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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: eXRF; eGDOES; eSEM and
TEM; eUV-VIS absorption. Nanoparticles were ablated by using the line 1 = 248 nm of excimer KrF laser
operated at f = 50 Hz with pulse duration 7 = 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 7 = 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:
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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, ¢ 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. It was shown, that for nanoparticles of GaS the combination of Coulomb term and
relatively large effective masses (compared to GaAs, InSb 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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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 (A =1064 nm) laser (QUANTEL, Big Sky Laser Series, CFR
200, A =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

Computer Mobile

cart

Multichannel —__| Spectrometer
optical
detector

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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Ha ocHOBe XOJIJIOBCKMX HM3MEPEHHH II0Ka3aHO, YTO TEPMHYECKas 00pabOTKa CJIO0MKHO-
JICTHPOBAHHBIX MEbI0 W MeJKo# akuenTopHoit mpumechio (Al; Ga; In) kpucramioB GeiSix
(0<x<0,25) mpu 1050-1080K mnpuBOAMT K OOpa30BaHHIO B HHUX JOTOJHHTEIBHBIX

AJIEKTPOAKTUBHBIX LIEHTPOB, C YHEPTETHUYECKUMHU YPOBHSMH PACIIOJIOKEHHBIMU BHIIIE TIEPBOTO
aKLEMTOPHOTO COCTOSIHUSI MEAHW. ODHEPrusi aKTUBAIMM STUX LEHTPOB pAcTET JUHEWHO C
coliepkaHueM KpeMHus B kpuctamwie. [lokazano, 4yto Hanbosiee BEpOSITHOH MOJECINBIO JJISI DTUX
LCHTPOB SIBJISIFOTCS. KOMITJICKCHI M3 1ap, COCTOSIIMX U3 3aMernaronmx atomoB Cus u Als (mm Gag;
Ins) mu 3 Mexy3enpHbIX aToMOB CU; 1 3amemaromux aroMoB Als (mmu Gas; Ins).

B mocnegHue roABI JOCTUTHYTHI 3HAUMTEIBHBIE YCHEXW B JIeje BBIPAIIMBAHUS U
KOHTPOJMPYEMOr0 JICTUPOBaHHUS TUNUYHBIMU Menkumu npumecsmu (Al, Ga, In, As, Sb)
KpUCcTALIOB cucTeMbl Ge-Si KOHCepBATHBHBIMH M HEKOHCEPBATHBHBIMU METOJAMHU. ITO
00CTOATENBCTBO AT BO3MOXKHOCTH MNPOBOJUTH OoJiee  yriayOJNI€HHBIE HCCIEI0BaHUS,
HamNpaBJICHHBIC HA WU3YyYEHUE B3aUMOJCICTBUS NpPUMECEH B CIIOKHOJIETHPOBAHHBIX KPHUCTAIAX
TBEPIBIX pacTBOpoB Ge-Si, mpuBOAAMIMX K O0OpPa30BaHUIO PANIUYHBIX IJIEKTPOAKTHUBHBIX
[IEHTPOB.

B mHacrosmeii paboTe, Ha OCHOBE XOJUIOBCKMX W3MEPEHUH, M3y4EHO BIUSHUE
BBICOKOTEMIIEpATypHOU 00pabOTKM Ha CHEKTP HMPUMECHBIX COCTOSHHUI B KpucTaiax Gei,Siy
(0<x<0,25), CIIO)KHOJIETUPOBAHHBIX OJHON W3 TUIUYHBIX MEIKUX AKIICNITOPHBIX MPHUMECEH
(Al,Ga,In) u opicTpoardGyHIUpYIOIIEH, TPEXKPATHO AKIIEITOPHON MPUMECHIO ME/IH.

Iens paboThl — ompe/esieHue BO3MOXHOCTH U yCIIOBUI 00pazoBaHus B kpuctamiax Ge u
Ge-Si 2JIeKTPOAKTUBHBIX KOMIUIEKCOB MEXIy ObICTPOIU(PYHAUPYIOMIEH NPUMECBI0 MEIu U
MEJIKUMU TIPHMECSIMHU.

Kpucramner Ge u Ge-Si ¢ conepxanueM Si 1o 25 ar.%, nerupoBanubie ogqHOBpeMeHHO Al
(wu Ga; In) u cypbMOii, BBIpAIIMBAINCH MOJACPHI3UPOBAHHBIM MeTOIOM Bpumkmena. 3ameTum,
YTO CypbMa HCIIOJIb30BaJIaCh B KAueCTBE BCIOMOTATEIbHONW MEJKOW JOHOPHOW MPUMECH st
YOpaBIeHUsS CTETICHBIO KOMIICHCAIIMM TNPUMECHBIX YPOBHEHW HCCIEAyEeMBIX MpHUMeEcehd. ITO
HEOOXOAMMO ISl MPOSIBICHUSI B XOJUIOBCKMX M3MEPEHHUSX HOBBIX JIOTIONHHUTEIBHBIX YPOBHEH,
BO3HUKAIOIIUX B 3alpelmIEHHOW 30HE KpHUCTaula. B  3aBUCUMOCTH OT COOTHOIIEHUS
KOHIEHTPAIMI MEJIKUX aKIENTOPOB U MPUMECH CYypbMbI, 00pa3Ibl 001a1a SIEKTPOHHON HITU
IBIPOYHOM TpoBogUMOCTRIO. [locnenyromiee gerupoBaHue THUX OOpas3loOB MEIBIO MPOBOIUIN
mu(h(y3MOHHBIM METOJOM IPHU TEMIIEpaType MaKCHMAaJTbHONW PACTBOPHMOCTU ITOW MPUMECH B
kpuctamax (1150-1175 K). TemmeparypHble 3aBUCHMOCTH KOHIICHTPAlMid CBOOOIHBIX
HOCHTEJNeH 3apsia B KOMIUIEKCHO JIETHPOBAaHHBIX OOpa3lax, BBIUUCICHHbIE HAa OCHOBE
XOJUTOBCKUX U3MEPEHUH, MPOSIBIAIOT COOTBETCTBYIOIINE AKIIETITOPHBIE COCTOSHUS 3aMEIIArOIINX
atoMoB Meau (CUs), B 3aBHCHMMOCTH OT COOTHOIICHHS KOHIICHTPAIMH MEJIKHUX akKIenTopoB (
Nalcain) u cypbMbl (Nsp). Tlocmemyromas Ttepmudeckas o0Opa0OTKa ASTHX KpPHCTAUIOB B
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uatepBaie 1050-1150 K mokaszama, yto BO Bcex oOpasmax, 3akainéaueix ¢ 1050-1080 K,
BO3HUKAIOT JOMOJHHUTEIbHBIC TIYOOKHE YPOBHH, PACIOJIOXKECHHBIE BbIlIE MepBOTrO ypoBHs Cus.
Ha TemnepaTypHBIX 3aBUCUMOCTSIX KOHILIEHTPALIMU CBOOOJHBIX HOCUTEIIEH 3apsia B MaTPULIE ITH
YPOBHHU TPOSIBIAIOTCA B Kpuctauiax ¢ Najgain mopsaka 10%cm>, B KOTOPBIX aKIECNTOPHBIC
YPOBHHU MEJIKOW MPUMECH U HIDKHETO YPOBHS MEIU CHIIBHO- WJIHM MOJHOCTHIO KOMIIEHCUPOBAHBI.
Jlisi  yCTaHOBIICHUsI MPHUPOJBI ATHX YPOBHEH, OBLIM IMPOBEICHBI SKCIIEPHUMEHTHI MO OTKUTY
obpasuoB mpu temreparypax 550-570 K [1]. Pe3ynbrarel mpoBeAEHHBIX HCCIICAOBAHMIA TOKa-
3aJIi, YTO MPH ATUX TEMIEpaTypax MPOUCXOIHUT paciaj] TOTOJHUTEIbHBIX aKIIEITOPOB M OTKUT B
teueHnn 20 9YacoB NPHBOJHMT K HMX IOJHOMY HCUYC3HOBCHHMIO. AHAJIM3 JKCIECPHUMEHTAIBHBIX
JAaHHBIX, TOJYYEHHBIX B OTOM HANpPaBJICHUH, JJIs1 OOpa3lOB C pa3IMYHbIM HCXOIHBIM
COJICp)KaHUEM TPUMECEH M COOTBETCTBYIOIIUX JIMTEPATYPHBIX JaHHBIX, ITOKA3bIBACT, YTO
HanOoJiee BEPOSTHBIMH  KaHAWJATaMH I OOBSCHEHHS TPHUPOABI  JTOTOJHUTEIHHBIX
AJICKTPOAKTUBHBIX IIEHTPOB SIBJISIFOTCSA KOMIUICKCHI U3 TP, COCTOSIIUX M3 3aMEIAOIINX aTOMOB
Cus u Als (miu Gas; Ing) mnu u3 Mexy3enbHbIX aroMoB CU; 1 3amMeriatontux aromoB Al (i Gas,
Ins). ITponiecc oOpazoBanums 3Tux nap kpucramwiax Ge u Ge-Si, moaBeprHyThIX TepMOOOpadOTKE B
natepBaie 1050-1080 K, MoxHO mpencTaBUTh B claeAyromeM Buae. M30bITouHas KOHIICHTpaITUs
MY, T0 CPAaBHCHHWIO C PABHOBECHOM, TPH TeMIIepaType OTKHTa IEPEXOJWT W3 Y3JOB B

mexnpoysmus  Cu, - Cu, +V  (V -Bakancmst). YacTh Menw, HaxoJguBIIAsCs B CTOKax B

3IIEKTPUYECKU TTACCUBHOM COCTOSIHHHM, NIEPEXOAUT U3 CTOKOB B Mexpoy3nus (ctoku Cu) — Cu,.

[Tpu temmeparypax 1050-1080 K 3amemiaronie arombl MEJIKHX aKIETITOPOB, HAXOJSIIUECS B
y3Jax peméTKH, OTPULATEIBHO 3apPSIKCHBI, a MEXKY3eJIbHbIE ATOMBI MEIH IMOJOXKHUTEIbHO [1].
JlocTaToOYHO MOOMJIBHBIE TOJIOKUTEIBHO 3apsKEHHbIE aTOMBl MEIW, MUTPUPYS B MarpwuIle,
B3aMMOJICUCTBYIOT C OTPUIATEIHHO 3apsDKEHHBIMA aTOMaMHU MEJIKMX aKIIETITOPOB M 00pa3yroT
AJIEKTPOAKTUBHEIE Maphl

Cu; + Al (Gag; Ing) - Cu; Al (Gag; Ing) mimu Cu; + Al (Gag; Ing) +V =Cu Al (Gag; Ing) -

Bakancuu u octaBmmecs arombl CUj B Iporiecce 3aKaiku nepexodsaT B cToku CUj, V — CTOKH.

Dueprun  aktuBaimu  (Ex) W KOHIEHTpalMM JOMOJHUTEIBHBIX 3JIEKTPOAKTHUBHBIX
komiuiekcoB (Ny) TpoBOMWIM TIO JaHHBIM TEeMIEPATypHOH 3aBUCHMOCTH KOHIICHTPAIUU
cBOOOIHBIX HOCHTENEH 3apsna B Kpucrauiax. Mickomeie mapamerpsl Ex u Ny Beraucisiim mytém
MOJATOHKNA TEOPETUYECKUX KPUBBIX K DOKCIEPUMEHTAIbHBIM C HCIOJb30BAaHUEM METO/aa
HaWMMEHBIIINX KBAJPATORB.

Pe3ynbraThl omnpeneneHuss SHEPIUM AKTUBALMHU  AJIEKTPOAKTHBHBIX KOMIUJIEKCOB B
KpUCTA/UIaX TMOKa3bIBAIOT JMHEHHBIA POCcT Ey ¢ comepkaHreM KpeMHHS B MaTpHIle, JJIsSI BCEX
TPEX UCCIEAOBAHHBIX CUCTEM, KOTOPBIC OMMCHIBAIOTCS COOTHOIICHUSIMH

Ge1,Six<Cu, Al> Ex"=E, + (E’+320x)M3B=(52+320x)M3B (axrierrrop)
Ge1xSix<Cu, Ga> Ex'= Ey + (Ex*+320X)M2B=(52+320x)M3B (akuernrop)
Ge1,Siy<Cu, In> EK'=E,+ (Ek0+320X)M3B=(52+320X)M3B (moHOP)

[IpencraBieHHbIC BBINIE PE3YIbTATHI IMOKA3BIBAIOT HEOOXOAUMOCTH y4€Ta TeHEeparuu
JIOTIOJTHUTENNBHBIX TIyOOKUX IIEHTPOB MPH KUCIOJIB30BAHUN METO/1a MPEIU3UOHHOTO YIPaBICHUS
KOHIICHTpaleld npumecn Menu B kpuctaiuiax Gep,Siy [2], comepikammx MenKue aknenTOpHbIS
MPUMECH.
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DEVOLOPMENT OF TECHNOLOGY OF OBTAINING AND STRUCTURE OF
NANOCOMPOSITES BASED ON ISATACTIC PP AND MAGNETITE (Fe30a)

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 (FezO4)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 um and 4 cm.

The distribution of magnetite(FesO4) 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.
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a) b)
Figure 2. SEM images of nanocomposites a) PP+5%Fe;0, b)PP+7%Fe;0

SEM images show that for PP+5%Fe3;O4nanocomposite avarage size of nanoparticles is
16nm and for PP+7%FesOsnanocomposites avarage size of nanoparticles is
15nm.Agglomerations, occured in both case, which contain quite high content of Fes;O4
nanoparticles. But avarage size of nanoparticles in polymer is not so higher than initial size of
nanoparticles.
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BBICOKODHEPI'ETHYECKOE U3JTYYEHHUE B OBJIACTH
CINTIOLIHOT O CIEKTPA TOHKHUX IIVIEHOK GaSe
OJI JEMCTBUEM JIASEPHOT'O U3JIYYEHUSI
A.Tl'. Kaseiv-3age’, B.M. Canmanos®, AT, cheﬁHOBl,
A.A. CanmanoBa’, A.X. Ilmlqep3, P.M. Mamenos'
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vagif_ Salmanov @ yahoo.com

Hccnedosanvl  usnyuamenvHovie pekomMOuHayuu HEPABHOBECHLIX HOCUMeNel MOKA 8 MOHKUX
kpucmaniax GaSe, eeHepupo8aHHbIX Npu  B030YHCOEHUU KPUCMAILA JIA3EPHLIM — USLYYEHUeM C
onepeueti(3,51 9B), Hamno20 npegviuarOwel WUPUHY 3ANPEWEHHON 30Hbl Kpucmauld. Beiseiennvle
NONOCHl U3NYYEHUUl 6 ONUHHOBOIHOBOU 00NACMU CHEKMpA C6A3aHbl ¢ Oeekmamu U Npumecimu, 8
4acmHOCMU, U3OBIMOYHBIMU AMOMAMU CelleHd.

B rnyOuHE CIIONIHOTO CHEKTpa MOTJIOMICHHS MHOTHX TOJYNPOBOJIHHUKOB HAOJIOIAIOTCS
MMMKH, KOTOPBIE MOXXHO WHTEPIPETUPOBATh KaK JKCHTOHHBIC COCTOSHUS, CBS3aHHBIC C
MUHHUMYMaMH 30H Oojee TiIyOOKHMX, 4YeM 30HbI, oOpasyrommue Kpad (yHIaMEHTAILHOTO
moryomennss. Ho 3TM TWMKM  MOTYT COOTBETCTBOBATH M 0OcoOcHHOCTAM Ban-XoBa,
PacroOKCHHBIM B CHMMETPHUYHBIX TOYKax 30HBI bpmmmosna [1]. B mocnennem ciydae
BO3HHMKAET BOMIPOC O BO3MOJKHOW pOJIM SKCHUTOHOB, OOPAa3yIOIIMXCS B YaCTHOCTH, OKOJIO
ce/UTOBBIX To4eK. OOpa30BaHNWE TaKMX COCTOSIHHWM, U UX CTAOMIBHOCTh M3y4YeHa HEJ0CTATOYHO,
MMOATOMY HCCJICOBAHMS TTOTJIOMICHUS 3a KpaeM (YHIaMEHTAIBHOTO TIOTJIONICHUS MPEACTABIISIOT
3HAYMTENbHBIM WHTepec. [IpoBefeHME TakWxX WCCICAOBaHMA TpeOyeT HaJIMdue TOHKHUX
KPHUCTAUIOB C OTHOCHTEIPHO MajbiM 3HaueHHEeM Kod(QUIMEeHTa IOTJIONICHHS BBINIE Kpasd,
OTCYTCTBHEM TIOBEPXHOCTHBIX JE(PEKTOB, a TaKKE€ MOIIHOTO JIA3€PHOTO W3IYYCHHUS C
MEepEeCTPanBAEMON YacTOTOW B IIMPOKOM JHanma3oHe sHepruid. Ha Ham B3I, CHOUCTHIE
KpucTautel TUa A3Be, SpKuM IpencTaBuTeNIeM KOTOPBIX sBisieTcss GaSe, y1oOHbIe OO BEKTHI IS
MIPOBEICHHS TAKHUX IKCIIEPUMEHTOB. Kak M3BECTHO, B ATUX KPUCTAILIAX MKy CIOSIMH UMEIOTCS
cnabas Ban -mep -BaambcoBas CBSI3b, YTO TO3BOJIAET OCYIIECTBHTH CKOJI BJIOJb TUIOCKOCTH
CITAWHOCTH W TIOJYYUTh OOpaslbl ¢ TOJIIMHAMH BIUIOTH J0 JOJIHM MHKpoHA. OTCyTCTBHE
000pBaHHBIX CBSI3¢H TPAKTHUECKH HCKIFOYACT BO3MOYKHOCTH OOpa30BaHUS IMOBEPXHOCTHBIX
ypoBHe# (KOHIIEHTpAlUs MOBEPXHOCTHBIX MPUMECEH Ha JIBa MOPSAIKA MEHBIIE YeM B OOBIYHBIX
MOJIYIPOBOJAHUKAX) M 3TH KPHUCTAUIbI 00J1aal0T BBICOKOKAYECTBCHHBIMU €CTECTBEHHBIMHU
3epKaJIbHBIMU TIOBEPXHOCTAMH. BBUAY TOrO, 9T0 KO3(PPUIIMEHT TOTJIOMICHHS BBIIIE Kpas, Ma
(o ~103 em™? o cpaBueHuto ¢ 104 +105 cm? B KiaccHueckux noJynpoBoaHMKax tuna Ge,
Si,...), MOXHO OBLJIO YBEPEHHO W3ydaTh WX ONTUYCCKHE CBOMCTBA MPU JOCTATOYHO OOJIBIIUAX
SHEPTUsIX, MOIb3YSICh U3MEPEHUSAMHU MPOITYCKaHUSI U (POTOIFOMHHECIICHITUH.

Hamu B rnyOuHe CIJIONIHOTO CHEKTpa TOHKMX IuieHOK GaSe  oOHapyskeHa
(GOTONIOMUHECLIEHIIUST C DHEpPrueil, HAMHOTO MPEBBbILAONICH Kpail (yHIaMEHTaIBHOTO
norjomienns (MMpuHa 3anpeiieHHo 30HBI GaSe  cocTaBiseT E, ~2,025B). Tonmuna
uccienyeMbix 0o0pasnoB Obula OT JoJielt MHUKpoHa 10 2-4 MHKpoH. B kadecTBe mcTOYHHKA
u3nydenus: ucnonb3oBasicss ummyiascHbE NA:YAG mazep (LQ529B) co BcTpoeHHBIMU
reHepaTopamu 2-ii U 3-i TapMOHUK, TPEJHA3HAYCHHBIA U TeHEpAIuH HU3IyYeHUs C JUTMHOUN
BosHbI 1064, 532, 355 HM U ¢ nepecTpanBaeMoil IIMHON BOJHBEI B AuanazoHe ot 410-710 Hwm.
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JUTMTeNbHOCTh JIa3epHOTO MMITyJIbca cocTaBisia At =1-10-8cek., MakcuManmbHas SHEPTHs
m3nyueHus ~ 135 m/[x. IHTEHCUBHOCTD M3ITydeHHs] U3MEHSIIACh MPHU MOMOIIY KaTHOPOBaHHBIX
HEUTPaJIbHBIX CBETOBBIX (GMIBTPOB. CHeKTpsl (HOTOTOMUHECIICHIIMM TOHKHX IUIeHOK GaSe
HCCJIEIOBAIIUCH C TIOMOINBI0 AaBTOMATH3MPOBAHHOTO MOHOXpOMATOpa C JIBOMHOW Iucmepcueit
M833, ¢ KOMITBIOTEPHBIM YIPABICHUEM U JETEKTOPOM U3ITyUEHUsI, PETUCTPHUPYIOIIUM U3ITYICHHUE
B Auana3oHe mIuHbl BoaHbl 350 —2000 aM.

[Tpu Bo30Yyx)nennu o6pasioB GaSe 3-ii rapmonukoit Nd:YAG nazepa (A =355 uwm), ObutH
OOHApYXCHbI OTYCTIIUBBIC JIMHUM W3Iy4eHUss B oOmactu jiumH BoiH 355-375 Hm (puc.l).
CrieKTpbl JIIOMHUHECLIEHIIMH UCCIIEOBAHHBIX 00pa3loB COCTOSAT U3 JIBYX JIMHUH C MAaKCUMyMaMH
A, =362 um (~=3,43 3B) u A, =372 um (~3,33 3B). Ha puc. 1 Takxe npencraBieHa JIHHHS
U3IyuyeHUs Ja3epa C AIUHOW BoiHbI A=355 HM. HaOnromaemass B H3JIydeHUW JIHMHUS C
MaKCUMyMOM A, IOJIHOCTBIO KOPPEIUPYET C COOTBETCTBYIOLUIMM IHMKOM B IIyOuHE oOnacTu
COOCTBEHHOTO TIOTJIOIICHUS, HAOMIOJaroIMMes B pabote [2]. ABTOpBI 3TOH pabOTHI CBSI3BIBAIOT
3Ty JIMHHUIO MOMJIOIICHHs ¢ rIyOoKuMH dkcuToHamu (deep excitons), oOpa3oBaBIIMMUCS OKOJIO
cenoBoi Touku. TOT (aKkT, 4YTO COOTBETCTBYIOUINI aHAJIOT JTMHUHM H3IYYCHHUS C MaKCHMyMOM
A, =362HM OTCYTCTBYET B CHEKTpE MOIJIOLIEHHs, [10-BUIUMOMY, CBUAETEIBCTBYET O TOM, YTO
9Ta JHMHHUA CBsi3aHA ¢ Je(heKTaMU WM MPUMECSIMH, 00JIaTalOIIUMHU, OJTHAKO, TOW CIenu(UKoH,
YTO WX YPOBHM paCIHOJaraloTcs B OOJIACTH CIUIOIIHOTO CIEKTpa, NPEBBIIAIONMIEH Kpal
COOCTBEHHOT'O MOTJIOIIEHUS.

