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ABSTRACT

Co0304 thin films were synthesized on glass and silica substrates for various cycles by using a simple chemical
method-successive ionic layer adsorption reaction (SILAR). The reaction was carried out at room temperature.
Thin films were prepared using cobalt acetate tetrahydrate [Co(CH3COO)»4H20] as a cobalt ion source and hydrogen
peroxide (H202) as anionic precursor. The synthesized samples were characterized by X-ray diffraction (XRD),
energy dispersive X-ray analysis (EDAX), Fourier transform infrared spectroscopy (FTIR), Scanning electron
microscopy (SEM) and UV-Visible spectroscopy. It has been determined that as-synthesized films were cobalt
oxyhydroxide [CoO(OH)]. Cobalt oxide (Co3Os) is formed after thermal annealing of CoO(OH) thin film at 300°C.

Keywords: cobalt oxide, thin film, optical band gap.
SILAR METODU iL9 SINTEZ OLUNMUS COs0: NAZIK TOBOQOLORININ XARAKTERISTIKASI.
XULASO
Kobalt oksid nazik tebagelari siise ve silisium altliglar {izerindas sada tisulla- ardicil ion layinin adsorbsiyasi
vo reaksiyasi ilo miixtolif sayl tsikllords sintez olunmusdur. Reaksiya otaq temperaturunda hayata kegirilmis vo
kobalt duzu manboyi kimi kobalt asetat tetrahidratdan [Co(CH3COO)2-4H20], anion prekursor kimi ise hidrogen
peroksidden (H202) istifade olunmugsdur. Alinan tebeaqgalar rentgen difraksiya, enerji disperslesdirici rentgen
spektroskopiya (EDS), infraqirmiz1 spektroskopiya (IQ), skanedici elektron mikroskopu (SEM) va ultrabanévsayi
spektroskopiya (UB) metodlar: ilo tedqiq olunmusdur. Miiayyen edilmisdir ki, ¢okdiiriillon zaman tebagpler
kobalt oksihidroksidden [CoO(OH)] ibarat olmusdur. [CoO(OH)] nazik tabaqalarinin 300°C-da termiki emalindan
sonra isa kobalt oksid formalagmigdir.
Acar sozlar: kobalt oksid, nazik tebaqgs, qadagan olunmus zonanin eni.
XAPAKTEPUCTUKA TOHKHMX IIA1EHOK COs0: [I0AYUYEHHBIX METO0M SIiLAR.
PE3IOME

MeTo40M IOCA€A0BaTEABHON aaCOPOIUM U PeaKIIU MOHHOTO €05 Ha CTEKASHHON Y KPeMHUIT ITOAAOKKIA
OBLAV CMHTE3MpPOBaHBI TOHKNE ILA€HKM OKCHAa KoDalbTa C pa3AMYHBIMU IMKAaMy (popMuposaHus. Peakmuio
IIPOBOAMAM IIPY KOMHATHOJ TeMIlepaType U KakK IIpeKypcop koOalbTa MCII0Ab30BaAY TeTparnApatr amerara Ko-
6aanta [Co(CH3COO)24H20], a xak mpeKypcop aHMoHa Tepekuch Bogopoda (H202). ITaenku mccaesoBaancs ¢ mo-
MOIIIBIO PEHTTEHOBCKOI AUPPAKTOMETPUN, DHEPTOAVICIIEPCUOHHON peHTTEHOBCKOI CITEKTPOCKOINY, MHPppaKpac-
HBIIl CIIEKTPOCKOIINY, CKaHUPYIOIIUIT DA€KTPOHHBINI MUKPOCKOII M YABTPadMOAETOBOI CIIEKTPOCKOIMM. YcTa-
HOB/EHO, UTO MY OCa’KAeHUM ITOAyYeHHble ILAeHKM ITpeACTaBAsSIOT coOoil MeTarnapokcuga xodaasra [CoO(OH)].
Oxcng ko6aarsTa (CosO4) 0OpasyeTcst 1mocae TepMmdeckoro orkura ToHkoit rnaesku CoO(OH) npu 300 °C.

Karogesble caoBa: ok K06aabTa, TOHKIUI CAO, ITUPUHA 3aIIPeIieHHON 30HEI.

1. Introduction

In recent years, nanostructured metal oxides have been widely used in various fields.
Among transition metal oxides cobalt oxide is of great importance due to its electronic, che-
mical and magnetic properties. Cobalt oxide is a p-type antiferromagnetic oxide semiconductor
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with two band gaps. It has two different modifications namely as CoO and Co3O4. Co3Os is
mixed valence compound (CoO and C020s) and adopts the normal spinel crystal structure. It
is a promising candidate for diverse applications like gas sensors [1], supercapacitors [2],
lithium-ion batteries [3], catalysts [4], electrochromic devices [5], solar absorbing material [6],
magnetic materials [7] and etc. To date, Co3Os thin films were synthesized on polycrystalline
or amorphous substrates by different methods such as chemical bath deposition [8, 9], reactive
electron beam evaporation [10], spray pyrolysis [11, 12], pulsed laser deposition [13], radio
frequency (RF) magnetron sputtering [14], electrodeposition [15], sol-gel spin coating technique
[16] and SILAR [17]. Cobalt oxide with different morphologies such as wires, cubes, fibers,
tubes, sheets, flowers [18-23] have been reported in literature. It is possible to change properties
of the particles by control size and morphology. Kung et al. [24] synthesized CosOs thin films
with different morphologies depending on the anions of the cobalt sources used and the
electrodes with these films were applied for the detection of acetaminophen. Wang et al. [25]
prepared CosOs nanoparticles by using Co(NOs)s-6H20, NaOH as starting materials and
cetyltrimethylammonium bromide (CTAB) as surfactant. Moreover, a single step solution
precursor plasma spray technique was proposed to deposite CosOs films for supercapacitor
applications by Tummala et al.[26]. Cobalt oxyhydroxide [CoO(OH)] is a nonstoichiometric
oxyhydroxide and it is known as catalysts for the oxygen evolution reaction [27]. Liu et al.
[28] synthesized CoO(OH) film by electrochemical oxidation of Co(OH)zat 95°C in 1 M KOH.
Nanostructured CoO(OH) film was also applied as supercapacitor [29]. SILAR is a very
simple method among the synthesis methods of metal oxide nanoparticles. It is possible to
control the thickness of films and nanoparticle sizes by using this method [30]. For this
reason, we selected this method.

In the present work, cobalt oxide thin films have been deposited by SILAR method on
glass and silicon wafer substrates. The effect of different substrates, various cycles and concen-
tration of oxidizing agent on the structural and optical properties have been investigated.

2. Experimental

Before the growth process, the glass substrate were cleaned in dilute HCl solution for 10
min and then rinsed in distilled water. Then the substrates were rinsed in ethanol acetone
(1:1) mixture, distilled water and finally dried in oven at 100°C. The silicon substrate was et-
ched in hydrofluoric acid (HF) solution for 10 min to remove native silicon dioxide from wafers,
then washed thoroughly with distilled water. Cobalt oxide films were deposited from the
cationic precursor of 0.5 M cobalt acetate [Co (CH3sCOO)2-4H20] complex with 1 M sodium
hydroxide solution to make pH ~12 and H20: (1% and 3%) was used as anionic precursor.
Previously cleaned substrates were immersed vertically in the alkaline cobalt acetate solution
for 30 s, where cobalt complex adsorbed on the substrate. Then substrates with the cobalt
complex are then immersed in H20: for 30 s and the reaction occurred on the surface forming
cobalt oxyhydroxide. This process forms one cycle and was repeated 60 times in order to
increase the film thickness. Finally, the deposited films were annealed in air at 300°C for 3 h
to transform the oxyhydroxide phase to the oxide.

The structural analysis of the synthesized oxide thin films was analyzed by Rigaku Mini
Flex 600 X-ray diffractometer (A = 1.54060 A) using Ni-filtered Cu Ka radiation. Optical pro-
perties of the films were investigated by Specord 250 Plus UV-vis Spectrophotometer using
Integrating Sphere. FTIR measurement has been conducted within 400-4000 cm™ region on a
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Varian 3600 FTIR spectrometer. The morphology and element composition spectra of samples
were obtained on JEOL JSM- 7600F scanning electron microscopy (SEM) and Xmax 50
energy-dispersive X-ray spectroscopy (EDX), respectively.

3. Results
3.1Thin film formation

At room temperature dipping the substrates in the beaker containing cobalt acetate and
sodium hydroxide solution for 30 s causes a cobalt hydroxide to adsorb on the substrate due
to attractive forces between ions in the solution and surface of the substrates. The chemical
reactions can be represented with the following equations [9, 17]:

[Co (H20)s]? + 2NaOH—> Co (OH) 2+ 2Na* +6H20 (1)

The substrates is then immediately immersed in a H20: solution and at this time cobalt
hydroxide converts into cobalt oxyhydroxide by the reaction (2):

2Co (OH)z+ H202—2CoO(OH)-H:0 )

After annealing in air at 300°C, the brown color of the cobalt oxyhydroxide turned into
black, indicating that the oxide is formed.

12CoO(OH)—4C0304 + O2+ 6H20 (3)
3.2 Structural analysis

Fig.1 and Fig.2 show the XRD patterns of as-prepared and annealed films deposited on
glass substrate for different deposition cycles.
Fig.1. XRD patterns of CoOO(OH) (a) and CosOx films (b) deposited on glass substrates using
1% H20:.1- 40 cycles; 2 — 60 cycles ; 3 — 80 cycles ; 4-100 cycles; 5 — 120 cycles
(al

Intensity (eps)

20 40 60 80 100
2 Theta (deg)

| 5
| o
ol z-\‘/
ARV
a L\\ N \“\H
o e
£ “‘wﬁ._ﬁ‘_\:.; v

i

80 100

20 40 &0
2 Theta (deg)

The diffraction peak at 20 equal to 20° corresponds to (003) plane as compared with stan-
dard X-ray diffraction data file JCPDS (file No.14-0673). This revealed that as-synthesized
films are consist of polycrystalline cobalt oxyhydroxide [CoO(OH)] particles. The broad
hump originates from the diffraction of amorphous glass substrate. No peaks corresponding
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to cobalt oxide were observed after annealing in air at 300°C. It means that the cobalt oxide
film showed amorphous nature, similar to 5.G. Kandalkar et.al [17]. They synthesized Co3Ox4
thin film on copper substrate with amorphous nature by SILAR method using CoCl>-6H20 as
a cobalt salt source. In other studies [9], they synthesized the amorphous cobalt oxyhydroxi-
de films on glass and copper substrates using chemical bath deposition method, after thermal
treatment at 350°C, they obtained low crystalline CosOs films. Fig.3 shows the XRD patterns
of as-prepared and annealed films deposited on silicon substrates for 60 cycles. The several
peaks observed in the diffractograms. The peaks observed at 20=14.37°, 17.17°, 28.44° for as-
prepared samples using 3% H20: corresponds to silicon substrate. The peak was also observed
at 20=20.02° (for sample using 3% H:02) and 20=20.22° (for sample using 1% H:02) similar to
results of samples synthesized on glass substrates. The low intensity peaks appeared at
20=19.26° 36.98° and at 20=39.546°, 59.16° after thermal annealing of samples prepared on si-
licon substrate using 1% and 3% H20, respectively. This result is consistent with the respec-
tive JCPDS (card No. 65-3103). It shows that the formed CosOsis low cristalline. This can be
explained by the fact that the glass is amorphous and amorphous oxide is formed on it.

Fig. 2. XRD patterns of CoO(OH) (a) and Co3Oxfilms (b) deposited on glass substrates using
3% H202.1- 40 cycles; 2 — 60 cycles ; 3 — 80 cycles ; 4-100 cycles; 5 — 120 cycles

(D03) (a
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20 a0 &0 80 100
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()
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Fig. 3. XRD patterns of CoO(OH) (1) and Co304(2) films deposited on silicon substrates using
(a) 3% H202and (b) 1% H20:

(a) (b)
o) B
g | g
= H =
1
1
20 40 60 80 20 40 60 80
2 Theta (deg) 2 Theta (deg)

90



Characterization of CosOs thin films synthesized by Silar method

3.3 Optical properties

The Co030s thin films on glass substrate were used to study the optical absorption. The
optical absorption of Co3Os thin films in the wavelength range of 300 nm-800 nm has been
investigated. Extrapolation of the linear portion to zero absorption coefficients gives the values of
the optical band gap energy. The optical band gap can be calculated by the following equation:

ochv=B (hv-Eg) (4)

where, a is the absorption coefficient, hv is the photon energy, B is a constant relative to the
material, Es is the band gap, and n is either 2 for an indirect transition or 1/2 for a direct
transition. Fig. 4 shows the variation of (ahv)? versus (hv) for samples. The direct optical band
gaps of CosOs samples synthesized on glass substrate by using 1% H:0zfor 60 and 120 cycles are
2.1eVand 3,26 eV;1.94 eV and 2.50 eV respectively. The band gaps of CosOs samples synthesized
by using 3% H20: for 60 and 120 cycles are 1.89 eV and 3.24 eV;1.90 eV and 2.17 eV respectively.
The presence of two band gaps can be attributed ligand—metal charge transfer events: O* — Co*
(Eg) and O* — Co* (Eg). [23, 31, 32] The decrease in E; with increasing of concentration of
oxidizing agent could be due to increase in particle size. For samples synthesized on silicon
substrate by using 1% and 3% H:02 (60 cycles) band gap energy was calculated as 1.38 and 1.63
eV. The optical band gaps of Co:Osnanorods synthesized by hydrothermal method have been
determined as 1.28 and 2.34eV by Wang et al. [31]

Fig. 4 (ahv)? versus (hv) for CosOs thin films on glass substrate synthesized by using 1% H202
(60 cycles (al) and 120 cycles (b1)); 3% H202( 60 cycles (a2) and 120 cycles (b2)); and films
synthesized on silicon substrate for 60 cycles by using (c1)-1% H202, (2)-3% H20:

[

fahv)?-10*

3.4 FT-IR studies

The IR transmittance spectrum of cobalt oxide thin films in the range 4004000 cm is shown
in Fig. 5. The bands at 546.402 and 669.951 cm for sample synthesized on glass substrate, 556.980
and 658.509 cm for sample synthesized on silicon substrate using 3% H202 (60 cycles). The band
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at about 669.951 and 658.509 cm! is attributed to the stretching vibration mode of metal-oxygen,
in which Co is Co? and is tetrahedral coordinated. The bands observed at 546.402 and 556.980
cm can be characteristic to Co-O of octahedral coordinated Co*. [21]

Fig. 5 FT-IR spectrum of CosOx thin films synthesized on (1) glass and (2) silicon substrates using 3% H20:

T
658.5

3,
556.9

Transmittance, %
T
-,

/
L 669.0
L 546.4

oo by v by v by b v by b L 1
300 3000 2500 2000 1800 1000 500
Wavenumber, cm!

3.55SEM and EDX

The surface morphology of the thin films was studied by scanning electron microscopy
technique. Fig. 6 shows the SEM image of CosOs film synthesized on glass substrate for 120
cycles using 3% H20: at low magnification (x 10.000). It is seen that thin film consists of fine
elongated particles with some pores among particles. Porous structure among the particles
indicates that synthesized thin films can be applied as supercapacitor.

Energy dispersive X-ray spectrometry (EDX) analysis was employed to determine the
composition of the CosOs. EDX spectrum of sample synthesized on glass substrate for 120 cycles
using 3% H20: shows that the experimental atomic percentages of Co, O and Si are found to be
14%, 58% and 19.5% respectively. If we take into account the oxygen contained in the glass
(5i0), it is near to the theoretical ratio (3:4) of CosOx.

Fig. 6 SEM image of Co3Ox film synthesized on glass substrate using 3% H2Oz (120 cycles).

— JEOL/BDU 30-Nov-17
15.0kV LEI WD 15.6mm 11:14:27
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Fig. 7 EDX spectrum of deposited Co3Ox film synthesized on glass substrate using 3% H202 (120 cycles).
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Conclusions

In the present study, CosOs thin films were synthesized by SILAR method and the effect of
different substrates, various cycles and concentration of oxidizing agent on growth process have
been investigated. It has been determined that in the initial stage CoO(OH) is formed, after the
samples are subjected to thermal treatment at 300°C CoO (OH) is converted to Cos:Os. EDX and
FT-IR analysis also confirm that the composition of the film is Co:Os. It is observed two band
gaps from optical studies for thin films synthesized on glass substrates. It is explained with the
structure of cobalt oxide. For samples synthesized on glass substrates the band gap energy
decreases with increasing of concentration of oxidizing agent due to increase in particle size.
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ABSTRACT

In semiconductors with specific deep traps, proven, that oscillations of charge carrier and electric field concentrations
are excited, in the presence of an external constant electric field. Analytical expressions for the electric field and for the
current oscillation frequency are determined in all cases. It is proved that the injection of minority charge carriers
through the contacts of the crystal enhances the radiation of the specified semiconductor. Possible occurrence and
inductive resistance and capacitance with the same injection of non-primary charge carriers. In all cases, the circuit has a
capacitive or inductive resistance. In the above two cases, inductive and capacitive resistance may occur.

Key words: trap, frequency, oscillations, impurity, generation, recombination.

MN3AYYEHUE ITOAYIIPOBOAHVKA C I'/1IYBOKVMMI Z10BYIIKAMM
BO BHEINIHEM DAEKTPMYECKOM ITO/E

PE3IOME

B 1oAyIpoBoAHMKax ¢ KOHKPETHBIMU IAyOOKMMM AOBYILKaMI, AOKa3aHO, ITO BO3OYXKAAeTCsl KOAeDaHMsI KOH-
LIEHTpAL[Il HOCUTeAel 3apsiAa U DAEKTPUIECKOTO 1051, TPV HAAVMII BHEIITHETO TIOCTOSIHHOTO DA€KTPUYECKOTO MO
OrrpeeeHsl BO BceX CAy4asIX aHAAUTIIECKIIE BhIPasKeHIISI A4S DAEKTPUIECKOTO I0As U A1 4aCTOTHI KOAeDaHVIsI TOKa.
/l0Ka3aHo, 4TO MHXKEKIIVISI HEOCHOBHBIX HOCUTE eI 3apsiAa Yepe3 KOHTAaKTOB KpICTalla YCUAMBAET U3 AydeHe yKa3aH-
HOTO ITOAYIIPOBOAHIKA. BO3MOKHO BO3HIKHOBEHNE U MHAYKTYBHOIO COITPOTUBAEHNS 11 €MKOCTHOTO COITPOTUBAEHIS
IIpY OAHOJL U TOI >K€ MHYKEKI[UI He OCHOBHBIX HOCUTe eI 3apsiAa. Bo-Bcex caydasix B eI BO3HIUKAET COIIPOTUBAEHNE
€MKOCTHOTO XapaKTepa MAM MHAYKTUBHOIO Xapakrepa. B AByX BBIIIIEYKa3aHHBIX CAyJasiX BO3MOXXHO BO3HMKHOBEHIIS
COIIPOTHMBAEHIE MHAYKTUBHOIO XapaKTepa 11 eMKOCTHOIO XapaKTepa.

Karouesbie ca10Ba: A0BYIIIKA, YaCTOTA, KOAeOaHIs, IIPUMECh, TeHePariisi, PeKOMOMHALIIIS.

XARICI ELEKTRIK SAHOSINDO YERLOSON DORIN TOLOLI YARIMKECIRICILORIN SUALANMASI
XULASO

Miisyyen darin talali yarimkeciricilarda elektrik yiiklorinin ve elektrik sahasinin ragslarinin yaranmasi isbat olun-
musdur. Dérd halda elektrik sahasinin ve ragsin tezliyinin analitik ifadelori hesablanmisdir. Isbat olunmusdur ki, qeyri
asas yiik dastyicilarin injeksiyasi stialanmanu giiclondirir. Elektron ve desiklarin konsentrasiyalar: siialanmada miixtalif
nisbotda istirak edir. Siialanma zamari dévrads induktiv ve tutum xarakterli miiqavimat yaranir. Injeksiyanmn eyni giy-
moatinds ham induktiv, ham da tutum miigavimeti yarana biler. Biitiin hallarda, dévrs icinde bir capacitive tebiatin vo
ya induktiv tebiatin miiqavimsati var.Yuxarida gostarilen iki halda, induktiv ve kapasitiv miiqavimet ola biler.

