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OPTICAL SPECTROSCOPY of GaSNANOPARTICLES
FORMED viaLASER ABLATION
A.M. Pashayev!, K.R. Allahverdiyev®’, E.Y. Salayev?, B.H. Tagiyev'?
!National Aviation Academy of Azerbaijan
’Azerbaijan National Academy of Sciences, Institute of Physics
kerim.allahverdi @gmail.com

Bulk single crystals of GaS were grown by Bridgman method. Nanoparticles of quasi 2-D GaS
crystals were obtained by laser ablation technique and characterized by: - XRF; -GDOES, - SEM and
TEM,; - UV-VISabsorption. Nanoparticles were ablated by using thelinel = 248 nm of excimer KrF laser
operated at f = 50 Hz with pulse duration t = 4 ns and maximum energy 200 mJ. Obtained results are
analyzed with respect to particle size. Absorption spectra of particles with diameter less than 18 nm
turned out to be shifted in the blue range of spectra. This result is consisted with a weak confinement
effect on Wannier-Moatt 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 TBITAK,
Marmara Research Centre, Materias Institute have been focused on layered semiconductors,
specificaly, 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) aso 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 GasS crystals were grown by
the Bridgman-Stockbarger method in an evacuated quartz tube (10 Torr). GaS single crystals
20 mm in diameter and 60 mm in length with yellow color were successfully obtained.

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

3.RESULTS

Growth from the melt (Bridgman method) provided large single crystals sufficiently
homogeneous and free of defects which alows 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 (Dg,” 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 a% 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 [110 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
GaS 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 GaSand InSe 2 ). According to Brus 3 an anaytical expression for the first
excited electronic state of the quantum particleis:

h?p? 1 1 1.8¢€°
P @)

E — — — polarization terms
2R m, m, eR

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; Ris the radius of the particle; me and my, are the effective masses of electron
and hole, respectively, and e is the charge of an electron, eis 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 |eft; 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.

REFERENCES

1. K. Maschke, and F. Levy, [Landolt-Bornstein Numerica Data and International
Relationship in Science and Technology, New Series, Group I11: Crystal and Solid State
Physicsl] Springer-Verlag, Berlin/Heidelberg/New York/Tokyo, Vol. I11/17f, p. 530
(1983).

2. A. Pashayev, B. Tunaboylu, K. Allahverdiyev, E. Salaev, B. Tagiyev, [linear and
NLO Spectroscopy of GaSe and InSe Nanoparticles Formed via Laser AblationUet al.,
accepted for publication in Proceedings of SPIE, (2015).

3. L. E. Brus, Electron-electron and Electron-hole Interactions in Small Semiconductor
Crystalites. the Size Dependence of the Lowest Excited Electronic State , J. Chem.
Phys., v. 80, pp. 1403-1411(1984).

21



BDU-nun Fizika Probler|@i Mstitutunun yaradmasm@ 10illiyin Chgr olunmul
Beynikalg konfrans

SENSING Of CONTAMINATIONS ON WATER AND EARTH
SURFACESBY LIDAR DEVELOPED AT NAA

A.M. Pashayev, B.H. Tagiyev, K.R. Allahverdiyev, |.Z. Sadikhov*
National Aviation Academy (NAA)
ilham-sadixov@mail.com

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 Fuorescence 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 Ingtitute of Transport and Aviocosmic Problems have been focused on remote
sensing of oil spills on awater 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 aNd:YAG (I 1064 nm) laser (QUANTEL, Big Sky Laser Series, CFR
200, I 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 viathe optical fiber.

Two types of spectrum analyzer have been used: 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 O 750 nm;  second- based on multichannel optical detector (LICEL
GmbH, Multispectral LIDAR Detector. Spectral sengitivity isin the range of 300 (1880 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 e ements together with 32 single photon counting systems provide 2-dimensional,
spectral and range resolved data (range resolution- not less than 7.5 m).

The signa 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 ispresented in Fig. 1 and Table 1, respectively.

Laser Telescope

Mobile
cart

Multichannel
optical
detector

Spectrometer

Figure 1. Genera 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 tel escope 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 lessthan 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 1800 nm

7 number of spectral channels 32

8 maximal distance of ranging 250 O

3.RESULTS

The typica 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: first- background measurement was done with closed
output of the laser beam (the laser was in operation); then the measurements of the fluorescence
spectra of given subject (oil, benzene and other spices) were performed; finally, the background
spectrum was substracted from the fluorescence spectrum of a given subject and required
spectrum was registered for future analysis, signal 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 spectraof seawater (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
pesk a 532 nm are dueto [fechnical peculiraitiesCbf optical system, which do not alow to block
totally second harmonic of 1064 laser line. It is seen that devel oped system allows to make reliable

detection of oil spills on water surface by [Maya 2000C]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: fluorescence 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; preliminary 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 distancesupto 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 ProductionClunder
Contract Nol and the authors are gratefully acknowledge this support.
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DEVOLOPMENT OF TECHNOLOGY OF OBTAINING AND STRUCTURE OF
NANOCOMPOSITESBASED ON ISATACTIC PP AND MAGNETITE (FesO4)

A.M. Maharramov, M.A. Ramazanov, H.A. Shirinova
Baku Sate 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 (Fe;s0O4)nanoparticles were added to polypropylen matrix and nanocomposites were studied by
optic microscope and SEM.

Nanoparticles of magnetite (Fe;O4)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 %m and 4 cm.

The distribution of magnetite(Fe;O4) nanoparticles in the polymer matrix was studied by
optical (Zeiss Axio Imager A2m) and scanning el ectron microscopy (SEM, Jeol JSM-767F)
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Figure 1. Studies of the microstructure of the magnetic polymer nanocomposites
by an optical microscope @) PP+5%Fe;0,  b) PP+7%Fe;O
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It can be seen from the Figure 1 that the distribution of particles improves with incresing of
consentration.