250

245

240

lga, B OTH. €I,

235

230 /\

350 355 360 365 370 375 380 385 390

Puc. 1. CriekTpbl U3ydeHus TOHKHX IUIeHOK GaSe 3a kpaeM ¢ yHaaMeHTaIbHOTO MOTJIOeHHSI.

ITpn uccnenoBaHUMM CHEKTPOB W3Iy4EHHUs TOHKHUX IIeHOK GaSe, B JIMHHOBOJIHOBOM
00JlacTH cHieKTpa OOHapyXKeHa eIlle OJHa JIMHUA W3aydeHus ¢ makcumymom ~707 uM (puc.2).
WHTEeHCUBHOCTD 3TOH JIMHUM HaMHOTO (~5pa3) MpeBbIIIaeT MHTCHCUBHOCTH JIMHUH H3ITy4YeHHUS,
HaOr01aBIMIMXCA B O0JIAaCTH CIUIOIIHOTO CHEKTpa. PacmosokeHue 3TOro nuka B NPUMECHOM
00J1aCTH CIEKTpa MO3BOJISET MNPEINOJI0KHUTh, YTO OH OOYCJIOBJIEH HalIM4YMeM H30BITOUHBIX
aTOMOB CeJICHA.
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Puc. 2. CriexTp u3iryueHusi TOHKHMX IIeHOK GaSe B 00acTi IpHUMECHOTO TOTIIOICHUS.

Takum 06p€[30M, MNPUBCACHHBIC BBIIIC PE3YJIbTATBI NOKA3bIBAOT, YTO KPUCTAJJIbI GaSe
SBJIFOTCA y,I[O6HBIMI/I 00BEKTaMH A1 HUCCICAOBAaHHA  OINTHYCCKOIO  IIOTJIOINCHHA H
JJFIOMHUHCCICHINUHU 3a Kpa€M OCHOBHOI'O IMOTIOIICHHA. Hanuuwne 3HaunTEIIHLHOM YYBCTBUTCIIbHOCTH
B 3TOM oOJIacTu CBUACTCIBCTBYCT O BBICOKOM Ka4YC€CTBC CCTCCTBCHHBIX IMOBCPXHOCTHBIX CJIIOCB U

MO3BOJICT YTBCEPKAAThb, YTO KPUCTAJLJIbI GaSe MOTYT OLITb MCIOJL30BaHBl B KadyeCTBE
HCTOYHHUKOB HU3JTYy4YCHUS B KOpOTKOBOHHOBOﬁ o0bJiactu CIICKTpaA.
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RADIASIYA IL® MODIFIKASIYA OLUNMUS POLIPROPILEN (PP)

VO GUMUS SULFID (Ag,S ) 8SASINDA PP/Ag,S NANOKOMPOZITLORIN
SONOEMULSIYA USULU iL9 ALINMASI VO QURULUSU

M.9. Ramazanov, S.Q. Nuriyeva, I.A. Mammadli
Bak: Dovlat Universiteti
aliyeva-s@list.ru., i.ilahe199218 @gmail.com

Todgim olunan isdo kombinasiyal: metodla alinmus izotaktik polipropilen va giimis sulfid asasl:
nanokompozitlorin alinma texnologiyas: islonmis vo polimer nanokompozitin qurulusunda bas veran

dayisikliklor, nanohissaciklarin formas:, paylanmas: va 6l¢lisi tadgiq olunmugdur.

Son illords Gzvi polimerloro daxil edilmis geyri-Uzvi nanohissaciklorasasinda alinmis
materiallarin  todqigindo  perspektivli  noticolor oldo  edilmisdir.Glimus sulfid (Ag.S)
nanhossaciklorina maragin artmasi onlarin unikal elektrik, termoelektrik, optik vo fotogolvonik
xassolori ilo bagldir [1-3]. Torkibindo Ag,S nanohissaciklori olan nanokompozitlor bu
xassalorino gors glinos elementi, yarimkecirici, fotodetektor, sensor, ekranlasdiric1 ortik, radio
dalgalarin aktiv adsorberi vo infraqirmizi stialanmanin polyarlasdiricist kimi muxtslif cihazlarda
genis totbiq sahoalorino malikdir [4-5]. Bundan basqaAg,S osasli polimer nanokompozitin
xassolori polimerin sintez  Usuluna ¢ox hossasdir vo polimerin qurulusundan kifayst godor
asilidir. Polimer AgzSnanohissaciklorinin matrisds Olcilorinove paylanmasina stabillogdirici vo
qurulus yaradan molekul kimi tosir goOstorir. Digar torafdon geyri-lizvivalizvi materiallarin
birlosmasi hor ikifazanin xassalorinin 6ziindo comlomasina vo daha yaxsi naticalorin aldo
olunmasina sabob olur [6].

Qeyd etmok lazimdir ki, bazi polimerlariradiasiya (y-stia) ilomodifikasiya etdikdo onlarin
xassalorinda doayisikliklor yarana bilir. Belo sualanmanin tasiri ilo bas veran dayisikliklaralimlor
tcln genis arasdirma moévzusu olmusdur. Polimerlordo gamma sualarin tosiri ilo dayisikliklarin
Oyranilmoasi mévzusu polimer dgiin uygun stabil sistemin yaradilmasi baximindan da maraglhdir.
Miuoyyon edilmisdir ki, radiasiya tosiri polimerlardo kimyavi dayisikliklorin, hamginin tikilmolor,
zoncirin dagilmasi, mixtolif kimyovi gruplarin yaranmasina sabab olur.Onlarin optik xassslorini
arasdirdiqda iss gadagan olunmus zonanin eninin azalmas: misahids olunur [7-9].

Polimer/yarimkegirici nanokompozitlarinhazirlanmasi ucunbir coxusullarislonib
hazirlanmigdir. Todgiq olunan isdo iso polipropilen (PP) vo gumus sulfid osasli (PP/AgQ,S)
nanokompozitinin alinmasi prosesinds ultrases vo mikroemulsiya metodlarini totbiq edilorok
kombinasiyali alinma Gsulu toqdim edilmis [10],homginin sintez zamanipolipropilenin
aktivliyiniartirmagq tigtin onun tozunu ®Co izotopunun y-siialar ils miixtolifdozalarda (15, 30, 50
kGy)slalandirilmis vo radiasiyanin polimer nanokompozitin qurulusuna, morfologiyasina tasiri
oyranilmisdir.

vy stalarin PP polimerinin qurulusunda hansi effektiv dayisiklikloro sabab olmasini
muioayyon etmoak (gtin modifikasiya olunmamis, y stialar ilo modifokasiya olunmus polimer va
homin polimer osasinda ahinmisPP/Ag,S nanokompozitin 1Q spektrlori sokil 1-do géstarilmisdir.
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1167, 997 va 972 sm™ zolaglan polimerin izotaktik oldugunu gdstorir. 2950ve 2870-
2880sm™ piklori CHsgruplarmin asimmetrik vo simmetrik valent ragslorine,2920vs2838sm™
piklari iss CHpqruplarnnin asimmetrik valent rogslorino uygun golir.Sualanmadam sonra bozi
xarakteristik piklorin (1167, 997 sm™) yoxa ¢ixmasi miisahido olunur. Bu da polimer zoncirin
dagilmas: demokdir. 2838, 1462 vo 1378 sm™ piklori do miloyyan doracads itir. Beloliklo metil
vo metilen gruplarmin C-H rabitslori qirilir.Demok olar ki, siialanma CH; gruplarinin sayini
azaldaraq onlart CH; gruplarina cevirir vo polipropilen zoncirinds tikilmolora sabab olur. y
stialanmadan sonra polimerds har hansi bir kaskin pikin yaranmasi missahidos olunmur. Yalniz
3370-3400 sm™intervalinda genis bir zolag miisahids olunur ki, bu da O-H hidroksil gruplarina
uygun golir. Bu iso stalanmanin tesirindon polimer zoncirdo hidroksil qgruplarinin
formalasdigim géstorir. Homginin 1600-1715 sm™ dalga uzunluglar: oblastinda zolaglar yaranir
ki, bu da C=0 qgruplarinin yaranmas: demokdir. Bu yeni qruplarin yaranmasi stialanma
prosesinin vakuumda aparilmadigindan irali golo bilor, yani oksigen havadan goturulos bilor.
PP+Ag,S nanokompozitinin iQ spektrini todqiqgi 2838, 2722, 1716, 840 sm™ piklorinin vo 3370-
3400 sm dalga uzunlugundak: intensivliklorinin azalmas: goriniar.Homginin ilkin halda
misahido olunan 1629, 1598 sm piklori do misahids olunmur. Bu iss hamin gruplarin Ag,S
nanohossaciklori ilo Ortiilmasina doalalot edir. Noticada stalandirilmis polimerin nanohissacik
tcin optimal mahit oldugunu anlasalir.

Sualanma dozasinin matrisds nanohissaciklorin formalagmasina tosirini todgiq etmok tigtin
sokil 2-do ilkin mohlullarin sabit konsentrasiyasinda (0,01M), muxtolif dozalarda modifikasiya
olunmus polimerlordon alinmis PP+Ag,S nanokompozitlorininatom quivve mikroskopik (AQM)
tosvirlori gostorilmisdir.

AQM tosvirlorin tohlilindon goruntr ki, y stialanmadan sonra polimerin sothi daha hamar
olur, yani niimunanin sathinin qurulusu polimerds yaranan aktiv morkazlorin hesabina doyisir.
Homginin, y stialanmanin dozasmin artmasi ilo kompozitin hacminds Ag,S nanohissaciklorinin
migdarinin doyismasi, yani miayyan giymoto kimi ¢coxalmas: misahids olunur.

Belo bir naticoys golmak olar ki, polimerin bu nanokompozitds funksiyas: tok baglayici
kimi deyil, hom do glimus sulfid hissaciklarinin aglomerasiyasinin garsisint almaqdir. Demoali
nanohissaciklorin diametrini tosir edon faktorlarin parametrlorini uygun segorok idaro etmok
olar. Belslikls, y sualarin dozasini dayisorak nanohissaciklorin formalasmasi, paylanmas: vo
Olglislini idaro etmok olar. Todgigatlar noticosindo giumus sulfid nanaohissaciklorinin
polipropilen matrisds bircins vo homogen paylandigi misahids olundu.
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Sok. 2. Miixtlif dozalarda sUaIand1r1Im1$ tozlardan"ahnmm PP+AgZS naﬁokompozitinin
SEM tosvirlari: a) 0 kGy b) 15 kGy c) 30 kGy d) 50 kGy
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TACLI BOSALMANIN TOSIRi ALTINDA POLYARLASMA PROSESININ
PVDF/ZrO, POLIMER NANOKOMPOZiYA MATERIALLARININ
QURULUSU VO LUMINESSENSIYA XASSOLORINO TOSIiRI
F.V. Haciyeva, M.A.Ramazanov, A.M. Rahimli
Bak: Dovlat Universiteti, NanoArasdirmalar Laboratoriyas:

mamed_r50@mail.ru

Verilmis isdo tacl: bogalman:n tosiri altinda polyarlasma prosesinin PVDF/ZrO, polimer
nanokompoziya materiallarmzin qurulusu va liminessensiya xassalorina tosiri dyranilmigdir. Mlayyan
edilmigdir ki, polyarlasma prosesi zaman: nanokompozisiyasiin komponentlori arasinda yaranan
fazalararas: sorhadda yaranan yiklor hesabina yiksok daxili lokal saha yaranir va bu sahanin tasiri
alt:nda nanokompozitlorda alava liminessent markazlar yaran:r va naticads liminessensiyan:n intensivliyi
artir.

Polimer matrisdo yerloson fotoaktiv nanohissaciklarin gox boyuk kimyavi aktivliyi malik
oldugundan onlar matrisdo ¢ox yuksak fazalararasi qarsiligh tasirlor gostorir. Nanokompozitds
nanohissaciklorin 6lgilori formalasan tstmolekulyar quruluslarin élgilorine yaxin vo ya borabor
oldugunda isigin tosiri altinda polimerin makromolekullar: yarimkegirici doldurucuda yeni oslavo
liminessent moarkazlor hayacanlandirir [1-2]. Nanokompozisiyalarin polyarlasma prosesi zamani
kompozisiyalarin komponentlori arasindaki maksvell relaksasiya muddatinin forgi hesabina
fazalarasi sorhoddo elektrik yuklori yigilir vo bu yiklor nanokompoziyanin komponentlori
arasindaki fazalararas: qarsiliqh tosirlori doyisir. Nanokompozisiyalar 2 vo ya daha ¢ox va bir-
birilo kompleks elektrofiziki vo fiziki-mexaniki xassalorina gora kaskin dayison komponentlordon
ibarot oldugundan onlarda laylararas: polyarlagsma prosesinin bas vermasi mumkindur. Bu
proseslorin bas verma ehtimali polyarlasma soraitindon, polimer matrisdo vo polimer-doldurucu
sarhaddindo yuk tolalarin konsentrasiyas: va darinliyindon ¢ox guclu asilidir. Bununla bagl: tach
bosalmanin tosiri altinda aparilan polyarlasma prosesinin nanokompozitlorin qurulus vo
luminessent xassaloaring tasirinin dyronilmasi cox bdylik maraq kasb edir.

Verilmis isdo tach bosalmanin tasiri altinda bas veran polyarlasma prosesinin PVDF+ZrO;
osasli nanokompozisiyalarin qurulusu vo liiminessensiya xassalorino tasiri dyronilmisdir. Tach
bosalma ilo polyarlasma prosesi iyno-mustovi elektrodlar vasitosi ilo hoyata kegirilmisdir.
Iynalorin diametri 0,3 mm, iyno vo niimuno tobogalori arasindaki mosafo 1 sm barabor olur.
Bosalma gorginliyi U=6-9 kV, bosalma muddsti 5-10 dogigo toskil etmisdir. Nimunalorin
galinligr 100 mkm togkil etmisdir. Tacriibadon avval nimunalarin sathi xtsusi tomizlanmisdir.
Daha sonra nimunslor yero baglanmis elektroda yerlosdirilmis vo 6 kV gorginlikds niimuns
sothindon 6x10° m mesafads yerlosdirilimis metallik iynalor vasitosi ilo tach bosalmaya moaruz
edilmisdir [3].

Homginin PVDF+ZrO, osash nanokompoziyalarin tacli bosalmanin tosiri altinda
polyarlasmadan Oncs vo sonra qurulusu atom-qivvet mikroskopu vasitosi ilo todqiq edilmisdir.
Skanetms hava soraitinds rezonans tezliyi 40-97 Hs-o va ucunun oyrilik radiusu 20 nm barabor
olan plazmakimyovi Gsulla hazirlanmis zondlarla integra-Prima skanedici-zond mikroskopunda
aparilmigdir. Muoyyoan edilmisdir ki, taclh bosalmanin tssiri altinda polyarlasmadan sonra
nanokompozisiyalarin sathinin qurulus elementlarinin xirdalanmasi bas verir [4].

PVDF+1%ZrO, ossaslhi nanokompozisiyalarin liminessensiya spektrlori tacli bosalmadan
onco va sonra Cary Eclipse spektrofliiorimetrinds 300-700 um dalga uzunlugu intervalinda tadqiq
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edilmisdir.  LuUminessensiya spektrlori  nimunani  Ae=265 nm dalga uzunlugunda
hoyacanlandiriimagla alinmigdir. Sokil 1-do PVDF+ZrO, asasli nanokompozisiya materiallarinin
tacli bosalmaya moruz edilmadon 0Onco vo sonra liminessensiya spektrlori gostorilmisdir.
Sokildon gortndiyl kimi luminessensiya spektrinds 389 nm, 446 nm, 458 nm, 495 nm, 530 nm,
565 nm piklor misahido edilir.Mioyyan edilmisdir ki, tacli bosalmanin tosiri altinda
polyarlasmadan sonra ltiminessensiyanin intensivliyi artmisdir vo bu artma demok olar ki ZrO,-
nin polimerin matrisindoki bitin migdarlarinda masahids edilmisdir.
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Sak. 1. PVDF+1%Zr0O, osash nanokompozisiya materiallarmin tacl

bogalmadan dncs (1) vo sonra (2) liminessensiya spektrlari.

Sokildon gorundiuyd  kimi, PVDF+ZrO, nanokompozisiyanin liminessensiyasmin
intensivliyi asason 330 nm, 360 nm, 378nm vo 531 nm dalga uzunlugundaki piklorde musahidos
edilmisdir. Forz edilir ki, polyarlasma prosesi zamant PVDF+ZrO, nanokompozisiyasinin
komponentlori arasinda sorhad yiklor hesabina ¢oxlu migdarda elektrik yiklor yaranir. Bu yuklor
hesabina yiiksok daxili lokal saha yaranir vo bu sahanin tosiri altinda nanokompozitlords slava
liminessent morkazlor yaranir vo naticads 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
Bilkent University, Ankara, Turkey
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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(k) for a 2D PC, in which non dimensional frequencies wa/2xrc (c-velocity
of wave) were plotted versus the wavevector k along the I'-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/2rcl) and it ranges from O 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 I'-X-M-I" with vertices at I" =(0,0), X = (n, 0) and M =(x, ©t) 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 o 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-T" 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, o(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 VVg. 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 I'-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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MOSAMBOLI SILiSIUM TOZUNUN KiMYoVi
ASILAMA METODU iL9 ALINMASI
F.9. Rustamov, N.H. Darvisov, M.Z. Mammadov,
V.E. Bagiyev, Y.Y. Bobrova, H.O. Qafarova, Z.A. Agamahlyev
Bak: Dévlat Universiteti, Fizika Problemlori ET/

Moasamoali silisium ununun kimyavi asgilama metodu ilo al:nma texnologiyas: islonmisdir. P- va n-
tipli silisium ununun kimyavi agilanmas: modifikaszya olunmus HF:HNOjz;: CH;COOH mohlulunda
oksidlagdiricinin  ¢atigmazlig:  rejimindo  apardmugdir.  Alinmzs  niimunalorin - morfologiyas:  va
fotolyuminessensiya xassalori tadqiq edilmigdir.

Masamoli silisium tozu adston iki texnoloji Gsulla alinir. Birinci Gsulda masamali silisium
toboaqasi elektrokimyavi vo ya kimyavi asilama tsulu ils silisium 16vhasi Gizarinds alinir. Sonra bu
tobago silisium 16vhosindon aynlaraq, ultrases vannasinda Gyddualtr. Noticodo moasamoali
silisiumun tomiz sokildo tozu alinir [1]. Lakin bu Gsulla praktiki totbig ¢lin lazim olan godor
masamoli silisium tozu hazilamaq problemlidir vo baha basa golir. ikinci tisulda avvalca silisium
kristali mexaniki yolla kiravi doyirmanda Gyuddlir, sonra alinan toz denslari uygun asilayici
mohlulda kimyavi asilanmaya moruz qalir. Adaton asilama uglin totbiq edilon mohlul 4:1:20
hacmi nisbatinds goturilmis HF (49%), HNO; (65%) vo H,0 garisigindan ibaratdir vo mosamoali
silisiumun formalasma reaksiyasinin arasikosilmoz etmok tigiin mohlula tadricon HNO3; damcilarn
olava olunur [2]. Bu halda alinan tozlar donociklori silisium kristallitlorinin Uzarini nazik sathlo
Ortmus masamoli silisium gatindan ibarst olur. Bu Usulla, prisipcs, kifayat godor toz halinda
masamoli silisium almaq olur, lakin bu Gsulun c¢ixis1 kifayat godor azdir. Bundan basga bu
mohlulu kasilmoz vo intensiv olaraq garisdirmaq toalob olunur. Bu da onunla olagodardir ki,
masamoli silisium gidrofobdur vo suda islanmur.

Bu isdo masamali silisium tozunun modifikasiya olunmus mohlulda alinmasi metodikasi
islonmigdir. ©vval p- va n -tip silisium tobagolari kiiravi daiyirmanda uytdilorok hissaciklarinin
Olgtlori 5 mkm- don Kigik olan silisium tozu ahnir. Asilayict mohlul olarag 1200:1:800 hacmi
nishotdo goturilmis plavik tursusu (49%), nitrat tursusu (65%) vo sirko tursusu qarisigi
secilmisdir. Asilayict mohlulda sirks tursusunun kifayot godor olmas: silisium ktistallitlorinin
yaxst islanmasini tomin edir. Asilanma soffaf polipropilen gabda magnit garisdiricismin sttinds
aparilir. ©vval gaba silisium tozu, sonra iso asilayict mahlul tokilir. Qabarciglarla musayiot
olunan reaksiya bir dogigodon sonra baslayiwr. Masamali silisium toz donslorinin alinmasi
mohlulun sathino onlarin ¢ixmast ilo misayiot olunur ki, onlar da mohlulun sathindon yigilirlar.
Bu prosesdo zaman kecdikco reaksiyanin slroti azahr, ona gdéro mosamoli silisiumun
formalagsmasinin arasikosilmaz edilmosi tigiin mohlula periodik olaraq damcilarla nitrat tursusu
olavo edilmoli vo mohlul arada arabir qarisdiriimalidir ki, onun bittin kristallitlors tosirini tomin
etmok mumkun olsun.

Gostorilon Gsul ilo alinmis masamali silisium tozu vizual olaraq gonur-narinci rangds olub
otaq temperaturunda qirmqizi rangli fotoluminessensiyaya malikdir.

Sokil 1-da silisium tozunun kimyavi asilanmadan ovvalki va sonraki 900 va 45000
boyltmalords SEM sokillori verilmisdir. Gorundiyt kimi kristallitlorin sathinds alinan masamali
silisium sathin morfologiyasini tam dayisir va sath nahamar olur.
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c)
Sakil 1. Kristallitlorin sothinin masamali silisiumsuz (a va ¢) vo mesamali
silisium gatinin yaranmasindan sonra (b vo d) SEM toasviri.