Acar sozlar: tals, tezlik, dalga, qarisiq, gqenerasiya, rekombinasiya.

Many hundreds of papers are devoted to oscillatory phenomena in semiconductors. The
appearance of such a large number of works is connected with the possibility of practical appli-
cation of the phenomenon of current instability in semiconductors to create high-frequency gene-
rators, amplifiers and various converters. Various semiconductors are used in the works to explain
the various causes of instabilities. In these works it is noted that, the appearance of current
oscillations requires the injection of minority charge carriers. However, for current oscillation in
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semiconductors, an external electric field effect on charge carriers is necessary. Gann effect has
become very popular, due to the special structure of the conduction band of some semiconductor
compounds. Appearances in semiconductors of various instabilities, which lead to current
fluctuation, bound by impurities in semiconductors. The rate of capture of electrons (or holes) by
an impurity center in a semiconductor, depends on the electron energy. The presence of an
electric field can increase the energy of electrons, therefore, the capture rate should inflate from
the electric field. Consequently, the stationary concentration of electrons in the conduction band
may change with increasing electric field. By increasing the electron capture rate with the field,
decreases the electron concentration in the conduction band. If the lattice temperature remains
constant and there is no impact ionization, then the generation rate does not change with the
field and the only result is the drop in electron density. Current oscillations of different origin
were observed experimentally with the value of the electric field. Some impurities in the
semiconductor create centers, which are able to be in several states (once, twice, etc. positively or
negatively charged). For example, gold atoms in germanium can, except the neutral state to be
once positively charged and once, twice and three times negatively charged centers. Such
impurity centers correspond to several energy levels in the band gap. These energy levels are
located at different distances from the bottom of the conduction band (or from the upper edge of
the valence band). Depending on the removal of these levels of the valence band (or conduction
band), they are called deep. These deep levels can capture electrons or holes, depending on their
charge states. As a result of this capture, the number of electrons in the conduction band, the
number of holes in the valence band change, and of course, the semiconductor's electrical
conductivity also changes. Under various experimental conditions, these deep levels are more or
less active. For example, in the experiment [7], active traps were once and twice negatively
charged gold centers in germanium. In the presence of an external electric field, electrons (and
also holes) receive energy from the electric field of the order of eEL. (e- positive elementary
charge). E-value of the electric field, I-length of the electron free path). Therefore, electrons can
overcome the Coulomb barrier of a once charged center and become trapped. In addition, due to
thermal transfer, electrons can be generated in the conduction band. These generations and
recombination’s change the number of electrons in the conduction band (and the number of
holes in the valence band). In the above listed works in semiconductors with deep traps and with
two types of charge carriers (electrons n., holes n:) the conditions for the occurrence of current
oscillations were theoretically investigated and the values of frequency and electric field when a
current oscillated in an electric circuit was found. We in this theoretical work will indicate that
the parameters yid depending on the frequency values current oscillations and on the value of

the external electric field vary greatly and the conditions for the occurrence of current oscillations
depend on the numerical values of the parameters ﬁ’ . Thus, several conditions are obtained for

radiation above the specified semiconductor.
A model of a semiconductor and the basic equations of the problem

Consider a semiconductor with carriers of both signs, those. electrons n- and holes n: . In
addition, in the semiconductor there are negatively charged deep traps with a concentration of
No . Of which part N concentration of once negatively charged traps but, N- concentration of
doubly negatively charged traps.

No= N+No (1)
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The continuity equation for electrons in this semiconductor will be:

%mwj, =j.(On N_-y_(E)n.N :(%j ’

Hereinafter j; density of electron and hole fluxes j_(0) electron emission coefficient of
double negatively charged traps in the absence of an electric field. It is sometimes called the heat
generation coefficient, ¥ (E)— the electron capture coefficient of singly negatively charged traps
in the presence of an electric field. With

E=0, 7 (E)=7.(0) (3)
Concentration is defined as follows. From the stationarity condition i.

0

on j . n’N
— | =Owillgetn =—2% 4)
( Ot ) e N°

Flux density ] (without magnetic field and temperature gradient) is determined by the

expression
j.=-n_u (E)E-D.Vn_ (5)
Where p2 (E) — electron mobility D_ — electron diffusion coefficient. We assume that there

T
is a Einstein relation D, = — y, (T-temperature in eras)
+ =g He

The continuity equation for holes will be:

aa“; +divj, = 7. (E)n, N -7, (O)n.N_ =[a”*) ©)
rek

7.(E) — hole emission coefficient of singly negatively charged traps in the presence of an
electric field. y, (0) — hole capture coefficient of doubly negatively charged traps in the absence
of an electric field. In stationary conditions

0= n°N°

1, N,

)

The change with time of twice negatively charged traps determines the change of once
negatively charged traps. Therefore:

a5, ©

In the presence of recombination and generation of current carriers, the quasineutrality
condition means that the total current. Does not depend on the coordinates, but depends on the
time.

divJ =ediv(j, —J.) )
e- elementary positive charge. JZ full current.

Under the influence of an external electric field inside the semiconductor, fluctuations in the
concentrations of charge carriers and the electric field occur. These vibrations can go out into the
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external circuit, i.e. Current oscillations appear in the external circuit and the semiconductor
radiation begins. At the beginning of radiation, the wave vector becomes a complex value, and
the frequency of oscillation is a real value. To determine the oscillation frequency, it is necessary
to calculate the crystal impedance. From the condition that the impedance of the circuit is zero,
the frequency of current oscillation in the circuit is determined. To determine the impedance of
the crystal, we must determine the electric field from the equations (2,57,8). Putting
n,=n’+An,, N.=N°+AN_, E=E,+AE and considering that An, <<n}, N <<N° AE<<E, we
linearize (2,5,7,8) and enter below the specified characteristic frequencies, v =y (E,)N,— the
frequency of electron capture by single-charged traps, v= =y, (E,)N, — hole emission frequency
of double charged traps

v. =y, (0N +y, (Ep)n, v_ =y (0)n, +y (E,)n° -combined frequencies.

ZZM- /3’:2%- Bl =142 din g, .

P din(E2) 7T din(Ey) dIn(E2)’

BesidesAJ ~e7'*, An, =Anle™® + Ane' ™ AE® = AE’ + AE
From linearization we get two systems of equations

AAn +BAE +C AN =0

- ) - (10).
A AN, +BAE +C,AN_=0
AE =¢ An" +¢ An’

/ / ! _
aAn' +b AE' +d_AN' =0 (12)
a,An’ +b AE' +d AN’ =0
AN’ = An’ + ¢ AE' +a, AN’

(13)
AE' =1 (A1 —egan’ —eg.an!)
o

Constant coefficients are easily obtained by linear zing the equations (2,5,7,8) and therefore
we do not write them out. Substituting AN” u AE" from (11) to (10) we obtain dispersion

equation for determining the wave vector k and deviations from equilibrium values of the
concentrations of electrons and holes.

AN (x,t) = M, " + Mje"* + M, Al
AN_(x,t) = M, e"* + M, e"* + M _Al (14)
Due to the cumbersome expressions M, ,U k;,k, we did not write out their explicit form.

To define a constant M; UM, we have to use boundary conditions for An, (X,t) The contacts of
the crystal are injecting i.

An, =5.Al (15)
Conditions (15) has the form:
An_(0) =5°Al, An (L) =68"Al, or An_(0) =5°Al, An_(L)=6"Al, Substituting conditions (15)

into (14) we define M; UM, and substituting their values in (12) we obtain the expressions for
the alternating electric field. The impedance of the crystal is determined by the integral
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_ 1 (16)
Z=s ! AE(x, t)dx

S is the crystal cross section. However, equation (16) in its general form is extremely
cumbersome, and therefore we will consider its solutions in two limiting cases.

1) High frequency case

o>>v,, v, vl Vi<<v,, vE a7)

+

In obtaining the values of the wave vectors k1 and k2, we used small parameters

£<<1, Tvio <<1, T <<1 (18)
v, eE, 9, eE,L

L is the sample length, & = u, (E,)E, drift velocities of holes and electrons. To determine

the frequency of current oscillations in the circuit and the electric field in the case of (17) from
(16), we consider four cases of crystals, differing in electron and hole concentrations and injection
conditions, on one of the crystal contacts.

If there are identical recombination’s and electron and hole generations at the crystal
contacts, the probability of injection may be the same. However, recombination and generation
in our semiconductor is not the same and therefore the cases indicated below are more likely.

0 0 0
1) nZ>>n,, setod,

7\ 2 I4
Rezl_[ZvﬁJ —E—E[&/’B sin 9+cos€j,0=%l'

Z, @ E E o 3
r\? I4 2
Imz _[2vp7) v/ 5—E—Oz(sin 9—3Lcosé?) (19)
Z, @ o E E @
9’ >>Lv_ B’

1 sviu BB Y 1 v uedpl

E Lo n’' E; Lo’

To determine the oscillation frequency and the electric field from (19), we must solve the
following equations

Rez+R=0u Imz+R =0 (20)

Here, R is the total positive ohmic resistance in the circuit, R1 is the inductive or capacitive
resistance in the circuit. From solution (20) it is easy to get:

1/2
R R 5 w
w=v_-—;R>>3R, E,>>E,| +| ; R>0 g/ =——
3R, v o Z[ZJ R>0 B oy

0

2) n° >>n’, set §°

4+

y 2 2
Rezl_ % - 5 2+£sin 0 —cosd |,
Z, 1) E, V.

0 0 0 ¥ 2
Imz _ 979%4" (v_ﬂ_/ sin ¢9+cosa—1]—{2v‘ﬂ‘y} (21)

Z, Lo 0} 0]
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D

Solution (20) in case (21) with R, >0

R ZZ L 1/2 R
ﬂ7=(—1j —O}w:v,%;Ri>>R; E0=(—w] andat R, <0 a’:V—Z__;

R) R Hp,e8°
L Lo )~ R? IR| @
R>>Z,=——; o,=e(n°u’n’u’); E=( 0] , =
0,8 pues’ ) |RZ, R v

3) n® << nf, set 5-

2 0 ,
Rez =1+Ecos€—(E°j {”wsin 6’+(1+4n"u"3‘j0056}

ZO 2 ILl+V— ;

n+/u+
2
Imz :E"[sin H—Vcosj— 5 sin 6’—4(0”* cosé@
Z, E ® E, v o,

ol Lvn’p” 1 nuivp 1 L LV eS" e
O=—; I>—", = |
4 n E nule®’ E, Lo’

- +

From the solution (21) taking into account (20) we get

3 2

R\ nu ) Lo%s" u, 14

sl o gl e
o An_g dv_ du \ o

1/2

H,

=

J| BV (n "1\ and at R <0 wzvfiﬂfﬂ.L

( RJ n n Z R

Led| 1+— *
ZO
2

po[Z R Eo{ﬂ] Lv. 1 1

nRIRIS 27\ ) W w s
4) n® <<n’; set 5*

/4 2 /4
Rez =1+5 [nﬁ—ﬂjsin 0+2 coso +(E°] 29 i 9+(1— n jcosa
ZO E1 n+ ﬂ+ :u+v— EZ 1u+V— n+
2

Imz :V.EOHn'By —1Jsin 0—a)cos¢9}+(E°j Kl— nﬁy]sin 0+ cos@} 0=k
Z, o E|{ n V. E, n, Hv_ v

From solution (20) in case (22) we get:

1/2L 2 R 1/2
Eozm w(@] -y ﬂ;:m Y. R<o
H Ho\V H v,

Low frequency case w<<v,, vV,

0 0 0
n- <<n,,set o,

2
ReZ 1 B[ pucoso || Eo || Zsin O+cosf |, 0= ao)L 790 >> Lv,
Z, E v E,)\v 4.p i

+

+
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2
Im—zz5 4—wcosH—sin0 N & 2sin 0— - cos 0
Z0 El Vs Vi EZ Vs

1 _nvERE 1 epes,
E Lviun B Ly

1/2
4 n \%
R>06 £ [“?Ez}“’zlvé ﬂgz(u_EJ Lv.es,

2) n_<<n, set o’

2
Rez=1+5 3—wsin f+cosf-1|— 5 Qsin 6+cosd |;
Z, E\v E, ) (v,

+

2
Imz:5 3—wsin 0 +3cosd _e + 5 sin 9+Qcos€
Z, E|\lv, v, E, v,

v Y4 0
L_owh 1 pufres; R=27,, E,—E, R <<3Z, @=v.L R>0R <0
E, Lv, E Lv, 3Z,
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E oy 14 2
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The Discussion of the Results

Thus, in the above-mentioned semiconductors, oscillations of carrier concentration and
electric field oscillations in the high-frequency and low-frequency cases are possible. The
injection of crystal contacts plays a major role in the excitation of current oscillations. There are
four excitation options in the high-frequency and in the low-frequency case. Main charge carriers
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nand n’ depending on the injection of contacts (i.e., the arrival and departure of charge carriers
through contacts) basically changes the values of the critical electric field at which the radiation
begins. Constants /3] in each case have a specific meaning. High frequency spacing electric field

and constants ] may well be measured experimentally. In the low-frequency case of the constant

B! mainly expressed by resistances and. In the above two cases, inductive and capacitive resis-

tance may occur.
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1. INTRODUCTION

Many models of the particle physics are constructed based on symmetry. In the ground state
of the system some symmetry is spontaneously broken. The chiral symmetry plays an impor-
tant role for the mass generation of fermion fields. The symmetry must be broken for a massive
fermion. In QCD the chiral symmetry is dynamically broken by the non-vanishing vacuum
expectation value for a composite operator constructed by a quark and an anti-quark.

The symmetry property of the ground state depends on the environment. It is expected
that the broken symmetry is restored in some critical environments, small size, high tempe-
rature, high density and strong curvature. We often employ a four-fermion interaction model
as a low energy effective model of the strong interaction and investigate the symmetry behavior.

In this article we focus on the finite size and topological effect to the chiral symmetry brea-
king. In Sec. 2 a gauged four-fermion interaction model is introduced as a simple model which
induces the chiral symmetry breaking. In Sec. 3 we evaluate the ground state by observing
the extremum of the effective potential. Finally, we will give some concluding remarks.

2. FOUR-FERMION INTERACTION MODEL ON R”" ®§*

We start from a gauged four-fermion interaction model defined by the Lagrangian density,

1 N (&Y
L=—2F“F, + > 7 ir“ Dy, +-> (E W//kj
g 2N\ , 1

D . - . . .
Where # represents the covariant derivative, Ag is a coupling constant, N is the number
of fermion species. This Lagrangian is invariant under the discrete chiral transformation,

v =7ty )
This Z: chiral symmetry prevent the Lagrangian from having a mass term.

In order to investigate the finite size and the topological effect we consider the model on
the background, R°*®S", where RP? is a (D — 1)-dimensional flat Minkowski space time

and S is the one dimensional sphere. The boundary condition for the compact direction, X"
can be determined by the spin structure of the fermion. Here we set the boundary condition,
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(X0, X272, X 4 L) = ey (x°,..., xO2, X ) 3)

where L is the size of the compact direction. It should be noted that the theory is equivalent
with the finite temperature field theory for the anti-periodic boundary condition, 6 =7, [3].
According to the auxiliary field method, the Lagrangian (1) is rewritten as

N
L-—Llpwr D 7 (iy"D —a)wk—ﬂaz 4)
4 H — M ﬂo
If the auxiliary field, a, develops a non-vanishing vacuum expectation value, the fermion
mass term is dynamically generated and the Z: chiral symmetry is spontaneously broken.

3. EFFECTIVE POTENTIAL ANALYSIS

We usually evaluate the vacuum expectation value for the auxiliary field, a, by observing
the minimum of the effective potential. As a review, see for example [4]. In the leading order
of the 1/N expansion the effective potential is given by

V) _ 1 o 1 g d%k e o) 1
v 2 T gl hef3) (5)
With
4%k = dk,..dk, K2 =KZ ot k2, + 002, = 2NE 0
(6)

In this expression the time component of « is transformed as Ko = -lay, .

The effective potential (5) contains an ultraviolet divergence. The divergence can be regu-
lated by the dimensional regularization, i.e. computing as an analytic function of the spacetime
dimension, D. The divergence can be eliminated by renormalizing the coupling constant. We

introduce the renormalized coupling, A, and the renormalization scale #,

15[1_1},02 1_1-D {1_9)
f B &) yith Ao o)1 2 (7)

The extremum of the potential satisfies the gap equation,

11 V2 3-D\& (@f+o? )" " %
Z_T_ L (27) D2 I 2 Z 2 -
¢ Lu(27) a7

(8)
To calculate the gap equation we perform the integration over Kj,...Kp , in Eq. (5). An

existence of a non-vanishing real solution of the gap equation is a necessary condition for the
auxiliary field, a, to develop a non-vanishing expectation value at the ground state. In Ref. [1]
the solution of the gap equation is evaluated as a function of the phase 5 in a curved spacetime,
The broken symmetry can be restored with decreasing the coupling constant through the second

order phase transition. The critical value of the coupling, Ao , is given by the 0 = 0 Jimit of
the gap equation,

1 1 ﬁ(zn)m—s)/z F(Hj[§(3D’2(§;)+§(3D'1257TH:0 )

;Lcr Ac (L# ) o2 2

In order to find a contribution of the boundary condition we transform the fermion as,

v (x)= ei‘g(x)(//(x), with H(XO ..... xP2 xP* 4 L): €(x° ..... xD’Z,xD’1)+77_ (10)
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The boundary condition for the transformed fermion is given by,

y/'(xo,..., xP2 xPt 4 L)= e‘(5+’7)z//'(x°,..., xD‘Z,xD‘l) (11)

The transformation (10) changes the kinetic term for the fermion. It can be cancelled by
the gauge transformation. Thus, the Lagrangian is invariant under the transformation (10). It

means that the phase 9 should be fixed to minimize the effective potential.
To find the ground state we numerically evaluate the effective potential (5) with the phase 5

varies. Here we discuss the result for a small coupling case, A=y (L’ 5). Since the gap equation
(8) has no real solution for A < A, (L,5), the extremum of the effective potential is found at

o=0, only. In Fig. 1 shows the effective potential at o =0as a function of the phase 8 . The
minimum is observed at ¢ = 7. For a non-vanishing ¢ the fermion has to depend on the co-
ordinate of the compact direction, xP, to satisfy the boundary condition (3). We cannot avoid
to consider the inhomogeneous distribution of the fermion.

FIGURE 1. 5-dependence of the effective potential at O = 0 forD=20 (bottom at §=r),2.53.0and 3.5 (topat 5 = 7).

(V(0)-Vo(O)LPIN

4. CONCLUSION

The effective potential of the gauged four-fermion interaction model has been investigated

D-1 1
on the background R ®S" If the coupling constant is smaller than the critical one, the mi-
nimum of the effective potential is found at the anti-periodic boundary condition, 6 =7 .

In the effective potential analysis, we assume that the configuration of the auxiliary field,
a, is constant. In Ref. [2] it is pointed out that an inhomogeneous configuration of the auxiliary
field can be realized at the ground state for a four-fermion interaction model in two dimensions.
To evaluate the inhomogeneous configuration of the auxiliary field we need to extend the
analysis for the gauged four-fermion interaction model in arbitrary dimensions. This will be
discussed elsewhere.
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ABSTRACT

The temperature dependences of the electrical conductivity, concentration and mobility of current carriers in
InSe crystals grown in different modes of the process are investigated. From the temperature dependence of the
electrical conductivity, the activation energy of the impurity level was determined to be 48 meV. It has been estab-
lished that, in the temperature range below 70K, scattering by impurity ions dominates in the mechanism of charge
carrier scattering, and above acoustic oscillations of the lattice, above 70K. It has been shown that in some fairly
pure samples, the mobility value reaches ~ 9100 cm?/V-sec.