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

Figure 2. SEM images of nanocomposites a) PP+5%Fe;0, b)PP+7%Fes0O

SEM images show that for PP+5%Fe;O4nanocomposite avarage size of nanoparticles is
16nm and for PP+7%Fe;Osnanocomposites  avarage sSize of  nanoparticles  is
15nm.Agglomerations, occured in both case, which contain quite high content of Fe;O,
nanoparticles. But avarage size of nanoparticles in polymer is not so higher than initial size of
nanoparticles.
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RADIASLYA [LIMOD [FIKASIYA OLUNMUPOL [PROPILEN (PP)

VIGIMY [BULF [D (Ag.S) USASINDA PP/Ag;SNANOKOMPOZITLR [N
SONOEMULSLYA fSULU [LLALINMASI VIQURULU

M. Ramazanov, S.Q. Nuriyeva, LA. M Imhmidli
Bak* D«vkt Universiteti
dliyeva-s@list.ru., i.ilahe199218@gmail.com

T«dgim olunan i>d< kombinasiyal“ metodla al“ nm*> izotaktik polipropilen<vgfimfi> sulfid <sad“
nanokompozitl<rin al“ nma texnologiyas® ixnmi> v< polimer nanokompoztin qurulu>unda ba> ver<n
deyi>iklikl<r, nanohissccikl<rin formas “, paylanmas* v«lflfisfi t«dgiq olunmusdur .

Son ill°rd™ “zvi polimerl™r” daxil edilmi ~— qgeyri-"zvi nanohiss”cikl"r"sas “"nda al"nm”™
materidllar'n  t'dgigind”™ perspektivii  ntic’l'r  “Id”  edilmi dir.G'm™  sulfid ( Ag:S)
nanhoss’ciklrin® mara "“n artmas” onlar'n unikal elektrik, termoelektrik, optik v~ fotogolvonik
xass1'ri ilI” ba'I'dr [1-3]. Trkibind® AgS nanohiss'cikl’ri olan nanokompozitl™r bu
xass1°rin® g gn”  elementi, yarmkelitici, fotodetektor, sensor, ekranladr'c” “rt°k, radio
dal alar’n aktiv adsorberi v~ infrag”rm’z" “danman™n polyarla d’r’'c’s” kimi m™xt’lif cihazlarda
geni t'tbig sah’l'rin® malikdir [4-5]. Bundan ba gaAg,S “sad” polimer nanokompozitin
xass'1°ri polimerin sintez  “suluna [©x h “ssasd™r V" polimerin qurulu undan kifay™t qd'r
as’I”d’r. Polimer AgzSnanohiss™cikl “rinin matrisd™ “IC1°rin"v" paylanmas ~“na stabill™ dirici v~
qurulu  yaradan molekul kimi t"sir g'st’rir . Dig’r t°rfd"n geyri -“zviv™"zvi materiadlar "n
bir” m"si h'r ikifazan™n xass1°rinin "Znd~ c’'m"m’sin” v* daha yax ~ n’tic’l’rin “Id”
olunmas'nasb’b olur [6].

Qeyd etm’k laz"md’r ki, b'zi polimerl riradiasiya ( - "a) il "modifikasiya etdikd™ onlar “n
xass'I'rind™ d"yi iklikl"r yarana bilir. Bel”™ “@anman™n t"siri il” ba ver™n d’yi iklikl raliml"r
" geni ara d’rma m’vzusu olmu dur. Polimerl “rd” gamma “aar'n t"siri il” d’yi 1klikl“rin
“yr nilm"si mvzusu polimer "Ch uy "un stabil sistemin yarad'lmas™ bax’m ndan da maragl™d’r.
M~ yy"n edilmi dir ki, radiasiyat™siri polimer!”rd™ kimy“vi d"yi iklikl"rin, h"m(ihin tikilm™I"r,
Z'ncirin da”"Imas’, m™x tlif kimy“vi gruplar “"n yaranmas'na Sb’b olur .Onlar'n optik xass'I"rini
arad’rd’qdais gada an olunmu zonan™n eninin azalmas” m™ ahid~ olunur [7-9].

Polimer/yarmkelirici nanokompozitl “rinhaz rlanmas™  “[hbir Ox"sullari T “nib
haz'rlanm”™ dr. T"dgig olunan i d" is" polipropilen (PP) V- g'm™  sulfid "sas™ (PPIAGS)
nanokompozitinin a“nmas” prosesind’ ultras’s v° mikroemulsiya metodlar “n” f'tbiq edil'r'k
kombinasiyal™ a“nma “sulu t"qdim edilmi [10],h"mihin sintez zaman “polipropilenin
aktivliyiniart'rmag “(h onun tozunu  *°Co izotopunun - ~aar” il * m"xt "lifdozalarda (15, 30, 50
kGy) "dand’r'Im” v~ radiasiyan™n polimer nanokompozitin qurulu una, morfologiyas'na tsiri
“yrnilmi dir.

“aa™n PP polimerinin qurulu unda hans” effektiv d’yi iklikl"r™ s’b™b olmas “n”
m~"yy"n eim’k "Cn  modifikasiya olunmam™, “aar il” modifokasiya olunmu  polimer v
h"min polimer “sas “nda al"nm™PP/Ag,S nanokompozitin °Q spektrl“ri kil 1-d" g'st “rilmi dir.
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(IK.1. Modifikasiya olunmam™ PP(a), - "as il~ modifikasiyaolunmu (b) PP
v~ h"min polimer "sas “nda a”nm” PP/AgS (c) nanokompozitin °Q spektr!ri