Alinmis  mosamali  silisium  tozunun

fotoluminessensiyasinin ~ suialanma  spektrlori y
tadqiq edilmisdir (Sokil 2). Stialanma spektrlori 104
320 nm dalga uzunlugundak: isigla hoyacan- 2 o5
lanmisdir. BUtln nimunalor otaq temperatu- 5
runda, yarimeni 0.85 eV olub, fotoluminessen- € o064
siyanin maksimumu 661 nm-o dison qirmizi =z
luminessensiya malikdirlor vo bu silisium £ 04+
I6vhalari Gzorindo alinan mosamali silisiumun =
stialanma spektrlorina tam uygundur [3]. o
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Sakil 2. Masamali silisium tozunun
fotoluminessensiya spektri
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B npeocmasnennoii pabome mwyamenvHo OnuUCaAna MexHOAO2Us NOAyYeHuss moukux nierox ZnO.
H3zyuenvr onmuueckue ceoticmea u Mop@oaoeus noeepxHocmeu Hawoxomnosumos. Teopemuuecku
uccneoosano uacmommuoe npeoopasosanue ZNO/PMMA cmpykmyp ¢ yuemom pasosvix s¢hghexmos,
KOMopble NO360SION blsi8UMb NYMU NOBbIUEHUs IPPEeKMUGHOCTHU NPeodpa306aHUs. AHATUMUYECKUM
MemoooM maxaice oyeHeHO odicudaemoe npeobpazosanue 3PPeKmueHOCmMU HA PATUYHBIX OTUHAX BOIH
Na3epHoco usnyyenus. Memoouxka aumanusa OnMuyYecKux ceHepayuil, npooelaHHas 8 OaumHou pabome,
Modicem 6bimb UCNONL30BAHA OIS OPYUX HAHOKOMNOZUMHYIX NIIEHOK.

Oxcun 1mHKa (ZnO)  sBiIsETCS HETOKCHUYHBIM  TIOJYIPOBOJAHUKOM C  IMUPUHOU
sanpelenHoit 3016 Ey =3.30 9B, n-runa snexrpornpoBoanoctu. Cpenu pa3iuIHbIX HPUMEHE-

HUH, TaKUX KaK Jia3epHble TUOAbI [1], mbe3oanekTpuueckue npeodpaszoBarenu [2], TpaH3UCTOPHI
[3] u nromunHOGOPEI [4], ZNO, TakKe UCTIONB3yeTCs B Ka4eCcTBe Oy(PEepHOro MpO3pavyHOro ciios B
COJIHEYHBIX JJIEMEHTaX Ha ocHOBe auceneHuna Meau-unaus-raums (CIGS) [5]. Kak mpaswuio,
JUTSL IPUMEHEHUSI YyCTPOUCTB COTHEUHBIX 3JIeMeHTOB, ZNO HaHoCAT ¢ nomotibio BU-pacnbuienmus,
M3-32 €r0 OTHOCHTENIFHO HU3KOM CTOMMOCTH OcaxkaeHus. HemoctaTkaMu MCIOIB30BaHUS TaKOTO
METO/Ia SIBJIIFOTCS BBICOKAs CTOMMOCTh O0OPYJIOBAaHUSL U CIOXKHOCTD dKcIuTyatanuu. ZnO Takxke
MOKET OBITh BBIPAICH JJICKTPOXUMHUYECKUM METOAOM ocaxiaeHus [6, 7], xoTopelii mumeer
HU3KYI0O CTOMMOCTh OOOpYJIOBaHMS, IPOM3BOJACTBA M TPOCT B OKCIUTyaranuu. Jpyrum
CYIIECTBEHHBIM MPEUMYIIECTBOM METOJa OCAXACHUS TOHKUX IUJICHOK SBISICTCS, HH3Kas
TeMreparypa oOpabOTKH, IMO3BOJBIIONMIAS KOHTPOIHPOBATH TOJNIIMHY IUIGHKH W Pa3THYHbIC
(bOpMBI TOATIOkKEK. DTOT METOJT TAKXKE MO3BOJISICT U30€)KATh UCTIOIH30BAHHS BaKYyMHBIX CUCTEM,
MO3BOJISFOIIUX POCT TUIEHOK B HOPMATBbHBIX JTA0OPATOPHBIX yCIOBHAX [8].

B macrosimeit paborte, HanocTpykTypHble ToHkue tieHkH (40-100 um) ZnO Obutm
OCaXIIeHBI Ha TOBEPXHOCTH IIeHOK PMMA/SNO; 351eKTpOXUMUYECKIM OCAXKICHUEM.

Ilepen ocaxneHneM, MOUIOKKH THIATENIBHO IMPOMBIBAJIMCH IEHOHU3MPOBAHHOM BOJIOW M
BBICYIIEHBl Aa30THOW NpoxyBKOW. llmeHKM ocaxpainch NpuU KOMHATHOM TEMIIEpaTtype ¢
MOTEHIHMAIOM ocaxaenusa -1.2 V. JInga Toro, 4toOnl miIeHKH Obuid TommuHoM B 200 HM,
OCaXJ[eHIE POBOAMIOCH B TeueHue 3-4 MuHyT [9].

Tonkne tutlenkn ZNnO  ObUIM  BIEKTPOOCAXKIEHBI C  KCIOJB30BaHUEM  OOBIYHOM
TPEXDICKTPOTHON CHCTEMOM, ¢ rpaduroBol miuactuHoli anomHoro snekTpona u Ag/AGCI kak
BCIIOMOTATENbHBIA  3JeKTpoA. Boapsbeiii  pactBop coxepxxan 0,1 M HuTpara 1uHKa
(Zn(NQO3),#6H,0) pactBopennbrii B 150 MII  JeMOHW3UPOBAHHOW BOJBL Temmeparypy
nomepxkuBa npu 80°C (£ 2°C). OG6pasubl pazmepamu 10%8 MM? GbLIH BBIPAILIEHbI TIPU
pa3IMYHBIX KaTtoaHbiX noteHmmanax mexay (-0.9 + -1.1V) ortnocutensro AQ/AQCI. Ilnenku
omkuranuck B TeueHue 15 munyt npu 550 °C B atmocdepe aprona. M3yuenue mopdomoruu
MOBEPXHOCTH IIJICHOK MPOBOJMIMCH C TOMOIIBI0 CKaHUPYIOMIETO 3JIEKTPOHHOTO MHKPOCKOIIA
(CBOM). OnTHueckne CHEKTPhl MOTJIOIMICHHUsS OBUIM CHSATHI C TOMOINBIO Y D-BHIUMOTO
CIIEKTPOMETpA AJIsl ONPEIeICHUs Kpasi MOTIIOMIEHUS ¥ IIMPUHBI 3anpeeHHoN 30861 ZNO MIIeHOK.

Kak mpaBuiio, ans onpenenenust Gpassl M KPUCTAIUIOTPAPUUECKOTO aHajm3a ObLT MPOBEACH
PEHTTEHOCTPYKTYPHBI aHAU3 Ha OTOXOKEHHBIX ZNO MIEHOK, MOJYYEHHBIX NPU Pa3IUYHBIX
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NoTeHIManax. THUNMYHAs PEHTTeHOCTPYKTypHas kapTMHa ZnO IUIeHOK MokazaHa Ha puc 1.
JudpaktorpaMmma WUTOCTpUPYET IUICHKH, ocaxzaeHHsle npu -0.9 V, oHu sBadroTCA
MOJIMKPUCTAIUIAMY € TeKCAaroHambHO# (a3oit u 00samarT cHiibHBIM MUKOM B iockoctu (002).
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CkaHupyoomuil  3JeKTPOHHBIH MHMKpPOCKON OBII  HCIIOJIB30BaH Ui HCCIIEI0BaHUSA
Mopdonoruu noBepxnoct. Ha pucynke 2a nmokazanel COM ¢doTorpaduu mieHOK HaHECEHHBIE,
npu -0.9 V. Cnou oxazanuch KOMIIAKTHBIE, IMMOBEPXHOCTH OECIYCTOTHBIC, pa3Mephl 3epeH
coctaBsuid ~ 1.0 MKM U MMeJM pa3InyHylo OpHUeHTalui0. Mukpodororpadus, nokazaHHas Ha
puc.26 oroOpaxaet Bua miaeHok ZnO, ocaxaeHHbIx npu -1.0 V. 3epHa Obun 0YeHb KOMITAKTHBIE
Y HAaHOKPUCTAJUINYECKHUE.

6)

Puc 2.

Ha pucynke 3 nokasaHsl CIIEKTPbl ONTHYECKOTO MPOIYCKaHUS OTOXKEeHHBIX Tpu 550 °C
B TeueHUH 15 MUHYT IUIEHOK OKCHJA IIMHKA, OCAXAEHHBIX IIPU pPAa3JIMYHBIX KaTOAHBIX
noteHnuanax. OuYeBUAHO, YTO ONTHYECKOE IpOIycKaHue Bo3pacTaeT B Y®d-obiactu npu
YBEJIMUEHUH TOTEeHIHMaNa ocaxaeHus. Jns ek, HaneceHHod mpu - 1,0 V, onrTudeckwmii
KOA(pUIUEHT MPOITyCKaHusl COCTaBisieT okoyio ~ 85%. Illupuna 3amperieHHO# 30HBI MJICHKU
BBIYKCIICHA 13 rpadyKa 3aBUCHMOCTH (ahv)*~hy, koTopast cocrasmser 3,3 9B.

TeopeTnuecKUMM  BBIYUCICHUSAMH, YCTaHOBJIEHO YTO, BO3MOXXHOCTb  IOJYYHTb
HEJIMHEWHBI ONTHYECKUH OTKIWK B MOJOOHBIX TOHKHX IUICHKaX SIBJISICTCS MPUBIICKATEIBHBIM
IPAKTUYECKU, OCOOCHHO OHU MOTYT OBITh JIETKO HCIOJIB30BaHbl JUIl HEJIMHEHHO-ONTHYECKUX
npeoOpazosareneii [10,11].

46



BDU-nun Fizika Problerlari institutunun yaradilmasmn 10 illiyina hasr olunmus
Beynalxalg konfrans

100

80

60

deposition
potential
-09V
-0.95Vv
-10V

40

transmittance(%)

20

0 s 1 s 1 s 1 s 1 s 1 s 1
200 300 400 500 600 700 800

wavelength (nm)
Puc.3

B pabGoTe MBI OCYIIECTBISLIIM TEOPETUIESCKUI aHAIU3 BIUSHHUS Pa3MEpOB M KOHIEHTPAIIUN
HaHodacTull ZNO Ha KyOUYECKYIO HEIMHEHHOCTh HAHOKOMIIO3UTHBIX TieHOK ZNO/PMMA.

Takum 00pa3oM, YUCIIEHHBIH pacueT >PQPEKTUBHOCTH, MOJYYCHHBIH B TMPHOIMKEHUU
3alaHHOW MHTEHCUBHOCTH, MOJITBEPXKIACT TOT (HaKT, 4TO mpu OoJiee BHICOKMX KOHIIEHTPALUSIX
ZnO, miueHKU TEHEepUpPYIOT CHUJIbHEE Ha CUTHAJE TPEThed TapMOHHMKHU W3-32 OOJBIIOW JJTHMHBI
B3aMMOJECHUCTBUS HEIUHEHOW CPEBI.

Jannast paboTa 4acTUYHO BBITIOJIHEHA PU puHAHCOBOU noaaepxkke donna Pazpurus
Hayku npu IIpesunente Asep6aiimxanckoit Pecry6muxu -['pant 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”
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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 ¥(A) and A(X) 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 *O(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 TiOy 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 theTlGaSe, 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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JUIJIEKTPHYECKASA CIIEKTPOCKOIIUA U AC-TTPOBOJAUMOCTD
MOHOKPHUCTAJIJIOB CUCTEMBI TISbS; - TIGaS;

C.H. MyCTaq)aeBal, 9.M. KepuMOBal, I'.M. AxmenoBa’, JI.A. Mcmanisaae’
YYnemumym gusuxu HAH Azepbaiioscana
2A3ep6aﬁc)ofcanc1<uﬁ Tocyoapcmeennwiii Ixonomuueckuii Yuusepcumem
*Ha yuonanvHan Axademus Asuayuu

solmust@gmail.com

Momnoxpucmanner TISOS, u TIGaS, sensomes npuenexamenshvimu 06vexmamu 0t UCNOIb308AHUS 8
Kawecmee QYHKYUOHATLHBIX DNIEMEHNO8 PA3IUUHBIX DIEKMPOMEXHUUEeCKUX YCMpPOUCmse 6 COBPEMEHHOU
oaexmponuxe [1-4]. [Ina pacwupenus ykazanno2o Kiacca noaynpogooHUKO8 yenecooOpasio co3odaHue
MEepObIX PACMBOPO8 HA UX OCHOBE, YN0 NO360AUM 6APLUPOSAMDb U YNPAGIAMb UX OUILEKMPUYECKUMU
CBOUCMBAMU U NPOBOOUMOCIBIO, YO U AGISLIOCH YETblo Hacmoauel pabomul.

Junektpuyeckre K03()(PHUIMCHTHI BBIPAIICHHBIX MOHOKPHCTALIOB cucteMbl 11ShS; -
TIGaS, wu3MepeHbl pe30HAHCHBIM METONOM. /lMama3oH Y4acTOT MEPEMEHHOTO AJICKTPUYECKOTO
nons coctapisn 5 x 10°-3.5 x 107 I'o.

O6pazup u3 TISbS,; u TISbS,<3%Ga> anst anekTpuyecKix U3MEepPEeHUH OBLTH H3TOTOBIICHBI
B BUJE IUIOCKUX KOHJEHCATOPOB. B KadecTBe HMEKTPOJOB HCIOJIb30BaHA cepeOpsHas Imacra.
TonmuHa W3ydyeHHBIX MOHOKpHUCTAUTHYeCKuX 00pa3ioB coctaBisuia or 100 no 300 mxm. Bcee
IUdJIeKTpUUIecKkue n3Mepenus nposeensl mpu 300 K.

Hamu m3ydeHBl 4acTOTHBIE 3aBUCHMOCTH JeWcTBUTENbHOW (&') m MHUMOUN (£") uacTeit
KOMIUICKCHON JTUAJICKTPUYECKOM MPOHUIIAeMOCTH MOHOKpHCTAwIoB TIShS; u TISbS,<3%Ga>.
Y CTAaHOBJICHO, YTO eClIH B Auana3one qactoT oT 5x10% 10 3.5x10" 'y &' TIShS, ymenbimaercs ot
9.7 no 6.7, To B TISbS,<3%Ga> 3nauenust &' ObuH OOJIee BHICOKUMH, YMeHbInasIch oT 14.3 10
105 mo wmepe yBenuueHHS YacTOThl. B oTimume OT & MHHMMas YacTh KOMIUIEKCHOMN
JHM3JICKTPUYECKON TPOHUIIAEMOCTH ¢&" TMpeTepreBaia 0Oojiee CYIMIECTBEHHYI) YaCTOTHYIO
JHUCIICPCUIO, YMEHbIIasch npuMepHo B 9 pa3 B TIShS; u B 6 pa3 B TISbS,<3%Ga> no mepe
YBEJIMYECHHS YaCTOTHI OT 5x10* 1o 3.5x10" ',

M3MepeHsl TakKe 4acTOTHBIC 3aBUCUMOCTH TaHI'€HCA yIJia TUAIEKTPUICCKUX oTeph (tg0)
B MoHOKpHcTamiax TIShS, u TIShS,<3%Ga>. B TIShS, Bmiots xo 1.6x10° I'y umemn mecto
OoJiee CylIeCTBEHHBIC IMAICKTpUUCCKUe TIoTepu 1o cpaBHeHuto ¢ TIShS,<3%Ga>, a mpu Gostee
BBICOKMX YacTOTaX 3HaueHHs 1§ B 00OMX KpHUCTAIax Majo OTIMYAIUCH APYr OT apyra. B
oboux kpuctawiax kpuBas tgo(f) Hocuna cmanarommit xapakrep. @opma 3KCIEPUMEHTATBHON
kpuBoi tgS(f) B M3ydeHHBIX KpHUCTAUIaX XapakTepHa I YaCTOTHOTO HW3MCHEHUS
JHU3JICKTPUYECKUX MMOTEPh C YISTOM BKIIA/Ia JICKTPOIPOBOJIHOCTH KprcTaia [5].

3HAYUTEIBHYI0 YaCTOTHYIO JMCIICPCUIO TPETepIieBalia TAKKE MPOBOJUMOCTD YKa3aHHBIX
KPUCTALIOB Ha TepeMeHHOM Toke (ac-mpoBomumocts). s TISbS, ykazannas 3aBucuMocts B
gacroTHoit o6macti f = 5x10% — 6x10° 'y m3mensiercst o 3akony Gac~f *° | a mpu wactorax f>
6x10° 'y mabmronanack 3aBucumocts c.~f %, B kpuctamiax T1ShS;<3%Ga> npu cpaBHUTEIBHO
HI3KHX 4aCTOTAX TAKKe HAOMIOJaIach 3aBHCHMOCTD BHA Oqc ~ f °° | HO 3akoHOMepHOCTD Gac~T 72

6
uMelia MecTo mpu 0oJiee HU3KUX 4acTtoTax, yeM B TIShS; (f > 1.6x10° I'u). I1pu sTOoM 3HaYCHUS
ac-npoBoaumoctu kKpuctaiuioB TI1ShS,<3%Ga> Bo Beeit M3y4eHHON 001aCTH YacTOT MPEBhIIATN
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3HAYCHUSI Gy KpucTtauioB TISbS; . Cremyer oTMETHTh, YTO 3HAYCHHE MPOBOJIMMOCTHU
TIShS,<3%Ga> na nmocrosiaHoM Toke pu 300 K takke Obu10 Gosbire, uem B TISHS; (B 2 paza).

HaGrogaemMasi HAMH SKCIIEPHMEHTAIBHAS 3aBUCHMOCTD Gac~T U0 B yKa3aHHBIX KPUCTALIAX
CBUJICTCIILCTBYET O TOM, YTO OHA OOYCJIOBIICHA NPBDKKAMH HOCUTENCH 3apsiia MexIy
JIOKAJTM30BaHHBIMK B 3alPEHICHHON 30HE COCTOSIHUAMU [6]. DTO MOTYT OBITH JIOKAJIIM30BAHHBIC
BOJIM3M KpacB pa3pelICHHBIX 30H COCTOSHUS WU JIOKAJIM30BaHHbIC BOJNM3U ypoBHS Depmu
coctosiHusl. Ho Tak Kak B 9KCIIEPUMEHTAIBHBIX YCIOBHUSIX MPOBOIUMOCTD [0 COCTOSIHUSM BOJU3U
ypoBHss DepMu Bcerga IOMHHUPYET HaJ MPOBOJUMOCTBIO 10 COCTOSHUSM BOJH3M KpacB
paspelICHHBIX 30H, IONYYCHHBII HAMH 3aKOH Gac ~ | U0 CBHACTCNBCTBYET O MPBIKKOBOM
MEXaHU3Me MEePEeHOCca 3apsi/ia 0 COCTOSIHUSIM, JIOKATH30BAaHHBIM B OKPECTHOCTH YpoBHs Depmu.
Jlis 9 TOrO MEXaHN3Ma MepeHoca 3apsiaa coryiacHo [7]

4

3
oac(f):%eszNansf In VTP“ , 0

rJec € —3apsJ DJICKTPOHa, k — mocTostHHAas BOHBHMaHa; NF —MJIOTHOCTH COCTOSIHUM BOJIM3H YPOBHA
CDCpMI/I, a=1/a —paguyC JIOKalM3aluy, O — TIIOCTOsAHHasA choaaa BOJIHOBOM (1)yHKI_II/II/I
JIOKAJIN30BAHHOTO HOCUTCJIA 3apsiaa \|/~e_°“; Vph —q)OHOHHaSI qacToTa.

Cornacuo ¢opmyiie (1) ac-npoBoIUMOCTD 3aBHCHUT OT 4acTOThI Kak f [In(v on/ f)]4, T.C. IpH

f << Vph BeMUMHA Gy MpHOIH3KTENBHO TponiopimonanbHa f %8, C momompio popmyist (1) 1o
IKCHEPUMEHTAILHO HAWJICHHBIM 3HAYCHUSAM Gac(f) BBIYMCIIMIM TIIOTHOCTH COCTOSIHUI HA YPOBHE
®epmu. Beruuciennsie 3Hadenuss Ne U1 ucxoaHbIx MOHOKpuUcTawioB T1SbS; u TIShS,<3%Ga>
cocraBsumn 9.6x10'® u 1.23x10* sB™em™®, coorsercreenno. Cormacuo TEOPUN TPBIKKOBOMN
POBOJUMOCTH Ha TEPEMEHHOM TOKE CpejiHee paccTosiHue mpbbKKoB (R) ompenensercs: 1o
cienyooien Gpopmyie:

R= L In Ton

20 f

()

Beruucnennsie mo ¢opmyne (2) 3nauenus R mnst kpuctramio TISbS; u TISbS,<3%Ga>
cocrapmsin 84 u 94A, coorercTBeHHO. DTH 3HAaueHMs R mpEMepHO B 6 pa3 NIPEBHIIAIOT
CpeIHee pACCTOSHUE MEXAy IICHTpaMHU JIOKAIH3allMh HOCUTENeH 3apsia B HM3YyYEHHBIX
KpucTauiax. 3HadeHus: R mo3pommiau no popmyse

T = vy, exp(—2aR) ©)

OTIPEZICTNTh CpeAHEe BPeMs NMPBIKKOB B KpUcTauiax: 1.7 x 107 ¢ s TISbS, u 6.3x107 ¢ mus
TIShS,<3%Ga> . ITo popmyiie [6]

AE =3/(2nR®-N;) (4)

OLIGHEH pa30poc JIOKAIM30BaHHBIX BOMM3M ypoBHs @epmu cocrosHuii 84 u 46 m»PB, a mo
dbopmyre:
N, =Ng -AE (5)

oIpe/ielieHa KOHIICHTPAIUs NTyOOKUX JIOBYIICK, OTBETCTBCHHBIX 32 MPOBOJUMOCTh KPUCTAIUIOB
Ha TIEPEMEHHOM TOKE: N=8.1x10em™ nus TISS, u 5.7x10% cm™ s TIShS,<3%Ga>.
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)4 3 MOJIYYCHHBIX NAHHBIX CJICAYCT, YTO C BBCACHUCM TaJUIUA B TISsz HeﬁCTBHTGHBHaX n
MHHMasA COCTaBJIAIOIINC KOMILJIEKCHOM ,Z[HSHCKTpH‘IGCKOﬁ MMPOHUIACMOCTH, IMPOBOAMMOCTL Ha
MNOCTOAHHOM M TICPEMCHHOM TOKE, CpCAHCC PACCTOAHHUC W BpPEMS IMPLIKKOB, IIJIOTHOCTb
JIOKAJIU30BaHHLIX BOJIU3H YPOBHA (DCpMI/I COCTOSIHUM YBCJIMYUBAIOTCA, a4 I'paHUYHAA 4YaCTOTa
Hadajia HpLI)KKOBOﬁ IpOBOAMMOCTHU YMCHbBIIACTCA.
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TEPMOCTUMYJIUPOBAHHASA JIIOMUHECIHEHIUSA
KPUCTAJLJIA Ca(AlLGay),S,s :Eu?
E.T. Acanosl, C.A. Aﬁymosl, D.A. KaanOBal,
T.II. I/IﬁparnMOBal, K.O. Tarues’, P.®. Mexrtues
YUnemumym Ousuxu HAH Azepbaiioscana
2 Baker Xoos Ilepeepun oopoza, Westhill Busnec-napx BenuxoGpumanus
SBakunckuii I' ocyoapcmeennblil Y Hugepcumem
elsenesedov@gmail.com
HUccneoosanwvr  pomonomunecyenyus (DJI) u mepmomomunecyenyus (1J1) meepowvix
pacmeopops Ca(AlGay):Ss :EU**(7%) cocmasa x=0.1, x =0.2 u x= 0.3. Ilpu memnepamype

293K cnexmpul pomomomunecyenyuu, obycrosnennoii nepexodamu A°5d—4f (8S,,) uonos
2+
Eu”", wupokonnocnvl u oxeamwisaiom cnexkmpanvuyio ooracms 500-600 wmm u umerom
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maxcumym npu 556um. C yeenuuenuem X unmecusHocmv cnekmpos pacmem. Cnexkmpuol
MePMONIOMUHECYEHYUU, 8 OCHOBHOM, COCMOSIM U3 CUTbHO NEPEeKPbLEAIOWUXCS NOJIOC U IHEPSUU
akxmueayuu 108yuex onpeoesieHbl N0 meMnepamypam Maxcumymos kpuewix TJI.

