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Isd> Fei3 va (Fes0,)s nanohissaciklorinin elektron qurulusu Sixhq funksionali nozo-
riyyasi ila tadqgiq olunmusdur. Molekulyar orbitallar nanohissaciyin atomlarmun atom orbi-
tallarmmin xatti kombinasiyalari saklinda axtarilmisdir. Atom orbitallar: olarag Fe atomlarindan
1s-, 25-, 2Dy, 2Py, 2P4-, 35, 3P« 3Py-, 3P, 3dX2-, 3dy,-, 3dZ,-, 30y, 3dx-, 3dy,-, 4s-, 4py -, 4p,y-
, 4p; - va O atomlarimin har birindon 1s-, 28-, 2py-, 2py-, 2p,- atom orbitallarindan istifada
edilmisdir. Atom orbitallart kimi Gauss funksiyalarindan istifado olunmusdur. Xotti kombina-
siyamin namalum amsallart molekulyar orbitallar metodunun tonliklori hall olunaraq tapil-
misdir. Hesablamalar naticasinds Fe 3 vo (Fe3Q,)3 nanohissaciklorinin orbital enerjilori, ion-
lagma potensiali, tam elektorn enerjisinin va atomlarin effektiv yiiklorinin giymoatlori hesab-
lanmisdir. Hesablamalarin naticalori géstorir Ki, Fe3 nanohissaciyi yumsaq, elektrofil, stabil
va ensiz z0laql yarumkegirici materialdir va gsiialandira bilacayi fotonun dalga uzun-
lugu 1 =68335 nm -dir. (Fe304)s nanohissaciklor isa yumsaq, elektrofil, stabil va ensiz zolaql1

yarimkegirici materiallardir. Siialandira bilacayi fotonun dalga uzunlugu 1 =419,48 nm -dir.
Acar sozlor: Nanotexnologiya, kompiiter modellagdirma, kvantmexaniki hesablama.

Nozori metodologiya

Domir torkibli nanohissaciklor 6z xassalorine géra genis tatbiq sahalori-
no malikdir [1, 2, 3, 4, 5]. Bu nanohissaciklar tibdas, sanayeds vo miidafis sona-
yesindo genis istifado oluna bilor. Buna goro do domir torkibli nanohisse-
ciklarin elektron qurulusunun kvantmexaniki metodlarla 6yronilmosinin bdyiik
ohomiyyati vardir. Isdo Fejs vo (Fe304)3 nanohissacikloring baxilmisdir.

Molumdur ki, nanohissaciklorin qurulusu vo xassolori nanohissocikdo
atomlarin say1 vo Olgiisii ilo miioyyon olunur. N sayda eyni atomlardan ibarot

olan nanohissaciyin 6l¢iisii
D _ 4| BMN (1)
7PN o

diisturu ilo miiyyan olunur [6, 7, 8]. Burada N — atomlarin say1, M-atomun molyar
kiitlasi, p -materialin sixlig1 vo Na-Avaqadro adadidir. N=13 sayda domir atomundan
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ibarat nanohissaciyin (1) diisturu ilo hesablanmis 6l¢iisii D~0,67nm alimr. Onda 13
atomdan ibarat Feq3 nanohissaciyinin nazari modelini qurmagq olar (sokil 1.).
(Fes0,)n nanohissaciyindoki n-i hesablanmaq t¢iin isa

3
r-h
dlsturundan istifado oluna biler. Burada Fe;O, birlosmaesi radiusu r, = 2r, + 3r,

kiira daxilinda yerlaso bilor(Sokil 2), R=D/2 vo D — verilmis 0l¢uli nanohis-
sacik hesab olunur, r.,vo r, domir vo oksigen atomlarinin kovalent radius-

laridir: r, =0117nm, r, =0,073nm vo D =13 nm oldugda n = 3almnur.

(Fe;0,)3 nanohissaciyindaki atomlarin say1 iso N=21 olur. Onda 9 domir vo 12
oksigen atomlarindan ibarat (Fe;04)3 nanohissaciyinin nazari vizual modelini
do qurmagq olar (sokil 3).