1167, 997 v- 972 sm™ zolaglar™ polimerin izotaktik oldu'unu g'st “rir. 2950v" 2870-
2880sm™ pikl“ri 10 sgruplarn'n asimmetrik V' simmetrik valent r'gdl™ri n”,2920v"2838sm™
piklri is™ F0Ogruplar'n’n asimmetrik valent r'qd’rin™ uy "un glir.,"danmadam sonra b “zi
xarakteristik pikl“rin (1167, 997 sm™) yoxa [xmas” m™ahid ~ olunur. Bu da polimer z'ncirin
da“Imas’ dem’kdir. 2838, 1462 v~ 1378 sm™ pikl™ri d* m™"yy"n d'r’c’d” itir . Bel"likl” metil
V™ metilen gruplar'n'n GH rabit’l"ri q r'I"'r.Denik olar ki, “alanma CH 3 gruplar’'n'n say’n”
azaldarag onlar™ CH, gruplar'na [evirir v~ polipropilen z'ncirind™ tikilm’I"r" s'b’b olur.
“~danmadan sonra polimerd ™ h™ r hans™ bir Kskin pikin yaranmas™ m™ ahid~ olunmur. Yaln™z
3370-3400 sm™interval"nda geni~ bir zolag m™ahid ~ olunur ki, bu da O-H hidroksil gruplar’na
uy'un g’lir. Bu isS Tadanman'n t’sirind’n polimer Z'ncird® hidroksil gruplar'n’n
formalad ~n” g'st “rir. H"mihin 1600 -1715 sm™ dal"a uzunluglar” oblast"nda zolaglar yaran'r
ki, bu da C=0O grupla'n’n yaranmas  denikdir. Bu yeni gruplar’'n yaranmas’ ~aanma
prosesinin vakuumda apar’lmad” “ndan ir’li g’I” bil’r, y'ni oksigen havadan g't"r"l” bil"r.
PP+Ag,S nanokompozitinin °Q spektrini t°dgiqi 2838, 2722, 1716, 840 sm™ pikl“rinin v* 3370 -
3400 sm da’a uzunlu undak™ intensivlikl “rinin azalmas™ g'rnr.H "mihin ilkin halda
m™ ahid” olunan 1629, 1598 sm pikl“ri d” m™ ahid™ olunmur. Bu is” h"min gruplar “'n AgS
nanohoss cikl’ri il” “r"Im"sin” d’la™t edir. Nticcd™  "alandr'Im”™ polimerin nanohiss™cik
“[n optimal m™hit oldu unu anla™I"r.

,Jalanmadozas’n"n matrisd ~ nanohiss cikl"rin formala mas'nat™sirini t"dqigq etm"k "Th
kil 2-d" ilkin m"hlullar "n sabit konsentrasiyas nda (0,01M), m™xt”lif dozalarda modifikasiya
olunmu polimerl“rd"n al "nm™ PP+Ag,S nanokompozitl“ri ninatom g"vv "~ mikroskopik (AQM)
t"svirl™ri g'st”rilmi “dir.

AQM t svirlrin t"hlilind"n g'r'n’r ki, “~alanmadan sonra polimerin s"thi daha hamar
olur, y'ni n"mun’nin s'thinin qurulu u polimerd™ yaranan aktiv m'rk™zl"rin hesab “na d'yi ir.
H'mihin, “aanman™n dozas'n'n artmas” il” kompozitin h"cmind” Ag »S nanohiss’ciklrinin

miqdarn'ndyi m"si, y'ni myy"'n giymt” kimi [@xalmas ~ m™ ahi d" olunur.

Bel” bir nticy” g'Im’k olar ki, polimerin bu nanokompozitd™ funksiyas ~ t'k ba’lay™c”
kimi deyil, 'm d” g'm™  sulfid hiss™cikl“rinin aglomerasiyas™n'n gar “s'n” amagd’r. Dem’li
nanohiss™cikl“rin diametrini t"sir ed™n faktorlar “n parametrlrini uy'un se(1r'k idar” etm’k
olar. Be'likl", Talar'n dozas’'n” dyi "r'k nanohiss'cikl'rin formala mas’, paylanmas” v°
I8N idar © etm’k olar. T dgigatlar n'tic'sind® g'm™  sulfid nanaohiss™cikl“rinin
polipropilen matrisd™ bircins v- homogen payland ™~ m™ ahid ~ olundu.

33



BDU-nun Fizika Probler|@i Mstitutunun yaradmasm@ 10illiyin Chgr olunmul
Beynikalg konfrans

a) -

c) dy .

[IK. 2. Mxt"lif dozalarda ~aland” r'Im'_tozlardan"d”nm“_PP+AgZS naﬁokompozitinin
SEM t"svirl"ri: @) 0 kGy b) 15 kGy c) 30 kGy d) 50 kGy
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TACLI BOIALMANIN T OSIRCALTINDA POLYARLAMA PROSESNICN
PVDF/ZrO, POLIMER NANOKOMPOZYA MATER[ALLARININ
QURULUMW V OLYMMESSENSOYA XASSILO RONOOTO SIRO
F.V. Haclyeva, M.A. Ramazanov, A.M. RIRimli
Bak* D«vkt Universiteti, NanoAra>d“ rmalar Laboratoriyas'
mamed _r50@mail.ru

Verilmi> i>d< tacl” boralman“n tsiri alt“nda polyarlasma prosesinin PVDF/ZrG polimer
nanokompoziya materiallar n“n qurulusu v lfiminessensiya xassd<rinc tcsiri «yrnilmi >dir. Mficyyn
edilmi>dir ki, polyarlasma prosess zaman® nanokompozisiyas' n“n komponentti aras“nda yaranan
fazalararas® srh«dd< yaranan yfikl<r hesab “ na yfiksk daxili lokal sah< yaran“r w bu sahnin tesiri
alt" nda nanokompoztkrdc <lav« Ifiminessent nxrk<zl<r yaran “r y ncticedk Ifiminessensiyan “ n intensivliyi
art‘r.