KawueBble caoBa: mepmonioMunecyenyus, mepmogosoyicoenue, YeHmpvl 3axeamd,
enybuna noeywiku, uonwr EU" |

Beenenune

H3yueHre HEOpraHMYeCKUX MaTepPHalOB B HACTOAIICE BPEMS - 9TO COBPEMEHHOE Hay4YHO-
TEXHUYECKOE HAlpaBIICHHUE, CBS3BIBAIOINCE B OJHY KOMIUICKCHYIO TpoOieMy psa 3axad
KBAHTOBOM 3JICKTPOHHMKH, CIEKTPOCKOIHUH, KpUCTaIorpahud M XHUMHYECKOH TEXHOJIOTHH.
OCHOBHBIMH OOBEKTAMH €I0 HM3YYCHHS SBISIOTCS aKTUPBHPOBAHHBIC KPUCTAILIBI C MPHUMECHIO
peako3emenbHbIx HOHOB (P3M). M3roToBieHHE BBICOKONPOU3BOAMTEIBHBIX YCTPOUCTB IS
BH3YyalIM3allMd M OCBCINCHHUS, KOTOPbIE B COCTOSHHM KOHKYPHPOBAaTh C TPAJAMIIMOHHBIMHU
CUCTeMaMH, TpeOyeT TMOJy4YeHHsS JIIOMHHO(OPOB CO CHEHMDUYCCKUMH CBOWCTBAMH. Ta
HEOOXOMMOCTh CIOCOOCTBOBAA Pa3BUTUIOTEXHOJIOTMH IOJYYCHHS HOBBIX MAaTCPHUAIOB WU
ONTHUMHM3ALMKA YK€  CYHNECTBYIOIIUX  JIFIOMHHO(DOPOB. Pesynbratel  HCClIEOBaHUSA
JIOMHUHECIICHTHBIX cBo¥icTBa cucteMbl MS- Al,Sz (M=Ca,Sr,Ba), aktuBupoBanHoi nonamu Eu,
T.e. CaAl,S4:Eu, SrGa,Ss:Eu, BaGa,S4:Eu, npencrasnenst B [1-6].

B Hacrosiee paboTe MPHUBOIATCS PE3YIbTAaThl HMCCIACIOBAHHA TEPMOIIOMUHECIICHIINN
(TJI) u doromomunecuenimu (PJI) B kpucTamiax Ca(AIXGal.X)ZS4:Eu2+. H3BectHO, YTO
ucciaenoBanue TJI B JTIOMHUHECHEHTHBIX MAaTEpHUAIaX IMIO3BOJSAET OMNPEACIUTh BAKHEUIIINE
mapaMeTphbl JIOBYIICUHBIX YPOBHEH (IHEPIUs aKTHBAIIMH, CEUCHHS 3aXBaTa, YaCTOTHBIN (aKkTop U
Jp.), UTParoIMX pPEIIAoNyI0 POJb B TOSBICHHM BPEMEHHOW 3aBHCHMOCTH HMHTCHCHBHOCTH
JIFOMUHECLIEHIU .

2. MeToauka IKCIepUMEHTA.

Coenunenne Ca(AlxGaix)2Ss CHHTE3MPOBAIOCH METOJOM TBepA(a3HBIX peakmuid W3
MOPOMIKOBEIX KoMITOHEHTOB CaS, Al;S; u GaySs, B3STHIX B CTEXHOMETPUIECKHX COOTHOIICHHUSAX B
rpadHUTH3NPOBAHHBIX KBAPLEBBIX aAMITY/IaX OTKA4aHHBIX 10 10 MM.pT.CT. BaKyyMa 110 peaKIiu:

11040 %
CaS+x(Al,S3) + (1-x)(GasSs) Ca(AlxGayx)2S4

AXTUBUpPOBaAHHE HOHAMH €BPOIIUS OCYIIECTBISIIOCH BBEICHUEM B IIUXTy EUF3.

TJI uccnenoBana mo Mertoauke, omucanHoi B [7]. OOpasipbl BO30YXKIAIUCh PTYTHOM
nammoit [TPK4 mpu Temmepartype »xumkoro aszora. Temmeparypa oOpasia perucTpupoBaiach
TEPMOIApPOi MeJI-KOHCTAHTaH. PacXOXKICHUsSI MEXIy MOKa3aHUSAMU U3MEPUTEIHHON TEpMOTIaphI
U TIOKa3aHUSMHM TEPMOTIAphl, MOMEUICHHOW B LEHTp oOpasua, meHee 1 rpan. Bemuuun ad]JIC
TEPMOIIAPhI PETUCTPUPOBATIACH IICKTPOHHBIM OTCHIIMOMETPOM.

Crnexktpbl  (DOTONFOMUHECHICHIIMM CHUMAUCh Ha crektpomerpe HR-460 (Jobin-lvon
Spectrometer HR 460). cTounnkom BO30YKIeHHUs CITyxK W JtazepHblid auon (405 Hm).

3.Pe3yabraThl H3MepeHuil U UX 00CY:KIeHUS

AKTHBHPOBAHHbIC HOHAMH eBpoIms TBepabie pactBopsl Ca(Al xGa 1..),S4:Eu” oGmamator
WHTEHCUBHBIM CBEUCHHEM B 3€JICHOW criekTpaibHoi obnactu. Cnektp DJI ero, mpeacrasisier
c000H MUPOKYIO TIOJIOCY, OXBATHIBAIOIIYIO JUAMA30H JJTMH BOJIH 525- 625 HM ¢ MakcCUMyMOM Ha
556 HM (puc. 1) u 0GYCIOBICHHYIO JIeKTpoHHbIME nepexonamu 4f°5d—4f'(3S;,), mona Eu?'.
Jlas Bcex coctaBoB (x=0,1-0,3) ¢ poctom comepkanms EU®" BO3pacTaeT HMHTECHCHBHOCTB
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m3nyuenust. Kax BugHo w3 puc. 1 ¢ pocrom comepxanus aktuBaropa ot 3% g0 7%
WHTEHCUBHOCTbH CIIEKTPa YBEJIMYUBACTCS B TPH Pasa.

T v T v T T T g T T T
10000 |- Ca(Al.Ga, ),S,:Eu 3

1. Eu-3%

8000 | 2. Eu-5% .
3. Eu-7%

6000 -

| (otH.. ex)

4000

2000

0 /4 1 1 1
500 520 540 560 580 600 620

A, HM

Puc.1. 3aBucumoctu cektpo DJI Ca(AlGay.,),S; :EU** ot kormenTpamu (x= 0.1, 0.2)

Ha puc. 2 npeacrasnenst ciektpsl TJI tBepabix pactBopoB Ca(AlGayy)2Ss :Eu*" cocraos
x=0.1(a), x=0.1(0), x=0.2(c), x=0.3(x).

Crnexrp TJI wenerupoBannoro Ca(AlGaix)2Ss (puc.2a) cocTouT W3 ABYX CHIBHO
nepeKphIBafommxcsi monoc ¢ makcumymamu npu 187 wu 264K.  Cmektp TJI
Ca(Alp1Gag )25+ 7%EU>" (prc.26) COCTOMT M3 ABYX CHIBHO MEPEKPHIBAIOMIMXCA IOJOC C
makcumymamu 165 m 179K, a taxke cnabomnreHcuBHBIX muied mpu 95 m 232K. Cnekrp TJI
tBeporo  pactBopa  Ca(AlgXGapgy):S47%EU*  (puc.31) CTOMT W3 Tpex  CHIBHO
MEePEeKPHIBAIOIIUXCS ToJIoc ¢ Makcumymamu nipu 157, 194, 239 K u cnaboro miewa npu 297K.
Crexrp TJI tBepmoro pactopa Ca(Al ¢3xGa 07)2Ss :7T%EU? (puc.21) COCTOUT U3 TPEX CHIBHO
nepeKphIBAIOIIMXCs moJjoc ¢ Makcumymamu ripu 102, 133, 259K u cnaboro mieua mpu 297K.

Pesynbrarer usmepennii TJI B ucciaenyeMbix oOpasiax aHAIM3UPOBAHBI HA OCHOBE TEOPHIA
u wmoxeneit, ommcaHHbiXx B [8-10]. IlockoiibKy BCe CHEKTpPBI MIMPOKOMOJIOCHBI CHIBHO
NEPEKPHIBAIOTCS TPUMEHUTh K HUM (DOPMYIBI Ui TUCKPETHBIX MHUKOM HE MPEICTABISICTCS
BO3MO>KHBIM, JIJIsl BEIYHMCIICHUSI SHEPTUM aKTHBAIMU JIOBYIIEK MBI MOJB30BAIUCH (HOPMYIIO HE
3aBHCSIIEH OT MOPsIKa KHHETHKY [7]:

E,=A KT, 1)

rie E,- SHeprus akTUBAIIMH JIOBYIICK, A — MOCTOSIHHAS, TIPHHUMAIOINAS 3HAYCHHS B mpejenax 15
- 30[8], k — mocrostaHas Bompimana (0.86.10%B), T, — Temreparypa MakCHMyMa KPHBOW
TEPMOJIOMUHECIICHIIMU.  J[7Is1 OTpeiesieHuss 4acTOTHOTO (paKTopa M CEYCHUs 3aXBaTa MOXKHO
noJib3oBathest Gopmynamu [9]:

ﬁE Ea
kTmax
S = kT—Zae , (2)
max
SE. o
25 = (—}J (3)
ETAN. - v

rje S- yactoTHbld (aktop, f — ckopocth HarpeBa(0,17K/c), N — MIOTHOCTh COCTOSIHUN B 30HE
MPOBOJAMMOCTH, Vi- TETUIOBASI CKOPOCTD DIIEKTPOHOB.
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Puc.2. Cnexrpsl TJI HenerupoBanHoro (a) u nerupoBasHbix TJI
Ca(AlLGa;4)2S4 :Eu 7% , x=0.1 (b), x=0.2 (c), x=0.3 (d)

[TapameTpsl oByIIICK, onpeaeneHHbIe Gopmynam (1), (2) u (3) mpuBeneHs! B a0, 1.

Taoauna 1.

[TapameTpsl JIOBYIIEK, ONPEICICHHBIX 13 ClIeKTPOB TJI HEaKTUBUPOBAHHBIX U
akTHBHPOBaHHBIX EU TBepabix pactBopoB Ca(AliGax)2Ss.

O6pasip! T(K) E=25KT ,.x(3B) Si(em’) S(can™)
Ca(Alg1Gags),SsEUT? 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 05 4)12x10" | 4) 12x10®
Ca(Aly ,Gag),S4EUT? 1) 157 0,34 1) 18x10™ | 1)18x10°
2) 194 042 2) 13,2x10"® | 2) 13,2x10°
3) 239 05 3) 4x107® 3) 4x10°
4) 297 0,64 4) 6x10™ 4)7,8x10°
Ca(Alg5Gag):SsEuT? 1) 102 0,22 1) 25x10" | 1) 2,5x10°
2) 133 0,286 2)5x10™" 2) 5x10°
3) 259 057 3) 2x10™" 3) 2x10°
4) 339 0,73 4)7.2x10™" | 4)7,2x108
Ca(Aly1Gag ),S, 1) 187 04 1) 14x107"® 1) 13,8x10°
2) 264 057 2) 9x10%8 2) 9x10°®

56




BDU-nun Fizika Problerlari institutunun yaradilmasmn 10 illiyina hasr olunmus
Beynalxalg konfrans

Munac [10], aHanu3upys pasiu4HbIC JUTEPATypHBIC [AHHBIC, KACAIOIIUECS CCUYCHHS
3axBaTa JIOBYIICYHBIX YpPOBHEW, TMOKa3aJ, YTO CEUYEHHE 3axBaTa JIOBYIICYHBIX YPOBHEU B
3aBHCHMOCTH OT THIA M IPHPOAB H3MeHsercss B mpemenax 107%:10%cm
3axBaTa JIOBYIIKHU Pa3JICNAIOT Ha TPU TPYIIIIHI.

a)npursruBatoutye nestpsl (107°+10cm?)

b)meitrpansubie nentpsi (1077+10"cm?)

¢) orrankuBaromme neHtpsl (107°+10%cm?)

Kak BumHO 13 Tabnuiel 1, ceyeHns 3axBaTa MOYTH BCEX JIOBYIIEK HAXOSATCS B Ipelenax
10810 em?, T.e. onm sBsIIOTCS HEUTpaTLHBIMU IIEHTPAMH.

Takum 00pa3oM, aHaIHM3 MOJYYCHHBIX PE3YJIbTATOB MMOKA3bIBACT, YTO BBEJICHHE B TBEP/bIC
pactBopsl Ca(Al,Ga)2Ss nonos EU®* mpHBOAMT K 0OGPa3OBAaHMIO HOBBIX Ae(EKTOB, KOTOPHIE
MPOSIBISIIOT ce0s1 Kak AJICKTPOHHBIC JIOBYIIKU. DTH JOBYIIKH, KaK IMOKA3bIBAIOT YKCIIEPUMEHTHI,
Y4acTBYIOT B (JOPMHUPOBAHUH HOBBIX 1MoJIoC B criekTpax TJI uccnemyemMbIx TBEpABIX PaCTBOPOB.
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SONOKIMY®Vi USULLA KOBALT SULFID 9SASINDA
NANOHISSOCIKLORIN ALINMASI
L.R. Qahramanh, M.B. Muradov

Bak: Dovlat Universiteti
gahramanli.lala@mail.ru

Toqdim olunan isda kobalt sulfid nanohissaciklari etilenglilkkolda sonokimyavi Usulula sintez
olunmugdur. Difraktometrdan alinan naticalara gra kubik fazada CogSg nanokristallar: formalasnusdir.

Acar sozlar: kobalt sulfid, sonokimyavi Usul, nanohissaciklor.

Hal-hazirda nanoquruluslu materiallarin onlarin hocmi analoglarindan forgli geyri-adi
xassolori musahids olunmusdur. Fiziki vo kimyavi xassalora hissaciklorin 6lgilori, qurulusu vo
formasi tosir gostarir. Kigik 6lgilu zarraciklords kvant dlculi effektlor misahids olunur. Kegid
metal halkogenidlarinin nanoquruluslan — CdS, ZnS, HgS, PbS vo CuS onlarin hacmi quruluslar
ilo mlgayisodo geyri-adi fiziki vo kimyovi xassalor gostorir [1, 2]. CoS —do metal holkogenid
fazasina daxil olan bir Gzvdur (CoS, CoS,, C03S4 Vo C0gSg) Vo Kimyavi birlogsmolor baximindan
mirokkabdir [3, 4]. Onlar unikal katalitik, elektrik, optik, magnit xassalori vo elektromagnit
spektrdo goriinon vo infragqirmizt rejima yaxin giclu daxili udmas: ilo olagodar xUsusi maraq
dogurur. Bu da kobalt sulfidin xassalorinin onun hissaciklarinin 06lgistindsn, formasindan,
paylanmasindan vo sothindon kaskin sokilds asili olmas: xtisusi diggsti calb edir. Buna gors do
CoS kristal strukturu vo optoelektronik xususiyatlori layli geyri-tzvi matrislorin mikromuhitindon
mixtolif sokildo asili ola bilor. Onu da geyd etmok lazimdir ki, xassolors, morfologiyaya vo
stoxiometrik torkibo muxtolif sintez tsullar: tosir edir. Bu xassalori dyronmok baximindan kobalt
sulfidin nanohissaciklori, nanomaftillori, nazik tobogalor kimi muxtslif morfologiyalar: sintez
etmok Ugln bir nego soy gostorilmisdir. Muxtslif forma vo Olcili metal halkogenidlori hom
kimyavi, hom do fiziki hazirlanma Gsullari ilo (hidrotermal/solvotermal metod, mikrodalgal:
stalanma, kimyovi buxarlanma c¢okdirms dGsulu) hazirlanmigdir.  Sonokimyavi  proses
nanostrukturlu materiallarin hazirlanmasinda colbedici metoddur. Proses daha vacib hissaciklarin
— Olcllarin paylanmasina, kigik Olgulor, yuksok soth sahasinae vo yaxsi termik stabilliys gotirib
cixarnr. Faza tomizliyi asanhgla oldo olunur. Ultrasonik radiasiya kimyovi hollediciys tosir
edildikdo molekullar radiasiya tezliyino va daxili istiliyin artmasi hesabina titromoys baslayacag.
Kimyavi reaksiyada ultrasos radiasiyasinin effekti onun c¢ox yiksok temperatur vo yuksok
tozyigin olmasi ilo baghdir. Sonokimyovi horakotds iki istiqgamot mdvcuddur: Qabarciglarin
daxili parcalanmasi va gabarciglar vo maye arasinda interfeys [1-5].

Isin mogsadi kobalt sulfid nanostrukturun sonokimyovi metodla etilengliikolda sintez
etmokdir. Bu proses sado, maraqli, genis migdarda mohsul alds etmok tgtin slverigli Usuldur.

TOCRUBI HiSSO

Kobalt sulfid nanohissaciklorini  hazirlamag Gclin  kobalt asetat kristalhidrat
Co(CH3C00)2'4H,0 va natrium sulfiddan Na,S-9H,0 1:1 mol nisbatinds gotlrilir. Ovvalcs 3,5
gr Co(CH3COO0),4H,0 torazida ¢okilir, 20 ml etilen glikol slavs edilir vo otaq temperaturunda
gansdirilir. Sonra 4,8 gr Na,S-9H,0 torozido ¢okilib, 20 ml etilen glikolda hall edilib garisiq
mohluluna alava olunur. Qarisiqg mohlul 35kHz tezlikdo 1 saat ultrasas garisdiricida garsdirilir.
Alinmisg gara rongli ¢okuntu distillo suyu ilo yuyulur vo daha sonra etanolda bir nego dofo
yuyulub 80°C 24 saat havada qurudulur. Alinmis niimunas rentgen difraktometrinds todgiq olunur.
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NOTICOLORIN MUZAKIROSI

Sokil 1-do sonokimyavi dsulla 1 saat middatinds alinmis mshsulun rentgen difraksiya
analizi gostarilmisdir. Analizin naticalorina goro PDF kartlarla miigayisado kubik fazada CogSg
nanokristallar: formalasdig: (a=9,944A) miloyyan olunmusdur.
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Sak.1. CoySg nanohissaciklorinin rentgen difraksiya analizi
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Hccreoosanwl snexmpuueckue u menjiosgvle ceoticmea 6 uiupokom unmepsane memnepamyp 80+300
K monoxkpucmannuueckux oopasyos u sxcmpyouposanuslx oopasyoe meepoo2o pacmeopa BigsSbysTes p-
MUna ¢ pasiudHbIMU pasmepamu 3epeH. Buiseneno, umo pasmepvl 3epen cyujecmeeHHbiM 00pa30M
BIUSIOM HA GENUYUNY KOIDDuyuenma mepmo-30¢ o, INeKMPONPOGOOHOCHIU G U MENIONPOBOOHOCTHU )
uccnedo8anubix 00pa3yos.

TepmodsiekTpruecKue Marepuaibl paboTalOT B YCIOBHSAX MEPEMEHHBIX TEMIEpPaTypPHBIX
IPaJuE€HTOB, TO3TOMY TBEPJbIE PACTBOPbl HAa OCHOBE XAJIbKOT€HHUJOB BUCMYTa U CYPbMBI,
MOJY4YEHHbIE METOJOM KPUCTAUIM3ALMKU U3 pacilaBa HEJOCTATOYHO MEXAHWYECKH YCTONYMBBI,
TaK Kak JIETKO Pa3pyMIAIOTCs MO IJIOCKOCTSIM CHAHOCTH, YTO CKa3bIBAETCS HA CPOKAX CIYXKOBI
oxjaxnaomux  moxyiei. Ilostomy B HacTosdliee  BpeMs ~ MHTEPEC  BBI3BIBAIOT
TEPMOAJICKTPUUECKIE MEJIKO3EPHHUCThIE MaTepHUalbl, KOTOpble 0ojiee MEXaHMYECKH NPOYHBIE,
YyeM  MaTepuaybl  [OJY4YEHHblE  KpPUCTAIIM3alMeld W3  pacijaBa, a  YBEJIUYEHHUE
TEPMOAIEKTPUUECKONH A(P(EKTUBHOCTH, B HHUX MOXHO JIOCTUYb 33 CYET YMEHBIICHUS
PEIIETOYHOM TETUIONPOBOJAHOCTH B PE3yJbTaTe BO3pAcTaHUs paccesHus (OHOHOB Ha TpaHUIAX
3epeH M CTPYKTYPHBIX e(heKTax BHYTPH 3€PEH.

OpHuM ©3 CHOCOOOB TIOJMYYECHHS] MEIKO3EPHHUCTBIX MATepUAOB SIBISIETCS METOJ
skeTpy3ud. llomydeHHBIE IKCTpy3UeH MaTephalbl 00JaJar0T METKOAUCIIEPCHOW CTPYKTYpOH,
TEKCTYpO#, TOHIKEHHOU TEIIONPOBOJAHOCTHIO, 00JIee BHICOKOW MEXaHMYECKOW MPOYHOCTHIO, a
TaKXe YCTOMYMBOCTBIO K TEPMUYECKUM BO3JICHCTBUSAM.

