 3aBUCUMOCTb KO3(h(MLMeHTa nponyckaHus To

YMCTOM NOLNOXKKM U KO3I((ULMEHTA NPOMYCKaHNA CUCTEMbI NIEHKa-NOAN0XKa T.

BbiBegem opmyny ans KoauuveHTa nponyckaHua To yucTor nofnoxku. Cpefa
oTcyTcTBYeT. [pu nageHny CBeTOBOW BOJHbI M3 cpedbl 1 Ha NIOCKOMapa/e/lbHyo NIacTUHKY
(cpepa 3) Ha rpaHuue pasfena 4acTb ee OTPaXaeTcsd, a YacTb NMPOXOAUT BHYTPb cpedbl 3. B
NNacTUHKE NPOUCXOAMT MHOrOKpaTHOe OTpaXKeHue OT 06eux rpaHvL, cpefbl 3, npuyem npu
KaXXOM OTPaXeHUM YacCTb CBeTa BbIXOAWUT B cpefbl 1 1 4 KaK OTPaXKeHHbI U NPONYLLEHHbI
cnoem cseT. KoathhnLMeHT nponyckaHns Takon MiacTUHKM NOACYUTBLIBAETCA CYMMMPOBaHUEM
BCEX MPOMYLLEHHbIX Sly4el ¢ y4eTOM (PasoBOM TONLWMHBI MIACTUHKM (MOLM0XKKN):

. 4
| = (I—pjnsds’

rae d, — reoMeTpuuecKast TO/LMHA NOANOXKKM. B 06LLEM C/ydae No/yyaeTcs (hopmyna,
YUNTHIBAIOLLAS UHTEPHEPEHLIIO MHOTOKPATHO OTPaXKaKOLLNXCA Nyyeii:

T34
[L+RZ — 2Ry, cosj

Ty = 2)

B KoTOpOii T4, M Ry, — ®peHenesckne KO3((HULIMEHTLI NPOMYCKAHNA U OTPaXKEHUS OT OfHOI
MOBEPXHOCTW MAACTUHKK (fpaHuLe pasgena 3 u 4). CornacHo nuTepaTypHbiM AaHHLIM PaboTbl

[10], oH® paBHbI:
4n n, -1
Ty=—"25,Ry=[2—1|. ©)
(g (n3+1j

Ha npakTvke Bcerga WUMeNOT [efio C TONACTOW MOANOXKKoM (d; >>1 ). B atom cnyvae

NHTEP(EPEHLMOHHbIE SBNEHMS HE HAbNIOJAOTCS, MOCKONbKY U3MEpPEHMe NPOM3BOAMTCS He Ans
OAHOW ANWHbI BOMHLI | , @ And HEKOTOporo yyactka cnektpa Al =1, -1, nponyckaemoro

MOHOXPOMAaTOPOM. [103TOMY T HY>KHO YCpeAHUTL MO J OT j , A0 j 4. MyCTb j , —] , =/(p +A] ,

80



BDU-nun Fizika Problerlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalq konfrans

roe Aj <p . Torga ana To umeem:

1 ]

Jl_JZj

To= Todj (4)

MpoBeas ycpeaHeHWe U yuuTbiBast, 4To npu d; >> 1 Ans cnekTpodoTOMETPOB CpeHMit
paspeLuatoLLeii crnocobHOCTM £ >>1, OKOHYaTeIbHO NoyyYaem opmysny:
2
= T Ty 20
-

()

3Ta (hopmyna MOXET OblTb UCMO/Mb30BaHA A/1F BbIUMC/IEHWA NOKA3aTeNA NPeNoMIeHNs Ny
NOANOXKKN N0 WU3MEPEHHOMY ANA LAHHOW AAMHbI BOMIHbI KO3IPMUUMEHTY nponyckaHus. CeeTt
AO/MKEH NajaTb Ha NOANIOXKKY MepneHAnKYNnspHo. lNMokasaTenb NPesioMIeHUst NAEHOK N, Mbl
obcyaum panee.
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