Polimer matrisd” yerl” "n fotoaktiv nanohiss’ciklrin [0x b'y"k kimy“vi aktivliyi malik
oldu'undan onlar matrisd”™ [0x y'ks'k fazalararas = qgar ~1°ql” fsirlr g'st’rir. Nanokompozitd
nanohiss™cikl“rin “I17°ri formala an “stmolekulyar qurulu Tar'n "I “rin” yax "n V" ya b'rab’r
oldu'undai ~"n t'siri alt”nda polimerin makromolekullar™ yar'mkelitici doldurucuda yeni “lav”
I"minessent m~rk"zl"r h"y"canland “r’r [1-2]. Nanokompozisiyalar'n polyarla ma prosesi zaman”
kompozisiyalar'n komponentlri aras’ndak™ maksvell relaksasiya m'dd’tinin f'rgi hesab na
fazalaras” srh™dd”™ elektrik y'kI'ri y “"I'r v bu ykI'r nanokompoziyan “n komponentlri
aras' ndak” fazalararas™ gar ~17ql” tsirl"ri d"yi ir. Nanokompozisiyalar 2 v~ ya daha [0x v~ bir -
biril” kompleks elektrofiziki v~ fiziki -mexaniki xass'Irin” g~ r" k"skindyi “n komponentl“rd"n
ibar"t oldu'undan onlarda laylararas’ polyarla ma prosesinin ba verm”™si m™mk™nd’r. Bu
prosed“rin ba verm” ehtimal ™ polyarla ma “raitind™n, polimer matrisd™ v~ polimer -doldurucu
srh™ddind” y'k t"I"I"rin konsentrasiyas =~ v" d'rinliyind'n [@x g'cl” as “I"d’r. Bununlaba'l” tacl”
bo dman™n t'siri at’nda aparlan polyarlama prosesinin nanokompozitl'rin qurulu v~
I"minessent xass™I"rin™ t"sirinin “yr'nilm’si [0x by k maraq k"sb edir.

Verilmi i d” tacl™ bo aman’n t'siri dt'ndaba ver"n polyarla ma prosesinin PVDF+ZrO,
"sad” nanokompozisiyalar'n qurulu u v* I"minessensiya xass'|°rin” t"siri “yr'nilmi dir. Tacl”
bo ama il” polyarla ma prosesi iyn"-m"st"vi elektrodlar vasit’si il® h'yata kelirilmi dir.
Bo ama g-rginliyi U; 6-9 WV, bo ama m™dd"ti 5-10 d'qiq” t° kil etmi dir. N"mun "I*rin
ga™nl”™ 100 mkm t™ kil etmi dir. T cr'b™d™n “wWI n"mun’l’rin s'thi x"susi t'mizl"nmi dir.
Daha sonra ""mun”l"r yer” ba'lanm™ elektroda yerl™ dirilmi v~ 6 kV grginlikd™ n"mun”
edilmi dir 3.

H'miihin PVDF+ ZrO, “sad”™ nanokompoziyalar'n tacl”™ bodman'n t'siri at’nda
polyarla madan "nc” v~ sonra qurulu u atom-g vv "t mikroskopu vasit’si il” t°dqiq edilmi dir.
Skanetm™ hava “raitind” rezonans tezliyi 40-97 Hs-" v~ ucunun “yrilik radiusu 20 nm brabr
olan plazmakimy™vi “sulla haz “rlanm™ zondlarla °ntegra-Prima skanedici-zond mikroskopunda
apar'lm”dr. M™7yy'n edilmi dir ki, tacl” bo adman™n t'siri alt'nda polyarla madan sonra
nanokompozisiyalar'n sthinin qurulu element!“rinin x ‘rdalanmas” ba verir 4 .

PVDF+1%ZrO, “sad™ nanokompozisiyalar'n I"minessensiya spektrl “ri tacl™ bo amadan
“nc” v” sonra Cary Eclipse spektrofl“orimetrind”™ 300-700 [Idal "auzunlu u interval'ndat ~dgiq
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edilmi dir. L™minessensiya spektrl “ri  n"mun”ni =265 nm da'a uzunluunda
h y"canland’r’ Imagla a”nm” d'r. kil 1-d° PVDF+ZrO, "sad ™ nanokompozisiya materiallar'n'n
tacl” boadmaya m'ruz edilm’d’n "nc v© sonra I"minessensiya spektrlri g'strilmi dir.
Ckild'n g'r'ndTy” kimi - I"minessensiya spektrind” 389 nm, 446 nm, 458 nm, 495 nm, 530 nm,
565 nm pikl’r m”ahid” edilirM™"yy'n edilmi dir ki, tacl” boaman’n t'siri at’nda
polyarla madan sonra I"minessensiyan™n intensivliyi artm”™d’r v~ bu artma dem’k olar ki ZrO ,-
nin polimerin matrisind’ki b™t"n migdarlar “ndam™ ahid” edilmi dir.

200+

2.0

500+

302,00

Intensity (a.1.)

400+

200 -

400 500 600 700
Wavelength (nim)
IR. 1. PVDF+1%ZrO, “sad ~ nanokompozisiya materialarn’n tacl”

bo amadan "nc” (1) v" sonra (2) I"minessensiya spektrlri .

Ukild'n grndy” kimi, PVDFZrO , nanokompozisiyan'n |"minessensiyas’n’n
intensivliyi “sas’n 330 nm, 360 nm, 378nm v~ 531 nm dal"a uzunlu undak™ pikl"rd™ m™ ahid”
edilmi dir. Frz edilir ki, polyarla ma proses zaman® PVDF+ZrO, nanokompozisiyas'n'n
komponent!“ri aras'nda srh™d y'kl"r hesab “na [0xlu miqdarda elektrik y'kl “r yaran™r. Bu yklr
hesab'na y"ks k daxili lokal sah™ yaran™r V" bu sah™nin t"siri  at’nda nanokompozitlrd™ “lav”
I"minessent m“rk™zl"r yaran “r V- ntic’d” I"'minessensiyan “nintensivliyi art’r 5-6 .
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THE TECHNOLOGY OF PREPARATION OF NANOCOMPOSITESON THE
BASE OF ISOTACTIC POLYPROPYLENE/TITANIUM NANOPARTICLESAND
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.,
magneticltransparent, conductiveliransparent, catalyticCimagnetic, 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 spectrafor the pristine PP (1), PP+1%Ti (2),
PP+3%Ti (3), PP+5%Ti (4)

The IR spectra revea 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 arelatively ordered structure with the
introduction of 1% of titanium nanoparticles in the polymer.
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TOPOLOGICAL INSULATOR BASED PHONONIC
CRYSTALS:FUNDAMENTAL AND APPL[CATIONS
A.M. Mamedov
Bilkent University, Ankara, Turkey
mamedov @bilkent.edu.tr

It iswell 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 metamaterias, they refer to the moduli (bulk, shear, and anisotropic) and density of a
designed composite material. AMM have the potential to achieve unigque, unprecedented effective
acoustic properties [2] while maintaining reasonable sample sizes. Analogous to their
electromagnetic counterparts [3], these materials utilize engineered deep subwavelength
microstructures, making effectiveemedium theory and effective properties appropriate.
Unprecedented anomal ous effective properties have been predicted and demonstrated using these
designs, with negative acoustic and elastic properties drawing magor interest due to the
implications of new interface and shear modes, evanescent wave enhancement, and reversa
Doppler effect and refraction [3].

