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Sirkonium dioksid  nanohissaciyi vo onun nanokompozisiyalarimin nazor: vizual modellari
gurulmugdur. Bu modellar asasinda Xartri-Fok-Rutan metodu ilo kompiter hesablamalar:
apar:lmzsdir. Molekulyar orbitallar nanohissaciya va onun secilmis nanokompozisiyalar:na daxil
olan atomlar:n atom orbitallarzzin xatti kombinasiyalar: soklinda axtardmzsdir. Atom orbitallar:
olaraq Zr atomlarzun 1s-, 2s-, 2p,-, 2py-, 2P, 35-, 3px-, 3Py~ 3P 3dx*-, 3dy?-, 3dz*-, 3dxy-,
3dxz-, 3dyz-, 4s-, 4px-, 4py-, 4pz-, 4dx*-, 4dy?-, 4dz%-, 4dxy-, 4dxz-, 4dyz-, 5s-, Spx-, 5py-, 5pz-,
C, O va F atomlarimin 1s-, 2s-, 2ps-, 2py-, 2p,-, H atomlarzn isa 1s-orbitallar:ndan istifada
edilmigdir. Atom orbitallar: kimi Gauss funksiyalar:ndan istifads olunmugdur. Namalum xatti
kombinasiya amsallar: XFR tanliklori holl olunaraq tap:lmigdir. Hesablamalar naticasinda
nanohissaciyin va onun nanokompozisiyalarzun orbital enerjilari, ionlagsma potensial:, tam
elektron enerjisinin giymatlori, nanohissaciys va onun nanokompozisiyalar:na daxil olan
atomlar:n effektiv yuklori hesablanmisdir. Hesablamalar:n naticalori gostarir ki, sirkonium
dioksid nanohissaciyi va onun PP+ (zr0,),, PVDF+ (zr0,), nanokompozisiyalar: méhkam, nukleofil

va stabil dielektrik materiallard:r.

Acar sozlar: nanotexnologiya, kompiiter modellagdirma, kvantmexaniki hesablama.

PACS: 81.07.-b, 07.05.Tp, 03.67.Lx.

1.isifada olunan metod

Sirkonium dioksid nanohissaciklorinin
genis totbig sahalori vardir [1]. Buna gdro do
sirkonium dioksid nanohissaciklari vo onlarin
nanokompozisiyalarmin elektron qurulusunun
kvantmexaniki  metodlarla  dyranilmasinin
boyik shamiyyati vardir [2,3]. Togdim olunan
isda sirkonium dioksid nanohissaciyi vo onun
nanokompozisiyalarmin elektron qurulusu va
xassalori Xartri-Fok-Rutan (XFR) metodu ilo
oyranilmisdir. XFR metoduna géra molekul

daxilindo elektronun hali  Uj;-molekulyar
orbitallar1  adlanan  birelektronlu  dalga
funksiyast ila tosvir olunur. U;i-lor molekuldaki
atomlarin ~ xq atom orbitallarmin  Xotti
kombinasiyalari saklinds axtarilir[2-4]:

U; = Zcqizq (1)

q

Xq atom orbitallart moelum hesab olunur. Cg;
namolum  omsallart  XFR  tonliklorinin
hallindon  tapilir.  Bu  tonliklori  matris
formasinda asagidaki kimi yazmaq olar:

FC =ESC 2

Burada E-elektronlarin orbital enerjilori, S- y,
vo yq atom orbitallar: arasinda 6rtme matris
elementlori, C-namoalum amsallar matrisidir. F-
Fok operatorunun matris elementloridir vo
onlar C namalum komiyyatlorindan asilt olur.
Unitar cevrilmo vasitasi ilo (2) Umumilosmis
moXsusi  giymotlor tonliyini adi moxsusi
giymatlor tanliyina gotirmak olar.