Keywords: Indium selenide, mobility, absorption, acoustic phonons.
MEXAHU3MBbI TOKOITPOXOXXAEHUS 1 DAEKTPUYECKUE ITAPAMETPHI InSe
AHHOTALIUST

Uccaeaosanbl TeMIlepaTypHBIe 3aBUCHMOCTY 9A€KTPOIIPOBOAHOCTY, KOHLIEHTPALMM U ITOABVYKHOCTU HOCH-
Teeil TOKa B Kpucraaaax InSe, BpIpallleHHBIX B Pa3HBIX peKMMax TeXHOAOrndeckoro npouecca. Vs temmneparyp-
HOJ1 3aBYICMOCTH DAeKTPOIIPOBOAHOCTY OIIpejeleHa DHepIN: aKTUBaIlMM IIPUMECHOTO YPOBH:, paBHas 48 m»B.
YcranosaeHo, uto B ob6aactu Temmnepatyp Hipke 70K B MexaHusMe paccesHus HOCHUTeAel 3apsAja npeobaajaer
paccestHIA Ha MOHaX rpuMecy, a Boimte 70 K — Ha akycTidgecknx koaebGanusax perietky. ITokazaHo, 4TO B HEKOTOPEIX
AOBOABHO UNCTHIX OOpa3liax 3HaYeHue IMOABMKHOCTY AocTuraeT ~ 9100 cm?/B-cek.

Karouessie caoBa: CeaeHn MHANSI, TTOABU>KHOCTD, IIOrA0IIEHIE, aKyCTmJecKue Cl)OHOHI)I.
inSe-NIN ELEKTRIK PARAMETRLORI VO COROYANKECIRMO MEXANizZMi
XULASO

Texnoloji prosesin miixtolif rejimlorinde yetisdirilmis InSe kristalinda elektrik kegiriciliyinin, yiikdastyicilarin
konsentrasiyasinin ve yiiriikliiyiiniin temperatur asililiqlar1 tedqiq olunmusdurlar. Elektrik kegiriciliyinin tempe-
ratur asilihglarindan asqar seviyyenin yerlasma derinliyinin 48 meV oldugu miisyyen edilmisdir. 70K temperatur-
dan asagida yiikdastyicilarin sepilme mexanizmi ionlasmis asqarlardan, 70K-den yuxarida ise akustik fononlardan
sopilmadan ibarat oldugu miisyyen edilmisdir. Gostorilmisdir ki, kifayst qoder tomiz kristallarda yiikdastyicilarin
ytiriikliiyii ~ 9100 sm?/V-s qiymatini alir.

Acar sozlar: indium selen, yliriiklik, udma, akustik fononlar.

I. Introduction

Among 2D crystals, indium selenide is most vulnerable to a wide range of researchers
because of the simplicity and large variety of technology for producing ultrathin films. InSe
crystals belong to A3B° type layered semiconductor compounds. The ionic - covalent bond
between the atoms in the layers and the weak van der Waals interaction between the layers
make it possible to mechanically obtain films consisting of 2 to 20 monolayers. The layered
structure of the InSe crystal structure causes a strong anisotropy of their physical properties
and is the main reason for observing a number of effects that are not typical of other anisotro-
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pic semiconductors. Due to the presence of a low density of surface states (less than 10 cm-
2), these crystals respond well to intercalation with various substances, they can easily be clea-
ved, and exfoliated surfaces turn out to be specular. Different methods of mechanical and
chemical processing allow to produce samples one micron thick and less [1-3]. The ultrathin
layers of indium monoselenide have unique properties that qualitatively distinguish it from the
other two-dimensional crystals. In two-dimensional samples of indium monoselenide, electron
mobility is the highest. This material parameter is extremely important from the point of view of
improving the speed of devices that can be created on its basis. According to scientists, indium
monoselenide has wide prospects for further practical use, because its nanolayers combined with
graphene and some other functional two-dimensional crystals have every chance to compete
with silicon (5i) as the main material of modern electronics [4-6]. The perfection of technological
equipment and the improvement of the accuracy of measuring instruments stimulate anew and
more thoroughly examine the previously studied properties of crystals. Studies of the electrical
properties of layered A’B¢ type crystals have shown that they contain uncontrolled structural
defects, which are caused by the displacement of the monolayers relative to each other on an
atomic scale. Such defects significantly affect the electrical and photoelectric properties of the
crystal. However, obtaining and studying 2D crystals of A’B® compounds and comparing the
results with the results of similar modern studies of large crystals, will accelerate the innovation
of new ideas.

This work is devoted to the experimental study of the electrical and optical parameters
of thin films of indium selenide obtained in different conditions of the technological process.

II. Samples and Experimental Technique

The investigated InSe single crystals were grown by the Bridgman-Stockbarger method.
The whole process of growing was carried out in automatic mode, which allowed to obtain
perfect single crystals with a natural mirror surface. Samples with a thickness of 100-200 pm and
an area of ~ 1 cm? were made by cleaving large ingots. An ohmic contact of In was deposited on
the freshly cleaved surface of the sample by thermal evaporation in vacuum. In the study of the
absorption spectra, an automated monochromator with double dispersion M833 (spectral
resolution ~ 0.024 nm at a wavelength of 600 nm) with computer control and a detector recording
radiation in the wavelength range of 350-2000 nm was used. The electrical parameters were
determined by the standard Hall effect method. The magnetic field strength was ~ 11000 Gauss.
The measurements were carried out in the temperature range of 4.2-300 K for two directions,

n_n

parallel and perpendicular to the optical axis "c".

III. Experimental results and discussion

All the grown crystals had n-type conductivity, the specific conductivities of the samples cut
from the crystals in the form of a rectangle are presented in Table 1. The absorption spectrum of
sample 4, with an InSe film thickness of 85 pum, is shown in Fig. 1. As can be seen from the figure,
the edge of the absorption band is located in the near infrared region of the spectrum. The band
gap in InSe, determined from the a”~ f{(hv) dependence, turned out to be equal to Ez=1.32 eV. It
should be noted that the values we found for Eg are comparable with the data givenin [7, 8, 9].

Based on Hall measurements, the main electrical parameters, Hall constant (R), resistivity
(p), current carrier concentration (n), mobility (p), conductivity type of thin InSe films in the

"n.n

direction parallel and perpendicular to the optical axis "c" were determined.
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Fig. 1. Absorption spectra of thin InSe films.
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The data for six samples in the direction perpendicular to the optical axis-s at 300 K and 77 K
are shown in Table 1. As can be seen from the table, these parameters in InSe vary widely for
samples obtained from different ingots. It was not possible to determine any regularities for the
dependence of mobility on the specific resistance of the crystal. The reason for this, in our
opinion, is the complexity of the behavior of defects in crystals. A rather large value of mobility
(~ 9000 cm?/V-sec) for sample Nel at 77 K should be noted, which is a very important parameter
for the manufacture of high-speed detectors of laser radiation.

Table 1. Electrical parameters of thin InSe films in the direction perpendicular to the optical axis e

300 K 77K
crystal No d p R Om o concen. cm3 p R | pem¥Vss con. |type
pm Om-cm cm?/V-s Om-cm | Om cm3
1.InSe 65 0,12 337 278 1.8.10% 0.8 1688 9100 3.710® |n
2.InSe 55 0.52 334 638 1.8.10%5 0.68 | 1578 2321 3.99-10"% |n
3.InSe 75 1.63 281 172 3.6:101 145 | 1309 901 4.710% |n
4.InSe 85 1.83 305 16.6 2.0-10" 2.80 | 2256 805 2.86:10" |n
5.InSe 45 2.67 708 265 1.8.10% 2.02 | 9290 1134 6.2:10® |n
6.InSe 87 3.13 725 231 1.9-10% 3.78 | 4140 1095 1510 |n

In table 2, for comparison, the same data from one of the studied samples for two directions,

parallel and perpendicular to the optical axis "c", is given. As can be seen from the table, the
resistivity and mobility of current carriers depend on the orientation of current contacts, which

indicates the presence of strong mechanical anisotropy in InSe.

Table 2. Comparison of the electrical parameters of InSe thin films in a direction parallel

"non

and perpendicular to the optical axis "c".

crystal No pL con. o con. ot W
Om-cm cm3 cm?/V-s cm3 Om:cm | cm?/Vs
InSe 5.2 9.3-10%5 130 9.3-10%5 3.7-102 4.2

The temperature dependences of the resistivity and carrier concentration in a wide range
of temperatures, from 4.2 K to 300 K are presented in Fig.2. As follows from the figure, the
resistivity in the temperature range of 100-300 K remains almost constant, and the electron
concentration increases with increasing temperature. From the dependence o (T) in the range
of 20-100 K, the activation energy of the impurity level is determined to be 48 meV.
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Fig. 2. Dependences of resistivity (1) and concentration (2) on the temperature of thin InSe films.
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Figure 3 shows the dependence of the mobility of InSe on temperature. We see that basi-
cally, there are two trends in the change of mobility. At first, up to 70 K, an increase in mobility
is observed, and then, starting from this value, it decreases. The change in the Hall mobility
of current carriers with temperature obeys the laws p~T%? (<70K) and p~T-=? (>70K), which
corresponds to carrier scattering on impurity ions and on acoustic lattice vibrations.

Fig. 3. Dependence of InSe mobility on temperature.
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IV. Conclusion

The main electrical parameters of InSe thin films were determined by an experimental
method: resistivity, mobility, conductivity type, current carrier concentration. It has been shown
that in some fairly pure samples, the mobility value reaches ~ 9100 cm?/V-sec.

It was revealed that, depending on the orientation, a significant anisotropy is observed
in the values of mobility and resistance. It has been shown that in most of the n-InSe samples
that were selected as objects for further research, the mobility reaches ~700 cm?/V's, and the
carrier concentration is 10'¢cm?3.

This work was supported by the Science Development Foundation under the President
of the Republic of Azerbaijan - Grant Ne EIF/ MQM/ Elm-Tehsil-1-2016-1(26)-71/01/1.
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ABSTRACT

In the present work the temperature dependence of the intrinsic viscosity of liquid solutions in water of agarose
one of the classical representative of polysaccharides which is obtained from the red seaweed and Huggins constant
(20°-70 " C temperature interval ) was investigated. It was absorbed that if we added salts to such a systems
(agarose-water) the structure of system and the parameters which is characterized this system will changed as a
result of different types of interaction between salt, agarose and water molecules. It is clear that at the results of
this interactions there will be some changes in the properties of solution, structure and also in values of intrinsic
viscosity depending on the temperature.

Key words: agarose, polymer gels, aqueous solution, Huggins constant, intrinsic viscosity, sodium salt of le-
mon acid.
AQAROZANIN SUDA DURU MOHLULLARININ REOLOJI XASSOLORI
XULAS®

Isde gelomalagatiran polisaxaridlarin tipik niimaysndasi olan va qirmizi deniz yosunlarinda alinmis aqaro-
zanin suda duru mehlullarmin xarakteristik ozliiliiyii -[n] ve Xaqqins sabitinin temperatur aslilig1 (20°C+ 70°C) ham
saf halda, hom da limon tursusunun natrim duzu ile tesir etdikden sonra toyin edilmisdir.Tadqiq olunan mahlul-
larmn struktur deyisikliyini xarakterize edon bu parametrlori qiymoti artan temperaturla artir. Alinan naticalor gos-
torir ki, aqaroza-su sistemi hallolmanin yiiksek kritik temperaturuna(HYKT) malkdir.Bu isde limon tursusunun
natrium duzununyuxaridaki parametrlardaki deyisikliklarin tabistine tesirini dyranmisik.

Acar sozlar:aqaroza,polimer gellor, Haqqins sabiti, xarakteristik ozliiliik,limon tursusunun natrium duzu,
sulu moahlullar.

PEOAOIMYECKUE UCCAEAOBAHMS BUAHBIX PACTBOPOB ATAPO3bI
AHHOTAIIUSA

B pabote nccaegosano tremmepatypHas sasucumoctu (o1 20°C g0 70°C) xapaKTepucTUIecKUABA3KOCTH- [n]u
IIOCTOEHHOIXAKKIHCa BUAHBIX pacTBOPOB OAHOTO M3 KAACCHIECKNUX IIpeACTaBuTeAel 0ANcaXapuAOB MOAYIEeHHBIX
13 KpacHBIX BOJOPOCAEI araposbl. 3HaueHMe STUX IapaMeTpOB, XapaKTepusylolas CTpyKTypHasl M3MeHeHNe B
MccAe/OBaHHbBIE PAcTBOpaX, YBEAMINBAETCS C POCTOM TeMIlepaTypsl. I1oaydeHHbIe pe3yAbpTaThl IOKA3BIBAIOT, YTO
cHcTeMa araposa- Boda MMeeT BBICIIYIO KpUTHJecKylo TemiiepaTypa pacrsopenns (BKTP).B pabore nsydena Takme
BAVSIHIE HaTPMEBOI COAM AMMOHHOM KIMCAOTBI Ha XapaKTep M3MeHEeHIABBIIIEeYIIOMIHYTHIX IIapaMeTpPOB.

Karouessie caoBa: araposa, 1I1oAMMepHbIe€ TeAl, BOAHbIE PAaCTBOPBI, ITOCTOSHHAS XaKKI/IHCa, XapakKTepucrm-
YecKasa BA3SKOCTD,

Introduction

It's kwon that, viscosity is the main parameter which is determine the structure of liquid
solutions, characterised the force of friction between molecules in systems. High molecular
compounds have a specific properties and also they have high viscosity than low molecular
compounds. At the same time viscosity depends on the flow rate of liquid, molecular mass of
polymer in such systems and the dependence on concentration is described in nonlinear
expressions. Although polymer was widely used for many years, the specific characteristics
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which is observed on physical and chemical properties still is completely has not been studied
yet. According to the existing imaginations [1] in the solutions of macromolecules their long
flexibility molecules are twisted and turned into a statistical flake. This statistical flake keeps
particular solvents inside and moves together with solvent. This Motion can be chaotic (Brownian
motion) or directional (diffusion). During the laminar flow the different parts of macromolecular
flake in definite price of speed gradient it is exposed different fast displacement in fast and slow
zones of flow. At this time, the macromolecule is under the influence of the double force that
oblige it to rotate. During the rotational motion of this macromolecule in liquid fluid there
happens the process which is characterized with the friction (interaction) of molecule of solvent
and macromolecule’s segments and its mean that the viscosity of solution macroscopically
increases than the viscosity of solvent. The increasing of viscosity as a result of rotational motion
of separate molecules is estimated with the increasing of intrinsic viscosity. In some cases we can
explain the decreasing of viscosity with the increasing of speed gradient or tension, as opening of
flake [2,3] (macromolecule) getting conformation [14] of stick and with the orientation to the

_ Nsolution—Nsolvent

direction of liquid flood. It is known that the specific viscosity (ng, = =*=="—>**) of high mo-

Nsolvent
lecule compound’s liquids goes beyond the line dependence over the concentration and the

reduced viscosity (Ilre%) doesn't remain to a constant in many cases depends on the concentration

as linearity and described with following expression

Nsp _ (Tsp S (Aspy2 .o
C_(C)Ho+k(c)c+ 1)

Here k’- Huggins constant [4;5]. The penetration of solvent into the statistical flake cha-
racterized the degree of resistance which is shown. The price of reduced viscosity from extra-
polation of the concentration to zero is named as intrinsic viscosity or viscosity number and
characterized the resistance to liquid flood by macroscopic flake at low concentrations.

2. Experimental section

2.1. Materials and methods

In the present work the temperature dependence of the intrinsic viscosity [6] of liquid
solutions in water of agarose one of the classical representative of polysaccharides which is
obtained from the red seaweed and Huggins constant [7] ( 20 "-70 " C temperature interval )
was investigated. (we use the agarose of CONDA company and average molecular mass is
120000 g/mol)

Figure.1 The dependence of intrinsic viscosity and Huggins constant of aqueous solution of agarose on temperature
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The obtaining results were shown in figure.1. As seen from the figure intrinsic viscosity
increase as monotonously and the value of Huggins constant decreases in this temperature
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interval. This dependence is related to the affinity of water to agarose increase with the
increasing of temperature interval in agarose- water systems, so the thermodynamic quality
improves (second virial coefficient Az increase) and the penetration of water into the
statistical flake which is created by agarose macromolecule. And this process increases the
volume of flake (flake swells more) its resistance to liquid flood and also increases the value
of intrinsic viscosity which is determined from the experiment. It is natural that as stated
above the quantity which is characterized the penetration of solvent into statistically flake is
a coefficient k degreases monotonously with the increasing of temperature. Let's note that
the coefficient k'-receives rather high prices in chemical compounds with rigid molecules as
the result of resistance is higher for the penetration of solvent to macromolecule. But in
compounds which have flexible molecules k'-receives rather low prices fig.1. It is necessary
to emphasize that with the increasing of temperature the increasing of quality of solvent it's
affinity to polymer second virial coefficient and also increasing of solution belongs to the
systems which have high critical temperature of solution (HCTS). In such a systems the heat
is absorbed during the solution. To prevent the increasing of temperature (Le- Chatelier's
principle ) the solution process should be increased so that heat can be absorbed and the
temperature increases. We absorbed that if we added salts to such a systems (agarose-water)
the structure of system and the parameters which is characterized this system will changed
as a result of different types of interaction =~ between salt, agarose and water molecules. For
explore this changes we determine the intrinsic viscosity [8,9,10] and coefficient-k" of agarose
—water- sodium salt of lemon acid system has been studied experimentally.

3. Results

Figure.2 The dependence of intrinsic viscosity of aqueous solution of
agarose+ sodium salt of lemon acid system on temperature
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0 10 20 30 t:llﬂc 50 60 70 80

The obtaining results were shown in pictures. We can explain the obtaining results as fol-

lows. If salt is added to the agarose-water system there is different interactions between salt
molecules and agarose also salt molecules and water molecules. It is clear that at the results
of this interactions there will be some changes in the properties of solution, structure and also
in values of intrinsic viscosity depending on the temperature [11,12].

It is well known that, the salt molecule is dissolved in the aqueous environment and se-
parated into ions and there is formed hydrate layer around these ions. Among the molecules
which are penetrated to the flake there are sodium ions (the probability of the penetration to
the flake is less according to the higher sizes of salt's onions) with its hydrate layer along with
the water molecule (the number of hydrating ions define with the degree of dissociation depen-
ding on temperature). As a result of the relative decreasing the number of free water molecules
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which is penetrating to the flake the increase in size is weakening and the increase of intensity
of [n] gets decrease.

Let’s note that as a result of sodium ions accumulation there will be positive overload inside
of flake and these ions will prevent the next sodium ions with hydrate and water to enter inside
of flake and the increasing of flake's sizes weakened and consequently the increasing of [n]
weakened too.

It should be noted that Na ions will generate complex with oxygen which is in agarose
molecule so hydration will be strengthened and the number of water molecules which is en-
tering inside of flake will be decrease. As a result the flake will get narrow an [n] will be dec-
rease. Huggins constant will be increased accordingly depending on the temperature. The
processes (interactions) which is stated above [n] -T and k’-T dependencies incur to a quanti-
tative changes.

Figure. The dependence of Huggins constant of aqueous solution of agarose+ sodium
salt of lemon acid system on temperature
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ABSTRACT

In the present paper, the interaction of the axial vector meson with nucleons is investigated in the framework
of a soft-wall model AdS/QCD. Inside the Anti-de Sitter space (AdS), axial vector fields are defined by gauge fields with
left and right chiral symmetries. In addition, a pseudoscalar field is introduced into the space AdS for breaking the
chiral symmetry. Inside the AdS space, the Lagrangian for these fields is introduced and profile functions are found
which are solutions of the equation of motion. According to AdS/CFT, the interaction constant for the axial vector
meson with nucleons is obtained as an integral in the additional measurement. Our main idea is to find the numerical
value of the interaction constant of the axial vector meson with nucleons in the framework of the soft wall model
AdS/QCD. With the help of the computer program "Mathematics 7", these values are determined. As a result, a
comparison of the theoretical and experimental data revealed significant correlations of the results.

Keywords: Anti-de Sitter space, axial vector meson, nucleon, profile function.