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

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

of wave) were plotted versus the wavevector k along the ¢ -X-M-¢ pat h in the square Brillouin
zone (BZ) show four stop bands in the frequency range 0.01-8.0 kHz. The ferroel ectric properties
of matrix and unusual properties of topological insulator give us ability to control the wave
propagation through the PC in over awide 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 []which is an expression of ([@&2[dl) 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 * -X-M-¢ with vertices at « =(0,0), X = ([]10) and M = (L10l 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 cal culated by sampling k-pointsin the 2D BZ. We
found the density of states as a function of frequency [Chy doing a sum of al 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, [(k), for the first and second bands were cal culated. 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 [+X, X-M, and M-[Hirections 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) Thedispersion, [(k), relation (band -diagram) for the first bands of
the square phononic crystal, calculated for all k-vectorsin 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 [X-M-[Hdirection 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 sguare like contour aso 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 aso 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 unusua wave phenomena observed at crystal-air or crystal-isotropic medium
interfaces. In order to understand the dynamics of wave propagation, the concept of group
velocity may be useful from the viewpoint of energy transportation. From [2], it follow that the
envelope of the wave packet propagates with the velocity Vg. The direct calculation of the
derivative of the dispersion relation calculated numerically is not aways 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
caculated the group velocity aong the high-symmetry directions [FX-M-¢ of the BZ. It is
evident that the components of the group velocity versus the high symmetry direction (¢ -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 crysta
composed of a topologica 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 perspectivesin away 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 ethanal. 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 NPsin Hel a 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 commercia CdSe quantum dots.
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MSBAMIL [HLBUWM TOZUNUNKMY [V [
ATLAMA METODU [ CALINMASI
F.LRestlhov, N.H. Dldvi  [dv, M.Z. M [lMmI[dov,

V.E. Ba,[yev, Y.Y. Bobrova, H.O. Qafarova, Z.A. A,amal yev
Bak* D«vkt Univer siteti, Fizika Problemi<ri ETO

Mcsanxli silisum ununun kimy<«vi a >*lana metodu il< al“ nma texnologiyas*® ixnmi>dir. P- v« n-
tipli silisum ununun kimy«i a>‘ lanmas® modifikas‘ ya olunmuHF:HNOs;: CH;COOH nxhlulunda
oksidl<>diricinin  flat“>mazl“—  rgimird apar“Im‘>d‘r. Al“nm*> nfimlmin morfologiyas“ v
fotolyuminessensiya xasscI<ri t«dgiq edilmi >dir.

M"sam’li silisum tozu ad"t'n iki texnoloji “sullaa “n’r. Birinci “sulda m”sam’li silisium
t'b’g” silisum I'vh’sind’'n ayr “laag, ultras's vannas'nda “y'd’1r. N “tic’d® m"sam’li
silislumun t'miz “kild" tozu a “n’r [1]. Lakin bu “sulla praktiki t"tbiq "[h laz “m olan g'dr
m-sam’li silisium tozu haz “lamaq problemlidir v* baha ba a g’lir. °kinci “sulda “vv’Ic” silisium
kristal™ mexaniki yolla K'r“vi dyirmanda "y"d’I’r, sonra a “nan toz d'n’lri uygun a “lay’c
m’hlulda kimy“vi a “lanmaya m’ruz gal”r. Adt'’n a “lama "[h t “thig edil"n m hiul 4:1:20
hcmi nisb’tind” gt Im™ ~ HF (49%), HNO3 (65%) v- H,O gar™ ™ “ndan ibar"tdir v- m “sam’li
silisumun formala mareaksiyas'n'n aras’ K'silm"z eem’k "Cn m"hlulat"driccn HNO 3 damc’lar”
“lav” olunur [2]. Bu halda a “nan tozlar d'n"ciklri silisium kristallitl"rin “n “z"rini nazik sthl”
“rtm” m “sam’li silisum gat “ndan ibar"t olur. Bu “sul la, prisipc’, kifayt q°d’r toz ha “nda
m"sam’li silissum almag olur, lakin bu “sulun O"Xx™~ kifay't q°"d’r azd “r. Bundan baga bu
m*hlulu K'silm°z v" intensiv olarag gar ~ d’rmaqg t'I"b olunur. Bu da onunla “lag"dard r ki,
m"sam’li silislum gidrofobdur v~ su daislanm'r.

Bu i d” m'sam’li silisum tozunun modifikasiya olunmu — m“hlulda al "nmas” metodikas
i I"nmi dir. MVl p - V" n -tip silisum t°b™q"1"ri K'r'vi diyirmanda "y"d"1"r’k hiss"cikl"rinin
“ITT “ri 5 mkm- d"n kilik olan silisium tozu al “nir. A "layc’ m"hlul olarag 1200:1:800 h“cmi
nisb’td” gtrlm™  plavik turusu (49%), nitrat tur usu (65%) v~ sirk” tur usu gar” "
selilmi dir. A" lay’c® m~hlulda sirk™ tur usunun kifay™t gq"d’r olmas ™ silisum ktistallitl"rinin
yax ~ islanmas’n” fmin edir. A “lanma “ffaf polipropilen gabda magnit gar” d’r'c’'s'n'n “st'nd”
aparI'r. MVl gaba silisum tozu, sonra is” a “lay’c’ nThlul t'K'I"r. Qabarc “glarla m™ ayi "t
olunan reaksiya bir d'giq’d’n sonra ba Tay'r. M"sam’li silisum toz d"n’I"rinin a “nmas’
m’hlulun s" thin™ onlar™n Cxmas™ il” m™ ayi"t olunur ki, onlar da m"hlulun sthind'ny “"“I"rlar.
Bu prosesd” zaman keldikc™ reaksiyan 'n sTti azar, ona gr~ m'sam’li silislumun
formala mas'n'n aras’K'silm’z edilm™si "Cn m"hlula periodik olaraq damc “larla nitrat tur usu
“lav” edilm’li v© m"hlul arada arabir gar ~ d’r’Imal”d’r ki, onun bt"n kristallitl °r" t"sirini t"min
etm’k m™mk™n olsun.