Hesablamalar aparmagqla ¢, -orbital enerjilori

vo Cq omsallarmin giymatlori tapilir. Cg-
omsallariin giymatlori asasinda molekulyar
orbitallarin analitik ifadasini almag olar. Bu da

nanoobyektlorin  bir sira  parametrlorini,
mosalon,  atomlarin  effektiv  yuklorini
hesablamaga imkan  verir. & -moxsusi
giymotlori  osasinda  sirkonium  dioksid
nanohissaciyi va onun PP+ZrO,, PVDF+ZrO,
nanokompozisiyalarmnin tam enerjisini,
ionlasma potensialinin  giymatini, elektrik

keciriciliyini, mohkomliyini va s. tadqiq etmok
olar. Hesablamalar zaman: yq atom orbitallar:
olaraq Zr atomundan 1s-, 2s-, 2px-, 2py-, 2p;-,
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3s-, 3px-, 3py-, 3p-, 3dx%-, 3dy*-, 3dz*- 3dxy-
3dxz- 3dyz-, 4s-, 4px-, 4py-, 4pz-, 4dx’-
4dy2-, 4dz%-, 4dxy-, 4dxz-, 4dyz-, 5s-, 5px-,
5py-, 5pz-, C, O va F atomlarindan 1s-, 2s-,

orbitalindan  istifado  edilmigdir.  Atom
orbitallar1 kimi Gauss funksiyalarindan istifads
olunmusdur  [5]. Hesablamalar  zamani
Mathcad, MS Excel va HyperChem
programlari(free) istifado olunmusdur.

2. ZrO; nanohissaciyi tgun komputer hesablamalar

2px-, 2py-, 2ps, H atomundan iso 1s-
Oovwvalco  (ZrOz)9  nanohissaciyina
baxilmisdir. Malumdur Ki, nanohissaciklorin

qurulusu va xassalari nanohissacikds atomlarin
say1 vo 0Olgisu ilo muoyyan olunur. N sayda
ZrO, — don ibarat olan nanohissaciyin 6lgusu
D=2*r*3/N 3)
disturu ilo  hesablana  bilor.  Burada
r=ri+2*r2, rl — Zr atomunun, r2 — O
atomunun kovalent radiusu, N — ZrO,-nin

oldugda sirkonium dioksid nanohissaciyin (3)
disturu ilo hesablanmig Olgusi D=1.2nm
almir. Hesablamalar zamani har Zr atomundan
29 olmagla 29*9=261, O atomundan 5
olmagla 5*18=90 atom orbitalindan istifado
edilmisdir. (1) disturu osasinda 351 sayda
molekulyar orbital qurulmusdur.
Nanohissaciyin 504 sayda elektronu an asagi
enerjili 252 enerji saviyyasini doldurur. Sakil

sayidir. r1=0.145nm, r2=0.073 nm vo N=9 1-do (ZrO)s Ucln secilmis fsza qurulusu
verilmisdir.
’Qr Zch(Q Zr _]0 '
Zr,—‘b [0_ r
T o/ x ?
Zr
0 0
& Zr/\ 7r_\.0 {
o~
Sakil 1. ZrO nanoh|5590|y|n|n xatt, kira-silindir va kiralarls vizual modeli
Tam enerji = -32876.588165500 (a.v.)
Elektronlarin Kinetik enerjisi =  32503.105788184 (a.v.)
Virial sorti (-V/T) = 2.0115