KOHCTAHTA B3AVIMOAEVICTBUSI ga,nn -AKCMAABHOI'O BEKTOP-ME3OHA
C HYKAOHAMMU B MOAEAV MSITKOV CTEHBI AAC/ KXA

PE3IOME

B mpeaaaraemoit pabote mccaeayeTcs B3auMOJENICTBIE aKCHaAbHOTO BEKTOP-Me30Ha C HyKAOHaMM B MOJeAn
msarkoit crensl AaC / KXA. Bayrpu ripocrpancrsa Antn-ae-Currepa (A4C) € IOMOIIBIO KaAUOPOBOYHBIX I10A€T1 C
A€eBOil U MpaBoii KMPaAbHBIMU CUMMETPUSMMU OllpeseAeHbl aKCHaAbHble BeKTOpHBIe 104, JO0II0AHU-TeABHO BO
BHYTpHI TTpocTpaHcTBa AgC BBegeHO IICeBAOCKaASpHOe T04e AAs HapyIleHMs KMpaaAbHON cuMMeTpun. BuyTpnu
npocrpancTsa AAC BBeeH /larparKmaH A4s1 DTHX I10A€¥ U HaliAeHbI MpoduAbHbIE (PYHKIIVY, KOTOPbIE SBASIOTCS
pemenysaMu ypasHeHust avikennst. CoraacHo AAC/KTIT 11oaydeHO COOTBETCTBME KOHCTAHTBI B3aMMO-AENCTBIS
aKCHaAbHOIO BEKTOP-Me30Ha C HYKAOHaMI B KadecTBe MHTerpada I10 AOIOAHUTeABHOMY M3MepeHuio. OCHOBHOM
3ajaydeil paboOTHI AIBASIETCsI HAXOKAeHMe UMCABIHHBIX 3HaUeHMII KOHCTaHThI B3alMOAICTBILSI aKCMaAbHOTO BeKTOP-
Me30Ha C HyKAoHaMu B Mogean Msrkoit creHsl AAC/KXA. C moMoIreio KOMITBIOTEPHOI IIporpaMMsl “Matemaru-
Ka 7” olpejeAeHbl 9TU 3HaueHus:A. B pesyabraTe, cOllocTaBAeHMs TeOPETUYECKUX U eKCIIepUMeHTaABHbIX JaHHBIX
OBLAMV BHISIBAEHBI CYIIIeCTBEHHBIe COOTBETCTBIS Pe3yABbTaTOB.

Karouesnbie caoBa: mpocrpancTtso AHTH-ae CHUTTepa, akCMaAbHBIN BeKTOp Me30H, HyKAOH, TpopuAbHas PyHK-
st
AdS/KXD-NIN YUMSAQ DIVAR MODELI CORCIVOSIND® g, yv AKSIAL
VEKTOR MEZON-NUKLON QARSILIQLI TOSIR SABITi
XULASO

Taqdim edilen isde ai-aksial-vektor mezon ila nuklonlarin qarsiliql tasiri AdS/KXD-nin yumsaq divar mo-
deli ¢arcivasinds aragdirilmisdir. Anti de Sitter (AdS) fozasinin daxilinde sol ve sag kiral simmetriyaya malik olan
kalibrlesma sahsalari vasitesila aksial vektor sahs toyin olunmusdur. Bunlardan slavs kiral simmetriyan1 pozmaq
tigiin psevdoskalyar X sahasi daxil edilmisdir. Bu sahalar ti¢iin AdS fazasinin daxilinds qarsiligh tasir Laqranjiani
yazilmis, harakat tonliklari alinmis ve bu harakat tenliklarinin halli olan profil funksiyalar: tapilmisdir. AdS/KSN
uygunlugundan va daxili AdS fezasinda yazilmis qarsiligl tesir Lagranjianindan istifads ederak ai-aksial vektor
mezon-nuklon qargiligh tesir sabiti g, yy tiglin AdS/KXD-nin yumsaq divar modeli asasinda alave 0lgii {izra
integral ifade alinmusdir. Isin asas maqgsadi ai-aksial vektor mezon-nuklon qarsiliglh tesir sabitinin adadi giymatini
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AdS / KXD-nin yumsaq divar modeli ¢ar¢ivasinda tapmaqdir. “Matematika7”proqraminin kémayi ile ai-aksial
vektor mezon-nuklon qarsiligh tosir sabiti g, ny liglin adadi qiymat alinmigdir. Naticads, alinmig naticelerin ma-
lum nazari ve eksperimental naticolorle miiqayisesinden onlar arasinda shamiyyetli uygunluq oldugu gosteril-
migdir.

Acar sozlar: Anti de Sitter fozasi, aksial vektor mezon, nuklon, profil funksiya.

I. The actuality of the subject

The study of the coupling constants and form-factors of elementary particles are the impor-
tant problems in recently theoretical physics. The newly created AdS/QCD models is based on
the principle of the AdS/CFT and is considered to be very effective method in the calculation of
this quantity. The string theory created a connection between a gauge theory in d-dimensional
space-time to a gravity theory in a (d + 1)-dimensional space-time, so, is called the theory of ho-
lographic principle of duality. An example of this duality is the most widely studied AdS/CFT
correspondence principle. At the end of the last century, this principle has been successfully
applied in various areas of modern theoretical physics.

Holographic principle of duality has particular significance for solving QCD problems-
gauge theory of strong interactions. Since, in QCD the strong coupling constant get a high value
in a small value of the transmitted momentum. So, direct application of the perturbati-ve methods
to solve phenomenological problems of strong interactions impossible. Pheno-menological
problems of strong interactions are coupling and decay constants, form-factors and mass
spectrum. Since, application perturbative methods solving this problems impossib-le, so that this
constants, form-factors and etc. calculate with the non-perturbative methods. In other side, the
non-perturbative methods gives difference between calculating and experimental values of the
quantity. Unlike quantum field theory AdS/QCD models, based on the principle of AdS/CFT are
not occur such difficulties and shall be used to solve problems of the strong interaction without
restrictions to the region energy and momentum transferred. For this reason, AdS/QCD models
are being successfully applied to the study of strongly interacting quark-qluon plasma and
strong interaction constants and form-factors as well [1-7].

AdS/QCD models are constructed by adding an extra direction in a original 4-dimen-sional
space, which includes non-perturbative aspects such as chiral symmetry breaking and
confinement. These models show that non-perturbative properties provides with a simple way.
AdS/QCD models contain from the soft-wall and hard-wall models.

o-vector meson-nucleon, m-meson-nucleon and a,-axial vector meson-nucleon coup-lings
constants and form-factors can be measured in practice. These constants and form-fac-tors also
calculated in the framework of chiral quark model and QCD sum rules. After the establishment
of AdS/QCD models these form-factors and constants are calculated in the fra-mework of these
models and were compared to the results from other theoretical and experi-mental values. As
part of these studies, calculation of these constants and form-factors in the framework of
AdS/QCD models is advisable. Also, according to the results obtained in the framework of these
models, one can say opinions about the effectiveness of the models.

In this paper, working in the framework of the soft-wall model, we calculate g, yy the axial
vector meson nucleon coupling constant in vacuum. Note, that this coupling constant has been
calculated in the framework both — soft-wall and hard-wall models and for this constant there is
empirical data as well, that give possibility to stand comparison with it.
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The present paper was organized as follow. In section II we briefly present AdS/CFT corres-
pondence principle, metrics of AdS space, equation of motions and profile functions for a;-meson
and nucleons in the framework soft-wall model AdS/QCD. In section III, in the framework of the
soft-wall model is written the explicit form of action from the interaction lagrangian between the
axial vector, psevdoscalar and fermion fields in the bulk of AdS spa-ce. Then we calculate g, yy

the axial vector meson nucleon coupling constant in vacuum in the framework of soft-wall
model AdS/QCD.

II. The soft-wall model of AdS/QCD.

With n,, = diag(1,—1,—1,—1) Minkowski metrics in (x*, z) coordinates the d+1 di-
mensional AdSs space is written as follow:

ds? = gyydxMdx" = e24®(dz? + n,, dx*dx¥) =

= S (—dz? + nydxtdx’)pv = 0,12, ..,d — 1, 1)
where
1 0 0 0 0
20 -1 0 0 0 -
Iun =z 0 0 -1 0 0 zz_anN/ (2)
0 O 0o -1 0
0 O 0 0 -1

is the metric of AdS space and 7, = diag(1,—1,—1,—1)- is 4-dimensional Minkowski
metrics.

Axial-vector isovector current in QCD.

The vector and axial-vector currents of nucleons is occur in f-decay of nuclears and ney-
tronsn - p + e~ + ¥, and u-capture u~ + p — v, + n proceses. In such proseses there is form-

factor in the interaction vertex, which is named nucleons axial-vector isovector form-factors
[10].

As we know, in Quantum Chromodinamics the axial-vector isovector current is construc-
ted with y#y° pseudovector matrix. Thus, in QCD the axial-vector isovector current with three
components is defined as follows:

jRa00) = PCrHYS Spo,a =123 3)
j#4(x) the axial-vector isovector current operates has such propers:

Hermiticity requirement: j#4%(x) = j#%(x)

Anticommutation requirement: [Q%(t), j*#? (¢, X)] = ie®P€ jC(t, %)

Space inversion: j*%(x) - —j (%), ¥* = %,

Charge conjugation: when a=1,3, j*#%(x) - j*#%(x) and when a=2, j**(x) - —j*2(x).

G N =

The axial-vector isovector current is a partially conserved in a weak interaction:
— a uy . .
0" (x) = ilp(x)ys{%, uhp(x), where p = ( d) is a doublet of a u and d quark, p is a mass

matrix of a u and d quark : u = diag(m,, my).

In m, = m,; = m a exact isospin symmetry case 4 matrix has a diagonal form and in one-nuc-
leon states a matrix element of the axial-vector isovector current is defined with such structure:
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INEHHOIND)) = TG #1564 + 375G (@) Su(), @

where g, = p, — p, is a total momentum in an interaction , my-is a nucleon mass. G4(q*)
and Gp(gq?) respectively are called axial-vector and effective pseudoscalar form-factors.

Similarly to vector mesons and according to AdS/CFT correspondence the axial vector
mesons conformity to the UV boundary value of KK modes of axial-vector gauge field. In
other side, although the axial vector field include two components as A = A, + 4, only lon-
gitudinal components has physical meaning related with pion field as follow: Af;(x,z) =
OuY®(x,z). The A} component is fixed with A5 = 0 condition. The general action for the all
fields in the bulk of AdS/QCD is written as follow [1-7] :

o) _ 1
S=["d5x Jge*® Tr{|DX|2 +31X12 — S TrlFG + Fj]}, (5)

1272
N,

where X(x,z) = v(2) @ is a scalar field in the bulk of AdS space, gZ = U(x, z) = exp(2it®n?(x, z))
is a chiral field term and v(z) = %qu + %023. The values of m; and ¢ are found from the UV
and IR boundary values of the solution of equations of motion for X field [1-7]:

v2(2)

: o) _ 1
Sggglal — fo dSx ge @) Ty {_@AMNAMN + 3 (A% — aMT[a)Z}, (6)

Thus, according to the Higgs model the axial vector gauge symmetry is broken by inclu-
ding mass term depending on z to the lagrangian. After the Fourier transformation the equa-
tion of motion for the same A{, (x, z) component is find from the (6):

[0, (e 0,850, 2)) + pP22e 7 A, ) — give ™ Asip,2)] =0, )

where A4 (0, 2) = A(p,2)A;(p) and A(p,0) =1 and A’(p,z,) = 0 are boundary conditions.
The equation of motion for A, (z) the n-th Kaluza-Kleyn modes is written as follow [7]:

-2 ~0,(%)a, + 287 4,(2) = 0. (8)

z3
A(p,2) = X320 An(2) f(p) for A, (2) the n-th Kaluza-Kleyn modes m2 = p? , so the equation
of motion (8) will be as follow:

9,(e 5@ 9,4,) + mie @4, = 0. )
where B(z) = ®(z) — A(z) = k?z% + Inz and A,,(2) denoted as follow:
An(2) = e2@/2, (2). (10)
Thus the solution of motion for y,,(z) is written as follow:
- 2n!
Yu() = KT ()2 [ L () 1)
For a;-meson m = 1 and (11) will be like this :
2
An(Z) = I{ZZ2 mL}l kzZz). (12)

Thus, (12) is a expression for the profile function of the axial vector meson in the
framework of soft-wall model of AdS/QCD .

Nucleons in the framework of soft-wall model of AdS/QCD

According to 4-dimensional AdS space action for a fermion fields in a 5-dimensional
AdS space is written as follow[1-7] :
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= [d°x e_¢(z)\/§(iﬁ1eﬁerDMN1 — (M + $(2))N;Ny) (13)
where the interaction between ¢(z) scalar Dilaton field and spinor field is include in the last
term. After the variation from the action (13):

8Ssw. = [ d°x[g(i6N e TADy Ny + iN;ef! TADy SNy — (M + $(2))8N; Ny — (M + $(2))N;8N;). (14)

and from the (14) the equation of motion for the nucleons in the framework of the soft-wall
model of AdS/QCD is written as follow:

ieT*Dy Ny — (M + $(2))N; = 0. (15)
where e}l = znll = zdiag(1,1,1,1,-1), I'* = (y*, —iy®),Dy = 0y — in pcZB¢

ief T (O —  0u pcZPC) Ny = (M + (@) Ny = 0. (16)

Here wy; pc is a spm connection and its non-zero components are:

wpt = —wf® = 8;;1 (u=0,1,2,3). (17)
thus, from (16) equation of motion for 5D spinors was written as follow:

(zy50, + izd — 2y°)N; — (M + $(2))N, = 0. (18)

After the writing spinors in a momentum space:

Ni(x,2) = [ d*p e P*[Fy (0, 21 () + Fir (@, 2)%1x()], (19)’

and substitution (19) in (18) one can get equation of motion for nucleons as follow:
(02 -20, + &™) gy = PRy,

. (20)
(02 - 2o, +(6’Z_ﬂ)F1R=—|P|2F1R

By solving (20) equations of motions the expression for profile functions of nucleons was
found with the Lager polinoms as follow[4, 6]:

Fy(2) =y, (k2)* Ly (kz),
Fie(@) = nag (k2> Ly (k). @1)
There is a connection between a parameter and 5D mass: a = M + % « parameter also

con-nect m» mass of the n-th Kaluza-Kleyn modes with the number of modes:

m2 = 4k?(n + a). (22)
ny g constants was found from the
2,2
f dZ B i FILFIL = Gnm, (23)
normahzatlon condition and is written with the gamma functions as follow [4, 6] :

ny = 1_1 2I(n+1) ’

k@ I'(a+n+1)
nig =nyVa+n. (24)

III. a;-meson—nucleon coupling constant in the framework of AdS/QCD.
Action for the bulk fields in AdS

In this section was calculated g, vy the axial vector meson nucleon coupling constant in
vacuum in the framework of soft-wall model AdS/QCD. After using profile functions for a,-
mesons and nucleons, the interaction lagrangian for axial-vector field, and “Mathematics”
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program the numerical value for this constant was calculated in the framework of soft-wall
model AdS/QCD .

For this aim we use from the expression (3) for the axial-vector current and from the action
between axial-vector field and fermion fields in the bulk of AdS. In the framework of soft-
wall model AdS/QCD the action is expressed with Lagrang function as follow:

Sa/e(A(q,2)) = [ d*x dz [g e @ Ly, (25)

where L;/;-is a interaction Lagrangian between axial-vector field and fermion fields in the
bulk of AdS.

According to AdS/CFT similarly the vector field the expression of generating function
for axial vector field in CFT will be as follow:

Zyxp (Af) = etSaeu(@n), (26)

where Af(q,z) is a vector field in a 5-dimensional AdS space, A% = 4,(q,z = 0) = A,(q) is
(A(q,z = 0) = 1) a ultraviolet boundary value of /Iﬁ (q,z) = A7 (q@)A(q, z) axial-vector field in
a 5-dimensional space.

In other side 4-dimensional axial-vector current of nucleons in the bulk of AdS space equal
by taking variation from the gravity functional generating function for the vacuum expectation
value of the axial vector field:

<Ji>= iR |y, 27)

where ] - is a axial vector current for nucleons and expressed with the a;-axial vector izo-

vector form-factors as follow: J7 (p’,p) = GAﬂ(p’)ySyﬂ §u(p). Afj is a source for J current.

Let us define the explicit form of £,/ interaction lagrangian including (25) to calculate
Ja,nn the axial vector meson nucleon coupling constant. As we know, the interaction Lag-
rangian is contructed basing on the gauge invariance of the model. Depending on the inte-
raction between gauge, scalar and spinor fields in the bulk of AdS, the several interaction terms
in a different literature.

The total interaction lagrangian consist of the terms contributing to both vector and axial
vector currents in the f-decay of nuclears and neytrons n —» p+e~ + 7, and p-capture
u~ +p - v, +n proceses. In our case we use only in the interaction terms producing axial-

— a
vector P(x)yHy> %w(x) structure in the action. We use from three interaction terms between

Ay-gauge, X-scalar vo ¥; , —fermion fields, which are give the contribution to the g, vy a:-
meson-nucleon coupling as follow:

1) A minimal coupling constant term L(%):
LW = PrMAD MY — I (AR, = %(IEFMAMLIH - l1!_’2111V1AMW2)- (28)

These term was introduced in [5] by Hong and expressed interaction between axial vec-
tor field with the current of fermions. This interaction Lagrangian is constructed basing on the
gauge invariance of the model.

2) A magnetic gauge coupling term L(?, expressed interaction between axial vector field
with the 5-dimensional spinors in a bulk of AdS space:
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L® = ikl{"TIlFMN(FL)MNlpl - q_IZFMN(FR)MNlPZ} == §k1{¢1FMNFMNlp1 + q_’zFMNFMNlPZ}' (29)
where Fyy = 0y Ay — OyAy, Ay-is a field stress tenzor of a axial vector field.

These Pauli term was introduced in [1-7] by Ahn, Hong and others at first and expressed
interaction between axial vector field with the magnetic moment of fermions. This interaction
Lagrangian is also constructed basing on the gauge invariance of the model.

3) In [10] was introduced L®)term by Mamedov:
L® = g%{lT,lXFM(AL)M"UZ — X T (AR W1} = gy (P XTY AW, + P X TM AP, (30)
L® is also a triple interaction of the bulk fields and hermitian and parity invariant.

Thus, axial vector current for the spinor field in the bulk of AdS space is found from the
interaction lagrangian as we list above.

The 5-dimensional action is the 5D space integrals of the total LY lagrangians. The 4-di-
mensional integrals in Fourier components gives the § function of energy-momentum conser
vation q = p’ — p in a interaction vertex. Thus, the expression for the 5D current is constructed
from this lagrangians as follow:

JoE@p) = AR YV Su). (31)

Let us substitute the expressions of Lagrang function (28), (29) and (30) in the formula
for action (25). Then after the writing expressions Fourier components for profile function of
5D spinors, 4D spinors profile functions and 5D gamma matrices in a total expression of a
action continue calculating in a momentum space. After the simplicity we get expressions for
action as follow:

From the minimal interaction lagrangian term L™ we get S():

gWy/d _
a;NN
= Jdx [0 dzNG e (PITAL Y, — Py TRAW,) =
1 I ’ codz _
== [d*pd*p'j (@, p)AL(Q) [y e 7 An(2) [IFig(m2)|? — |Fy (m2)]?]. (32)

From the magnetic gauge coupling term L we get §():
SV = Thy [ d*x [, dz G €K7 (B[S, TF|05 AW — Bo[I'5, TH]05A, W) =
© dz

=2 [d*pd*p'i (@ P)AL(Q) [y 55 e (0,40(2)) [IFir(m2)|? + |Fyy (m2) 2. (33)

From the triple term L® we get expression S® as follow:

B)y/a _
SalNN -

gy [d*x [ dz G e™° %" (B, XTHA W, + P, X THAY,) =
oo dz

=2gy [ d*p d"p'j (@', p)AL(Q) [y S e ™K A,(2) (2)Fyy (m2)Fig (m2). (34)

in (32), (33) and (34) formulas A4,,(z) is a profile function of a a;-mesonun in AdS space
and is defined with the formula (12).