G'stril’'n "sul ilI” a “nm” m"sam’li silisium tozu vizual olaraq gonur -nar'nci r’ngd” olub
otag temperaturunda q'rmq z” rngli f otoluminessensiyaya mal“kdir.

, kil 1-d” silislum tozunun kimy“vi a “lanmadan “wlki V" sonrak © 900 Vv© 45000
b'y"tm “I"rd” SEM “kill"ri verilmi dir. G'r'nd’y” kimi kristalitl “rin sthind™ a “nan m'sam’li
silisium s'thin morfologiyas™n” tam d'yi ir v~ s” th nahamar olur.
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0)
kil 1. Kristdlitl™rin s’thinin m"sam’li silislumsuz (av”™ ¢) v- m"sam’li
silisum gat"n’n yaranmas ndan sonra (b v’ d) SEM t"sviri.

Al'nm™ m'sam’li  silisum tozunun
fotoluminessensiyasn'n  “adanma  spektrl “ri 1
t°dqiq edilmi dir (, “kil 2). ,“alanma s pektrlri L
320 nm dal’a uzunlu'undak™ i “gla h "y can- i
lanm™dr. Bt'’n n"mun “I"r otaq temperatu -
runda, yar'meni 0.85 eV olub, fotoluminessen
syan'n maksmumu 661 nm"~ d” "n q'rm’zZ
luminessensiya ma“kdirl’r v© bu silisum
I'vh™I"ri “Z°rind” @ “nan m'sam’li silisumun
““alanma spektrl “rin” tam uy “undur [3].

0.8 4

0.6 -

0.4 4

PL intensity, arb. units

0.2 4

0.0 ——T
16 18 2.0 22 2.4
hv, eV

(OKil 2. M"sam’li silisium tozunun
fotoluminessensiya spektri

DB °YYAT

1. Lopez J. et a. Synthesis of colloidal solution with silicon nanocrystals from porous silicon.
Nanoscal e Research Letters, 9, 2014, 571

2. Manilov A.l., Litvinenko S.\V., Alekseev SA., Kuznetsov G.V., Skryshevsky V.A. Use of
powders and composites based on porous and crystalline silicon in the hydrogen power industry.
Ukr. J. Phys. 55, 8, 2010, 929.

3. Rustamov F.A., Darvishov N.H., Bagiev V.E., Mamedov M.Z., Bobrova E.Y., Qafarova H.O.
Determination of size and bandgap distribution of Si nanoparticles from photoluminescence
excitation and emission spectra in n-type stain etched porous silicon. J. Luminescence, 154, 2014,
224



BDU-nun Fizika Probler|@i Mstitutunun yaradmasm@ 10illiyin Chgr olunmul
Beynikalg konfrans

(" (T TSI
ZnO/PMMA [T [T

[&,, . [—T]] LI T «. L« FEMD
(T
shahla_shamilova@mail.ru

§ ¥ (MM EIIDIIINLG ¥ [MIIMNZNnO.
G FEHIGITTN T O [T ST (TR [T I
(LTI ¢ [T ST ZnO/PMMA - [T [ [Q I (I f (T
[T TP=OIHIE ¥IT¥0 (T f (ORI, - (T
(OO T AT f O OO O T OO
(CIITTPATY (T, CCITTT (I (L0 T/ I O (I ()

(IR (R {IEIIIT O (I (I
JIN [0 (ZnO) [N [N (GO O ¢ O

(LLIIJf (I D E, 3.30 8, n-IIJ I $000 [N [ -

(LT]J [CCITOTOTIITIIII ], (OO [[IIT[ 2], (I

[3] CIMIBI] 4], ZnO, [T I I

([T (I (DD I I -00  (CIGS) [5]. (I

TR y4y e JuilnEii fIIET  -[IIIII]

(- (OO O T T D (O T

(OO O DI I OO GIII ZnO - ([T

([T (T (I (00 (I (T [T [ 6, 7], D O [
i (RO [T O [ O OO0 > GO

(j)f (LI (I (D (OO (D (O (- (T

([T (T (I () (LI (O DO D
QI £ AELIRRRRL DDV RRRRARENNRRRRARRNRARRRTRRNRRRRYS ARRRRRAIOY
(LTI T T, (I 8]

§  [TIIIT (0 [T (TN (I (0 (40 -100 0 ZnO [N
(T PMMA/SnO, I [TTIIIII

AT AT (T G CXCE D (XTI T
(T (I (D O (I (0 (I (G O
(CIITIIIIIT (I ~1.2 V. >[I0 [ ([T (I (00 (D 1 200 (1)
(CIIITTITITII MITB -4 9]

(MM [ ZnO MO0 [ O OO T
(LTI AT O (7 O [T T I O A g/AgClL T
([T 0Ommn §n  [Imn  omm 0,4, [m [
(Zn(NO3),BH,0) [T O 150 00 I [0 <G

([T [ 80 f (02 C). JII  [IN10 08 D ? [ [ I I
(LTI [T (T [ ( -0.9 0 -1.1V) [IMIIMTNAg/AQCI. ¥
([IMMOIIINS S50 “F ORI [T —GI e T

(LTI (T (T (1 Cf (0 (G T O (T

(1£,). ¢ [ID D [0 O O O b - (I
(TR (T i (11110 (MY nO I

(T CO e T e OO
([T [T [ [N ZnO - [T [T T [

45



BDU-nun Fizika Problerli [@Astitutunun yaradlimasim 10illiyin Chigr olunmul

Beynlkalg konfrans

([T « (T (TR (T ZnO - [ (T 0 O 1.