[Tomyuenne 00paslOB SKCTPYAUPOBAHHOTO MaTepHalia CBS3aHO C TMPOBEJCHHEM IIEJIOTO
psAoa TEXHOJOTMYECKUMU ONepauuid, TakUX KaK CHHTE3 TBEPJAOTO pacTBOpa U3 HCXOJHBIX
KOMIIOHEHTOB; Pa3MeJIbu€HHE CUHTE3UPOBAHHOTO CIUIaBa IO COCTOSIHUS MOPOIIKA; U3TOTOBJICHHE
U3 TOJIyYeHHOTO TOPOIIKAa METOJIOM XOJIOJHOTO MPECCOBaHUS OPUKETOB; IKCTPY3HH OpUKETOB
(BBLIaBITMBaHUE OPHKETOB, HATPETHIX JI0 TNIACTHIECKOTO COCTOSIHUS, Yepe3 PIIIbepy).

OKCINEPUMEHTANIBHO YCTAHOBJIEHO, YTO HAa TEPMODJIEKTPUUECKUE XapaKTEPUCTUKH
MaTEepUaJIOB JJIsI TEPMOIJICKTPUIECKUX MPpeoOpa3oBaTesell SHEPTUH CYIIECTBEHHO BIHSIOT TaKUE
(dakTophl, Kak JaBJEHUWE WM TEeMIeparypa SKCTPY3HH, pa3Mep YacTUI[ HMCXOJHOTO TMOPOIIKA,
TeMIIepaTypa M BpeMsl OTKHUra IMOJYyYEHHOTO TEPMORJIEKTpUYeCKOro matepuaina. Iloatomy,
ONMTUMM3ALMENH  TEXHOJOTHYECKUX  TPOIECCOB C  Y4eTOM  (PU3HKO-XMMHYECKUX U
TEXHOJIOTHYECKUX OCOOCHHOCTEW OSKCTPYAMPOBAHHBIX MAaTEpUANOB, MOXKHO YBEIHUYHTh
3} (HEeKTUBHOCTh AKCTPYAMPOBAHHBIX TEPMOAIEMEHTOB U TMOBBICUTh CTAOMIIBHOCTh WX
MapaMeTpoB, KAK B MPOLECCE U3TOTOBJICHUS TEPMOIJIEMEHTOB, TaK U B IPOLECCE IKCILTyaTaluu
npuOOpPOB HA UX OCHOBE.

Jlannas paboTa MOCBSIIEHA HUCCIIeI0OBAHUIO BIUSHIS Pa3MepOB 3epEH Ha SJIEKTPUUYECKUE U
TEIUIOBBIC CBOICTBA 3KCTPYIUPOBAHHBIX 00Pa3IOB TBEPA0ro pacTBopa BigsShysTes.

I momydyenust oOpa3noB ObUIM MCHONB30BaHBl Teuryp Mmapku "TB-U", Bucmyr -"Bu-
0000", cypsma -"Cy-0000". Peakuus cuHTE3a MNPOBOJWIACH B OTKAaYaHHOM O0OBEME C
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octaTounsM naBieHneM ~107 ITa. KOMIOHEHTH TBEpAOrO PAcTBOpA, B3STHIC B PACUCTHBIX
COOTHOIICHHUSAX, CIUTaBIsUMCh Tipu Temmepatype ~900 K B oTkayaHHBIX KBapIIEBBIX amIlyliaX B
TedyeHue 6 4, mpu HeMPEePHIBHOM MEPEMEIIMBAHUY BEIICCTBA B HEll KauaHHEM.

MOHOKpHUCTAIITBI OBLUTH TIOJYYSHBI METOAOM bpHKMeHa, a dKCTPpYAUPOBAaHHBIC 00pa3Ilbl
OBLIIM M3TrOTOBJICHBI U3 MOPOIIKOB CHHTE3MPOBAHHOTO Marepuaia ¢ pasmepamu 3epeH 1; 15; 30;
50 mkM. [l TOJyYeHUs] JSKCTPYIMPOBAHHOTO MarepHalia TePMODJICKTPUYCCKUH MaTepHal
npeBapUTEIIbHO M3MeNpdalicss 10 pa3MepoB Mebmie 100 MKM u JajbHEWIee HW3MEIbYCHUE
MOJIYYCHHOTO IOPOIIKAa MPOBOAWJIOCH B IUIAHETAPHOW MIapoBoil MenbHuIe Mapku AlO-2V.
[0y 4eHHbIE TOPOIIKH IPECCOBAIN METOLOM OZHOOCHOTO IIPEcCoBaHms N0 napieHueM 4 T/em?,
SKCTPY3Hs TIONyYCHHBIX OPHKETOB MPOBOAMIACH MOX AaBieHneM 8 T/cm® mpu Temmeparype
~660K co ckopocTbio 4 MM/MUH.

beutn  uccrnenoBaHel  KO3(GGUIMEHTH  3JeKTpornpoBogHocTH (6), Tepmodac (o) u
tertonpoBoaHoctd (¥) B wmHTepBanie Ttemneparyp 80-300 K MOHOKpHCTAUIMYECKHX H
HKCTPYAUPOBAHHBIX 00PA3IOB C PA3IUYHBIMHU pPa3MepaMH 3€pPEH.

Ha puc. 1 npexncrapieHsl, COOTBETCTBEHHO, TEMIIEPATYPHBIE 3aBUCUMOCTH KO3 UImeHTa
anextponpoBogroctd 6 (1, a), tepmo-smc o (1, b) m temmonpoomuoctn ¥ (1, €) s
MOHOKPUCTAJUIMIECKUX O00pa3lloB W OKCTPYAUPOBAHHBIX OOpa3lOB TBEPJIOTO pacTBopa
BiosShi1sTes ¢ pa3nuaHbIME pa3MepaMu 3epeH.

W3 pucyHka creayeT, 4TO B HCCIECAOBAHHOM TBEPJIOM pacTBOpE ISl BCeX 0OpasIoB
aNeKTponpoBoAHOCTH B uHTepBaie temmeparyp 100+300 K ¢ pocTtom TemmepaTtypsl pacteT u B
JAHHOM TEMIIePaTypHOM HHTEpBaje OOHAPYKHBACT METALIMYCCKHN XapaKTep MPOBOJHMMOCTH.
Takoe moBeeHHE XapaKTePHO Il YACTUYHO BBIPOKICHHBIX MOJTYITPOBOIHUKOB, I/I€ Y4aCTBYIOT
IBA MEXaHHM3Ma pAacCesHHs HOCHTENICH 3apsjga: Ha 3apsHKCHHBIX IMPUMECSX W TEIUIOBBIX
kojebanusax pemeTkd. Kosdduument repmo-s/c o ¢ yMEeHbIIIEHHEM TeMIepaTyphl BO3PACTaeT 1Mo
abcomoTHOM BenuuuHe. [1o 3HaKy kK03 PuIEeHTa TepMO-3AC yCTaHOBIEHO, YTO MCCIIeIOBAaHHBIC
o0pasiel 00J1a1aI0T MPOBOJUMOCTBIO AbIpoyHOro TUma. C pocTtoM Temmepatypbl Kod3ddummeHT
TEIJIONPOBOHOCTH YMEHBIIACTCS.

W3 pucyHka Takke BHJIHO, YTO TEPMOXJIEKTPUUECKHE IMMapaMeTphl 3aBUCAT OT Pa3MepOB
3epeH HCXOIHOTO IMOPOINKA, HMCIOJB30BAHHOTO JJISi M3TOTOBJICHUS HCCIIEIOBAaHHBIX OOpAas3IlOB.
Tak, c yMeHbIIIEHHEM pa3MepoB 3epHa 3HaYeHHS KO3 (h(DULIMEeHTa FTEKTPOTIPOBOJHOCTH G, TEPMO-
3AC O M TEIUIOMPOBOJHOCTU ) YMEHBIIAIOTCA. 3HAYCHHS KOAPQPUIMEHTA TETUIONPOBOIHOCTH
MEJIKO3CPHUCTBIX  OKCTPYAUPOBAHHBIX O0pa3loB BO BCEM HCCIEIOBAHHOM HMHTEpBaJe
TEMIEpaTyp OKa3bIBaeTCs ~2 pas3a HIDKEe 3HAUYCHUH KOA(PQPUIIMEHTa TEIJIONPOBOIHOCTH IS
MOHOKPHUCTAJUIOB TOT'O %€ TBEPIOTO pacTBOpa.

DNEeKTPONPOBOIHOCTD U TEPMO-3/IC OTPEACIISIOTCS IJIEKTPOHHBIMH CBOMCTBAMHU BEIIECTBA.
Ha »51eKTporpoBOAHOCTD M TEPMO-3/IC MOKHO BIIMSATH, MEHSISI KOHIICHTPAIIMIO HOCUTENEH 3apsa,
HO BO3MOYXHOCTEH CHM)KEHUS TETUIOTPOBOJHOCTH UMEETCS TOPa310 MEHBIIIE.

TemmonpoBOJHOCTh €CTh CyMMa TEIUIOMPOBOJIHOCTH AJIEKTPOHOB Y U TEIUIOMPOBOJIHOCTHU
(OHOHOB Y-

X=Xt Xo-

Pemerounass TemIonpoBOAHOCTh MOKHO YMEHBIIMTH 33 CUET paccesHus (OHOHOB Ha
TOYCYHBIX Je(eKTax W Ha TpaHHIax 3epeH. Ha TouyeuHbIX nedekTax CHIIbHEE PacCeUBaIOTCA
KOPOTKOBOJIHOBBIE (DOHOHBI, @ HA TPAHUIIAX 3€PEH JJIMHHOBOJIHOBBIC. B MONMMKPUCTAIITMUECKUX
o0pa3iax MeX3epeHHbIC TPAHUIIBI U MPUTIOBEPXHOCTHBIE CJIOM 3€PEH BCETIa COJIEPKaT OOJIbIIOE
koimuectBO JedekToB [1], xoTopbie neOpMHPYIOT pemieTky U I(PQPEKTHBHO pPaCCEHBAIOT
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(OHOHBI, MOBBIINICHUE TEIJIOBOE COMPOTHUBIICHUE OOpa3loB. B MOJyIpOBOIHUKOBBIX TBEPIBIX
pacTBopax HauOONBIIMK BKJIAJI B TEIUIOMPOBOJHOCTH JAIOT JUIMHHOBOJHOBBIC (DOHOHBI, T.K.
KOPOTKOBOJIHOBBIC (DOHOHBI CHJIBHO PAacCEMBAIOTCS HAa WMEKONIUXCS B OOJBIIOM KOJIHYECTBE
TOUYeUHBIX Jedekrax [2].
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4 1mkm
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c)
Puc.1. 3aBucumocTs K03 PHIHEHTA HIEKTPOIPOBOTHOCTH G (a), Tepmo-31¢ a (D)

U TEIUIONPOBOAHOCTH ), (C) AJISI MOHOKPUCTAIIA U SKCTPYIUPOBAHHBIX
006pa3iioB TBep 1010 pactBopa BigsSby sTe; ¢ paznuuHbiMu pazMepamu 3epeH

MC)K3€p€HHBI€ Ir'paHUlbI, B O6IJ_I€M cliydac, ABOSKUM 06p3.30M BJIMAKOT Ha 3JICKTPOHHBIC
CBOMCTBa MaTcpHraa. BO-HCpBBIX, HNOTCHIOMAJIbHBIC 6apbepbl, CO3J1aBacMbIC MCIK3CPCHHBIMHA
rpanuuaamMu, CyYmEeCTBEHHO YMCHBLIIANOT IMMOJABHKHOCTDb HOCHUTEJICH 3apgaaa, 4TO IHIPHUBOAHT K
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yBeNnHUeHUI0 A(PQPEKTUBHOTO YACIBHOTO COMPOTUBJICHHS TIOJYHIPOBOJHUKA. BoO-BTOPBIX,
MEXK3EpEHHbIE TPAaHUIBI -3TO OOOpBaHHBIC CBSI3M, KOTOPBIE MOTYT SIBIATHCS JIOBYIIKAMHU
HOCHTEJICH, IPUTATUBATH K ce0e MPUMECH WIH COOCTBEHHBIE 1e(DEKTHI.

Takum o00pa3om, 3a CUET CHIDKEHHUS Pa3MEpPOB 3€PEeH BO3MOYKHO 3aMETHO YMEHBIIUTh
PEIIETOYHYIO TETIONPOBOAHOCTh, YTO M HAOJIONAETCS B UCCIICJOBAHHBIX HaMH oOpasmax. [Ipu
9TOM, YE€M MEHBIIE pa3Mepbl KPUCTAUIUTOB (3epeH), TeM OOJbIle BEPOSTHOCTh PACCESHUS
(OHOHOB Ha TpaHUIAX, U TEM MEHBIIEC 3HAYCHUE TEIUIONPOBOIHOCTU. M3MenbueHue 3epeH
OPUBOIUT TAKXKE K CHIDKCHUIO ODIIEKTPUYECKOM NPOBOAUMOCTH. OOBICHEHUEM CHHIKEHUS
AJIEKTPUUECKOU MPOBOJUMOCTH MOXKET CIYKUTh CHUKEHUE MOJBUKHOCTH JBIPOK 3a CUET poCTa
paccessHuss Ha rpaHunax 3epeH. CONpOTHBIEHHE MEXKKPUCTAUIUTHBIX MPOCIOEK OOoJblie
COMPOTUBJICHU OOBEMa 3EpPEeH, W YBEIMYEHUE YHUCIIa MEKKPUCTAUIMTHBIX MPOCIOEK MpH
YMEHBIIEHUU Pa3MEpPOB 3€peH MPHUBOJHUT K CHIDKCHHIO JJIEKTPHUYECKOM MPOBOJUMOCTH B
MEJIKOCTPYKTYPHPOBAHHBIX 00pa3Iax.

Jannas padora BbINOJHeHA npu (uHAHCOBOI moanepxke Donna Pazpurus Hayku
npu [Ipe3unente Azepoaiinxanckoii Pecy6mkn — I'pant Ne EIF-2013-9(15)-46/07/1.
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BJIUSIHUE MAJIBIX TBEPJIbIX UACTHUILI LiNbO3; HA HEKOTOPBIE
CBOMCTBA HEMATHUYECKHUX )KHUJIKNX KPUCTAJLJIOB
I''M. Baiipamos, P.H. HcmaunsioBa
bakunckuii I'ocyoapcmeennvlii Yuusepcumem

ismailova_r@rambler.ru

B oannoii pabome uccrnedosano ausHus MaIbix meepobIX YACMUY HUOOAMA JTUMUSL HA PU3UKO-
Xumuyeckue CEOUCMBA HEMAMUYeCKUX JHCUOKUX Kpucmaanog. Bviio noxasano, umo npucymcmeue
yacmuy Huobama aumus 8 dcuokux xpucmaninog (KK) ymenvwiaem memnepamypy npoceemieHus,
usmensem nopoe 3¢gexkma @Ppedepuxca, ymeHvuiaem HANPAXCEHUEe INEKMPOSUOPOOUHAMUUECKUX
neycmotiuugocmu (OIJJTH). Dxcnepumenmanvhoie pe3yibmamul 00BACHAIOMCS NOAGLEHUEM JOKATbHbIX
SNEKMPUYECKUX N0l OKOLO NOAAPUZOBAHHBIX CESHEMOINEKMPULECKUX HAHO YACTUY NPU NPUTONHCEHUU
BHEUHE20 DNEKMPUYECKO20 NOJSL, A MAKIHCe USMEHEHUeM IPPEeKMUBHOU BA3KOCTU U YNPY2UX CE8OUCG
KK, cywecmeoeanuem 0OnonHUmenbHuix npensmemeuti (4acmuyvl) UOHAMU.

[Mocnemnue Bpemss B obOnactu xuakux kpuctawioB (JKK) akTyanbHbIM HampaBlIeHHEM
SBISICTCSL pa3pabOTKa TMOPUIHBIX CHUCTEM, B YAaCTHOCTH, COCTOSIIMX U3 Maibix dactul u JKK.
Jaxxe mpH JOCTATOYHO OOJIBIIMX pa3Mepax YacTHIl, IMOPsAKA JJIMHBI BOJHBI MAJAIOIIETO
U3JIY4YCHUS BO3HHMKACT ONTHYCCKHI 3(P(PEKT MPOIYyCKaHHsS CHCTEMBI B Y3KOW CIIEKTPaIbHOUN
o0jacTd, KOoTopas IOJA JEHCTBHEM JJIeKTpuueckoro mons cmemaercs [1-2]. Kpome Toro,
BBCJICHHBIC YACTHUIIBI BIMSAIOT Ha 3jekrpodusnueckue cBoicTBa JKK, BBI3bIBas WM3MEHEHHE
napaMeTpoB 3PPEKTOB OCYMIECTBISIEMBIX B 3THX cucTeMax [3-4].
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Eciu marepmanom uvactun sBisiercss (peppoMarHeTHK WM CETHETORJIEKTPUK, TO MOTYT
BO3HUKHYTH JOMOJHUTENbHBIE d(dexTsl. B omHON U3 mepBbix padoT [4] ObUIO MOKa3aHO, YTO
no0aBJICHUE MArHUTHBIX YacTUIl TPU MaJIOM KOHICHTPAIMH MPHUBOAUT K 3HAYUTEIHLHOMY
yBenuueHUI0 4yBcTBUTENBHOCTH JKK kK MarauTHOMY mosro. B mociennue roasl ObUI0 moKa3aHo,
YTO TpU JA00ABIICHUU CETHETOAIEKTPUUECKUX YACTHIl YBEJIUYMBACTCS AUIICKTPUUCCKUI OTKIMK
KK u uzmeHnsiercss mpoBOJIUMOCTb.

B nmonHO# paboTe mMccnen0BaHO BIMSHHS MallbIX TBEPABIX YACTUIl HHOOATa JIUTUS HA
(U3HKO-XUMUYECKHE CBOMCTBA HEMATHUYECKUX KUIKUX KPUCTAIIIOB.

DKCIIepUMEHTHI TOKa3aJd, YTO MOporoBoe HampspkeHue dpdexra Dpenepukca mpu
no6asnennn yactuil LINDO3 yBenmuauBaercs ¢ yBendeHHEM KOHICHTPAIIUN YaCTHII.

[Ipn noGaBneHMM dYACTUIl BpeMsl BKIIOUEHUS yXyIIIAeTcs, NpUYeM 0OpHu OO0JbIIeM
KOHIICHTpaIuu B Ooblieil crernenu. B wacTHocTH, Bpemst BkmtodeHus yBenuumiach ¢ 0.08 cex
(aucterit 5CB) no 0,18 cek (konmnentpamums 1%) u 0.25cek (konuenTpanus 4%) npu 10 B, npu
n00aBIeHUN YaCTHIl BPeMsl BBIKIIOUCHHS YXYAIIACTCs, MPUYEM MPHU OOJIBIIEM KOHIIEHTPALUU B
Ooubmiei creneHn. B wacTHOoCcTH, BpeMs BbIKIFOUeHHs yBenmdmiach ¢ 0,2 cex (auctoiit 5CB) mo
0,6 cex (konnentpanus 1%) u 1,45 cex (konuentpanus 4%) mpu 10 B.

CoruacHo [5], wactuipl He HapymatoT noje aupekropa KK, ecim napametp cuerwienus { =
WR/K namuoro mensine 1, roe W- saeprus crerienus Mosiekyn XKK ¢ moBepXHOCTBIO YaCTHII,
KOTOpast uMeeT mopsitok Bexmunusl 10 -10° Jik/m?, K —moxyns ynpyroctn KK, nmeromas
MOPSIIOK 10™%H, 2R —pa3Mmep yactull. Micnosib30BaHre OJIEMHOBOM KHUCIOTHI YMEHBIIAET YHEPTHUIO
CLETUICHUS! U OJJHOBPEMEHHO CTa0MIM3HPYeT KOMITO3UT. KpoMe TOro, yduThiBasi KOHIEHTPAIUIO
HAHOYACTHII, TUIOTHOCTH 00€UX OCHOBHBIX KOMIIOHEHT KOMIIO3MTA, pa3Mepbl HAHOYACTHUI], MOKHO
MOKa3aTh, YTO CPEIHEE PACCTOSHUE MEXIY YacTUIaMH /,5 MKM, KOTOpOE Ha TMOpsIOK OoJbIie
4yeM pasMepsl yactull. [Ipu 3Tom, oOmiee HapylIeHUe MO AUPEKTOpa YaCTHIIAMU OKa3bIBaeTCs
MPEHEOP CKUTEITHHO MaJIbIM.

Takum 00pa3oM, MCHONB3YEMBIH KOMIIO3UT C 33JaHHOW KOHIIEHTPAIMEW YacTUI[ MOYKHO
CUYMTATh OTHOCUTEIILHO OJHOPOJHOW Cpesoil, M OH MoikeH BecTH cels kak yuctbiil KK, HO
M3MEHEeHHbIMU TapameTrpamu. llpu cdepudeckoii ¢opme W ManblX KOHICHTPAIUSIX YaCTHI]
TeMIIepaTypa MPOCBETIICHHsI KOJUIOUIa onpeaersiercs: popmyoii [5]

Tck = (l'fv) Tcp

rae fy —o0beMHas koHIeHTpanys yacTu, T ¢ —Temneparypa npocseTiaeHus yuctoro JXKK.
[ToporoBoe Hampspkenue s¢dexra Dpenepuxca mias uuctoro KK, a Takxke HH3KO
KOHIEHTPHUPOBAHHOTO KOJUIOHA ONPEIEIISICTCS BBIPAKEHUEM :

Uth =T (Kii/So AS) 1/2,

rae i=1 m 2 g KK ¢ moioXuTensHONH M OTPUNATENFHON NTHANIEKTPUYECKON aHW30TPOIHEH,
cootBeTcTBeHHO; K1 n K3 -ympyrue moctosiHHbie M3ruba W pacTsSKEHHS, € - dJICKTpUUYECKast
NOCTOSIHHASA, Ag — TUANEKTpUYECKass aHU30TPOIIHSL.

W3meHeHune BeIMUYrHbBI IOPOrOBOr0 HANpPS)KEHUs KOJUIOWZA MO CpaBHEHUIO ¢ YUCThIM KK
CBs3aHAa C JBYMS KOHKYPHPYIOIIMMHU (aKTOpaMH: MPUCYTCTBUE YACTHUI], YBEIMYHBAIOIINX
napaMeTp Mopsaka U MOJIEKYJIbl OJEMHOBOM KUCIOTHl YMEHBIIAIOIINE 3TOT MapaMeTp, KOTOPBIH
BJIMSIET HA JAMDJIEKTPUYECKON aHM30TPONUIO Kosutouaa. B pe3ynbraTte moporoBoe HampsyKEHUE
U3MEHSIETCS.