According to holography principle, after using the total action expression § = § Ezli)ﬁ/]z/vd +

Sé?@’,(,d + Sﬁa\%d, we can get integral expression for g, yy the axial vector meson nucleon

coupling constant for the ground state of nucleons. For this aim, lets take derivatives from

the expressions (32), (33) and (34) respectively, S (all)g;l/vd minimal interaction action, Sﬁ),s’,éd mag-

netic type interaction term and S g)l\%\/,d Yukava interaction term over A (q).
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Thus, we get contribution for the minimal interaction lagrangian term to a;-meson-nucleon

coupling constant g(all)%l/vd as follow:

W. 1 r0d 12,2
D) g =31 L e 7 4, (2) [|Fip(m2)|? = |Fy (m2) ). (35)
contribution for the magnetic type interaction lagrangian term to a;-meson-nucleon
coupling constant gﬁfj,z,/vd as follow:
W. k oo d. _ k2,2
2) g @ =51 (2L ook (9, 4,(2)) [|Fr (m)|? + |Fyy (m2)|2] . (36)
and contribution for the Yukawa interaction lagrangian term to a;-meson-nucleon
coupling constant gﬁjj,sva" as follow:
3)y/d ©dz _p 2,2
3) g = 20y [ L7 4,(2) v(2) Fy (M2 Fyp (m2) . (37)

Thus, total expression for g7"yy the axial vector meson nucleon coupling constant for
the ground state of nucleons in the framework of soft-wall model AdS/QCD is written as a
sum of three expression as follow:

w. _ (Dsw. (2)s.w. (3)sw._
Gann = Ja,nN T Ia,Nv T Ia NN =

1 rood _ k oo d. _
= [T % e A, (2) [IFir(m2) | — |Fy (m2)|?] + 2 [ S e ™87 (8,4,(2)) [IFir(m2) |2 +

+2gy [ L e A,,(2) v(2)Fy, (m2)Fy g (m2). (38)

In order to keep the clarity about each contributions of different terms of lagrangian

g%/ to axial vector meson nucleon coupling constant in the framework of soft-wall model

AdS/QCD, we calculate results for ggl)%{vd, gfl)%l/vd, gff%{vdseparately. For this aim, we use from
the “Mathematica” package. Then we compare obtained results of the values g,y coupling
constant, with the experimental data for this coupling constant and with the ones obtained in
the framework the other theoretical models. During the calculating the numerical values of
k, ki, gy, mq and o free parameters in this model are fixed. The numerical value of k parame-
ter were determined from matching of the mass spectra of the a;-meson and nuc-leons which
were derived in the framework of soft-wall and hard-wall models with experi-mental values
of the masses of these particles and was fixed as k = 0.389 GeV in [3, 8]. The numerical value
of mass of u va d light quarks m, and ¢ chiral condensate were taken from [5].For this para-
meters we use numerical values respectively, m; = 0.00234 Gev and (0)*/® = 0.311 GeV. The
value for k; constant was obtained from the fitting of couplings constants m-meson-nucleon
Irnn and p-meson-nucleon g,y obtained in the framework of hard-wall model with the ex-

perimental data[5]. For k; parameter we also use k; = —0.98 value.

The value of Yukava parameter in [5] was fixed as gy = 9.182, to get correct nucleon mass
in the framework hard-wall model having fixed parameters m, = 0.00234 Gev,(0)'/® =
0.311 GeV and z,,, = (0.330 Gev)™!.

In literature, there is not data of the direct measurements of the g, yy coupling constant.
It was determined from other measurements in the experiment. For example, experimental
data for g, yy coupling constant is ngf,‘N =4.7 £ 0.6 , phenomenological dat is ggf,f}?vo' =
1.5~4.5,values in the framework of soft-wall model of AdS/QCD is gg'y =0.14, in the

framework of hard-wall model of AdS/QCD is gﬁ){,"’,{, = —2.93[1-11].
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To keep the lucidity about relative different contribution terms of Lagrangian, we present
the results for the gfl?),ﬁ," , gé?,\mn , gézl),ﬂ,n and gg“i & coupling constants separately in Table 1.
From the comparison of the soft-wall model results with the experimental and theo-retical
values provided above shows that the soft-wall model gives the results more close to the ex-
perimental data than the hard-wall model. In the excited states of nucleons the results increases
as the excitation number n increases. Unfortunately, there is no experimental data for this
constant for the n # 0 states, so we can’t make a conclusion about which model predicts a best
result. Also, from the comparison of results it can be seen that the gg¥yy coupling constant is

more sensitive to the value of parameters o and m, s.

Table 1. The numerical values of gg?)l\mn , g((lll),\;llz,n , ggzl)l\mn , gZ;%N coupling constants for the k=0.383 GeV, mg 4=

1.230 Gev, k; = —0.98 GeV?, gy = 9.182 GeV3, o = (0.311)3GeV?, m, = 0.00234 GeV parameters.

N I e P I I R M I
(GeV)
1.5~4.5
0 |0.94 -0.09 -1.588 16.038 | 14.36 47+0.6 |-293(0.42) |0.14
1 1.44 -0.068 -2.073 64.028 | 61.888
2 1.535 -0.056 -2.468 143 141.4

This work was done under the grant "BSU 50+50", so N.J.Huseynova thanks BSU for this
support.
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XULASO

Toqdim olunan isds polietilenglikol-limon tursusunun Na duzunun suda moahlulu ikifazali sisteminin hal
diaqrami1 qurulmus ve bu sistemin ayirdetms qabiliyyati (n") toyin edilmisdir. Daha sonra bir sira duzlarin (natrium
sulfat,natrium karbonat) bu sistemin hal diaqramina ve ayirdetma qgabiliyyatinin giymatine tesiri dyrenilmisdir.
Miiayyyan olunmusdur ki, alave olunan duzlar (natrium sulfatnatrium karbonat) polietilenglikol-limon tursusu-
nun natrium duzu-su ikifazal sisteminin hal diaqramini koordinant baslangicina dogru, heterogen oblastin artmasi
istiqgamatinda ( homogen oblastin azalmas: istiqamatinds) siiriisdiiriir, yoni ikifazali sistem komponentlarin daha
kicik konsentrasiyalarinda amsle golir. Eyni zamanda alave edilon bu duzlar (natrium sulfatnatrium karbonat)
PEQ-limon tursusunun natrium duzu-su ikifazali sisteminin ayirdetma qabiliyyatinin (n") qiymatini artirmigdir.

Acar sozlar: polietilenglikol, limon tursusunun natrium duzu, ayirdetm qabiliyyati, natrium sulfat, natrium
karbonat.

DETERMINATION OF SEPERATION ABILITY OF POLYETYLENGLICOL-SODIUM
SALT OF CITRIC ACID-WATER

ABSTRACT

In this paper, we investigated the effects of some salts (sodium sulphate, sodium carbonate) on the phase di-
agram of the aqueous two-phase system PEQ-sodium salt of citric acid-water and its separation ability has been
studied. Experimental phase diagrams and the influence of sodium sulphate and sodium carbonate to the phase
diagram are presented. It was found that the phase diagram of binodals in the presence of this salts (m sulphate,
sodium carbonate) are mixed in the direction of increasing the heterogeneous region (decreasing homogeneous
region) of the phase diagram.In other words, the separation of phases process occur at low (high) concentration of
polymer and salt which formed phases. At the same time, these salts have increased the value of separation ability of
PEQ-sodium salt of citric acid-water.

Keywords: polyetylenglicol, sodium salt of citric acid, separation ability, sodium sulphate, sodium carbonate.

OINPEAEAEHUE PA3AEAUTEABHOV CIIOCOBHOCTU IMMOAUBTUAEHT AMKOAb-HATPUEBASI
COAb AMMOHHON KNCAOTBI-BOAA

PE3IOME

B 910711 cTaThe MBI MCCAEA0BAAN BAMAHME HEKOTOPBIX coAeit (CyabdaTa HaTpusI, KapOoHaTa HaTpusa) Ha Pa-
30BYIO AMarpaMMy BOAHOI aByx(asHoit cucteMbl I1DI-HaTpmeBas coab AMMOHHOM KUCAOTLI-BOJa U €e pa3Aean-
TeABHYIO CITIOcOOHOCTS. IIpeacTaBaensl sKclepruMeHTaAbHbIe (a3oBble AarpaMMBl I BAVHME CyAbdara HaTpyi
1 KapOoHaTa HaTpus Ha Pa3oByIO guarpammy. briio oOHapy>keHo, 9To (pasosast AmarpaMMa OnHOJaleit B Ipu-
CYTCTBUM STUX coeii (Cyabdar HaTpus, KapOOHAT HaTPW:) CMEeIIMBaeTCs B HallpaBAeHNI YBeANYeHIs TeTepOoreH-
HOVI 001acTy (yMeHbIIIeHIe TOMOTeHHOIT 061acTy) $pa3oBoil AnarpaMMEL. ApyrnMu caosaMy, pazaeaenue §pas Ipo-
TeKaeT IIpM HMU3KOI (BEICOKOI) KOHIIEHTpaIiuy II0AMMepa M COAM, B KOTOPBIX o0pasyioTcs ¢assl. B To >xe Bpems
9TV COAM IIOBBICUAM 3HaUeHNe pasjeasiomelt crrocooHocry [19I -HaTpreBori coam AMMOHHOI KICAOTBI-BOABL.

KarogeBble ca0Ba: MOAMSTIAEHTANKOAB, HaTpUeBas COAb AMMOHHOM KUCAOTHI, pa3jeAnTeAbHON CII0cob-
HOCT, cyAbdaT HaTpus, KapOoOHAT HaTPLA.

Ikifazali sulu polimer sistemlari ilk dafs genis XIX asrin ortalarinda Isveg tadqiqatgisi P.
O.Albertson |1 torafindon todqiq edilmisdir. O, gostormisdir ki, ziilallar, nuklein tursular1 vo

Manuscript receved 11.04.2018 124



PEQ-Limon tursusunun Na duzu-su ikifazali sisteminin ayirdetma qabiliyyatinin toyini

s. kimi bioloji mansali maddslari, hiiceyrs, virus ve s. kimi bioloji hissaciklari ikifazali sistem-
lorde hall etdikds, homin maddalarin sistemin eyni zamanda tarazliqda olan fazalar1 arasinda
geyri-barabar paylanmasi bas verir ki, bu da hassas ve dayanigsiz struktura malik olan bioloji
maddalorin hissaciklarini, onlarin nativ xiisusiyyetlorini saxlamaq]la, alde etmoys imkan verir.
Bels ki, ikifazali sulu sistemlarin har iki fazasinin asasin su tagkil etdiyinden bu sistemlarden
bioloji hissacikleri yumsaq ayirmaq maqgsadls istifads etmok ¢ox alveriglidir. Tkifazal sistem-
lorin, eyni zamanda mdévcud olan ve bir-birinden hidrofobluglarma gore forqlenan fazalar:
arasinda bioloji maddalarin paylanmasinin aragdirilmasi, ¢coxkomponentli, coxfazali sistem
olan canli orqanizmda gedan bir sira proseslarin o ciimladon maddalar miibadilasi prosesinin
bazi maqamlarma aydinhq gotire bilar. Ikifazal sistemlarin asas spesifik cohati do mohs onla-
rin fazalarinin terkiblarinin insan orqanizminin 75-80% ni tagkil eden sudan ibarat olmasidir.

Malum oldugu kimi, canli orqanizmin asas hissasini su va yiiksekmolekullu birlasmalar
toskil edir ve orqanizmdoki maddalar miibadilasi asasen gan vasitasi ilo hayata kegirilir. Cox
komponentli ¢ox fazali sistem olan canli orqanizmda gedan proseslarin an sade modelini ya-
ratmaq ti¢lin ikifazali polimer-polimer-su sistemlorinden istifads etmak olar. Dogrudan da,
ikifazal1 polimer-polimer-su sisteminin eyni zamanda tarazliqda olan fazalarmin ssas hissasi-
ni su va polimerlar togkil edir. Bu fazalar bir-birinden polimer torkibi ilo forqlondiklori kimi
maddalarin geyri barabar paylanmasini temin edan esas sartlerden biri olan hidrofobluqlar:
ilo da forglenirler. Qeyd edak ki, aparilmis coxlu sayda tadqiqatlar gostormisdir ki, 111 tedqiq
olunan sistemlar ganda m&vcud olan ¢ox ciizi deyisikliyi (xestslik va ya stialandirma zama-
n1) hiss edir ve bu dayisikliyin bas verma sebablarini keyfiyyotca izah etmak olur 12,61. Malum
oldugu kimi,bels sistemlarde miixtslif maddslarin geyri-barabar paylanmasi hemin maddalarin
sistemin fazalarmin su miihitleri ilo hidrofob va hidrofil qarsihiqh tesirininin miixtalifliklori ilo
slagadardir. Ogar hall olunan madds hidrofob fazaya yigilirsa bu madda nisbi hidrofob, aks
halda isa hidrofil olur. Xarici amillarin tesiri ils (siialanma va ya her hansi patalogiya) paylanma
doayisirse, onda homin madds molekullarinda bas vermis konformasiya deyismesi ve buna
uygun hidrofob qarsihigh tesirin dayismesi barade miilahizeler yiiriitmak olar. Basqa sozls,
ikifazali sulu polimer sistemlarinds paylanma metodu ils nainki, xastaliyi qeyd etmak, hamginin,
xastoliyin yaranmasi mexanizmi barade miisyyon fikirlor séylomok olar. Polimer-polimer-su
ikifazali sistemlorinde paylanma metodu bioloji hissociklorin tomizlonmasi {iglin effektiv bir
metod kimi da genis istifade olunur |11. Boyiik mehsuldarhiga ve keyfiyysts malik olan bu me-
toddan daha genis vo effektiv istifade etmak {igiin yeni sistemlorin axtarisi, tadqiqgi ve totbiqi ¢ox
vacibdir 14,61. Ikifazali polimer-su sistemlorinds paylanma metodundan ziilallarin ve diger
bioloji hissaciklarin sath xassalarini, ziilallarin qurulusunu ve konformasiyasmi tedqiq etmak
tglin 12,41 analitik metod kimi das istifade etmak olar. Bu metodun daha semarali totbiqi tigiin
homogen sistemin (mahlulun) fazalara ayrilmasmin ve paylanan maddslerin paylanma mexa-
nizmlarinin molekulyar aspektlsrinin tohlili de bdyiik maraq kesb edir. Aparilmis ¢oxlu sayda
todgiqat islorinin naticelari onu gosterir ki, biomakromolekullarin vo eloca do kigik molekullu
birlosmalarin ikifazal sistemdos paylanmast sistemin eyni zamanda moévcud olan fazalariin su
miihitinin miixtaliflfyi ilo miisyyen olunur. Odebiyyatda 15,71 polimer-polimer-su ikifazali sis-
temlorinden dekstran-polietilenglikol-su, dekstran-fikoll-su ve dekstran-polivinilpirrolidon-su
sis-temlori, PVP-qeyri-lizvi elektrolit ikifazali sistemlarinin ds bazileri gismen tadqiq olunmus-
dur 15,91. Ikifazali sistemin eyni zamanda m&vcud olan fazalarmin su miihitinin strukturunun
miixtelifliyi 6ziinii maddaenin bir fazadan digarine ke¢gmasi zamani sarbast enerjinin miixtslif ciir
dayismasinda biruze verir. Bu enerjilorin kamiyyetco giymatlondirilmasi iiglin B.Y.Zaslavski vo
E.©.Masimov yeni metod islayib hazirlamisdir 110 |. Bu metodda marker maddalar kimi dinit-
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rofenillogdirilmis amin tursulariin homoloji sirasinin paylanmasi toklif olunmusdur. Alinan ne-
I

ticolor gostormisdir ki, marker maddalarin paylanma amsalinin loqarifmi (K = % , burada C! vo

C'"'paylanan maddoenin ikifazal sistemin fazalarindaki goki konsentrasiyalaridir) markerlordoki

metilen qruplarimin sayindan (ny, ) asiliigi agagidaki xotti funksiya ils tesvir olunur:
an=C+EnCH2 (1)

Burada C marker molekulunda dayismayen hidrofil qrupunun fazalararasi kegid serbast
enerjisini, E ise metilen qrupununun fazalararas: kecidsarbast enerjisini xarakterizo eden sm-
saldir. Bels ki,

1 G

c &

K = ﬁ = @RT (2)
molum ifadasini nazars alsaq,

RTINK=AG=RTC+RTEncy, (3)

yaza bilerik. Burada biitov marker molekulunun biitévliikde RTC vo RTEncy, ise uygun ola-
raq markerin dayismayan hidrofil qrupunun va bir metilen qrupunun ikifazali sistemin faza-
lararasi kegid sorbast enerjisini gostorir.

Sekill. Miixtslif imumi terkibli ikifazal1 sistemlar {igiin InK — ncy, asiliig

In K ¢ 16 =6
2.(¢l=cih
3.cf"=clh
1
1 1 1 1 ey
0 A 3 6 Ncw
-1 F

Lakin miisyyen olunmusdur ki, (3) asililigindaki ham C, ham E kemiyyoetlari ikifazali sis-
temin timumi torkibinden (1,2,3 xattlari) asilidir. Miixtalif imumi torkibli ikifazali sistemlor
tgtin InK — ncy, asilihigr sokil 1-de verilmigdir. Sokildon gortindiiyii kimi bu asilihiglar absis
oxunu eyni A noqtesinds kasirlar. Bu néqtads (ncy, = ngy,) InK=0, K= CC—III =1; ¢! = c" olur,
yoni paylanan maddenin konsentrasiyasi har iki fazada eyni olur. Goriindiiyti kimi, n*- DNF
molekulunda metilen qruplarinin els hipotetik sayidir ki, molekul sistemin fazalarinda bara-
bar paylanir. Bu onu gosterir ki, ion ve hidrofob hidratasiyalarin (C,E) InK-ya paylar1 barabar
vo oks isarali olub bir-birini kompenss edirler. Goriindiiyli kimi C ve E-dan ferqli olaraq

*

n* = —% kemiyyeti verilmis ikifazali sistemi almaq tigiin gotiirtilmiis imumi terkibden asili
deyil, yoni, sistemi birqiymatli xarakterize eds bilar. n* kemiyyeti miixtslif ikifazal1 sistemlori
bir-birlari ilo miigayise etmayas imkan verir. Bununla yanas: n* kemiyyetinin giymatinds pay-
lanan madds il fazalarin komponentlari arasinda moévcud olan biitiin qarsihigh tasirler nazare
almir.

n* kamiyyati ikifazal1 sistemi xarakterizoe edan an vacib parametrlarden biri olub sistemin
ayirma va ya ayirdetma qabiliyystinin gostaricisidir. Isde PEQ-CsO7HsNas-H20 ikifazali sis-
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teminin ayirdetma qabiliyyati vo miixtalif alavelarin bu kemiyyatin giymatina tasirlari yuxa-
rida geyd olunan metodla teyin edilmisdir. $akil 2-de markerlarin DNF amin tursularinin
PEQ-limon tursusunun Na duzu-su sisteminda paylanma amsallarinin loqarifminin marker-
larin yan zancirindaki metilen qruplarinin (karbon atomlarmin) sayindan asilii§i gosterilmis-
dir. $akildan goriindiiyii kimi, bu asililiq xattidir ( (1)tenliyins uygun olaraq).

Sokil2. 1)PEQ-CsO7HsNas-H20 ikifazali sistemi ii¢iin amin tursularimin paylanma smsalinin loqarifminin yan
zancirdaki metilen qruplarimin saymdan asililigs; 2) Na2SOs-iin tasiri; 3) Na2COs-iin tasiri

35 - InK
y =0.1656x + 2.236
3] ; T y=0,1433x+ 2,1065
4 +
25 vy =0.1565x + 14503
2 - * .
15 -
1 -
05
N cH2
0 : : . .
0 2 4 6 8

Molumdur ki, ikifazali sistemlari tadqiq etmak {i¢iin onlarin hal diaqramlari (binodallari,
birlegdirici xattlori vo s.) qurulur. Ikifazali sistemlarin konsentrasiyalar1 arasindaki asihilig:
(Creq-Chatimon) xarakterizo edan binodal ayri sistemin homogen (birfazal) hissasi ilo heterogen
(ikifazali) oblastlarini bir-birinden ayirir. Todqiq etdiyimiz PEQ-CsO7HsNas-H:O ikifazali sis-
teminin hal diaqram1 vo ona natrium sulfat ve natrium karbonat duzlarmin tesiri 3-cti sokil-
do gostorilmisdir. Ayirdetma qabiliyyatinin, C vo E kamiyyatlarinin giymatlori codvall-da gos-
torilmisdir.