ATOMLARIN EFFEKTIV YUKLSRI VO KOORDINATLARI

Z Atomu Yk Koordinatlari(Angstremlo)
X y z

3 40 0.598598 -5.59789930 -3.25602845 4.57141363
4 40 0.604038 -4.88144756 156574038 2.58681135
6 40 0.544658 1.60081672 -1.59456895 1.09249355
9 40 0.555248 0.04365576 0.62811962 0.47349562
12 40 0.557386 -2.57465918 1.91757279 1.08417086
16 40 0.583131 -6.19626588 -0.56023420 3.98748188
21 40 0.597746 1.38482183 -4.15952085 2.59048731
24 40 0.615033 -0.60326842 -5.54230784 3.92755547
27 40 0.554658 -3.41814080 -5.19790998 4.57141363
10 8 -0.305858 -0.91698385 2.46106421 -0.23106174
11 8 -0.219605 -1.60751114 0.10318373 1.77855513
5 8 -0.296791 -4.48567155 1.08005868 0.48934009
13 8 -0.315831 -3.48652865 3.22512073 2.58806797
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14 8 -0.224028 -4.14695010 0.11949550 4.04116552
15 8 -0.319458 -6.93123559 1.38531135 3.30737646
18 -0.316416 -5.59789930 -5.43916095 4.57141363
17 8 -0.320228 -6.87699465 -1.84109068 5.63233928
18 8 -0.286939 -5.91718841 -2.25867702 2.65584037
19 8 -0.148577 -0.07703159 -2.85112231 1.67176557
20 8 -0.284285 3.06128100 -3.14055177 1.62732641
7 8 -0.296105 1.65449015 0.43363490 1.92340257
22 8 -0.443416 0.90946610 -6.28998514  2.54842251
23 8 -0.403699 0.67817118 -3.91265932  4.62562702
8 8 -0.288813 0.88542916 -0.90666249 -0.83773203
25 8 -0.162045 -2.31290783 -4.89681121  2.72929060
26 8 -0.288281 -1.89728567 -6.57080457  5.35210902
2 8 -0.290117 -3.55974123 -3.17068555  5.34401980

ZrO; nanohissaciyi U¢iin ahnmis naticalarin
interpretasiyasi. (zro,), nanohissaciyinin 504

elektronu on asagi enerji Saviyyasindan
baslayaraq iki-iki soviyyolordo yerlogdirilir.
Elektronlar torafindon tutulmus on yuxari
molekulyar orbitalin  enerjisi gy;yo = €25, =-

6.538526eV, on asagi bos molekulyar
orbitalin enerjisi iSo
€ namo = €253 = 3.105533eV. Onda ionlagma
potensiahn ~ giymoti: 1, = -&qu0 =
6.538526eV[3]. Qadagan olunmus zonanin
qiymoti € pvo —&yrmo = 9-644059eV. Bu iso
(zr0,), nanohissaciyinin dielektrik material
oldugunu gostorir. Mdohkamlik

n =%(8ABMO—8YTMO) disturu ilo hesablana bilor

vo n= 4.8220295eV. 75 >1eVv oldugundan
(zr0,), nanohissaciyi méhkam material hesab

olunur. &,5,,o Mushat isarali olduguna gors
(zr0, ), nanohissaciyinin nuklefildir. (zro,),

nanohissaciyinin stabilliyi
AE((2r0, )y)= E(yr0,), —45-E, ~9E,,  disturu

ilo hesablanir. Burada AE((zr0,),) (zro,),

nanohissaciyinin stabilliyini mioayyan edon
parametrdir. AE((zrO,),)>0 oldugda material

geyri stabil, AE((zro,),)<0 oldugda material
stabil ~ hesab  olunur. Eg,) - (zro,),
nanohissaciyinin, E,, - Zrx-nin hesablanmis
tam enerjisidir.  E;,) =-32876.58817a.v.,
E,, =-7009.498508a.v., E, =-147.0186422a.v.
oldugundan AE((zr0,),) =-10.67709958a.V.
AE((2r0,), <0 oldugundan (zr0,),
nanohissaciyi stabildir.

3. PP+ (zr0,), nanokompoziti tctin komputer hesablamalan

PP+(zr0,), nanokompozitinin noazari modeli
kimi iki CsHg polimeri arasinda yerlasdirilmis
(zr0,), nanohissaciyina  baxilmigdur.