Nmeerca mucnepcus g npu 750 kI’ n3-3a Toro yro monekynsl KK He MMEOT BpeMeHH
JUISL TIOBOPOTa BOKPYT KOPOTKOM OCH MPH OBICTPHIX M3MEHEHUSAX HANPABICHHHA MPUI0KEHHOTO
NoJis, B TO BpEeMs KakK €L MOYTHU HE HU3MEHSETCS, MOCKOJIbKY 3TO COOTBETCTBYET HOBOPOTY
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Monekyn KK Bokpyr panmuHHOM ocu. CrenoBarenbHO, AMAJIEKTPUYECKas aHU30TPOIUS
YMEHBIIAETCS U, COOTBETCTBEHHO, IOPOTOBOE HANPSKEHUE YBEITUUHBACTCA.

du3nuecknii MEXaHU3M HEYCTOMYMBOCTH MOXKET OBITH OINHKCAH CIEIYIOIUM 00pa3zoMm.
OnnHoponno opueHTHpyeMblii Hematudeckuil JKK crabunmusupoBaH ymnpyrum BpamiaromiuM
MOMEHTOM H3-3a cuemieHuss moJiekyn KK ¢ moBepXHOCThIO MOANOXKKH. JludnekTpuyeckuid
BpAIAIONIUI MOMEHT M M3-32 BHEIIHETO MOJIS U MOJs 00BbEMHOTO0 3apsiia CTaOUIM3UPYyETCs s
KK ¢ orpumarenbHOil AMAJIEKTPUUECKON aHU30Tpomnueil. BcenencTBue 3aeKTpUYECKOro MoJis
TaK)Ke CTAOWJIM3MPYETCs] BO3HHKAIOMIMK Bpamarouiuii MomeHT. MoHBI —HocuTenu 3apsijia B
HEMaTHYECKO# (haze, MOABMIKHOCTD KOTOPOH BIOJb JJIMHHOW MOJIEKYISIPHON OocH OOJbIIE Yem
MEPIICHANKYJSIPHO K 3TOMY HAIPABJICHUIO. B pe3ynpTare 3JIeKTpOnpOBOAUMOCTE B OJHOM
HampaBlieHUH Oonbine, yem B japyroMm. [lostomy, y Hematudeckoro KK o00br4HO
DNIEKTPOIPOBOAUMOCTh UMEET MOJIOKHUTEIBbHYI0 aHU30TpONUi0. [I0BEpXHOCTHBINA 3apsl MOKET
OBITH chOPMHUPOBAH BCIIEACTBUE ITON aHU30TPOTIMH U3-32 HOHHOTO pa3JIeJICHUs.

[IpunokeHHOE MoNe NEUCTBYET Ha 3apsbl, BBI3bIBas BOSHUKHOBEHHUE NMOTOKA BEIIECTBA BO
B3aUMHBIX HANpaBJICHUSAX. OJTO CO3JAET HEMOCTOSHHBIA BpallalOIIMii MOMEHT, BbI3BAHHBIN
AIIEKTPOTIPOBOUMOCTBIO M eicTBYIomuii Ha Monekynbl. Dddexkt DI'JIH Bo3HUKAET, ecau 3TOT
BpAallalOIM MOMEHT MPEBBIIAET BCE APYIHME Bpallaroliue MOMEHTHI. l1Ipym HH3KMX HacTtoTax
MPUWIOKEHHOTO TOJI, HEYCTOMYMBOCTh XapaKTEPHU30BaH TEM, YTO NPOCTPAHCTBEHHBIN 3apsip
KoJe0sercst ¢ yacToToi nojsi. B To e camoe BpeMsi, HACKOJIBKO TOPOT BO3SHUKHOBEHHUS JOMEHOB
BunbsiMmca HHM30K, BpeMsl PeaKIMH TUPEKTOpa SBJISAETCS JOCTATOYHO OonbmmM. Takum oOpazom,
MOPOTOBOE HAINPSDKEHHE PE3KO YBEJIMYHMBACTCS MPH MPHUONIMKCHHH K KpUTHYecKoi wacrtorte f,
KOTOpas CBsI3aHa C IMAJIEKTPUUECKOM pelaKCaluel T COOTHOICHUEM

fc — (§2_1)1/2/ .

rae £%= g’ne(eL/en - o1/on)l Age,n HasbiBaeTes mapameTpoM XendpHaa; € U €1 - KOMIIO-HEHTI
JIMRJICKTPUYECKONH BOCTIPUMMYHUBOCTH, Ag -IHAJICKTpUUYSCKas aHU30TPOMHS, M-KOd(-(QHUIIHCHT
BSBKOCTH; Oy and o)- DIEKTPONPOBOAHOCTh BJOJb MW MEPICHIUKYIAPHO TUPEKTOPY,
COOTBETCTBEHHO.

BpeMs BKIIOYEHHS YMEHBIIACTCS C YBEIMYCHUEM HAMPSKEHUs, YTO MOATBEPKAACTCA
SKCMEpUMEHTOM. B 3TOM ciiydyae, mpUCYTCTBHE YAaCTHUIl YBEIWYHMBACT BPEMS BKIIOUCHUS MO
cpaBuenuto ¢ yucThiM JKK. [Ipexae Bcero, 3To cBsA3aHO ¢ yBenmmdeHuEM 3(Hh(PEKTUBHOMN BA3KOCTH
n ymeHblieHneMm yrpyrux cBodctB JKK, a Takke ¢ TpeoojeHHEM JIOMOJTHUTEIBHBIX
npensaTcTBUi (d4acTui)) woHamu. Kpome TOro, mpu NPHIJIOKCHHH BHEIIHETO 3JIEKTPUUECKOTO
monisi, gunomn  Mmosiekyn KK  OKoJIo TONSIPU30BaHHBIX CETHETORJEKTPUYECKUX  YACTHI]
OPUCHTUPYIOTCS BJIOJb JIMHUW SIEKTPUUYECKOTO MOJSA, & UMEHHO, HOPMAIbHO K MOBEPXHOCTH
TTOJIJTOKKH, YBEJMYMBAsl HAYaJIbHYI0 TOMEOTpornHy KoHpuryparmio monekyn JKK. Ilpu stom,
dbopMupyeTcst  JOTOJHUTENbHBIA BPAIIAIOUIM MOMEHT, KOTOPBIH YBEIMYHBACT BpeMs
BKJIIOUCHHUS U YMEHBINIAET BPEMs BBIKIIOUEHHs] 1O cpaBHeHHMIO ¢ udnucThiM KK mpu Tex xe
HaOpsKeHUSAX. B 3TOM ciydae, MUHUMYM B 3aBUCHMOCTH BPEMEHU BBIKITIOUCHUS OT HAMPSKEHUS
CBsI3aH C TOJIApU3ANKei 00JacTel OKOJIO YAaCTHII, CO3JAIOIIMM JOTIOTHUTEIBHBINA BpaIIaronui
MOMEHT M CO3JAI0IMNA Xa0THUYECKOE IBUKCHUE YACTHII.
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p-Si-n-CulnsSg HETEROKECIDININ ELEKTRIK
VO FOTOELEKTRIK XASSOLORI
L.H. Hasanova', ©.Z. Mahammoadov', A.A. 9hmad?
'Bak: Dévlat Universiteti, 2Azarbaycan Texniki Universiteti
rovshan63@ rambler.ru

Vakuumda termik buxarlandzrma dsulu il p-Si l6vhasi Uzarina Culn,S, nazik tabagosi

cokdurilmaklo hazirlanmzs heterokegidin elektrik vo fotoelektrik xassalori todqiq olunmugsdur. Har iki
yar:mkegiricinin parametrlori nazara alinmagla heterokegidin energetik zona diagramm: qurulmugdur.

Culn.S; kristall: spinel qurulusuna malik olmagla kristal gofosinde anion vo ya Kation

vakansiyalarina malikdir. Bu defektlorin yaranmasina sobab olacaq atomlarin tetraedrik
yerlosmasindo har ¢ tetraedrdon birinin markozino atomun yerlogsmosinin mimkin olmadig:
gostarilir [1].

Kristal qurulusda yaranan belo periodik vakansiyalar onu defektli kristallar qrupuna aid
edir. Vakansiyalar kristalin enerji diagraminda rekombinasiya markazlori yaradirlar vo bunlar da

Culn.S; kristalinin fotoelektrik vo liminessent xassalorinds [2-4] muoayyan rol oynayairlar. p-Si-

n-Culn,S; qurulusu heterokecid hazirlayib, onun elektrik vo fotoelektrik xassslorini todgiq
etmokla hor iki kristalin xassoalorindoki xtisusiyyatlori 6ztinde comlosdiran yarimkegcirici cihazlar
hazirlamagq olar.

Isdo mikrosxem hazirlamagq Ugln istifads olunan p-Si monokristal 16vha Uzarine vakuumda
termik buxarlanma Gsulu ilo Culn.S, birlosmosi ¢okdirmoklo formalasdirilmis p-Si-n-Culn,S,
heteroqurulusun elektrik vo fotoelektrik xassolori Oyronilmisdir. Culn,S; birlosmasinin nazik
tobaqgasini almagq tgln xdsusi rejimli vuxarlandirma tsulu tatbiq edilmisdir. Torkibindi asan ugan
kukdrd komponenti olan Culn,S, birlosmasi 6lcust bir ne¢a mikron olan zarrocikli toz halinda

tiyiidiilorok vakuum buxarlandirma kamerasinda temperaturu 1150°C-o godor kozerdilmis grafit
putanin igarisinoe muoyyan migdarda tokulir. Belo rejimds buxarlandirilan birlosmonin nazik
tabogosi hom p-Si, hom do onun yaninda yerlosdirilmis NaCl lovhosinin tizarinds alinmugdar.
NaCl tizarinds alinmis tobaganin torkib vo struktur analizi aparilmigdir. Bu tobagoanin torkibini vo
qurulus parametrlorinin buxarlandirilan maddonin torkibi vo parametrlori ilo uygun goldiyi
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tastiglonmisdir.

p-Si-n-Culn,S, heteroqurulusunun 300 K-do volt-amper xarakteristikas: sokil 1-do tosvir
olunmusdur. Gorunduyu kimi, garanliq seraitdo VAX-s1 sirf diod xarakteri ilo ifado olunur (ayri
1). Heterokegidin diiziino corayan istigamoti Si tobagays mishat potensialin totbigi ilo misyyan
olunur. Hocmi yiklor oblastinda coroyankegirmo mexanizmi rekombinasiya-tunel prosesine
uygundur.

Oks gorginlikds coroyanin Ziner xarakterli oldugu gostorilir. Heterokegid kdzorms lampasi

ilo isiglandirildigda VAX 2 ayri ilo tesvir olunur. Heterokegidi Culn,S; tarafindan siglandidiqda
hassashq oblast: 800 —1250 nm dalga uzunlugunu ohato edir. Spektr ham Si, ham do Culn.S,
kristalinin  fotohoassasliq oblastlarint ohato edir. Spektrdo musahido olunan ekstremal
maksimumlarindan biri (A=<950 nm) Culn,S;, digeri (A=1100 nm) Si gadagan olunmus

zonalarnnin enina uygundur. Elektrik vo fotoelektrik xassslorin todgiqginin naticalori osasinda
heterokecidin energetik zona diagramm: qurulmusdur (sok. 1, a).

Sak. 1. p-Si- CulnsSg heterokegidinin VAX-1 va energetik zona diagrammu (a): 1 garanhqda; 2 — isiqda

JINTEPATYPA

1. Paoriki C., Sanoffi L., Romeo N., Tarricona L. // Mat. Rev. Bull., 1977, v. 12, p. 1200-
1211.

2. B.M. TarmpoB, H.®. T'axpamano, A.I'. T'yceiinoB. HoBBII Kiacc TpOWHBIX
TIOJTyIPOBOIHMKOBBIX coennuenuii Tuna A;B."'Cy' . Baky, 2001, 303 c.

3. Gannouni M., Assaker 1.B., Chtourou R. // J. Electrochem., 2013, v. 160 (8), p. H446-
H451.

4. A.H. Huseynov, V.M. Salmanov, L.H. Hasanova, A.Z. Mahammadov, R.M. Mamedov.
Electrical and photoelectrical properties of defective semiconductor Culn,S,. Cambridge

Journal of Education and Science, Ne 2. (14), v. VI, 2015, p. 510-521.

67



BDU-nun Fizika Problerlari institutunun yaradilmasmn 10 illiyina hasr olunmus
Beynalxalg konfrans

N3YYEHUE HAHOKPUCTAJUVIMYECKOT'O CYJIb®UJA IUHKA,
IHOJYYEHHOI'O T'MAPOTEPMAJIBHBIM METOJOM

M.A. Ixapapos, E.®. Hacupos, P.®. Mexrtues, P.C. Ixadapiau
bakunckuii F'ocyoapcmeennwlii Yuueepcumem
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Paszeuma memoouxa nonyuenus nanovacmuy cyrb@uoa yuHKa SUOPOMEPMALbHLIM CHOCOOOM U3
B00HDBIX PACMBOP OB NPEKYPCOPOB KAK 8 00beMe, MAaK U HA NOOLOAHCKAX 8U0e MOHKUX NieHOK ZNS.

Beenenue

B mocnennee Bpemsi GOJBIION MHTEpEC HCCIENOBATENCH MPHUBIEKAIOT TaKUEe MaTepUAIbI,
KaK OKCHJIBl IMHKA W THTaHA, CYIb(QUABl IMHKA M KaJMHUS, YTO OOBSCHSICTCS BBICOKUM
MOTCHLUAIOM NPUMEHEHHsI JTUX MAaTepUalioB B COJIHEYHOW M BOJOPOJIHOM DSHEPreTHKE, B
TOIUIMBHBIX DJJIEMEHTAX, AaKKyMyJATOpaxX M KaTaIUTHUECKUX peakTopax. OcoOblii MHTEepec
NPEICTaBISIIOT HAHOPAa3MEpPHbIE MaTepHalbl, B KOTOPBIX MOTYT HaOJIOJaTbCs pa3MEpHbBIS
3¢ dexThl, MpUBOAANINE K 3HAYUTEILHOMY M3MEHEHHIO CBOMCTB MAaTEpHAaJOB HM3-3a OOJBIIOTO
BKiIaga moBepxHOcTH. Cpean HUX ZNS BBI3BIBAET TMOBBIMICHHBIH HHTEPEC C TOYKH 3PEHUS
MPaKTUYECKON 3HAYMMOCTH, TIOCKOJBKY OH SIBIISIETCSl TIOJYHIPOBOJHHUKOM, OTHOCHUTCS K
matepuanam rpymmsl A'BY', mmeer Gonpinyio mmprHy 3anpentenHoit 30Hb1 -okoi10 3.6 eV, uro
COOTBETCTBYET YIbTPapUOJIETOBOI 00IACTH CIIEKTPA, U SBIISIETCS BEChMa BAKHBIM MaTepHAIOM B
npubopocTpoeHUH  (TFOMHHO(OP, JIETEKTOPBI, CBETOMUOJBI, HEIWHCHHBIC JJEMEHTHl U
np.),HarpuMep, B KadecTBe OydepHBIX clioeB coiHedHbIX daeMeHTOB CIGS (xagmwuii-wHIuii-
rajumii-cenieH). Kpome Ttoro, ZnS wucmone3yercss B reTepocTpykrypax tuma ZnO/ZnS mns
YMEHBIIIEHUS] IMPUHBI 3alpelieHHOW 30HbBI M YBEJIMYEHUS ONTHYECKOW abcopOuuu
[1].TTomynpoBoaHUKOBBIE Matepuanbl ZNS TONydYaroT pasHooOpasHbIME criocobamu. Cpenn
METOJIOB TOJY4YEHHs IUICHOK CYIb(HUIOB METALIOB MIMPOKOE PACIPOCTPAHEHUE MOYyUUIH
MOJICKYJIsIpHast dmuTakcus [2], TepmMoBakyymHOe wucmapenue [3-4], METOIbI XUMHYECKOTO
ocaxeHuss W3 pactBopa [5-6], mmponm3 a’po3osisi  pacTBOPOB  THOMOYCBHHHBIX
KOOPJIUHAIIMOHHBIX COCJMHEHUI HA HArpeTou mojuiokke (MeTo] myiabBepu3anuu a3po3oss) [7],
U npyrue. Manou3y4eHHbIM METOJIOM MOJIyUYeHHUs] TOHKUX TUICHOK SIBIISIETCS 30JIb-Te€JIb MeTOA. B
STOM HANpPaBJIEHHUH HM3BECTHBI PAa0OTHI MO MOJYYEHUIO HAHOCTPYKTYP CYIb(HUIOB METAUIOB B
MaTpuiax Heopranmdeckux okcunoB (SiO2, SnO2) [9]. Ocoboe MecTo 3aHMMAIOT METOMIBI
UMMOOHITH3AIMY METAILTOCYIb(PHIOB B OTMMepHbIe MaTpuilsl [10].

Jis mpakTUYecKMX NPUMEHEHHWH BaKHA pa3pabOTKa METOJ0B CHHTE3a, MO3BOJITIONINX
MOJTy4aTh MaTepUaibl C 3aJJaHHBIMU CBOHCTBAMH C BBICOKOW 3KOHOMHYECKOH 3((EKTUBHOCTHIO.
MeTtoasl ocaxaeHUs TPEKYpCOpOB B BOAHON (pase, MEXaHOXMMUYECKHE METOJIbI SIBISTFOTCS
HU3KO03aTPaTHBIMU U TOATOMY, TOTEHIIMAIBHO BBICOKOA(GeKTuBHBIMU. J[1s1 monydenus ZnS B
HACTOSIIEe BpEMsl MHTCHCHUBHO PAa3BHUBACTCS THAPOTEPMAbHBIN MeTona cuHTe3a. Hampumep, B
[8]>TuM JerkOIOCTYIHBIM M HU3KOTEMIIEPATYPHBIM METOJOM CHHTE3MPOBAHBI Pa3HOOOpa3HBIC
CTPYKTYpPHI U3 ZNS ¢ pemeTKoi B I0PIUTA, BKIOYAIOIINE KAK 3aII0JTHEHHBIE, TAK U MOJIbIE CEpHI.
OpHako KOHEYHBIN pe3ynbTaT THAPOTEPMATBHOTO METOAA CHHTE3a OYEHb CHIIBHO 3aBUCHT OT
OONBIIMHCTBA JETajeil TEXHOJOTHMYECKOro IpoLecca, MO3TOMY Ui €ro MNpPUMEHEHUs |
MOJIyYEHHUSI BOCIPOU3BOAMMBIX PE3yJIbTATOB HEOOXONHMM TINATENBbHBIA BBHIOOp BHIA H
KOJIMYECTBEHHOTOCOIEPKAHUS TPEKYPCOPOB B OTPAOOTKA TEXHOJIOTUIECKUX PEKUMOB.
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JKCcnepUMEHTAIbLHAS YacTh

Hns  cuaTe3a ZNS WCMOJIB30BAIM  CICAYIOIIME HCXOJAHBIE KOMIIOHEHTHI HUTpAT
(Zn(NO3)2-6H0), amerar (Zn(CH3COO0)2-2H,0) wmm  cynasdar (ZnSO47H,O)  1maka
utrnomoueBruHa ((NH2).CS). Pabouune pactBopsl coineil nuuka ¢ koureHntpanusmu ot 0.01 mo
0.5MOJIB/JT TOTOBHJIM B OHIUCTWIIMPOBAHHOW BOJE MpPH MEPEMEIIMBAHMA HA MarHUTHOMN
Memanke B TedeHne 30 MHHYT NMpW KOMHATHOM TeMmImieparype. 3aTeM B PacTBOp A00aBISLIN
THOMOYEBUHY JIM0O B CTEXMOMETPUYECKOM COOTHOIICHUH, JIUOO B U30BITKE (0 CEMUKPATHOTO
n30bITKa). [loMyd4eHHBIH PacTBOP CHOBA MEPEMEIIMBAIM HA MAarHUTHOW Memraike B TeueHue 30
MUHYT TIpU KOMHATHO#H Temmeparype. CHHTE3 NpPOBOAWIM KaKk B HEHUTpPAIbHOW, Tak M B
HIeJIOUHOM cpene. B mocneanem ciydae /i moimydeHus: HeoOoxonumoro 3Hadenust pH pactBopa
noGasisimn  pactBop ruapokcuaa amMonus(NH4OH). Hcmonb3oBaHue IIEIOYHON  Cpeibl
3HAYMTEJIBHO YCKOPSIET Mpolecc cuHTe3a ZNS, 1Mo cKoJbKY, Kak u3BecTHo [10], B kucnoi cpene
THOMOYEBUHA JOCTATOYHO YCTOWYMBA, a B MICIOYHOW MPOUCXOIUT ACCTPYKLHUS MO pPEaKIHH
(NH),CS + 20H e S* + H,CN; + 2H,0 ¢ o6pasoBannmem HOHOB cepbl. IlosTomy B
OPUCYTCTBHHM COJEH METaNIoB 00pa3yloTcs COOTBETCTByommue cynbduasl. OOpaboTKy
OpoBOAWIN BO (hrOoporiacToBoM crakane B uHTepBasie TemmepaTyp 60-1000C.Ocanok B BHIe
MOPOIIKA OTACISUIN OT CylIepHATAHTa NEHTPU(YTUPOBAHUEM, IPOMBIBAITY BOJON U BBICYIITUBAIN
npu temmneparype 60°C. B HEKOTOpBIX CilydasX OCaXKIE€HHE OCYIIECTBIISUIA Ha MOBEPXHOCTH
NPEIBAPUTEIHFHO OYHMIEHHONW MOIOKKH MOHOKPHCTAJUIMYECKOTO KPEMHUSI, PACHOJIOKEHHON B
CTaKaHe Mojl yrioM okoio 45°,

[Tony4yeHHble 00pa3Ibl UCCIESIOBATN Ha 3JEKTPOHHOM pacTpoBoM Mukpockomne (JEOL) c
HHEPTOJUCTIEPCUOHHON TMPUCTAaBKOHM, PEHTICHOBCKOM JH(PPAKTOMETPE U aTOMHO-CHIIOBBIX
MUKpockormax «Integra Prima» .