Toqdim olunan isdo Fei3 vo (FesO4)s nanohissaciklarinin elektron qu-
rulusu vo xassolori Sixliq funksionali nazariyyasi (SFN) ilo dyronilmisdir [9].
Molekulyar orbitallar1 qurmaq U¢lin atom orbitallar1 olaraq Fe atomlarindan 1s-,
28-, 2px-, 2Py~ 2Pz-, 3S-, 3Px-, 3py-, 3Pz-, 3dXz-, 3dys-, 3dzs-, 3dyy-, 3dy.-,
3dy;-, 4s-, 4py -, 4py-, 4p; -vo O atomlarinin hor birindon 1s-, 2s-, 2px-, 2py-,
2p,- atom orbitallarindan istifado edilmisdir [10]. SFN metodu totbiq olun-
maqgla Feis va (Fes0,)3 nanohissaciklorinin tam enerjisini, ionlasma potensia-
linin qiymatlorini hesablamaq, mexaniki, elektrik xassolorini vo s. todqiq etmok
olar.

Komputer hesablamalari
Kvantmexaniki hesablamalar noticasindo Fejs vo (Fe;0,)3 nanohissacik-

lorinin E —tam va &, — orbital enerjilori, ionlasma potensial1 | = —Evmo gadagan

. " o 1
olunmus zonanmn eni E = &,5,0- &0, mOhkomliyi U:E(g ABMO_gYTMO)’

stabillik Ap_E ~SE parametrlori vo siialandira bilocayi fotonun dalga
A
A

uzunlugu c-h

1 diisturlar1 ilo hesablanmigdir.

><109 nm

19
£ ABMO ~ #yTio 1610

Burada &, elektronlar torafindon tutulmus on yuxari molekulyar orbitalin

T™O ~

enerjisi, &,5,0- o0 asagl bos molekulyar orbitalin enerjisi, E,- sorbost A
atomunun enerjisi, ¢=3-10°m/san, h=6,63x10"*Csan. E_- qadagan olun-

mus zonanin qiymati hesab olunur. 77 <1eV oldugda material yumsaq, 7 >1eV
iso material méhkom hesab olunur. AE < Qoldugda material stabil, AE >0
olduqda iso material geyri-stabil hesab olunur.

Hesablamalar zamani Feis nanohissociyinin hor Fe atomundan 19
olmagla 247 atom orbitalindan istifado edilmisdir. Fej3 nanohissaciyinin 338
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sayda elektronu on asagi enerjili 169 enerji soviyyasini doldurur. Elektronlar
torofindon tutulmus on yuxari molekulyar orbitalin enerjisi: &y =Eg9 = -
19,128505eV. On  asagt  bos
Epapmo = €170 = -17,309346¢eV.  Isdo

hesablanmus qiymoti E =1,819159 eV.

Hesablamalar zamani (Fe;0,4); nanohissociyinin hor Fe atomundan 19,
hor O atomundan 5 olmaqla comi 231 atom orbitalindan istifade edilmisdir.
(Fe;0,); nanohissaciyinin 330 sayda elektronu on asagi enerjili 165 enerji
soviyyesini doldurur. Elektronlar torsfindon tutulmus on yuxart molekulyar

orbitalin enerjisi:  &yyo= &5 =-0.283249¢V. On asagr bos molekulyar

orbitalin  enerjisi:

Eg -nin

molekulyar

Feis nanohissociyi tigiin

orbitalin enetjisi: &gyo =&y = 2.680267eV. Isdo (Fe;0,); nanohissaciyi tigiin
E, -min hesablanmus qiymati E =2.963516 eV.

Hesablamalar zaman1 Mathcad, MS Office Excel vo HyperChem
programlari istifado olunmusdur vo naticalor cadval 1, 2, 3, 4-do verilmisdir.