>SN  [IITIGI [T [T -09 Vv, [ [
(T T e (T T 002)
100 g
B
Ho §
&
a & <
g hO § Z@ = % Q 7
N Lz )5
£ 20-—LM_~__A_&__~__
20 (degree)
71
FGIAID (T ([T 000 [T [0 O
(T8 (T G20 £, alllBI] 1.

M0 -0.9 /. =II0 (I (I (I (XTI (I (0

(T~ 1.0 OO , (SIS I

(MR IIIIIIIIIIZ nO, [T (T -1.0 V.«
(I

N - N «
e e
]

a)

2.

(B IR 550 “f
(] I 15 (G0 O (0 [T (00T - 000 (T (T

([ (T [Ty (0 (T (O (T 00 s - ([T [

i (L (D (T > 00 OO (T (0 -10V,

(o I I I I~ 85%. I I [ I D
A I (th-)?~h-, (IS, 3 (8.
COID OO OO0 [ OO0 OG0

(T (T (T 0 T (T (O e (T

([T

(CITICTITIT]) CCTTCTIIT COCT T CCCET) CLED CCECTITIIIID (I (I
(I 10,11].

46



BDU-nun Fizika Probler|@i Mstitutunun yaradmasm@ 10illiyin Chgr olunmul
Beynikalg konfrans

N M T T T T T T

deposition
potential

°~-~t«822~4j£EBF

-09V
~ -095V
-10V
o M- .
M " 1 " 1 " 1 " 1 " 1 " 1
OMM P MM QMM RMM S MM TMM UumMM™m
W~ E£E3E£-¥2! =E-«F
7.3

§ (I (T I
[MIIIIZ O I IIIIIIIIIIIIIIIIIZAO/PMMA.

<10 [T} [T [T O o[ ([TRITIT C [T
] M= (T]] DI
ZnO, [T MG il [ - [T (T (70 [T
(T L
> [T (T ([0 =TI [ [Ti
(IR fI [T i (D - [[II7 E°F-2013-9(15)-46/04/|
(S fifl<qffifl

1.SY. Lee E.S Shim, H.S. Kang, S.S. Pang, J.S. Kang, Thin Solid Films 473 (2005) 31.

2. D.C. Look, Mater. Sci. Eng., B 80 (2001) 383.

3. E. Fortunato, T.P. Barquinha, A. Pimentel, A. Goncalves, A. Marques, L. Pereira, R. Martins,
Thin Solid Films 487 (2005) 205.

4. E. Hosono, S. Fujihara, T. Kimura, Electrochem. Solid State Lett. 7 (2004) C49.

5. D. Hariskos, S. Spiering, M. Powalla, Thin Solid Films 480 (2005) 99.

6. D. Lincot, Thin Solid Films 487 (2005) 40.

7. T. Mahalingham, V.S. John, M. Raja, Y .K. Su, P.J. Sebastian, Sol. Energy Mater. Sol. Cells 88
(2005) 227.

8. R.K. Pandey, S.N. Sahn, S. Chandra, Handbook of Semiconductor Electrodeposition, New Y ork:
Marcel Dekker, 1996.

9. H. M. Mamedov, V. U. Mamedov, V. J. Mamedova, Kh. M. Ahmadova, Investigation of p-
GaAs/n-Cd1-xZnxS1-yTey/Cd1-xZnxO heterojunctions deposited by electrochemical deposition,
Journal of Optoelectronics and Advanced MaterialsVol.17,” 1 -2,2015, p.67 073

10. Petrov, G. I.; Shcheslavskiy, V.; Yakovlev, V. V.; Ozerov, |.; Chelnokov, E.; Marine, W.
Efficient third-harmonic generation in athin nanocrystalline film of ZnO. Applied Physics
Letters, 2003, 83, 19, 3993-3995.

11. Larciprete, M.C.; Haertle, D.; Belardini, A.; Bertolotti, M.; Sarto, F.; G'nter, P. Characterization
of second and third order optical nonlinearities of ZnO sputtered films. Appl Phys., B 2006, 82,
431-437

47



BDU-nun Fizika Probler|@i Mstitutunun yaradmasm@ 10illiyin Chgr olunmul
Beynikalg konfrans

EFFECT OF ION IMPLANTATION ON OPTICAL PROPERTIES
OF NEAR SURFACESLAYERSON KR" IMPLANTED GAAS: SE
AND RBSINVESTIGATION
M. Kulik*? E.B Asgerov®, A.P Kobzev', M. Latek?
8] T (I 141980, (I, Tl
?Institute of Physics, Maria Curie-Sk,0dowska University, Poland 20-031, Lublin Poland
3National Nuclear Research Centre, 370143, Baku, Azerbaijan
“Institute of Electron Technology, A.| Lotnikow 32/46, 02-668W Warsaw, Poland

The optical constants refraction and extinction indexes of the near surface layers of GaAs
after and before Kr* ions implantation have been studied by spectroscopic ellipsometry SE in the
wavelength range from 250 nm to 900 nm. The samples of semi-isolating crystals were double
irradiated with 250 keV and 100 keV. The total fluences were 1x10*cm™ and 1x10™°cm™. After
this process the samples have been exposed to ambient air for one month. In that time the
irradiated surfaces were covered by native oxide layers. Then the ellipsometric spectrum of
angles [1) and () 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 paralel 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(CI) *°O 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
OirHasan Yu. Seyidov'?”, Rauf A. Suleymanov*?,
Yasin " ale!, Serdar G»ren®, and Emir Suad Olcay*

'Department of Physics, Gebze Institute of Technology, 41400, Gebze, Kocaeli, Turkey
2 Ingtitute 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
limitsin 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 aresistive 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 philosophyhas been
developed and widely used considering the resistive switching phenomena - it is the conception
of so-called memristofwhich was introduced by Leon Chuain 1971 [1].