CuHTE3 TIpU CTEXMOMETPHUYECKOM COOTHOIICHUH HWCXOAHBIX KOMIIOHEHTOB IIMHKA H
CEpBINIPUBOANT K (QopMHpOBaHUIO dYacTuUll ZNS B Buue cdep, a TakKe YacTUI[ BechMa
pa3HooOpa3Hoit (OopMbI, HAIPUMED, B BUJE MepbeB (PUCYHOK 1).

Puc.1. Mopdonorus obpasia, ocaxaennoro npo 80°C u3 pacTBopa aierara uHKa
(Zn(CH3C0O0),-2H,0) n Tnomouesunsl ((NH,),CS) ¢ konmenrpamnueii 0.12 M

DneMeHTHBIN cocTaB cdep, ONMpeneNeHHbI MHUKPO30HIOBBIM aHAIN30M, COAepkHUT 50-
S54aromubix % mmHKa u 46-50 at. % cepbl, 4TO OIU3KO K CTEXMOMETPHUYECKOMY COJICPKAHUIO B
Cynb(uae HUHKA.

Ha pucynke 10 moxazana mopdoiorust o0pa3noB ZNS, OCaXIEHHBIX HAa KPEMHHEBYIO
MOJIJIOKKY U3 pacTBOpa ¢ M30BITKOM THOMOUYEBHHBI. Kak BUIHO U3 pUCYHKA, ZNS pacTeT B BUIE
cthep nmoutn npaBunbHOU (opMbl. Ha BepxHeil cTOpOoHE HOJUIOKKH MOXHO Ha0mMo0aaTh chepsl,
3apOXKICHUE U POCT KOTOPBIX MPOUCXOIWI B 00bEME pacTBOPA, U KOTOPBIE 3aT€M OCAJAMIIUCh Ha
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noanoxkky. Mx pasmepsr Bappupytorcsi or 300 HmM no 3 wmukpoH. Ha HmwkHe#d ctopoHe
KPEMHHUEBOU IMOJIOKKH MOKHO BHACTH cepbl ZNS, 3apoIUBIIHECS HA TOBEPXHOCTHU TMOIJIOKKH.
Wx pa3Mepbl UMEIOT 3HAYMTENbHO MeHbIH pa3dpoc 3HaueHuidt (300-800 HM) BeieacTBue
OJIMHAKOBBIX YCJIOBHUU POCTa Y TIOBEPXHOCTH MOMIOKKHU. Pasmepamu chep MOKHO 3PPEeKTUBHO
VIPaBISATh, MEHSS YCIOBHS CHHTe3a (KOHICHTPAILUS PacTBOPa, COOTHOIICHUE KOMIIOHCHTOB,
BpeMss U Temmepatypa). Tepmudeckuii oTxur ZNnS NPUBOIUT K HU3MEHEHUIO MOPQOIOTHU
(pucyHok 1B), mocie omkurae armocgepe Bozayxa mnpu temreparypax 400-5000C mpoucxomut
9PO3HUs MOBEPXHOCTH c(hep, IIIEeMEHTHBIN COCTAaB 00OTAIIAETCSI KUCIOPOIOM.

Kak wu3BectHO, ocHOBHBIE peduiekchl ZNS mpoucxomsaT or lll-oTpaxkenus B ciryuae
chanepura u 100-otpaxenus (d=3.290E) B cmyuaeB ropimra. DT pedieKchbl MPU METHOM
U3ITyYEHUH PACIONIOXKEHBI pH yriie 20~280. [ToaTromy Hanuyue Ha peHTreHorpammax o0pas3oB
ZnS cnaboro u mmpokoro (~3°) peduiekca npu yrie 20~29° CBUAETENLCTBYET O HATHMIUU (asbl
ZnS cpasy mocie mojydeHus 00pasioB METOAOM THapoTepManbHoro ocaxaenus npu 80°C u
CymKH aisi yaaneHus Bojabl (pucyHok 4). OmeHka pasmepa KpucTaiutoB D mo ¢opmyie
[epepa mis 3TOM TUHUM HEKOPPEKTHA, MOCKOJBKY OHa COCTOMT m3 peduexca 111 pemetku
KyOmueckoro ZnS u pacmosIoKeHHBIX B HenocpeacTBenHou 6mmsoctu pedaexcos 100, 002 u 101
rexcaroHasibHoU Monudukanyu ZnS. Takke Ha peHTTeHOTpaMMe HaOI0Aar0TCs pedaeKch hasbl
ZnO co 3HayuTenbHON monymupuroi ~0.70 npu yrmax 31.8, 34.4 u 36.3°. B srom ciyuae
oreHka pasmepa kpuctatutoB D mo dopmyne lllepepa maet 3nagenne 120 E. ITomumo sTHx
MIUPOKUX H  CIAa0BIX THMKOB  HAONIOMAeTCsl TOSIBIICHWE 3HAYMTEIBHOTO  KOJHYECTBA
JIOTIOJTHUTENLHBIX pediiekcoB BoOmacTh yriioB 20 ot 4 o 30°.Kak BuaHO U3 pucyHKa 4, 4acTh U3
pe(IIEKCOB pacIoNoKeHa SKBUAUCTAHTHO, HaunHas ¢ yriaa4.39° co cpeauum marom 4.5°. MoxHO
NPOCIEIUTh OKOJO 12 SKBUAMCTAHTHBIX pPe(dIEKCOB,KOTOPBHIE MPUHAAIECKAT OTPAKEHUSM OT
OJIHAX M TeX K€ MapajUIeNbHBIX IUIOCKOCTEH. DKBHIUCTAHTHBIA CHEKTP OBICTPO YMEHBIIAET
CBOIO MHTEHCHBHOCTB TIpH Harpese yxe 1085°C 1 UMeeT IpaHHMIly TeMIIEpaTypHON CTaOMIbHOCTH
1o 170°C. ITocne narpeBa 10202°C u OXJaXIE€HHS OH MCUE3AET, HA PEHTIEHOIPAMME OCTAETCS
IUpOKKit muK B oOmact 28° orZnS, a Tpu pediiekca or ZnO yBEIMYMBAIOT CBOKO
WHTEHCUBHOCTb.

CuHTe3 B INEJOYHOM Cpele MPHUBOAMT K PE3KOMY pOCTy KosmuecTtBa ZNS
COOTBETCTBYIOIIHE PEHTICHOTPAMMBbl HMMEIOT 3HAYUTENIbHO OoJiee BBICOKYI0 WHTECHCHBHOCTH
(pucyHok 2). Kak BHIHO M3 pHCYHKA 2, CTPYKTypa MMOJy4SHHBIX 00pa3oB OJU3Ka B CTPYKTYpe
KyOmdeckoro ZNnS, wMeeTcs O4YeHb HEOOJbINas IMPUMECh TeKCArOHAIBHON MOJU(DUKAIINAH.
HeobxomumMo OTMETHTh, 4YTO YIJIOBBIE TOJIOKEHUS pPEQIIEKCOB 3HAYUTENHHO CMEIICHBI
OTHOCUTENIbHO JTAJOHHBIX JaHHBIX: peduiekc 220, KOTOpBIN MOJDKEH pacmoiaraThCs TNpHU
yriue2®=47.57°, pacnonoxen mpu 49°, a pedpnexc 311 — npu 57.9° Bmecto 20=57.91°. Tlo-
BUIUMOMY, 3TO SIBIISICTCS CIEACTBHEM OOJBIINX BHYTPEHHUX COKMUMAIOIIUX HAMpsOKEHUH B
HAaHOKPHUCTAIUIMTAX, U3 KOTOPBIX COCTABJICHBI CEPHI.

CHu3y noka3aHbl MOJOKEHUSI U OTHOCUTENbHBIE HHTEHCUBHOCTH PE(IIEKCOB B ATAJIOHHOM
CTpyKType KyoOmueckoro ZnS. Tak Kak CBOHCTBa IUIGHOK OMPEACISIOTCS MHUKPOCTPYKTYpPOI
TUICHKH, ObUI MMPOBEACH aHAU3 MOBEPXHOCTH MOJyYEHHBIX 00Pa3I0B OKCHIA U CYIb(pHUAa [IMHKA
HAa aTOMHO-CHJIOBOM MHUKPOCKOTIE.
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Puc. 2. PentrenorpamMma o6pasiia ZnS, CHHTE3UPOBAHHOT'O B IIEJIOYHOM
cpene npu temmneparype 80°C, mocie omkura
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HanouacTumpl XallbKOT€HHJOB NEPEXOIHBIX MeTauioB coeauneHuit rpymmbsl  AlIBVI
(xBantoBbie Touku (KT)) B mmcmepcusx ¥ aMOp@HBIX MaTpHIAX MPEACTABISIOT OOJBIION
MHTEPEC KaK OOBEKTHI, ONTHYECCKHE CBOMCTBA KOTOPHIX LIEJIUKOM 3aBHCAT OT BHIA, pa3MEpOB U
nedextnoctu KT. Tak, npu usmeHenun pasmepa dacrtui ZnS, CdS, CdSe u CdTe ot 2 10 5 um
MOJIO)KEHUE MAKCUMYMOB HX CHEKTPOB MOMJIOIMICHUS U (DIyOpEeCHEHIUH MOXKET H3MEHSTHCS
6onee uem Ha 100 HM, mepekpbiBasi auamna3zoH ot OnwkHero yiabTpaduonera 1o UK -obmactu
cnektpa. Kommo3uTHble MaTtepuaibl HAa OCHOBE IMOJMMEPOB (MTOJMMETHUIMETAKpUIIAT, MOJIU-2-
THJIPOKCUATWIMETAKPIIIAT U Jp.), akTuBHpoBaHHble KT, MOryT WCIONB30BaThCs B KadeCTBE
TpaHcPOpMaTOPOB H3IYy4EHUS B JIMH3aX CBETOJIMOJIOB, JIIOMHHECIEHTHBIX COJHEYHBIX
koHreHntpatopax (JICK) [1, 2], nekopaTUBHBIX JIEMEHTaX M JPYTUX MaTepHaiax U yCTPOUCTBAX.
OnuHo w3 HampapneHud ucnonb3oBanus KT — Owo- m xummyeckwe ceHcopbl [3], rhme oHH,
Oonmarogapst Oonbiielr (porocTabMIbHOCTH, 3P(HEKTUBHOCTH H3JIYYEHUS M UYYBCTBHTEIBHOCTH
MOTYT 3aMEHUTh JpyrHe MaTepuaibl, HampUMep OpraHUYecKue Kpacutenu. lloBbImieHne
KBaHTOBOW »¢dexTuBHOCTH W3nydeHus u crabunbHocTH KT, Hanpumep nerupoBanue ZnS
mapranneMm [4, 5], Mo3BOJISIET HWCHOJIB30BaTh TAaKUE MATEPUANBI B JIICKTPOIIOMHHECIICHTHBIX
YCTPOMCTBAX B COYETAHUM C OpraHMYeCKUMHU Marepuanamu. Llenbro maHHOW paboTHI sBIsieTCS
CpaBHEHHE CIIEKTpalbHO-ITFoMHUHeCcIeHTHBIX cBOUWCTB KT CdS, cuHTE3MpOBaHHBIX B Pa3IMIHBIX
pacTBOPUTENSAX, a TaK)Ke W3yYEeHHE BIUSHUSA PACTBOPUTENII W COOTHOIICHWH KOHILIEHTpAaLUi
MPEKypPCOPOB Ha pa3Mep YaCTHI] U YCTOHUNBOCTD KOJUIOUIOB.

OkcnepumenT. Hanouwactuiet CdAS w  ZnS  monydanu 1Tpu B3aMMOJCHCTBHH
npeABapuTeNIbHO CUHTe3npoBaHHbIX aneratoB (T®A) kagmums um mwmHKa ((CH3COO).Cd),
(CH3CO0)2Zn) cootBetctBeHHO ¢ cepoBomopogom (H2S), pacTBOpeHHBIM B TpeOyeMOM
pactBoputene (dtmnarerare (DA)srunenrnukons (OI) nuctmnuposannas Boma(H20)) mpum
MHTECHCHUBHOM MEXaHUYECKOM MepeMEeIINBaHUH .

J3era -moTeHmman u gucnepcHocTh dactull COS HemocpeICTBEHHO B KOJUIOMIHBIX
pactBopax(DI, DA, H,0) ompenenmsum Ha Ja3epHOM aHAIM3aTOpe pa3Mepa YacTHIl U J3eTa-
NOTEHIMANA, TPHUHLIUI JCHCTBHS KOTOPOTO OCHOBAaH HAa JUHAMHYECKOMPACCESHHH CBETA.
[Tpubop Mo3BOIIAN aHATM3UPOBATH pacHpeesieHue YacTull 1o pasmepam B auamnazone0,6-6000
HM M U3MEPSATH JI3€Ta -0 TeHIIMAI YacTHI] pa3MepoM 5 HM — 10 Mxm.

CrieKTpbl TOTJIOMICHUSI B BUAMMON u OmmkHedl Y@ -0051acTH M3MEpsUIHCh B KBapIEBBIX
KIOBETax CAMMHON ontrudeckoro mytd 1-10 mm Ha cnektpodoromerpe B narepBasie 200-900 umc
maroMm 1 HM B Auama3oHe ONTHYECKHX IUIOTHOCTEH 10 3. ChekTpsl QuryopecieHInn
peructpupoBaimHa crektpodiyopumerpe B nuanazone 360-820 um ¢ marom 1 HM B pexume«Ha
OTpaKEHHE» JUII YMCHBIICHUs BimsHUs peabcopOuun. Cpemnuit paamyc dvactun CdS,
OLICHMBAJIM W3 CICKTPOB TMOMJIOMICHHS MO Kparw TMOJOCHI noriomeHusi(kpaii Ypbaxa) mo
U3MCHCHUIO IIUPUHBI 3ampenieHHol 30HBI (AEQ) OTHOCHTENBPHO OOBEMHOTO KpHUCTaLIa C
UCTIONB30BaHNEM TNpUOMmKeHnus dS¢GGeKTUBHbBIX Macc. Pa3mep wacTil ompeaensuics u3
CBCTJIOMOJIBHBIX M300pakeHuil (Mukpodororpadmii), MOTYUIEHHBIX HA MPOCBEUYNUBAIOIIEM
351eKTpOHHOM MuKpockore (IT9M) CM12, ko/utouaHBIEpaCTBOPHI HAHOCHIIUCH Ha MEIHBIE CETKU
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C aMop(l)HBIM YOIICPOAHBIM  TIOKPBITHEM, BBICYHIMBAJIMCh HU HCCICAOBAIUCH C PA3JIMYHBIM
YBCIIUYCHUCM.

Pe3yabraThl 1 UX 00cy:KaeHue. [[aHHBII METO/ PeaTM30BBIBAJIICS NPH HCIOIB30BAHUH B
kayectBe mpekypcopa kaamus ero amnertara Cd(CH3;COQO);:2H,0, wumeromero Xopouryro
pacTBOpUMOCTh. J[00aBKM HU3KOMOJICKYJSPHBIX OPraHUYEeCKHX pPAcTBOPHUTENICH, K NpPUMEpPY
TUMETHICYIb(OKCHIA, U Ap. C IENIbI0 TOBBIIIEHHUS PAaCTBOPUMOCTH APYTUX COJCH KaaMmus,
Hanpumep Cd (CH3COQ),, mpuBoguiu K TOMy, 4TO Npu ocaxieHuu HaHodactun CdS mnpu
BO3eiicTBIH H)S Ha peaklIMOHHYIO CMECh YaCTHIIBI CPa3y BBINAIAIHN B BUJE TPYyOOAUCTIEPCHOTO
ocajxka.

[To ommcaHHO# BhIIE METONMKE ObLIa MOJIyd€HA CEpHUsl KOJUIOMAHBIX PACTBOPOB B TPEX
pactBoputensix. DA —3TO CIHOXHBIA d3dup, HecmocoOeH K MOJMMEpH3alMH, YTO JIaeT
BO3MOYKHOCTh OIIEHUTH CTAOWUIIBHOCTh CHHTE3UPYEMBIX KOJJIOMJIOB BO BpemeHnu. HyO sBisieTcs
CUJIBHOTIOJISIPHBIM TPOTOHHBIM PAcTBOPHUTENIEM C BBICOKOH € =78 M HecrnocoOHa MPOSBISTH
CTaGHMIM3HPYIOMMX CBOMCTB 1o oTHOmerHno k KT rpymmsr A"BY.

CuHTE3UpOBaHHBIC MO OMUCAHHOW BBINIE METOAMKE KOJIIOWAHBIE PACTBOPHI HAHOYACTHII
CdS ObutH CTAOWIEHBI U HE MEHSIJTH CBOMX ONTHYECKHUX CBOMCTB TOCIIE UX XPAHEHUS B TEMHOTE B
TEUYECHUE HECKONBKHX CyTOK. [Ipm xpaHeHnmm koiutomaseix pactBopoB CAS/H,O Gomee 7 cyr
NPOMCXOANT BbImaneHue HaHodacTuil CAS B ocamok. [Ipyn MexaHHUYECKOM pearCIepTHPOBAHUU
YaCTHUIBI PABHOMEPHO PAaCHpEACNSIOTCS O BCEMY OOBEMY M JIUCHEPCHUS] OCTACTCACTAOHIILHO
TaKOHW e NITUTENbHBIA MPOMEXYTOK BPEMEHH. DTO TOBOPHUT O TOM, YTO KOJUIOMAHBIN pacTBOP
CdS/H,O B MeHble# cTeneHd o00JagaeT CEIUMCHTAIMOHHONW YCTOWYMBOCTBIO, HEXKEIH
KOaryJIIIMOHHOM.

Ha puc. 1 mnpuBeseHsl CHEKTphl morjiomeHus HaHodactuly CAS B pasznuuHbIX
pacTBOpUTENSX. AHAIW3 CIEKTPOB TMOTJOMICHUS IJIsi Pa3HBIX COOTHOIICHHH KOHIIEHTpAaLUi
MPEKypPCOPOB, B YACTHOCTH 3HAUYUTEIHHOE YBEITNYCHUE WHTEHCUBHOCTH TOTJIOMICHUS TUCTIEPCUHU
B MaKCMMyME€ JKCHTOHHOTO IMKa MPH YyBEIWYCHHH KOHIEHTpauuun HS u HeusmeHHoi
KoHIeHTparuu anetata Cd, mokas3pIBaeT, 4T0 MPU SKBUMOISPHOM COOTHOIICHHH TPEKYPCOPOB
kaqmuss u cepel ((CH3COO),Cd:H,S) B cpeiae He NUPOHMCXOAUT HXIIONHOTO XUMHYECKOTO
B3auMmojeiicTBusi. Takum oOpa3om, B pactBope, Hapsay co dopmupoaBmmmucs KT CdS,
ocraetcsi He npopearupoBaBmuii TOA Cd. UeTbipeXkpaTHBI W30BITOK HOHOB CEPbI K KaJIMHIO
OpPUBOIUT K APPEeKTUBHOMY (HOPMHUPOBAHUIO OOJBINEH KOHIICHTPAIIMM HAHOYACTHI[I BO BCEX
pactBoputelsix (puc. 1, kpusbie 3). @opMa MepBOro 3IKCHTOHHOTO MUK B CIIEKTPE MOTIIOIICHHUS,
M0 KOTOPOH XapaKTepU3yeTCsl AUCIIEPCHOCTh HAHOUYACTHI] B CHCTEME, MO3BOJISIET OTMETUTh, YTO
npu u30bITKE cepbl BOI "acTuiel B cucteMe 00Jieeé MOHOJUCIIEPCHBI, YEM IPU SKBUMOISPHOM
COOTHOUICHHH TPEKYPCOPOB WM W30BITKE KaJMHUS, MPU STOM Kpail MOJOCHI MOTJIONIEHUS HE
CIBUTACTCS M pa3Mep YacTHUI] OCTACTCS MOCTOSTHHBIM.

B cucreme CdS/DA  ¢dopmupyrOTCS  MOHOIUCIIEPCHBIC  YacTHILI IS BCEX
COOTHOUICHUMKOHIIEHTPAIIUI MPEKypCOPOB, YTO COMPOBOMXKIAETCS BBIPAKEHHBIM SKCHUTOHHBIM
nukoM. Kpome Toro, mpu u30BITKE cepbl MAKCUMYM TOJIOCHI TOTJIOIICHUS HE3HAYMTEIBHO
CIBHTAeTCS B JUIMHHOBOJHOBYIO oOnacte crektpa (puc. 1, 6, kpuBas 3), 4TO TOBOPHT O
HE3HAYUTEIbHOM KpynHeHuu HaHouactull. [Ipm cunrese KT B Boge ¢opmupyrorcss cambie
KPYITHBIE TIOJIMIUCIEPCHBIC YACTHIIBI — MAKCUMYM SKCUTOHOTO MUKA HE BBIPOKEH M HAXOIUTCS B
obnactu 470 HM.

73



BDU-nun Fizika Problerlari institutunun yaradilmasmn 10 illiyina hasr olunmus
Beynalxalg konfrans

_ 10 1
10 G \ B

—
o
L

[+=]
L

. o H
=1 [5] @“
1%} A
d o] o}
E 6 5 g 6 \\_\3
44 T
k‘\f'“'---hh_s\
2 | 2 | , _q_':‘::'—‘.-—_;_:__—'_;
500 300 400 500
j,nm

A, nm
Puc. 1. Criextpst norsomtenust CdS 8 O (a), DA (6) u H,0 ().
Coornourenne (CH;CO0),Cd:H,S: 2:1(kp. 1); 1:1 (xp. 2) u 1:4 (xp. 3)

U3 cnekrpoB moriomenus (puc. 1) Obul paccuuTtan cpennuit auamerp uwactur CdS.
Juamerp vactuir B OI' 1 DA cocTaBiseT OKOJIO 5 HM M TMOYTH HE 3aBUCUT OT COOTHOIICHHUS
ocamurens k mpekypcopy. s cuctembr CAS/HO mnpu yBenmuueHHH KOHICHTPAIUU
cepoBoziopoaa hopMupyroTCcs 60see KpymHbIe YacTulbl OT 5,5 10 8,0 HM COOTBETCTBEHHO.