Cadval 1
Kompiiter hesablamalarinin naticalari
N | Nano- E@v) | AE(av) | | ev) | E (ev) 1 @€v) | A(nm)
hissacik P g
1 |Feyss -15955,96962 | -476,5021978 | 19,128505 | 1.819159 0,9095795 | 683,35
2 |(Fe304)s| -11966,114 | -360,70854 | 0,283249 | 2,963516 1,481758 419,48
Cadval 2

Fe13; nanohissaciyina daxil olan atomlarin effektiv yiiklori vo koordinatlari

N-si Fe Fe atomlarinmn Koordinatlar: (anqsremld)
atomlari effektiv yUklori X y 7
1 26 -4,178224 -1,40415717 -2,13147577 1,02479914
2 26 -9,291094 -0,62932041 2,15799951 -0,08731853
3 26 -5,577328 1,04871849 0,96764701 1,02479914
4 26 -8,771844 -1,40415717 0,25214249 1,02479914
5 26 -9,816181 -0,00022984 0,00000447 0,00015045
6 26 9,67869 0,48179915 -1,6522928 -0,35176767
7 26 -2,538712 -0,12621829 0,43250945 -1,6979878
8 26 -6,767484 0,3019889 -1,03501471 1,97438264
9 26 -2,785631 -1,71475533 -1,10929515 -0,94339668
10 26 14,569809 2,04197433 -0,01369614 -0,94354218
11 26 8,382458 -2,32983842 1,04248208 -1,02469837
12 26 8,496135 2,32996431 -1,04241303 1,02461639
13 26 8,599405 1,404231933 2,13140092 -1,02483984
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Cadval 3

(Fe30,4); nanohissaciyina daxil olan atomlarin effektiv yiiklari vo koordinatlar:

Atomun | Fevs O Feva O Koordinatlar: (angsremls)
N-si atomlar: atomlarinin
effektiv yiiklori X y Z
1 26 -10,009372 -2,73841103 -0,07558594 -0,00149402
4 26 -10,090909 -0,87608892 -1,31887304 -2,23442318
5 26 -9,816745 0,87953607 1,31617402 -2,23496019
7 26 8,122641 0,98135794 -2,55661509 0,00360015
9 26 -10,107354 -0,87832472 -1,30912371 2,23759339
11 26 8,04705 0,8782277 1,31756626 2,23255366
13 26 8,064963 2,73559208 0,07252166 -0,00175831
16 26 5,63192 -0,98433799 2,55483063 -0,00149402
21 26 5,888566 0 0 0
10 8 -1,989585 0,00484297 0,00091142 3,28795897
6 8 -1,999274 0,0070604 -0,00056622 -3,29083381
12 8 5,999454 2,65988134 1,02355229 1,64131793
2 8 -1.931309 -2,73841103 1,82442996 -0,00149402
14 8 -1.924958 0,07552361 -2,84992394 1,64788426
15 8 4.265062 -0,07797974 2,84963867 1,64226139
8 8 6.001516 2,73386193 -1,82247494 0,00966046
17 8 -2.001737 -0,07737377 2,8481647 -1,64516225
18 8 -2.001055 -2,66055446 -1,01907005 1,64597325
19 8 3.804686 2,66004972 1,01843183 -1,64798483
20 8 -1.949958 0,08014501 -2,85055185 -1,64313807
3 8 -2.0036 -2,65850162 -1,02564995 -1,64511177
NITICO

Feis vo (Fes04)s nanohissaciklorinin elektron qurulusu SFN ilo dyra-

nilmigdir. Hesablamalarin noticolori gosterir ki, Fe,; nanohissociyi yumsaq,

elektrofil, stabil ensiz zolaqli yarimkegirici materialdir vo siialandira bilacoyi
fotonun dalga uzunlugu A =683,35 nm-dir, (Fe30,); nanohissaciyi iso méhkom,
nuklefil, stabil ensiz zolaqli yarimkegirici materialdir vo siialandira bilacayi
fotonun dalga uzunlugu A = 419,48 nm -dir.