Sakil3. 1-PEQ-CsO7HsNas-H:O ikifazali sisteminin hal diaqrama ; 3- hal diaqramina
Na2COs-1in tosiri (n*=13,5); 2-Na2SOs-lin tosiri (n*=14,7)
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35 *
0| 1
‘
25 + +
b
20 + *
+
15 | 2 3+,
.
10 | .,
57 \ ".
. . f L . | . ICd%
0 10 20 30 40 50
Cadval 1
Sistem n* C E
PEQ-limon tursusunun Na duzu-su 9,3 1,461 0,1565
PEQ-Nalimon-su+Na2COs-su 13,5 2,236 0,1656
PEQ-Nalimon-su+Na250:-su 14,7 2,1124 0,1433

Natica. Sokildan goriindiiyii kimi, slave olunan duzlar (natrium sulfat, natrium karbonat)
polietilenglikol-limon tursusunun natrium duzu-su ikifazali sisteminin hal diaqramin koor-
dinant baslangicina dogru, heterogen oblastin artmasi istiqgamatinds ( homogen oblastin azal-
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masl istiqgamatinds) siirtigdiiriir, yeni ikifazali sistem komponentlarin daha kigik konsentra-
siyalarinda amals golir. Bu o demakdir ki, baxilan duzlar suyun strukturunu strukturlasdiran
faktor kimi ¢ixis edir. Naticada sarbast su molekullarinin say1 azalir, faza smslos getiren kom-
ponentlarin hallolmasi ¢atinlasir ve fazalara ayrilma komponentlsrin daha kigik konsentrasi-
yalarinda bas verir. Eyni zamanda slave edilon bu duzlar (natrium sulfat, natrium karbonat)
PEQ-limon tursusunun natrium duzu-su ikifazali sisteminin ayirdetms qabiliyyatinin (n") qiy-
matini artirmigdir.

Qeyd etmoak lazimdir ki, bioloji hissaciklarin «ince» ve «kobud» ayrilmasi ndqteyi naze-
rinden bu sistem «inco» ayrilma tigiin magsads uygundur. Bels ki, ayirma (ayirdetms) qabiliy-
yati boytiik olan ikifazali sistemds paylanma metodu vasitesi ila bir-birinden hidrofobluglarina
gora kaskin forqlonan maddalari ayirdigdan sonra («kobud» ayirma) hidrofobluqglarina goras
bir-birinden az farqlonan maddalari ayirmagq iigiin («ince» ayirma) ayirma qabiliyyati kigik
olan ikifazali sistemdan istifads etmak maqsada uygundur.

Ikifazali polimer-duz-su sistemlorinds de maddalarin geyri-barabar paylanmast ikifazali
polimer-polimer-su sistemlarinds oldugu kimi sistemin eyni zamanda m&vcud olan fazalari-
nin miixtalif hidrofobluga malik olmasi il alagadardir. Bu sistemlards paylanilan maddslarin
foza qurulusunda istenilen dayisiklik 6ziinii hamin maddenin su ils qarsiligh tasirinde biiruze
verir vo maddanin hidrofoblugu kemiyyatce dayisir. Sistemin eyni zamanda movcud olan
fazalarinin nisbi hidrofobluglarmi bilmakls paylanilan maddenin hidrofoblugu haqqmnda mii-
lahizalar yiiriitmak olar.

Odabiyyatdan malum oldugu kimi polimer-su ikifazal sistemlarinde paylanma metodun-
dan bazi xastaliklarin ilkin diagnozu maqsadi ils istifads oluna biler. Digar terafden bazi xas-
toliklorin yaranmasi va sagalma mexanizmi haqqinda da bazi miilahizalor yiiriitmak olar.
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ABSTRACT

It was first revealed by thermodesorption spectroscopy that when bismuth atoms diffuse the bismuth atoms
through an intermediate graphite layer, they show certain characteristic features. In the Re(1010)-C system at
1400 K <T <1600 K we witness the most strong form of diffusion of bismuth into rhenium. It has been found that
the fractions of the fluxes of intercalation equal to d = 0.45 + 0.05 and diffusion dsi = Nait/N = 2,3x10-® bismuth
atoms in the Re(1010)-C system. The amount of intercalated and diffused bismuth depends on the electrical field,
i.e., on the positive potential in the Re(1010)-C system. It has been noted that a considerable diffusion of bismuth
into rhenium started at 100 V and increased up to 3000 V. The activation energies for bismuth diffusion into and
from rhenium were calculated to be Exi=5.95 + 0.05 eV and E1.= 6,1 + 0.1 eV, respectively.

Keywords: Graphite Monolayer, Diffusion, Intercalation, Surface Ionization, Thermo electronic emission.
MONOKRISTAL RENiUMA BISMUT ATOMLARININ DiFFUZiYASI
XULASO

Ik dafs termodesorbsiya spektroskopiyasi metodu ils gostorilmisdir ki qrafit monotsbaqosi ilo ortiilmiis
reniuma bismut atomlar1 diffuziya eda bilmr. Re (1010) — C sisteminds bismutun reniuma diffuziyasi an ¢ox 1400
K <T <1600 K oblastina uygun golr. interkalyasiya va diffuziya eden bismut atomlarmin nisbi miqdari iigiin d =
0,45 + 0,05 vo dsi = Naif / N = 2,3 x 10-3 qiymatlori alinmisdi.Bu miqdarlar elektrik sahasinin intensivliyinden,basqa
sozle totbiq edilen garginlikden asihdir.Miiayyen edilmisdir ki,diffuziya garginliyin 100V giymatindan baslayir
va 3000V-a godoer artirdiqca duffuziya da artir. Bismutuun renima diffuziyasinin ve ondan oks diffuziyasinin
aktivlegma erjilari tiglin uygun olaraq En1 =5,95 + 0,05 eV ve Ein = 6,1 + 0,1 eV giymatlari alinigdir.

Acar sozlar: grafit monotabagqasi, diffuziya, interkalyasiya, sethi ionlasma, termoelektron emissiyasi.
ANDDY3USI ATOMOB BUCMYTA B MOHOKPVICTAAANYECKUN PEHUN
PE3IOME

Briepsrle MeTOAaMU TepMOAECOPOLIVIOHHO CITEKTPOCKOIINI IIOKa3aHa, YTO aTOMBI BUCMyTa AuPpPyHAUPYIOT B
PeHMII MOKPBITO MOHOCA0eM TrpaduTa.. B cucreme Re (1010) — C mpm 1400 K <T <1600 K Haba1oaaeTcst Hanboaee
cuabHas AngQysus BUCMyTa B PeHMIT. YCTaHOBAEHO, YTO A0 ITOTOKOB MHTepKaAsauyu B cucreMe Re (1010) -C
pasHa 0 = 0,45 + 0,05 1 aucdPysun d8i = Nait / N = 2,3 x 10>, Koandecrso nHTEpKaANPOBaHHOIO U ANPPY31IOHHOTO
BUCMYTa 3aBUCUT OT HA€KTPUUYECKOTIO 110451, TO eCTh OT IIOAOXKUTEeABHOTO IIoTeHIada B cucrteme Re (1010) —C.
Ormeueno, 4To 3HaunTeAbHas AUPPy3usa BucMyTa B peHnii Hadaaach npu 100 B u yseamanaacs g0 3000 B. Aas
SHepruy aktusanuu Aud@ysun BUCMyTa B PEHUIT M U3 HeTO ObLAU 10AydIeHsI En1 = 5,95 + 0,05 B 1 Ein=6,1 +. 0,1
9B cOOTBETCTBEHHO.

Karouesble caoBa: MoHOCAOM TpaduTa, AupPysns, MHTePKaAAINS, ITOBEPXHOCTHAA MOHU3AINS, TepMO-
9AeKTPOHHas SMMCCILL.

Introduction

The investigation of the diffusion of sodium, potassium, cesium, samarium, and barium
atoms into rhenium via an intermediate graphite monolayer [1-6] demonstrates that the dif-
fusion process depends both on the ionic state of atoms on the Re—C surface as well as the
state of the external electronic shell and the valence of the element. Na, K, and Cs are the group
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I elements with the ground states of the valence electrons 3s!, 4s!, and 6s', respectively. The
ground state of the samarium external shell is 4f°6s?, and for Ba, the Group II element, 6s2.
Bismuth is the Group V element with the ground state of the valence electron 4f'45d'°6s%6p?;
from the perspective of interaction with the Re(1010) and Re(1010)-C surfaces, it holds an in-
termediate position between K, Cs, and Ba. The ionization potential of bismuth is higher than
that of Na and Ba. As a consequence, it is essential to study bismuth diffusion into rhenium
upon the irradiation of the Re-C system by a flux of bismuth atoms. The main purpose of this
work is to study the diffusion of bismuth atoms in the Re(1010)-C system, determination of
the activation energy of bismuth diffusion into and from rhenium, as well as to determine the
concentration of diffused atoms compared to other elements.

Experimental

The measuring was conducted in an ultrahighvacuum magnetic mass spectrometer of
sector type with the angle of deflection of the ion trajectory equal to 90°ata residual pressure
of 1.10- Torr. A detailed description of the experimental setup is presented elsewhere [1-7].
Rhenium was taken in the form of a thin textured tape 50 x1.5 x0.3 mm? with the major face
(1010) with the work function ¢ = 5,1eV [8]. The graphite monolayer was obtained by exposure
of rhenium heated to 1750 K in benzene vapors at a partial pressure from 10+ to 10 Torr. The
benzene molecules C6H6 do not dissociate on the valence saturated surface of the graphite
monolayer and, therefore, do not modify its thickness. Bismuth was sprayed onto the Re-C
surface from a Knudsen cell, and its state in the adlayer was studied by the method of thermo-
desorption spectroscopy (TDS) in the flash thermodesorption mode with the mass spectro-
metric registration of the current of Bi ions. In order to revealintercalated bismuth, the flash
was performed at the rate of 100 K/s up to 2300 K (lower than the melting point 2683 K of the
rhenium tape) and then the current of Bi ions was recorded at a constant T. Every time at so
high a temperature, graphite islands in the adlayer on rhenium become dissolved carbon
flies away, and the freed intercalated and diffused atoms are desorbed in the form of Bi* ions.
The neutral component of the flux desorbed during the flash was ionized in an electron impact
source before the entrance into the mass analyzer. The data related to the thermionic emis-
sion and dissociation of CsCl molecules were also utilized for the surface analysis.

Results and Discussion

Fig. 1. Logarithm of the amount (number) N of intercalated bismuth atoms as a function of
the logarithm of the flux of bismuth atoms, log(N x 10-°) = f(log(v x 10-)).
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Over the process of irradiation of Re(1010)-C heated by a flux of bismuth atoms, with a
flux density of v=(10"-10"*) sm=2 s, to T <1800K, there was observed an intercalation of bis-
muth atoms into the graphite monolayer on rhenium and diffusion of bismuth into rhenium.
As the flux increased from 10 to 10 sm=2 s, the amount of intercalated bismuth increased
linearly (Fig. 1). The amount of diffused bismuth increased strongly at high fluxes of v=
(1013-10%) sm s and sufficiently high temperatures of Re—C (T = 1400-1600 K). Upon irradiation
of Re(1010)-C heated to T =1600 K by a flux of bismuth atoms with a high density of v=10'sm
s1in t =5, 10, 15 min, etc., the amount of intercalated bismuth was hundreds times lower than
that in the diffusion zone. The length of the diffusion phase was also significantly higher than
that of the bismuth intercalation phase. The thermodesorption of Bi* ions from the Re(1010)-
C system started at 1800 K, i.e., before the vaporization of the graphite monolayer. With an
increase in the exposure temperature of Re-C from 1600 to 1800 K, the amount of diffused
bismuth decreased. The most intensive diffusion of bismuth into rhenium occurred at T =
1400-1600 K in the Re(1010)-C system. From a comparison of the amount of bismuth atoms
N = vt incident onto the Re(1010)—C surface heated to T = 1600 K in a time t with the amount
of bismuth diffusing from rhenium as determined by the TDS analysis of Bi* ions, we found
that the fraction of the flux of bismuth atoms diffusing into rhenium is si = =2 x 10-3. The fraction
of the flux of bismuth atoms diffusing into rhenium was determined from the comparison of
the Cs* and Bi* ions thermodesorbed from Re(1010)- C using the known value dcs= 0.25 [2].
Under equal conditions of exposure of Re—C in the fluxes of bismuth and cesium atoms, the
ratio of the amounts of diffusing atoms can be determined as the ratio of the fraction of the
fluxes of Bi and Cs diffusing into rhenium: From the comparison of the areas under the TDS
peaks of Bi* and Cs*ions, we found that ysi 5.2 x10-%. Then, 0si=1.3 x10-%, which is in good ag-
reement with the above mentioned estimate of dsiinto rhenium. From the TDS analysis of Bi*
ions arising upon the electrons ionization of the flux of bismuth atoms desorbed from the
rhenium surface and from the Re—C system, we determined the fraction in a flux of bismuth
atoms characteristic of those atoms that pass into the intercalated state under the graphite
monolayer on irridium at room temperature. To do this, we recorded the amount of Bi* ions
thermodesorbed from the rhenium surface in a definite time of irradiation of the rhenium tape
by the flux of bismuth atoms with a definite density. Then, under the same conditions, we ir-
radiated Re(1010)-C and again recorded the amount of thermodesorbed bismuth ions. From
the comparison of the area under the peak from the bismuth atoms thermodesorbed from the
rhenium with the area under the peak corresponden to the intercalated atoms thermodesorbed
from Re(1010)-C, we found the fraction of the flux of intercalated bismuth atoms in the

Re(1010)-C system to be 5=0,45+0,05. Thus, at room temperature from the flux of bismuth

atoms falling onto Re(1010)-C only approximately one of three bismuth atoms becomes inter-
calated into the graphite monolayer. From the TDS analysis it follows that the amount of the
bismuth atoms desorbed from the rhenium surface is equal to the sum of the bismuth atoms
desorbed from the Re(1010)—C surface, on the one hand, and the bismuth atoms intercolated
upon the preliminary irradiation of Re and Re(1010)-C by this flux within the same exposure
time, on the other. This demonstrates that at room temperature it is possible to neglect the
diffusion of bismuth atoms into rhenium. The TDS analysis of Bi* ions showed that at the
irradiation of Re(1010)-C heated to T <1600 K by a flux of bismuth atoms with a density of
v=10"sm2 s~! the amount of intercalated and diffused bismuthatoms depends on the positive
potential of Re(1010)-C, i.e., on the electric field. The noticeable diffusion of bismuth into rhenium
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started at 180 V and increased with increasing field up to 3000 V. For instance, as the voltage
increased from 180 V to 3000 V the amount of intercalated bismuth increased by a factor of
three, while the amount of diffused bismuth increased by a factor of 10°. In another series of
experiments aiming at the study of the possibility of using rhenium as a source of atoms and
ions of bismuth, we performed the irradiation of Re(1010)-C heated to T = 1550 K by a flux of
bismuth atoms with a density of v=10' sm2 s in a time of up to ¢ =30 h. The values of the flux
of bismuth atoms diffused from rhenium at T = 2100 K after the exposure of Re—C under afo-
rementioned conditions for various exposure time periods are given in the table.

Table

th 05 1 15 2 2,5 3
v-10%sm2st |42 10,5 15,8 32,3 50,2 56

Fig. 2. Logarithm of the ionic current of bismuth has a function of the reciprocal temperature, |n ;= f(1/T).
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With the use the equation shown in [1-3, 6], the activation energy of the bismuth diffusion
into rhenium was found to be Ex=5.95 + 0.05 eV. The equation suggested in [1-3, 6] was also
used to determine the activation energy of the bismuth diffusion from rhenium. Since @i,

~Vi= 5.785 V, the coefficient of the surface ionization of bismuth atoms does not depend on
temperature; hence, the Inlsi* = f(5040/T) dependence is linear(Fig 2). By the slope of this depen-
dence, the activation energy for bismuth diffusion from rhenium is Ei:= 6,1 + 0.1 eV. The amount
of the intercalated and the diffused bismuth as a function of the positive potential upon irra-
diation of Re(1010)-C heated to T<1800 K demonstrated that the intercalation of the graphite
monolayer at on rhenium is mainly performed by positive Bi*ions, which are formed on Re
(1010)—C from the incident flux by the mechanism of surface ionization. This is also confirmed
by the fact that the direct determination of the fraction of the bismuth flux osi diffused into
rhenium upon the irradiation of Re(1010)-C by a flux of bismuth atoms coincides with the
magnitude of dsi determined from the comparison of the TDS data on the diffusion of bismuth
and cesium into rhenium (on the Re(1010)-C surface, the cesium atoms are present in comp-
letely ionized state). The thermodesorption of Bi*ions from the Re(1010)-C system before the
vaporization of the graphite monolayer may be explained bythe low radii of bismuth atoms
and ions [9] (ro=1.70 A, r* = 0.74 A(+5e) r* = 0,96 A(+3e) compared with the atomic and ionic
radius of potassium (ro = 2.31 A =133 A), cesium (ro = 2.62 A, =169 A), samarium (ro =
1.8 A, r*=1A), and barium (ro=2.17 A, r* =1.35 A).
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Conclusion

In result, the presented work displays a new phenomenon of high efficiency diffusion into
rhenium of bismuth atoms adsorbed on the metal under a graphite monolayer. This pheno-
menon is used in practice as a method of active alloying with bismuth atoms of near surface
layers of solid substances for the purpose of developing new materials which possess parti-
cular physicochemical characteristics of near surface zones.
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ABSTRACT

Several methods are discussed to account for non-dynamical contributions to experimentally measured dis-
tributions of net-particle numbers. Specifically, a detailed procedure is given for subtracting non-dynamical fluc-
tuations such as those arising from fluctuations of participat nucleons. Moreover, modifications of dynamical fluc-
tuations due to the overall baryon number conservation arecalculated. These modifications are to be accounted
for before performing comparisons to the corresponding theoretical calculations.

Keywords: nuclear collisions, phase transitions, fluctuations.

1. Introduction

Phase transitions in strongly interacting matter can be addressed by investigating the
response of the system to external perturbations via fluctuations of conserved charges. At
LHC energies, for vanishing light quark masses (1 and d quarks), there would be a temperature
driven genuine phase transition of the second order between the hadron gas and the quark-
gluon plasma [1, 2]. This transition, however, becomes a smooth cross over as soon as the quark
masses are accounted for [1,2, 3]. On the other hand,due to their relatively small current mas-
ses one can still probe critical phenomena at vanishing baryon chemical potential as argued
in [4]. Moreover, the pseudo-critical temperature, reported from LQCD, agrees with the che-
mical freeze-out temperature as extracted by fitting the Hadron Resonance Gas (HRG) model
to the hadron multiplicities measured by the ALICE experiment [5, 6, 7, 8]. The latter implies
that the strongly interacting matter, created in collisions of Pb nuclei at the ALICE energies,
freezes-out near the chiral phase transition line. Hence, the singularities stemming from the
second order phase transition can be captured by measuring fluctuations of conserved charges
such as net-baryon numbers. Indeed, at the LHC energies, higher than second order net-bar-
yon cumulants are predicted to significantly differ from the HRG baseline, while second order
cumulants are still consistent with HRG, in which the multiplicity distribution of net-baryons
follows the Skellam distribution.

Conserved quantities fluctuate only in the sub-region of the available total phase space
of the reaction. In statistical mechanics they are hence predicted within the Grand Canonical
Ensemble (GCE) formulation, where only the average values of net-baryons are conserved [9].
In order to compare theoretical calculations within the Grand Canonical Ensemble (GCE), such
as HRG [7] and Lattice QCD (LQCD) [1], to experimental results, the requirements of GCE have
to beachieved in experiments. This is typically done by analyzing the experimental data in a
finite acceptance by imposing cuts on rapidity and/or transverse momentum of detectedpar-

Manuscript receved 06.07.2018 134



Particle Number Fluctuations in Relativistic Nuclear Collisions

ticles. However, in experiments, in the full acceptance, the baryon number is conserved in each
event, hence also in the selected acceptance its implications will be seen. Only in a very small
acceptance one could completely ignore event-by-event baryon number conservation, which
leads to misleading conclusions. Indeed, if the selected acceptance window is too small, the
possible dynamical correlations we are after will also be strongly reduced [3, 10, 11] and
consequently, net-baryons will be distributed according to the Skellam distribution. But the
latter is only the artefact of the small acceptance and independent of any physics behind.

Recently this issue was addressed by treating net-baryon fluctuations in the Canonical
Ensemble (CE) formulation of thermodynamics [12, 13]. In this approach, like in the experi-
mental situation, the net-baryon fluctuations appear only in the finite acceptance.

2. Participant fluctuations

Within the Wounded Nucleon Model (WNM), we derived analytical formulae for non-
dynamical event-by-event contributions stemming from fluctuations of participant nucleons
(cf. [10] and references therein). In the WNM, both particles and antiparticles are produced
from statistically independent wounded nucleons.