The term hemristor[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 historyof the charge flowing in the system. Thus the memristor devices
provide anew hot issuein 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 biologica 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

fingerprintJcharacterized by a pinched hysteresis loogonfined to the first and the third
quadrants of the |-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 fingerprintCof memristive behavior - pinched hysteresisloops, Fig.1.
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Thus, we consider theTlGaSe, layered crystal and probably other crystals from the same
family (TlInS,, 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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SONOKMY [V [fISULLA KOBALT SULFID [SASINDA
NANOHISSIC KL [R N ALINMASI
L.R. QMfir hanl [IM.B. Muradov

Bak* D«vkt Universiteti
gahramanli.lala@mail.ru

T«qdim olunan i>d¢< kobalt sulfid nanohissciki«<ri etilenglfikolda sonokimy«vi fisulula sintez
olunmu>dur. Difraktometrdn al “ nan Rtic« «r< g«r< kubik fazada CoS nanokristallar® formala>m® >d“r.

A’ar szl [0 kobalt sulfid, sonokimy<vi fisul, nanohissciki<r .

Hal-haz'rda nanoqurulu Tu materialar'n onlar'n hcmi analoglar'ndan f'rgli  geyri -adi
xass'1ri m™ ahid”™ olunmu dur. Fiziki v~ kimy“vi xass'|"r" hiss’cikl"rin “I[17ri, qurulu  u v~
formas™ t'sir g'st’rir. Kilik “IC1™ Zrr"cikl"rd™ kvant “I1™ effekt!r m™ “ahid” olunur. Kelid
metal halkogenidl“rinin nanoqurulu Tar” JCdS, ZnS, HgS, PbS v~ CuS onlar™n h'cmi qurulu Tar”
iI” mqayis'd” q eyri-adi fiziki v~ kimy’vi xass'I'r g'st’rir [1, 2]. CoS [d" meta holkogenid
fazas'na daxil olan bir “zvd’r (CoS, CoS 2, Co3Sy V™ C0gSg) V™ kimyvi birl™ m™I"r bax “'m’ndan
mr"kk"bdir [3, 4]. Onlar unika katalitik, elektrik, optik, magnit xass’Iri v~ elek tromagnit
spektrd™ g'r'n"n v infraq “rm’Z” rgim yax n g'cl” daxili udmas’ il * “lagdar X"susi maraq
do urur. Bu da kobat sulfidin xass”Irinin onun hiss'cikl“rinin “I0s'nd™n, formas “ndan,
paylanmas'ndan V" s'thind'n kskin “kild™ as™I” olmas™ x"susi diqq’ti c’lb edir. Buna g'r™ d”
CoS kristal strukturu v~ optoelektronik x"susiy’tl"ri layl = geyri-"zvi matrisl “rin mikrom™hitind™n
m™xt"lif "kild" as”I” ola bil’r. Onu da geyd etm’k laz"md’r ki, xass|’r", morfologiyaya v*
stoxiometrik t°rkib™ m™xt’lif sin tez “sullar™ t"sir edir. Bu xass’I"ri “yr'’nm’k bax “m ndan kobalt
sulfidin nanohiss™cikl“ri, nanom™ftill*ri, nazik t°b"q"I"r kimi m™xt’lif morfologiyalar ~ sintez
etm’k "Ch bir nel Sy g'strilmi dir. M™xt"lif forma v~ "I[1” metal halkogenidl“ri h™m
kimy“vi, h"'m d" fiziki haz “rlanma “sullar” il (hidrotermal/solvotermal metod, mikrodal "al”
Tdanma, kimy“vi buxarlanma [kd'rm” “sulu) haz “rlanm”d’r. Sonokimy'vi proses
nanostrukturlu materialar’'n haz rlanmas 'nda ¢lbedici metoddur. Proses daha vacib hiss'cikl"rin
0711 “rin paylanmas™na, kilik “IC1 °r, y'ks'k s'th sah™sin™ v™ yax ~ termik stabilliy™ g'tirib
Cxar'r. Faza t"mizliyi asanl”gla “Id”~ olunur. Ultrasonik radiasiya kimyvi h'llediciy” t"sir
Kimy“vi reaksiyada ultras's radiasiyas™n'n effekti onun [Gx y'ks"k temperatur v© y'ks'k
t"zyiqgin olmas™ iI” ba'I"d’r. Sonokimy“vi h'r'ktd” iki istigam™t m’vcuddur: Qabarc “glar'n
daxili parldanmas’ v~ gqabarc”glar v maye aras ndainterfeys [1-5].

“in m"gs'di kobalt sulfid nanostrukturun sonokimy“vi metodla etilengl"kolda sintez
etm’kdir. Bu proses sad”, maragl *, geni miqdarda mhsul “Id” etm’k "Th “lveri  Ti “suldur.

TICRYB [HESO

Kobalt sulfid nanohiss'cikl'rini  haz'rlamagq "[h kobat asetat kristalhidrat
Co(CH3CO00)2£4HO0 v™ natrium sulfidd™n Na,SEL9HO 1:1 mol nisbtind” g't™r'lr. MVlc™ 3,5
gr Co(CH3COO),£4H0 tr"zid™ Ckilir, 20 ml etilen gl"kol “lav” edilir v" otaq temperaturunda
gar drl’r. Sonra 4,8 g Na,SE9HO t'r°zid” [kilib, 20 ml etilen gl"kolda h'll edilib gar “q
m’hluluna “lav” olunur. Qar “ ~q mhlul 35kHz tezlikd”™ 1 saat ultras’sgar “drcdagar drlr.
Al'nm”™ gara rngli [kK'nt™ distill” suyu il” yuyulur v* daha sonra etanolda bir nell df”
yuyulub 800C 24 saat havada qurudulur. AI'nm”™ n"mun rentgen difraktometrind™ t"dqiq olunur.
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NO COHR DNMIZAKR 5 O

, kil 1-d” sonokimy“vi “sulla 1 saat m'ddtind” a “nm~ m'hsulun rentgen difraksiya
andlizi g'st rilmi dir. Andlizin n“tic’I’rin” g'r ~ PDF kartlarla m™gayis'd” kubik fazada Co ¢Sg
nanokristallar” formalad™™ (a=9,9440)m™ “yy"n olunmu dur.
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[OK.1. CosSs nanohiss’cikl“rinin rentgen difraksiya analizi
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