JlaHHBIE pacdyeToB JAMAaMETpa YaCTHUI[ M3 CIEKTPOB MOTJIOMIECHUS] XOPOIIO COTIACYIOTCS C
pesynbratamu [I1OM. U3 puc. 2 BUAHO, 4TO HAHOYACTHUIBI COOpaHBI B arioMepaThl KPYIHBIX
pa3MepoB. DTH JaHHBIC TIOJITBEPKAAIOT PE3yIbTaThl U3MEPEHUI HEMOCPEICTBEHHO B PAacTBOPAx
METOJIOM JIMHAMHUYECKOTO paccesiHusi cBeta. J[aHHbIe CBETOpAcCEsSHUsl XapaKTepU3YIOT pa3mep
arJloMepaToB — CKOIUICHHS OTACIIbHBIX YAaCTHI, PA3ACIICHHBIX aJICOPOMPOBAHHBIMA Ha HUX
noHamu CH3;COO—- u HS— npensTcTBYIONMMEI UX CIUTAHUIO.

s, 0
«?& ,*iﬁ’i t‘;ﬁi-i

o ’;ﬁ %

Puc. 2. IIBM-poto aucnepcenii CdS B 3T (a), DA (6) u H,0 (8). CooTHOmIEHHE
(CH3COO0),Cd:H,S: 1:4 (a),1:1 (6) u2:1 (8)a 6 6

Haubonee kpymubie ariomeparsl CdS (mo 1 mxm) HaGmronarotes B OI, 410, BEpOSTHO,
CBSI3aHO C HAJIMYHMEM B CpeJie TIOJIMMEPHBIX LEMOYeK, TaK KaK PacTBOPHUTENb MCIOIB30BANICS 03
MpeIBAPUTEIBHON TMeperoHku. McciemoBanusi M3mydyaTeNbHBIX CBOMCTB JMCIIEPCHI TOKA3aly,
4ro B cnekrpax ¢ayopecueHimuCdS/3I' u CAS/DA (puc. 3) OTCYTCTBYIOT MOJIOCKI, CBSI3aHHBIE C
pa3MEpHO-3aBUCHMBIM  MEX30HHBIM  TIEPEXOJ0M,  TaK  Ha3blBaeMOW  «OOBEMHOII»
JIOMHUHECLICHLIMEH, 1 HaboAaeTcs MMUpoKas nosoca u3iaydeHus saunanasone 450—750 Hwm.

WznyyeHne OTHOCHUTCS K  TaKHA3bIBAEGMOW  «IOBEPXHOCTHOW  JIFOMHUHECLICHITI,
00YyCJIOBJIICHHOW M3JIydaTelIbHON pernakcalueil 4yepe3 Ae(eKTHbe YPOBHH KpPUCTAILTHUECKOU
pemetkn CdS, aTarxke BiIMSHUEM aJCOpPOMPOBAaHHBIX Ha moBepxHocTHdacTil HOHOB CH3COO-
u HS-.®dnyopecuennus B cucreme CAS/H,O e nabmomanack. IIpudmH 3TOro MOKeT OBITh
HECKOJIbKO, HANpUMep Hajamdue racsimmx ¢uryopecuennuio CdS mpumeceil, Takux, Kak HOHBI
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JKeJie3a Wi Apyrux KaHaHOB6BICTpOﬁ 6€3BIBquaT€HBHOﬁ peilakCaiuun BHCpFI/II/IBO36Y)KI[€HI/I$I B
qacTuhax.

I, oTH. eq.

|!3 .I4

400 500 600 700 800
A, HM
Puc. 3. Crextps! momuaecuenmn CASe DA (kp. 1) u O (kp. 2). dnuna
BoJtHBI Bo30 yikaerust 350 uM, cootrotenne(CH;COO),Cd:H,S — 1:4

3akiaoyeHue

[Tony4eHsl ycTOHUMBBIC KOJUIOWAHBIC pacTBOpbl HaHo4yacTtul] CAS auamerpom 3-6 HM B
DA, OI' u H)O. Crabunuzanust yacTWil B pPEaM30BAaHHONM CXeMe CHHTE3a OO0YyCIOBIEHA
3apsA0BBIM  (DAKTOPOM  YCTOWYMBOCTH M JOCTHTAETCSl B OTCYTCTBHE JIOTIOJHHUTEIHHBIX
crabunm3upyromux g06aBok. Ycrouussie quctnepcun KT B H,O u DA MoryT HenocpeIcTBEHHO
UCIIONB30BaThCSl KaK B KadyeCTBE HIMPOKOIOJIOCHBIX (DIyOpeCUpYyOMNUX IUCHEPCUA U JUIS
JAIbHEHIINX WCCIEIOBAaHUN KBAaHTOBO-Pa3MEPHBIX ONTHYECKHX CBOWCTB, TaKk M OBITh
MIEPEHECEHBI B APYTrUe PACTBOPUTENH, B T.4. MOHOMEPHI JUIS TOJTYYCHHSI ONTUYECKHA TPO3PaYHBIX
KOMIIO3UTHBIX ~ MarepuanoB.Takke MpenCTaBiseT HWHTEpeC MPOBEIACHHE  JATbHEHIITUX
uccnenoBanuii mpuauH oTcyrcTBusl piyopecuenimu KT CdS B BOIHBIX AHCTIEPCHSX.
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5CB NEMATIK MAYE KRISTALININ ASTANA
GORGINLIYINO BaTiO; NANOHiISSOCIKLORININ TOSIRI
M.9. Ramazanov, A.R. imamsliyev, $.9. Hiimbatov
Bak: Dovlat Universiteti
shirxan-humbatov@mail.ru

Muasir ekranlarin maye kristal displeydon ibarot olmasi onlarin  0Ol¢li vo ¢okilorinin
kicildilmasino sorait yaradir. Texnikanin davamli inkisafi maye kristaldan ibarat qurgularin
texniki xarakteristikalarinin yaxsilasdirilmasini tolob edir. Bu Usullardan biri daha yaxs1 maddi
parametrlors malik olan maye kristallarin sintez olunmasidir ki, bu imkan getdikco mahdudlasir.
Digar Gsul iso maye kristallarla basga funksional materiallarin xassolorini konstruktiv sokildos
olagelondirmakdir. Isds istifado olunan BaTiO3 nanohissaciklorinin 4-pentil 4-sianobifenil (5CB)
nematik maye kristalinin asas elektrooptik parametrlorindon biri olan astana garginliyina tasiri
oyranilmisdir.

Ekperimentdo nematik maye kristal olaraq genis yayilmis 4-pentil 4-sianobifenildon (5CB)
va orta 6lglst 600 nm olan BaTiO3 nanohissaciklorindon istifado olunmusdur.

5CB maddasindo nematik maye kristal fazas1 22 °C - 36 °C temperatur araligindadir vo
misbot dielektrik anizotropiyasina malikdir: ¢, =195, ¢, =6,7,Ae¢ =¢, —¢, =+128.

Barium titanat yiksok spontan polyarlasmaya malik olan seqnetoelektik material olub Kuri
temperaturu 120°C-dir®>. BaTiO3z nanohissaciklorinin maye kristalda dispersiya olunmas: xiisusi
texnologiya osasinda yerino yetrilir’. BaTiOz nanohossaciklori, olein tursusu vo heptan 1:2:10
¢oki nisbatinda garisdirilir.

Maye kristalin dielektrik vo elektrooptik xassalarinin todqiqi elektrooptik yuvacigin kdmayi
ilo aparilir. Elektrooptik yuvaciq tobagoli (sendvig) qurulusa malik olub, bir-birindon dielektrik
arakosma ilo ayrilmis, daxili sathi soffaf vo kegirici (nazik 1n,03) tobags ilo Ortilmis iki parallel
mistavi siiso 16vhodon ibarotdir. Planar orientasiya almagq magsadilo kegirici tobagonin tizarinoe
nazik oriyentant tobaqgasi gokilir.

Elektrooptik yuvaciga doldurulacag maye kristal tobagasinin galinlig: teflon arakesmo ilo
nizamlanir vo bos yuvacigin elektrik tutumunu 6lgmaklo

gt
CO
dusturu ilo dogiq tayin edilir. Burada ¢, =8,85 pF / m-elektrik sabiti, S- elektrooptik yuvacigin

is¢i sahosidir, C, -bos yuvacigin elektrik tutumudur. Maye kristal displeylords vo isiq
modulyatorlarinda totbiq baximindan elektrooptik yuvacigin osas parametrlorindoan biri Uy,

astana gorginliyidir. Bu parametri elektrik tutumunun goarginlikdon asililig grafikindon toyin
etmok olar. Elektrooptik effekt maye kristal mahitin effektiv dielektrik nifuzlugunun, bunun
£0ES

naticasindo yuvacigin elektrik tutumunun (c = = £C,) doyismasina sobab olur. 5CB maye

kristali musbot dielektrik anizotropiyasina malik oldugundan elektrooptik effekt planar-
homeotrop kegid soklindadir. Bu kegiddo maye kristalin dielektrik nifuzlugu artdigindan todgiq
olunan yuvaciqda astana gorginliyi olaraq elektrik tutumunun artmaga basladigi gorginlik
gotaralr.
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Sakil 1. 5CB doldurulmus elektrooptik yuvacigin volt-farad xarakteristikasi

5CB+BaTiO3, 45 mkm

Capacitance, pF

0 2 4 Volfage,v 8 10 12

Sakil 2. 5CB+BaTiO; doldurulmus elektrooptik yuvacigin volt-farad xarakteristikas:

Eksperimental naticalor

Sakil 1 vo 2-do gorundlyt kimi, tamiz maye Kristal olan yuvaciqda U, =12V gorginlikdan

baslayaraq elektrik tutumunun artmasi musahids olunur. Bu, yuxarida geyd olundugu kimi, maye
kristalin planar orientasiyadan homeotrop orientasiyaya kegmasi naticasinds effektiv dielektrik
nifuzlugunun artmasi ils baghdir. Maye kristala BaTiO3z nanohissaciklarinin slavs olunmas: volt-

farad xarakteristikasinda ohamiyysatli dayisiklik yaradir: tutumun U, = 04V gorginliyindon
baslayaraq zsif, Uy, =2V goarginliyindon baslayaraq koskin artmasi miisahids olunur. Bundan

olava, BaTiOs; nanohissaciklori olave olundugu maye kristal yuvacigin volt-farad
xarakteristikasinda 6 V-dan baslayaraq tutumun bir godar azalmasi gérindr.
Volt-farad xarakteristikalarindan o da goériindr ki, planar -homeotrop kegid zamani elektrik
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tutumunun giymoti tomiz 5CB  halinda Crrax = 2850 ~25, 5CB+BaTiO3; halinda
Cnin 1150
is:;Cﬂ = 325 ~ 2 dofo artir. Bu isa gozlonilon Eu _ 195 ~ 29 giymatindon xeyli asagidir.
Cnin 165 g, 67

Planar-homeotrop kecid hacmdas baslayir va garginlik artdigca sothlora dogru yayilir. Gucli
ilismo halinda soth yaxinhigindaki molekullar az donurlor, noticodo astana garginliyindon
dofalarla boylk goarginliklorda belo alinan homeotrop orientasiya mikammal olmur va dielektrik
nufuzlugunun g, =195qiymati alinmir.

BaTiO3; nanohissaciklori olava edilmis kompozitdo iki astana garginliyinin alinmasi
asagidaki kimi izah oluna bilar. Natica gostarir ki, 1% -li BaTiO3 nanohissaciklori arasindaki orta
mosafo 10 mkm tortibindadir vo elektrik sahosi olmadqda bu hissasiklor spontan polyarlasmasi
sifir olur, yani maye kristalin direktor sahosini tohrif etmir. Elektrik sahosi totbiq etdikdo
hissaciklor polyarlasaraq 6z lokal sahosini yaradir. Yuvaciga verilon gorginlik birinci astana
gorginliyindon boyik oldugda bu lokal sahoa hissaciklorin bilavasito sothi yaxinhigindaki maye
kristal molekullarinin orientasiyasini doyisir. Bu, maye kristalin dilektrik nufuzlugunu hiss
olunacaq doaracados artirir. Garginlik artdigca polyarlasmis hissaciklo maye kristal molekullarinin
orientasiyasi daha boyiuk masafolords doyisilir. Garginlik ikinci astana garginliyindon boéyuk
oldugda nanohissaciklorin tosir masafasi onlar arasindaki masafs tartibinds olur vo biitiin hacmda
molekullarin satho perpendikulyar dizullsu bas verir. Bu iso muhitin dielektrik nifuzlugunun
ikinci dofo vo koskin artmasina sobob olur. BaTiO3; nanohissaciklorinin slava olunmus maye
kristal yuvacigda planar-homeotrop kegidin iki morhalods bas vermosi elektrooptik 6lgmolarlo do
tosdiq olunur [3].
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ONPEJAEJEHUE OITUYECKUX KOHCTAHT - KOO®OPUIIMEHTOB
NOTJIOIIEHUS (o) U HPEJTOMJIEHUSA (n) B IIVIEHKAX CIIJIABOB  a-nk-Si:H

B.A. Hapgxkados, B.B. I[anamosa*
Wuctutyr Pangnanmonnsix [Ipo6nem HAH AsepOaiimkana
“BakuHcKuit I'ocynapcTBEeHHBIN YHUBEPCUTET

bnajafov@rambler.ru, vusalemuseyibova@gmail.com

B pabome uccredosanvt cnexkmpol UK noziowenus nienox cniagos a-nk-Si:H 6 ouanasone
snepeuu 0,03 + 3,0 9B. Onpedenenvt onmuueckue kodgpguyuenmor noznowenus (o) nienok 0 ciabo u
CUTbHO no2nowjalowux obracmel cnekmpa, a max dxce onpeoeieHvl Kodpguyuenmor nperomuenuss (N),
0151 PA3TUYHBIX NPO3PAUHBIX NOOJIONHCEK.

[lpu ompeneneHUM ONTUYECKUX KOHCTAHT, KOA(GGUIMEHTOB moriomenus (o) u
npenomwieHus (N), uaMepsieTcs BenmduHA nponyckanus T, orpaxenus R [1-15]. Ucnome3ys
YCIIOBUE COXPAHEHHS YHEPTHH MOKHO HAWTH KOA(D(PHUIIMEHT MOTTIOMIEHHS Ol

a+R+T=1. @)

W3-3a MHOTOKpaTHBIX OTPAXKCHHUU B MOJJIOKKE M IuieHKe (puc. 1), 3ajada yCTaHOBIICHHUS
cBs3u Mexny R u T u onTrHueckumu KOHCTaHTaMu He TpuBUaTbHA. OOBIMHO J1E1aeTCsl HECKOIBKO
YOPOIIAIONIUX MPEANONIOKESHUHN ISl TIOJTy4eHHs CBsI3U m3MepsieMbix BennuuH R, T, o u n. [pu
MPOXOXKJACHUM CBETOM TPaHUIBl pasjena ABYX CpeA, Majalouuidi Jyd pa3duBaercs Ha
OTP@XEHHBI H TPEJIOMIICHHBIM. HampaBienuss dSTuUX Jydeil ompenenseTcs 3aKkOHAMH
Tr€OMETPUYECKOM ONTUKU — 3aKOHAMH OTPaKEHUs U mpenomuieHus. OHAKO, TOJHOE OTHCAHUE
OPOUCXOASIIMX TIPH OSTOM SIBIICHHH TpeOyeT OmnpenencHuss WHTCHCUBHOCTH W COCTOSHHS
MOJIIPU3AIUN OTPAXKEHHOTO M IMPEJIOMIICHHOTO Jy4eil. [y MIOCKOW TpaHuIbl pasjena ABYX
M30TPOIMHBIX HE MOTJIOMIAIONIUX CPEl MHTEHCUBHOCTD U COCTOSIHHE MOJIIPU3AIMH OTPAKESHHOTO U
MPEeIOMIICHHOTO Jy4eil ompezensercss dopmynamu Dpenens, BeiBeIeHHbIMA UM B 1821 r. Ha
OCHOBAaHWHU CTaphlX TMpeacTaBieHud 00 ympyrom »dupe. Pa3Butas Bnocnenctsuu
HIEKTPOMArHUTHAs TEOpHUSl CBETa, Jaja 3THM (OpMyliaM HOBOE M BIIOJIHE IMOCIEAO0BATEIHHOE
000CHOBaHME.

Ir

A

NN

NN

Ir

Puc. 1.Cxemarnueckuit pa3pe3 CHCTEMbI IUIEHKA-TIOATIOKKA M XOJ JIydel B 9TOH cucTeMe!

|0 — MajaroIue, |-|- — Iporesnuee, IR — OTpaXeHHOU U3TydeHue.
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Jlnst pemieHust 3afadd ONPEACTCHUS ONTHYECKUX KOHCTAHT TOHKUX IUICHOK, Hamboliee
MPOCTBIM METOJIOM SIBJISIETCS METOJ, OCHOBAHHBIM Ha M3MEPEHUN MHTEPHEPECHIIMOHHON Kap THHBI
[0 CIEKTpaM MNPOIyCKaHWs NMPH NaJCHWH CBETOBOIO Iy4Ka MEPNEHIUKYISIPHO MOBEPXHOCTH
oOpasia. ToT MeToJ He TpeOyeT co37aHus CIeNUATbHON anmnapaTypbl. BeIYUCIUTENbHBINA TPY,
CBSI3aHHBIM ¢ 00pabOTKOW CHEKTPaJIbHBIX KPUBBIX TNPOIYCKAHHUS, MOXET OBITh CBEACH K
MHUHUMYMY 3a CYET IPUMEHEHUs yIOOHBIX MpOoTrpaMM Ha Komrmbtotepe. st 3Toro HeoOXoamumo,
9TOOBI ONTHYECKas TOJNIIMHA IUICHKW (DPOM3BEJCHHE TMOKAa3aTesisi MPEJIOMIICHHS —Ha
IEOMETPUYCCKYI0 TOJIIMHY) Oblla HE MEHEee IIOJOBHUHBI JJIMHBI CBETa, IAJAlOIIero Ha
uccienyemblii oOpaszen. PaccMoTpum cHavanma ciydaid cna®o TOMIIOMIAIOIMIEH TUIGHKH Ha
npo3payHoii  momyoxke. Kak  mpaBwiio, B KauecTBE  MOMJIOKKM  HMCHOJIB3YETCS

IIOCKONApajlIesibHas IJIaCTUHKA ¢ IIOKa3aTeleM IpeaoMieHus N,, KOTOPhIM HaM 3apaHee He
u3BecTeH. Ha miiacTHHKY HaHOCHUTCS CJIa00 MOTJIOUIAIONIMIA CJIOW ¢ HEM3BECTHBIM MOKa3aTelleM
npenomieHus N =n, —ik,. 3a orpaHUYMBArOIIKEe CpeIbl IpUMeM Bo3ayX n, =n, =1 (cpexa 1 n
cpena 4). CxemaTu4eckuil paspe3 TaKOW CHCTEMbl M XOJ JIy4deil MpH MaJcHUU Ha Hee CBeTa
nokasad Ha pucynke 1.Jlns onpeneneHus ONTHYECKUX KOHCTAHT IOJJIOKKH U IUIEHKH Ny, N, U

K, HeoOXOZMMO W3MEPHTb CHEKTPAIbHYK 3aBHCHMOCTb KOd(duimeHta mnpormyckanus To

YHCTOH MOMJIOKKH U KOI(PPHIIMEHTA MPOITYCKAHUSI CHCTEMBI TIJICHKA-TTOITI0KKa T.

BreiBenem Qopmyny mns koddpdunumenta mpomyckanus To uwmcroit momioxku. Cpena
orcyTcTBYeT. [Ipy majeHnu CBETOBOM BOJHBI W3 cpenbl 1 Ha MIOCKOMapauieNbHYIO TUIACTUHKY
(cpena 3) Ha rpaHMIEe pa3jeiia 4acTh €€ OTPaXKAeTCs, a 4acTh MPOXOAHWT BHYTPh cpeibl 3. B
IUTACTUHKE TPOHMCXOTUT MHOTOKPAaTHOE OTPAXEHHE OT OO0EHX TpaHMIl CpPeAbl 3, MPUYEM TNPHU
KaKIOM OTPa)XKEHUHM YacTh CBETA BBIXOAUT B cpeabl 1 u 4 Kak OTpaKEHHBIA M TPOMYIICHHBIN
cioem cBeT. KoapuuueHT npormyckaHusi TakOW IUIACTUHKYU TMOJICYUTHIBACTCS CYMMHUPOBAHUEM
BCEX MPOIYIIECHHBIX JIy4eH ¢ yueToM (ha30BOM TONIIIMHBI IUTACTHHKH (TIOIJIOKKH):

Ar
=|— |n.d,,
¢ (ljaa

rac d3 — I'COMCTPHUYCCKAs TOJIIIHWHA ITOOJIOXKH. B O6IJ_ICM CJIydac mojry4acTes (bopMyna,
y4UuThIBaromias I/IHTep(l)epeHLII/IIO MHOT'OKPATHO OTpaXKaromnuXCA nyqei/i:

TO — ( T34

: (2)
1+ R2, — 2Ry, cos¢)

B KoTopoit T4, u Ry, — ®penenesckue k09D GHUUHCHTE MPOMYCKAHUS U OTPAKEHHUS OT OJHON

MOBEPXHOCTH MIACTUHKY (rpanuie paznena 3 u 4). CorjaacHO JTUTEPaTypHBIM JaHHBIM PabOThI
[10], onu paBHsIL:

Ty =— 2 342—1- @)

(ns +1) Ny +
Ha mpakTuke Bcergja MMEIOT Ael0 C TOJNCTOW momioxkoil (dg >>A). B stom ciyuae
uHTEp()EePEHIIMOHHBIE SBICHUS HE HAOIIOJAOTCS, MOCKOJIBKY H3MEPEHHUE MPOU3BOJAMUTCS HE NS
OIHOM JJIUHBI BOJIHBI A, a IS HEKOTOPOrO ydacTka crnekrpa AA=A, —A;, IpomycKaemMoro

MoHOXpomatopoM. ITosTomy To Hy’)KHO YCPEIHUTE 11O @ OT @, 10 ¢;. Ilycts @ —@, =lm +Agp,
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rae Ap <. Torna nna To umeeM:

1 P
To= [Todo, @)
PrL=P2 g,

IpoBenst ycpenHenue u yuntbiasi, uto npu 03 >> A 11t cnektpooToMeTpoB cpeaHuii
pasperaronen crocooHocTH ¢ >> 1, OKOHYATENLHO T0aydaeM GopMyJIy:
2
T Ty 2n,

Ty = = = . (5)
® 1-Ry 14Ty, nl+l

Ora (opmyna MOXKET OBITH HCIONB30BAHA Ul BBIYMCIICHUS MI0OKA3aTeNsl npeaoMicHus Ng
MOJJIOKKU MO0 W3MEPEHHOMY JUIS JaHHOUM IJMHBI BOJHBI KOd(QuIMeHty mpomyckanusi. Ceer
JOJDKEH NajaTh Ha IOUIOKKY NEPIEHIUKYIApHO. Ilokasaresnh NpeaoMIIEHHS IUIEHOK N, MbI
oOcynum nanee.
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