Figure 1. Left Panel: produced number of charged particles versus the impact parameter. Right Panel:
produced number of charged particles versus the number of wounded nucleons.
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To proceed further we provide the following notations and definitions: (i) the net number
of particles from a single wounded nucleon is denoted by An , while AN refers to the mean
number of net-particles summed over all wounded nucleons; (ii) N,, represents the number
of wounded nucleons; (iii) first four cumulants of X = AN are defined as:

ky (X) = (X), 1
ko (X) = (X — (X))?), ()
ks (X) = (X — (X))*), (3)
ko (X) = (X — (X)*) = 3k, (X)%. (4)

Due to their additive nature, the measured cumulants from all wounded nucleons can be
easily calculated, k, (AN) = N,,k,(An). In realistic environments, however, the number of wo-
unded nucleons is not a constant number, because it fluctuates from event-to-event. In fact,
in experiments, the events are first classified into centrality classes, defined as percentiles of
energy deposited in a zero-degree calorimeter, the multiplicity of charged particles produced
in a given acceptance, etc. Moreover, fluctuations of wounded nucleons depend on both, cent-
rality percentiles, as well as the methods (detectors) used for binning the data into centrality
classes. For example, in Figure 1, the produced number of charged particles versus the impact
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parameter and the number of wounded nucleons is presented. In doing so, the measured sig-
nal amplitudes in the two forward scintillator hodoscopes(V0) of the ALICE experiment are
fitted with the Glauber Monte Carlo simulations. Figure 2 demonstrates the one-dimensional
distributions of the number of wounded nucleons for 3 different centrality classes, selected by
applying sharp cuts on the number of produced particles (cf. Right panel of Figure 1). As seen
in Figure 2, in the all three centrality classes the wounded nucleons follow different distribution
functions with finite widths and higher moments, i. e., the number of wounded nucleons fluc-
tuate from event-to-event.

Figure 2. Distributions of the number of wounded nucleons for 3 different centrality classes selected by applying
sharp cuts on the number of produced charged particles. The left panel corresponds to selections of 0-5%, the
middle panel to 5-10% and the right panel 40-50% of the total inelastic cross section.
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The non-dynamical contributions can be accounted for by using the following analytical
formulae[10]:

Kk1(AN) = (Ny )k, (An), )
12 (AN) = (Ny Jicz (An) + (An)?1c, (N,,), (6)
K3(AN) = (Ny )iz (An) + 3(An)ic, (An)k, (Ny,) + (An)’ i3 (N,,), 7)
k4 (AN) = (Ny)rcs(An) + 4(An)k;(An)k,(N,,) + 3k3(An)k,(N,,), (8)

+ 6(An)? K, (An)kes (Nyy) + (An) iy (Nyy).

Interestingly, for LHC energies, fluctuations of wounded nucleons are irrelevant for
k2 (AN) and k3(AN) . This is because in Egs. (6) and (7) theparticipant fluctuation part scales
with the mean number of net-particles(An)and its powers, which vanish for LHC energies at
mid-rapidity. This, however, does not hold fork, (AN).

Using Eqs.(6-8) one can subtract contributions from fluctuations of wounded nucleons.
The inputs to be used are experimentally measured mean numbers of particles and antipartic-
les and the distribution of Wounded Nucleons in nucleus-nucleus collisions of a given centrality.
The latter is obtained by fitting the experimentally measured signals with the corresponding
Glauber Monte Carlo simulations.

3. Conservation laws

As mentioned in the introduction, conserved quantities fluctuate only in sub-regions of
the available total phase space of the reaction. In statistical mechanics they are hence predicted
within the Grand Canonical Ensemble (GCE) formulation, where only the average values of
net-baryons are conserved [9].
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Figure 3. Normalized cumulants of net-baryons from 5 x 108 generated MC events in CE are presented with the black
circles. The blue lines are calculated with Egs. (10, 12), while the red dashed lines represent the GCE baseline.
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In a thermal system with an ideal gas EoS, composed of baryon/anti-baryon species with
baryon numbers +1 and -1, GCE partition function yields the uncorrelated Poisson distributions
for baryons and anti-baryons, hence the net-baryon distribution has the following cumulants [13]

K, (Skellam) = (ng) + (—1)™"(ng) )

where (ng) and (nz) denote the first cumulants (mean numbers) of baryons and anti-baryons,
respectively. Eq. (9) implies that ratios of even-to-even and odd-to-odd cumulants of net-bar-
yons are always unity, while the ratios of odd-to-even cumulants depend on mean multipli-
cities. Hitherto, these conditions are used as baseline for net-baryon fluctuations. However,
this can lead to misleading conclusions because, apart from dynamical fluctuations induced
by critical phenomena, deviations from this baseline may be driven by non-dynamical contri-
butions. In the previous section it was demonstrated that fluctuations of participating nucleons
from event-to-event significantly distort measured event-by-event fluctuation signals. At low
energies, participant fluctuations always increase the measured dynamical fluctuations up to
the third cumulant of net-proton distributions. In contrast, starting from the fourth cumulant,
they can in fact decrease the signal.

The exact baryon number conservation in the full phase space leads to the following mo-
difications of cumulant ratios in the finite acceptance [12, 13]:

[ ko (ng—ng) 4

Lk, (Skellam) CE =l-a (10)
[1c3(np—ng) _ (ng—ng) _

esGsra)l gy = linsing) g 0 29 (11)
[k, (np—ng) —1_ _

e (5 —p) . 1—-6a(l—a)F, (12)

where « is the fraction of the baryons falling into the experimental acceptance,(ng) and (ng)
are mean numbers of baryons and anti-baryons inside the experimental acceptance and F is
defined as:

F=1-2 (Ng)cE(NB)cE ((NB)GCE(NE>GCE _ 1)’ (13)

(Np)ce+(Ng)ce \ (Np)ce{Np)cE
with (Ng) and (Ng) referring to baryons and anti-baryons in the full phase space.

The resultsfor the normalized values of k, and k,of net-baryons, as a function of accepted

fraction of baryonse, arepresented in Fig. 3, where the lines are analyticalcalculations with Eqs
(10, 12).

Egs. (10-13) need to be used to correct experimentally measured ratios of cumulants before
comparing them to theoretical calculations within GCE.
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4. Summary

In summary, non-dynamical contributions to fluctuations of net-baryons, such as those
arising from fluctuations of participant nucleons and overall global baryon number conser-
vation are addressed. To this end analytic relations are provided between net-baryon and
wounded nucleon cumulants. Furthermore, the study of the effects of global baryon number
conservation laws on fluctuations of net-baryonsis presented. These results will be relevant
for the research programs at facilitiessuch as LHC at CERN, FAIR at GSI and NICA at JINR.
Near future challenges will be precision measurements of highermoments at RHIC and LHC
and their connection to fundamental QCD predictions.
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ABSTRACT

In this paper studied the analytical bound state solutions of the Dirac equation with the Hulthén potential
for arbitrary spin—orbit coupling quantum number K are carried out by taking a properly approximate expansion
for the spin—orbit coupling term. In the case of exact spin symmetry, and pseudospin symmetry the associated
two-component spinor wave functions of the Dirac equation for arbitrary spin-orbit quantum number K are
presented and the corresponding bound state energy equation is derived. The bound state energy eigenvalues
and the corresponding spinors are obtained in the closed forms.

Key words: Hulthén potential, exact spin symmetry, pseudospin symmetry.
HULTEN POTENSIALI UCUN DIRAK TONLIYININ ANALITiK HOLLI
XULASO

Isda spin-orbital markezaqagma potensialina yeni yaxinlagma totbiq etmoklo Hiilten potensiali iigiin modifiyo
olunmus radial Dirak tenliyinin spin-orbital kvant adeinin ixtiyari k qiymeotlarinda slagali hallar {iciin analitik
halli tapilmisdir. Daqiq spin ve psevdospin simmetriya hallar1 tigiin iki komponentli spinor dalga funksliyalar1
{iglin Dirak tenliyinin analitik halleri K spin-orbital kvant adadi il ifade edilmisdir. Dlaqali hallarin enerjinin
maxsusi qiymatlari ve maxsusi funksiyalari {iclin kompakt ifadalar tapilmisdlr.

Acar sozlar: Hiilten potentiali, daqiq spin simmetriyasi, psevdospin simmetriyasi.
AHAZAUTUYECKME PEIIEHUA YPABHEHUS AIPAKA AASA TIOTEHIAAA XIOAbTEHA
PE3IOME

B aanHOI1 paboTe M3y4aioTcs aHaAUTIYECKUe PellleHNs B CBsI3aHHOM COCTOSIHMM ypaBHeHUs Jupaka ¢ IoTeH-
1maaom XioAbTeHa AAsl TIPOU3BOABHOTO KBAHTOBOTO umcaa K crimH-opOuTaabHOI CBS3U C TpUMeHeHreM HOBOTO
I10AX04a AAs IeHTPOCTPUMUTEABHOTO MOTEHIMaAa CBA3SIHHOIO C Y1€HOM CIIMH-OPOUTaABHOTO B3aMMOJETICTBISL.
B cayyae TouyHOI CHMHOBOI U IICeBAOCIMHOBONM CUMMETPUI IIPEACTaBAEHBI CBS3aHHbIE JBYXKOMIIOHEHTHBIE
CHIMHOpPHBIE BOAHOBbIe PYHKIVY ypaBHeHMs Jupaka A5 IPOU3BOABHOTO CIIMH-OPONUTaABHOTO KBaHTOBOTO YICAa
U IIOAy4eHO COOTBETCTBYIOIlee ypaBHEHUe DHePTUM CBA3aHHOTO cocTosHMs. COOCTBeHHbIe 3HAYeHMs DHepIMN
CBSI3aHHOTO COCTOSTHM: 11 COOTBETCTBYIOIINE CIIMHOPHI IIOAYYeHBI B 3aMKHYTHIX popMax.

Karouesbie caoBa: IIOoTeH1aAa XIOAI)TeHa, TOYHasI CIIMHOBAs CMMMETPN:L, IICEBAOCIINTHOBAA CIMMETPIL.

1. Introduction

Since the early years of quantum mechanics (QM), the study of exactly solvable problems
for some special potentials has aroused considerable interest in theoretical physics. In addition,
since the wave function contains all necessary knowledge for the full description of a quantum
system, so an analytical solution of the wave equations is of quite high significance in quantum
mechanics [1,2].
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Since the exact solutions of the Klein-Fock-Gordon (KFG) and Dirac equations with any
potential play an important role in relativistic quantum mechanics [1,2], there are many
discussions about

the KFG and Dirac equations with physical potentials by using different methods.

Many methods were developed and has been used successfully in solving the non-relati-
vistic and relativistic wave equations in the presence of some well known potentials. Such as
supersymmetry (SUSY), factorization, Laplace transform approach and the path integral
method, shifted 1/N expansion approach for solving radial and azimuthal part of the wave
equations exactly or quasi-exactly for any orbital quantum numbers within different poten-
tials. An other method known as the Nikiforov-Uvarov (NU) method [3] was proposed for
solving the wave equations analytically. There are few potentials for which the Dirac equation
are able solved exactly for any spin-orbit coupling quantum number k .

However, analytic solutions are possible only for a few simple quantum systems like the
movement in the spherical simmetrical field and the linear harmonic oscillator. In general,
many quantum systems can only be treated by approximation methods or numerical solutions.

As known, one of the main purpose in theoretical physics since the early years of quantum
mechanics (QM) is to obtain an exact solution of the Dirac equation for some special potentials
in physical interest. It would be interesting and an significant to solve the Dirac equation for
the Hulthén potential any spin-orbit coupling quantum number k in cases exact spin and
pseudospin symmetry. Hulthén potential for spin-orbit quantum number k since it has been
extensively used to describe the bound and continuum states of the interacting systems. The
pseudospin symmetry with the nuclear shell model has been introduced many years ago and
it has been widely applied to explain and describing of phenomena in nuclear physics and
related others areas.

It is very significant to notice that Dirac eduqtion for the Manning-Rosen and Hulthén
potentials tiithin asymptotic iteration method are studied in Refs. [4,5]. In Ref.[6] a complete
solution of the problem of squaring the Dirac equation with arbitrary external electromagnetic
field is expounded.

Therefore, it would be interesting and important to solve Dirac equation for the Hulthén
potential since it has been extensively used to describe the bound and the continuum states
of the interaction systems.

Thus, the main purpose of our investigation is the analytical solution of modified Dirac
equation for the Hulthén potential for arbitrary spin—orbit quantum number k in the case of
exact spin symmetry and pseudospin symmetry using Nikiforov-Uvarov (NU) method[3].
This method is based on solving the second-order linear differential equation by reducing to
a generalized equation of hypergeometric-type which is a second-order type homogeneous
differential equation with polynomials coefficients of degree not exceeding the corresponding
order of differentiation.

The Hulthen potential is defined by [7,8]
Ze?s% "

Vy (r):—m.

1

Here Z and ¢ are respectively the atomic number and the screening parameter, determi-
ning the range for the Hulthen potential.
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The Hulthen potential is one of the important short-range potentials in physics, exten-
sively using to describe the bound and continuum states of the interaction systems. It has been
applied to the several research areas such as nuclear and particle physics, atomic physics,
condensed matter and chemical physics, so the analyzing relativistic effects for a particle
under this potential could become significant, especially for strong coupling. At small values
of the radial coordinate r, the Hulthén potential behaves like a Coulomb potential, whereas
for large values of r it decreases exponentially so that its influence for bound state is smaller
than, that of Coulomb potential. In contrast to the Hulthen potential, the Coulomb potential
is analytically solvable for any | angular momentum. Take into account of this point will be
very interesting and important solving Dirac equation for the Hulthen potential for arbitrary
spin—orbit coupling quantum number k within ordinary quantum mechanics.

2. Bound states of the Hulthén potential with arbitrary k

The Dirac equation of a nucleon with mass M moving in an attractive scalar potential
S(r) and a repulsive vector potential V(r)can be written as (A=c=1):

[@ + (M + Sl (r) =[E -V (N} (1) 2)
where E is the relativistic energy of the system, and « and £ are the Dirac matrices.

For spherical symmetrical nuclei, the total angular momentum of the nucleon J and spin-
orbit matrix K =—p(6-L+1) commute with the Dirac Hamiltonian[ti®,K]=0, where L is the

orbital angular momentum. The eigenvalues of K are k=%x(j+1/2), where k=—(j+1/2)<0 is
for the aligned spin j=1+1/2(sy,5, P3/o.€ts) and k=(j+1/2)>0 is for the unaligned spin
Jj=1-1/2(py,,ds3,,,ets). For fully investigation of the quantum system the complete set of
the conservative quantities can be taken as (H,K,J 2, J,) and the spinor wave functions can
be classified according to their angular momentum j,k and the radial quantum number n.

The spherically symmetric Dirac spinor wave functions can be written as

1{ Foc(r) Yim (@, (p)}

= 3
MGy (r) Yin(0,0) ©

Wk

where the upper and lower components F,, (r) and G, (r) are real square-integral functions,
lem (8,p) and ijn (6,9) are the spherical harmonic functions, and m is the projection of the

total angular momentum on the third axis, and I(l +1) =k(k +1), T(T +1) =k(k -1)

The substitution of Eq. (3) into (2) then we obtain two coupled differential equations as
follows:

[%+%)Fnk(r) =[M +Eq +S(r) =V (NG (1), 4)
d k
(E —?]Gnk(r) =[M —E +S) +V(O)]F(r) - (5)

By eliminating G, (r) in Eq. (4) and F,(r) in Eq. (5), one is able to obtain two second-or-

der differential equations for the upper F,, (r) and lowerG,, (r) components as follows:

141



M. V. Qocayeva, S. M. Aslanova, A. I. Ahmadov

dA(r)(d +kj

d?  k(k+1) ~ ~ dr \dr r ~ )

R M +E,y — 4(r) M Enk+2(r)]++—M+Enk—A(r) F.,(r)=0, (6)
dE(r)(d kj

d? k(-1 dr ldr r B .

PR ~[m +Enk—A(r)][M—Enk+2(r)]+m Gy (r) =0/ 7)

here A(r) =V (r)—S(r) and 2(r) =V (r) + S(r), respectively.

Now, let us consider the exact spin symmetry, in this case dA4/dr =0 then A=const . In
this work we take X(r) as the Hulthén potential, X' (r) =Vy(r)

ze’% ™
Z(I’) S (8)
1—
Substituting Eq. (8) into Eq. (6) then we obtain:
d?  k(k+1
{P_ (r;_ ) —[M + Enk _C]Z(r) + [Er?k -M 2 + C(M — Eﬂk)]}Fnk(r) =0 (9)

This equation cannot be solved analytically except for s-wave K=—1 case due to the
spin—orbit coupling term k(k +1)/r? — 0. Thus, for the solving this problem in this work we
apply a new approximate scheme to the centrifugal term [9-11]
1 ) e—b‘ r
=S =~6°Ch+——s— |- (10)
r2 [ 0 (1—6‘”)2J

where the parameter Cy =1/12 [12], is a dimensionless constant. However, when C, =0,

the approximation scheme becomes the convectional approximation scheme suggested by
Greene and Aldrich [13].

Substituting expression (10) into (9) then we obtain:

2 —or
L?z_[M +Ep —clE(r) + [Enzk “M24¢(M - Enk)]— k(k +1)52[c0 +(165r)zﬂlznk(r) -0- (11)
r -e
Main aim to transform Eq. (11) the equation of the generalized hypergeometric type
which is in the form:

" T ! o
2+ =2 () +— x2(x)=0. (12)
o (o}
The Eq.(11) can be further simplified using a new variable s= e ", Taking into account,
that here r €[0,1] and s €[1,0], then we obtain:

d?Fry(s) , 1 dFy ()
ds? s ds

. k(i +D {CO . (1_35)2 ﬂFnk () =0. (13)

Ze? 1
{55(1_5) [M +Eqy _C]+_3252 [Eﬁk ~MZ4c(M - Enk)]—
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Here we use following ansats in order to make the differential equation more compact,

g2 M +Ey—c) 5 M? -Ej —c(M-Ep)
5 52

(14)

Now, NU method can be successfully applied to define the eigenvalues of energy. By com-
paring Eq.(13) with Eq.(12) and applying Nikiforov-Uvarov metod after this a long and cum-
bersome calculations for energy spectrum we find:

2 272
Yz :{%} _k(k+1)C, (15)

Take into account (14) into (15), then for energy spectrum we obtain:

5 2
M2 _E2 —c(M —E..)= 52 Ze*(M +Ep —c) k+n+l k(KOS 16
nk ( nk) 25(k+n+1) 2 ( ) 0 ( )

If in the Eq.(16) we take Cy =0 then we directly obtain result [5].
If we take the following factorization
Fri(s) = 4(s)y(5) (17)

for the appropriate function ¢(s), Eq.(13) takes the form of the well-known hypergeometric-
type equation. The appropriate ¢(s) function has to satisfy the following condition:

#6)_7(s) (18)
#(s) o(s)’
where function 7(s) is defined as

I P =\2

7T(S)=02_Ti\/(o-2_2-j —5+ko . (19)

Finally for 7(s) we found:
s (\/E—\/C+a—b)s—\/5 , k=(b—2c)+2yc?+c(a—b)

z(s)=—== . (20)
2 (\/E+«/c+a—b)s—\/g , k=(b-2c)-2c2 +c(a—b)

Solving the Eq.(18) then for ¢(s) we found:

#s) =" 1-9)". 1)

Here, K =k +1, and vc =+ 8% +k(k +1) . Then for ¢(s) finally we obtain:
#4(s)= VAP k(KD | (22)
Furthermore, the other part of the wave function y(s) is the hypergeometric-type function

whose polynomial; solutions are given by Rodrigues relation

c, d"
p(s) ds

Ya(s) = 0" (9)0(5)] (23)
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where C, is a normalizing constant and p(s) is the weight function which is the solution of the
Pearson differential equation. The Pearson differential equation and p(s) for our problem is

given as
(op)'=1p. (24)

It is easy to find the second part of the wave function from the definition of weight function.
Thus, solving the Eq.(24) very easy we found the second part of the wave function in this form:

p(s) = (1—s5)2KLg2Ve (25)

Substituting Eq.(25) in Eq.(23), we get
n

yn (S) — Cn (1_ S)lf2K SZ\/E j_n[SZ\/EJrn . (1_ S)2K71+n:| — Cn Pn(Zw/E,ZK—l) (1_ 23) ) (26)
S

Finally substituting ¢(s) and y(s) into Eq.(17), then for the F,,, (s) eigenfunctions we obtain:

F. (5) = C,s° (L—5)K P@/e2KD (1 _2g) 27)

After simple calculations, we obtain normalization constant as

2 (n+ K ++/c) (2K ++/c) +n)

" _\/ (n+K)F(n+2J/c +) 7 (n+2K) (28)

In the case of exact pseudospin symmetry in Eq. (7) we take dx(r)/dr=0,and x(r) =c =const

, then Eq.(7) we can write in this form:

{:—ZZ—L;D—[M +Ep —AMN)]M —E +¢](Gpi(r) =0 (27)
r r

here k=-I for k<0 and k=1 +1 for k>0, A(r) is the Hulthén potential. The energy eigen-

values depend on n and I, E.=E(, T(I~ +1). The eigenstates with j=1 +1/2 are degene-

rate for | =0 which is well known as the exact pseudospin symmetry. Here, also as above Eq.
(16) cannot be solved exactly for the Hulthén potential for k # 0 by using the standard methods.
Therefore, the solving this problem we apply a new approximate scheme to the centrifugal
term presented in Eq.(27).