Sok.1. Fe ; nanohissaciyinin nazari modeli
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Sak. 2. Fe;04 biriésrr_lgsiin ozori modeli
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Sak. 3. (Fe,0, ), nanohissaciyinin nazari modeli
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MATEMATHUYECKOE MOJAEJINPOBAHUE KEJIE30 COAEPXKAIIUE
HAHOYACTUII C TEOPUUN ®YHKIINOHAJIA IIJIOTHOCTBIO

M.A.PAMA3AHOB, AI'TACAHOB, ®.I'.IIAITIAEB, M.P.BATABOBA

PE3IOME

Vcene10BaHO SIEKTPOHHOE CTPOeHHe HaHouacTul F€, u (Fe304 )3 METOOM Teo-

puu GYHKIMOHATA IJIOTHOCTH. MOJEKYJSIpHbIC OpOUTANN MPEICTABICHBl B BUIC JHHEHHON
KOMOWHAIIMK aTOMHBIX OpOHTajeil aTOMOB HAHOYACTHUIBL. B KadecTBe aTOMHBIX OpOHTaeit
HCIIONB30BaHBI 1S-, 28-, 2Py, 2Py-, 2P,-, 35-, 3px-, 3Py-, 3P, 3dX,-, 3dy,-, 3dz;-, 3d,y-, 3d,,-
, 3dy,-, 4s-, 4py -, 4py-, 4p, - opburamu atomoB Fe, 1s-, 2s-, 2py-, 2py-, 2p, atomos O.
YuciaeHHbIC 3HAYCHUS HEU3BECTHBIX KOI(P(UIMEHTOB IHHEHHOH KOMOWHALMH HaiieHBI
pelieHreM ypaBHEHHH MeToJa MOJISKYIISPHBIX opOuTanei. B pe3ynbTaTe pacyeToB BBIYHCIIE-
HBI OpOHTAJIbHBIE SHEPTUH, NOTEHINA] MOHW3ALUM, NOJHAS SJIEKTPOHHAs SHeprus HaHoyac-

THIBL Fe;s u (Fe304)3.

SIBIISIFOTCSL MSAKAMH, SJIEKTPOQMIBHBIMA W YCTOWYMBBIMH y3KO 30HHBIMH TOIYHPOBOISIIUMHI
MaTepuaiamu. J{TMHAa BOJIBHBI WCIYCKaHHUM HaHOYAcTHIHI A =683,35 nm. A HaHOYACTHUIIBI

Pe3yJ'ILTaTI>I pacyeToB MOKa3bIBAIOT, YTO HAHOYACTHUIILI F613

(Fe30 4 )3 SBIISIOTCST TBEPABIMH, HYKJICO(DMIBHBIMA U YCTOMYMBBIMU M Y3KO30HHBIMH IIOJTY-

MPOBOJAIIMMU MaTepuanamMu. [[i1Ha BonbHBI UCIIYCKaHUU HaHOUYacTULbl A =419,48 nm.

KaroueBble cioBa: Hanorexnomnorus, KOMIBIOTECPHOC MOACINPOBAHUEC, KBAHTOBOMEXA-
HHUYCCKOC BBIYHUCIICHUC.

MATHEMATICAL MODELLING OF IRON CONTAINING
NANOPARTICLES BY DENSITY FUNCTIONAL THEORY

M.A.RAMAZANOV, A.G.HASANOV, F.H.PASHAYEV, M.R.VAHABOVA
SUMMARY

The electronic structure of the Fey3 and (Feso 4) nanoparticles were investigated by

3
density functional theory method. This is a variant of the molecular orbitals method. Molecular
orbitals are represented as a linear combination of atomic orbitals of the atoms of the
nanoparticle. As the atomic orbitals 1s-, 2s-, 2p-, 2py-, 2p,-, 3s-, 3px-, 3py-, 3p,-, 3dXs-,
3dy,-, 3dz,-, 3dyy-, 3dy,-, 3dy,-, 4s-, 4py -, 4py-, 4p, - of Fe atoms and 1s-, 2s-, 2px-, 2py-, 2P,
atomic orbitals of O atoms were used. The numerical values of the unknown coefficients of the
linear combination are found by the solution of equations of the molecular orbitals method.

The orbital energies, potential ionization, the total electronic energy of Fe;s and (Fe304)3

nanoparticles were calculated. The results show that the Fej; are soft, electrophile, the
wavelength of emission of nanoparticle is 4 =683,35 nm and narrow band semi-conductive

stable material and nanoparticle of (Fe304) are strange, nucleophile, the wavelength of

3
emission of nanoparticle is 4 =419,48 nm and narrow band semi-conductive stable material.
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