Thus, solving Eq.(27) by NU method for the energy eigenvalues obtain:

) 2
_ a _n+1—k
2(n+1-k) 2

s —k(k-1)C, (28)

To take into account in the case exact pseudospin symmetry 4> defined in this form:

2 g2
52 = M~ —En +2C(M +Enid 29)
o
Substituting expression (29) into (28) then we obtain:
2| Ze*(M —E, +c) n+1-k ’ 2
(M +Ep )M —Ep +¢) =067 - nk =/ _ —k(k —=1)Co8 (30)

25(n+1—K) 2
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Also here if in the Eq.(30) we take Cy =0 then we directly obtain result [5].

For arbitrary spin—orbit coupling quantum number k # 0 in the exact pseudospin symmetry
case Gpi(S) eigenfunctions of this potential defined in this form:

Gy () =C, sV (1-5)K P@Ve2KD (1 _og) (31)

Where K =k

As is seen from Eqgs.(16,27) and (30,31) energy spectrum and eigen functions very sensitive
the choosing spin—orbit coupling quantum number k .

3. Conclusion

In this work, we have presented the bound state solutions of the Dirac equation for the
Hulthén potential within the framework by using the developed scheme to overcome the
centrifugal part.

For arbitrary spin—orbit coupling quantum k # 0 state, we have obtained the energy eigen-
values and Dirac spinors in the closed form for the case of the exact spin symmetry and exact
pseudospin symmetry cases. The analytical formulas, given by Egs. (16, 27, 30, 31) may have
interesting applications in nuclear and particle physics and related areas. Regarding the met-
hod presented in this study, we should point out that it is a systematic one and it is very effi-
cient and practical in solving the exact spin and pseudospin symmetric systems for any spin—
orbit coupling quantum k # 0 state.

A closed form of the normalization constant of the wave functions is also found. The energy
eigenvalues and corresponding eigenfunctions are obtained for arbitrary k # 0 spin—orbit coup-
ling quantum number and n, radial quantum numbers.

It is worth to mention that the Hulthén potential is one of the important exponential poten-
tial, and it is a subject of interest in many fields of physics and chemistry. The main results of this
paper are the explicit and closed form expressions for the energy eigenvalues, eigenfunctions
and the normalized wave functions. The method presented in this study is a systematic one
and in many cases it is one of the most concrete works in this area.

Consequently, studying of analytical solution of the modified Dirac equation is obtained
for the Hulthén potential within the framework quantum mechanics could provide important
information on the dynamics at nuclear, atomic and molecule physics and opens new window
for futher investigation.

We can conclude that our analytical results of this study are expected to enable new pos-
sibilities for pure theoretical and experimental physicist, because the results are exact and more
general.
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INSTRUCTIONS FOR AUTHORS

"The Baku Engineering University Journal-Physics" accepts original unpublished articles and reviews in the
research field of the author.

Articles are accepted in English.

File format should be compatible with Microsoft Word and must be sent to the electronic mail
(journal@beu.edu.az) of the Journal. The submitted article should follow the following format:

Article title, author's name and surname

The name of workplace

Mail address

Abstract and key words

The title of the article should be in each of the three languages of the abstract and should be centred on the
page and in bold capitals before each summary.

The abstract should be written in 9 point type size, between 100 and 150 words. The abstract should be written
in the language of the text and in two more languages given above. The abstracts of the article written in each
of the three languages should correspond to one another. The keywords should be written in two more
languages besides the language of the article and should be at least three words.

. UDC and PACS index should be used in the article.

The article must consist of the followings:

Introduction

Research method and research

Discussion of research method and its results

In case the reference is in Russian it must be given in the Latin alphabet with the original language shown in
brackets.

Figures, pictures, graphics and tables must be of publishing quality and inside the text. Figures, pictures
and graphics should be captioned underneath, tables should be captioned above.

References should be given in square brackets in the text and listed according to the order inside the text at
the end of the article. In order to cite the same reference twice or more, the appropriate pages should be
given while keeping the numerical order. For example: [7, p.15].

Information about each of the given references should be full, clear and accurate. The bibliographic description
of the reference should be cited according to its type (monograph, textbook, scientific research paper and etc.)
While citing to scientific research articles, materials of symposiums, conferences and other popular scientific
events, the name of the article, lecture or paper should be given.

a)

b)

10.

11.
12.

Samples:

Article: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomerrik
and dimeric conapeetes of carnosine Uith zinc, Journal of structural Chemistry, VVol.51, No.5, p.824-832,
2010

Book: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, p.386-398, 2002

Conference paper: Sadychov F.S., Aydin C., Ahmedov A.I.. Appligation of Information — Commu-nication
Technologies in Science and education. II International Conference.”Higher Twist Effects In Photon- Proton
Collisions”, Baki, 01-03 Noyabr, 2007, ss 384-391

References should be in 9-point type size.

The margins sizes of the page: - Top 2.8 cm. bottom 2.8 cm. left 2.5 cm, right 2.5 cm. The article main text
should be written in Palatino Linotype 11 point type size single-spaced. Paragraph spacing should be 6 point.

The maximum number of pages for an article should not exceed 15 pages

The decision to publish a given article is made through the following procedures:

The article is sent to at least to experts.

The article is sent back to the author to make amendments upon the recommendations of referees.

After author makes amendments upon the recommendations of referees the article can be sent for the
publication by the Editorial Board of the journal.



YAZI VO NO9SR QAYDALARI

“Journal of Baku Engineering University” Fizika- oavvallor nasr olunmamus orijinal osorlori vo miiollifin
tadqiqat sahasi iizra yazilmis icmal maqalslari gabul edir.

Maqalalor Ingilis dilinds gobul edilir.

Yazilar Microsoft Word yazi programinda, (journal@beu.edu.az) iinvanina géndorilmslidir. Gondarilon
mogqalolords asagidakilara nozors alinmalidir:

Mogqalonin bagligi, miisllifin adi, soyadi,

s yeri,

Elektron tinvani,

Xiilaso vo agar sozlor.

Mogqalads bashq hor xiilasadan avval ortada, qara vo boyiik horflo xiilasolorin yazildigi hor i¢ dildo
olmalidir.

Xiilasa 100-150 s6z araliginda olmagqla, 9 punto yazi tipi boyiikliiyiindo, moqalonin yazildig1 dildo vo bundan
olavo yuxarida gostarilon iki dildo olmalidir. Maqalonin her {i¢ dildo yazilmis xiilasosi bir-birinin eyni olmalidir.
Agar sdzlor uygun xiilasalorin sonunda onun yazildig: dilds verilmokls an azi ii¢ s6zden ibarat olmalidir.

Magqalads UOT va PACS kodlar1 gostorilmalidir.

Mogqalo asagidakilardan ibarst olmalidir:

Giris,

Tadqiqat metodu

Tadgiqgat isinin miizakirasi vo onun naticolori,

Istinad adebiyyat: rus dilinds oldugu halda orjinal dili m&tarzo icorisinde gdstormoklo yalmz Latin alifbasi
ilo verilmolidir.

Sakil, rasm, grafik vo cadvallar ¢apda diizgiin, aydin ¢ixacaq vaziyyatds va moatn igarisindo olmalidir. Sakil,
rosm va grafiklorin yazilari onlarm altinda yazilmalidir. Cadvallards basliq cadvalin iistiinds yazilmalidir.

Manbalar motn igarisinde kvadrat moéterize daxilindo gostorilmoklo moqalonin sonunda matn daxilindaki
stra ilo diiziilmolidir. Eyni manbays iki vo daha cox istinad edildikds ovvalki sira say1 saxlanmaqla miivafiq
sohifolor gostarilmolidir. Masalon: [7,s0h.15].

Odobiyyat siyahisinda verilon her bir istinad haqqinda molumat tam va doqiq olmalidir. Istinad olunan manbenin
bibliografik tesviri onun ndviindon (monoqrafiya, dorslik, elmi moqalo v s.) asili olaraq verilmolidir. EImi mo-
qalslara, simpozium, konfrans, va digor niifuzlu elmi todbirlorin materiallarina vo ya tezisloring istinad edorkon
magqalonin, maruzanin va ya tezisin ad1 gostarilmalidir.

a)
b)

c)

Niimunolar:

Mbqals: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomeric
and dimeric complexes of carnosine with zinc, Journal of structural Chemistry, Vol.51, No.5, p.824-832, 2010

Kitab: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Konfrans: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information-Communication Technologies in
Science and education. II International Conference. ”Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Maoanbolar 9 punto yazi tipi boyiiklitylinds olmalidir.

10.

11.
12.

Sohifo ol¢iilori: listdon 2.8 sm, altdan 2.8 sm, soldan 2.5 sm va sagdan 2.5 sm olmalidir. Matn 11 punto yazi tipi
boyiiklityiinds, Palatino Linotype yazi tipi ilo ve tok simvol araliginda yazilmalidir. Paraqraflar arasinda 6
punto yazi tipi araliginda mosafo olmalidir.

Orijinal tadqiqat asarlorinin tam motni bir qayda olaraq 15 sshifoden artiq olmamalidir.

Mogqalonin nosra toqdimi asagidaki qaydada aparilir:
Hor mogqallo on az1 iki eksperto gondorilir.
Ekspertlorin tovsiyslorini nazors almaq ti¢iin moaqale miiollifo gdndorilir.

Mogqals, ekspertlorin tonqidi geydlori miisllif torafindon nozers alindigdan sonra Jurnalin Redaksiya Heyati
torofindon ¢apa toqdim oluna bilor.
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8.

YAZIM KURALLARI

“Journal of Baku Engineering University-Physics" Onceler yayimlanmamis orijinal ¢aligmalar1 ve yazarin
kendi aragtirma alanin-da yazilmis derleme makaleleri kabul etmektedir.

Makaleler ingilizce kabul edilir.

Makaleler Microsoft Word yazi programinda, (journal@beu.edu.az) adresine gonderilmelidir. Gonderilen
makalelerde sunlar dikkate alinmalidir:

Makalenin bagligi, yazarin adi, soyadi,

Is yeri,

E-posta adresi,

Ozet ve anahtar kelimeler.

Ozet 100-150 kelime arasinda olup 9 font biiyiikliigiinde, makalenin yazildig: dilde ve yukarida belirtilen iki
dilde olmalidir. Makalenin her ii¢ dilde yazilmis 6zeti birbirinin ayni olmalidir. Anahtar kelimeler uygun 6zetin
sonunda onun yazildigi dilde verilmekle en az {i¢ s6zciikten olugmalidir.

Makalede UOT ve PACS tipli kodlar gosterilmelidir.

Makale sunlardan olugmalidir:

Giris,

Arastirma yontemi

Aragtirma

Tartigma ve sonuglar,

Istinat Edebiyati Rusca oldugu halde orjinal dili parantez icerisinde gdstermekle yalniz Latin alfabesi ile ve-
rilmelidir.

Sekil, Resim, Grafik ve Tablolar baskida diizgiin ¢ikacak nitelikte ve metin igerisinde olmalidir. Sekil, Re-
sim ve grafiklerin yazilar1 onlarin alt kisimda yer almalidir. Tablolarda ise baslik, tablonun iist kisminda
bulunmalidir.

Kullanilan kaynaklar, metin dahilinde késeli parantez igerisinde numaralandirilmali, ayn1 sirayla metin so-
nunda gosterilmelidir. Aym kaynaklara tekrar bagvuruldugunda sira muhafaza edilmelidir. Ornegin: [7,seh.15].

Referans verilen her bir kaynagin kiinyesi tam ve kesin olmalidir. Referans gosterilen kaynagin tiirii de eserin tl-
riine (monografi, derslik, ilmi makale vs.) uygun olarak verilmelidir. Ilmi makalelere, sempozyum, ve konferanslara
miiracaat ederken makalenin, bildirinin veya bildiri 6zetlerinin ad1 da gésterilmelidir.

a)
b)

c)

Ornekler:

Makale: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and Electronic Structure of Monomerik
and Dimeric Conapeetes of Carnosine Uith Zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832, 2010
Kitap: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition, Prentice
Hall, p.386-398, 2002

Kongre: Sadychov F.S., Aydin C., Ahmedov A.I. Appligation of Information-Communication Technologies
in Science and education. 11 International Conference. “Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Kaynaklarin biiytikliigii 9 punto olmalidir.

9.

10.
11.

12.

13.

Sayfa olculeri; tist: 2.8 cm, alt: 2.8 ¢cm, sol: 2.5 cm, sag: 2.5 cm seklinde olmalidir. Metin 11 punto biiyiik-
lukte Palatino Linotype fontu ile ve tek aralikta yazilmalidir. Paragraflar arasinda 6 puntoluk yazi mesa-
fesinde olmalidir.

Orijinal arastirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

Makaleler dergi editér kurulunun karari ile yayimlanir. Editorler makaleyi diizeltme igin yazara geri gonde-
rilebilir.

Makalenin yayina sunusu asagidaki sekilde yapilir:

Her makale en az iki uzmana gonderilir.

Uzmanlarin tavsiyelerini dikkate almak i¢in makale yazara gonderilir.

Makale, uzmanlarin elestirel notlar1 yazar tarafindan dikkate alindiktan sonra Derginin Yayin Kurulu tarafindan
yayina sunulabilir.

Azerbaycan disindan gonderilen ve yayimlanacak olan makaleler i¢in,(derginin kendilerine gonderilmesi za-
mani posta karsiligi) 30 ABD Dolar1 veya kargiligi TL, T.C. Ziraat Bankasi/Uskiidar-istanbul 0403 0050 5917
No’lu hesaba yatirilmali ve makbuzu iiniversitemize fakslanmalidir.
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ITPABUJIA JIA ABTOPOB

«Journal of Baku Engineering University» - ®u3uka my0IUKyeT OpUTHHAIbHBIC, HAYYHBIC CTATHU U3 00NACTH
HCCIICZIOBaHMUSI ABTOPA U PaHEe HE OMyOINKOBAHHBIC.

Cratbu TIPUHUMAIOTCS Ha AHTJINCKOM SI3BIKE.

PykomuicH TOIKHBI OBITh HaOpaHs! coryiacHo porpammbel Microsoft Word u oTripaBiieHs! Ha 37IEKTPOHHBIH
anpec (Journal@beu.edu.az). OtmpasiseMble CTaThH J0JKHBI YIUTHIBATH CIICAYIOLIHME TPABHIA;

HazBanue ctatbu, uMs U paMUIIHs aBTOPOB
Mecto paboThI

DICKTPOHHBIN a/ipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

3ariaBue CTaThH IIHUIIETCS JIJIA KaXKJI0M aHHOTAaIMU 3arjaBHBIMU 6yKBaMI/I, JKUPHBIMU 6yKBaMI/I U pacrioJjiara-
€TCA TI0 LEHTPY. 3arnaBue u AHHOTAIlMH JOJI?KHBI OBITH TMPEACTABJICHBI HA TPEX SA3BIKAX.

AHHOTAIM, HAIICAaHHAS HA S3bIKE TPEACTaBICHHON CTaThH, NOJKHA coaepkaTh 100-150 cmoB, HaOpaHHBIX
uipudToM 9 punto. Kpome Toro, mpefcTaBisSiOTCs aHHOTAIMK HA BYX JAPYTHX BBINIC YKa3aHHBIX S3bIKAX,
MepPeBOJT KOTOPBIX COOTBETCTBYET COJIEPIKaHMIO OpUruHaia. KitoueBble cioBa JOJKHBL ObITh MPEACTABIEHBI
mocyie KaXKI0i aHHOTAIMK Ha ero S3bIKE U COAEPIKaTh He MEHEe 3-X CIIOB.

B crarbe momxub! ObTh yKa3anbl kol UOT u PACS.

IIpencraBneHHble CTaThbU AOJKHBI COAEPKATh:

Beenenue

MeTton ucciaemoBaHus

OO6cyxneHne pe3yIbTaToOB HCCIeJOBAHUS H BEIBOIOB.

Ecmu ccrmmarorcs Ha paboTy Ha pycCcKOM sI3BIKE, TOTJAa OPWUTWHANBHBIA S3BIK YKa3hIBacTCsA B CKOOKax, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM ai(aBUTE.

PuCyHKH, KapTHHKH, TpaGUKH ¥ TAOIHMIBI JOJDKHBI ObITH YETKO BBIMOJIHEHBI M Pa3MEIeHbI BHYTPH CTATHH.
INoamucu K pUCYHKaM pa3MEIIaloTCsl MO PUCYHKOM, KapTHHKON Wi rpadukom. Ha3Banue TaOIMIbI MHIIETCS
HaJ TaOJIULEH.

CChUIKH Ha HCTOYHHKH JAI0TCA B TEKCTE IU(POH B KBAIPATHBIX CKOOKAX U PACIIONAraloTcs B KOHIIE CTaThH
B TIOPSIZIKE IUTHPOBAHMUS B TeKCTe. ECITM Ha OJIMH M TOT jK€ MCTOYHHK CCHUTAIOTCS JIBa U Oojiee pas, He00X0-
JIMMO YKa3aTh COOTBETCTBYIOIIYIO CTPAHHILY, COXPaHAS MOPSAKOBHIM HOMep nuTupoBanus. Hanpumep: [7,
crp.15]. bubmuorpaduueckoe OMMUCaHKUE CCHIITAEMOM JTUTEPATYPHI TOJKHO OBITH POBEIEHO C YUETOM THIIA
UCTOYHMKA (MOHOTpadust, yIeOHHK, HAydHas CTaThs U 1p.). [IpH CCBUTKE Ha HAYYHYIO CTaThiO, MaTEPHAIIBI CHM-
No3uyMa, KOH(PEPEHIINH WK IPYTHX 3HAYNMBIX HAYYHBIX MEPOIPHATHH TOJKHBI OBITH YKa3aHbl Ha3BaHUE
CTaThH, JOKJIAJA WK TE3HUCA.

Hanpumep:

Cmampwsa: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M. Spatial and electronic structure of monomeric
and dimeric complexes of carnosine with zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832,
2010

Knueza: Christie on Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Kongpepenuua: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies

in Science and education. Il International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Bak1,01-03 Noyabr, 2007, s5.384-391

CHycoK IMTHPOBAHHOM JIUTEpaTyphl HabupaeTcs mpudToM 9 punto.

10.

11.
12.

Pa3mepbl crpaHunbl: cBepxy 2.8 oM, cHu3y 2.8 cM, creBa 2.5 u cripaBa 2.5. Tekcr nedaraercs wpudrom Pala-
tino Linotype, pasmep mwpudra 11 punto, uHTepBan-oanHapHbii. [laparpadsl TOKHEL OBITh pa3/ielcHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHb1i 00beM OPUTHHAIBLHOM CTaThH, KaK IPaBHIIO, HE JOJDKEH MPEeBHIIIaTh 15 cTpaHuil.

IIpencraBienue cTaThbu K NEYaTH NPOU3BOJUTCS B HUXKE YKA3aHHOM IMOPAJKE:

Kaxnast cTathst mochlIaeTcss HE MEHEe IBYM JKCIIEpTaM.

CraThs MOCHUTACTCS aBTOPY IS yUeTa 3aMeUaHuil SKCTIEPTOB.

CraTps, TIOCNE TOTO, KaK aBTOP yd4es 3aME4YaHHs KCIEPTOB, PEIAKIIMOHHON KOJJIETHell KypHama MOXET
OBITh PEKOMEH/IOBaHA K MICYATH.
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