Hesablamalar zamani har C vo O atomundan
5, H atomundan bir, Zr atomundan 29 olmagla

393 bazis funksiyalarindan istifado edilmisdir.
Nanokompozitin 552 sayda elektronu on asagi
enerjili 276 enerji saviyyasini doldurur. Sakil
2-do PP+ZrO, nanokompoziti tgln segilmis
nazari modelin foza qurulusu verilmisdir.
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Tam enerji
Elektronlarin Kinetik enerjis1

Virial sorti (-V/T)
ATOMLARIN EFFEKTIV YUKL®RI VO KOORDINATLARI
Koordinatlari(Angstremlo)

Z Atomu

3 40
4 40
6 40
9 40

12
16
21
24
27
10
11
5
13
14
15
1
17
18
19
20
7
22
23
8
25
26
2
28
29
30
37
38
39
34

40
40
40
40
40

(o]

= O OO OO O 00 00 00O 00 CO 0O O OO O 0O OO 0O 0o 0o oo oo

Yuki

0.630620

0.629024

0.620954

0.629322

0.621285

0.623773

0.631756

0.632975

0.622636
-0.326982
-0.294469
-0.303597
-0.323662
-0.305895
-0.324104
-0.320251
-0.327317
-0.292871
-0.287712
-0.329566
-0.320372
-0.317375
-0.317313
-0.313165
-0.286570
-0.329889
-0.314399
-0.142106
-0.049198
-0.186712
-0.145012
-0.051022
-0.183894
0.056446
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Sakil 2. PP+(Zr0, ), nanokompoziti

X
-5.11733838
-5.19863361

1.38380247
-0.37856323
-3.02182250
-6.02207405

1.39395580
-0.31447251
-2.97011268
-1.71992453
-1.36486567
-4.34866774
-4.50767023
-4.36919528
-7.19654586
-5.11733838
-6.71181973
-5.04591676

0.27301375

2.86671677

1.76279253

0.32542311

151347431
-0.28636587
-2.12113395
-1.34714605
-3.21354622

2.36873888

2.36873888

1.05238026
-9.64067087
-9.64067087

-10.95702949
3.30404631

y
-3.11664840

1.04397802
-1.53491604
0.41566167
1.46774231
-0.71709204
-3.76509782
-5.14107968
-4.87776322
1.72795796
0.87982317
-0.23360799
2.86090010
0.68978354
0.43972706
-5.29132671
-1.68779062
-2.52343748
-1.90168488
-3.06798760
0.54657000
-5.65251125
-4.01990971
-1.71636275
-4.03544569
-6.33218978
-3.00415997
-10.81423945
-9.47423945
-8.71423945
2.89765291
4.23765291
499765291
-8.93423945
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-33108.030802107 (a.v.)
32733.222157158 (a.v.)
2.0115

z
5.57830621
2.11111875
0.60372870

-0.29362379
0.32813261
417277707
2.54960869
4.26974221
5.57830621

-1.40994106
1.59566024
0.55673787
1.12230064

4.10126045
2.73649177
5.57830621
6.00960645
3.48126676
2.42600552

1.09543231

0.05742369
2.25991949
4.70181639
-0.77192554
3.77185902
5.78374709
6.64848321

1.13218479
1.13218479
1.13218479
2.83169842
2.83169842
2.83169842
1.13218479
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1.13218479
1.13218479
1.13218479
0.24219746
2.02216243
2.83169842
1.94171108
3.72167605
2.83169842
2.83169842

gora PP+ZrO, nanokompoziti nuklefildir.
PP+(zr0, ), nanokompozitinin stabilliyi

AE(PP+(ZrQy)g )= Eppy(zrgy), —45- Ez, —9Eq, —3E¢, —6E,
dusturu hesablanir.  Burada Epp,(z0,), -
PP+ (zr0,), nanokompozitinin, Ez,, -Zr2-nin,
Eo, -O2-nin, E¢_ -Cz-nin, Ey; -Hz-nin tam

il

35 1 0.057283 3.30404631 -11.35423945
36 1 0.057409 1.43343144 -11.35423945
31 1 0.072952 1.25155942 -7.64259228
32 1 0.067634 0.48081618 -8.97755874
33 1 0.063452 0.48080373 -8.97756447
40 1 0.062008 -10.75785033 6.06930009
41 1 0.067556 -11.52859357 4.73433363
42 1 0.067273 -11.52860602 4.73432789
43 1 0.065548 -8.70536344 2.35765291
44 1 0.057145 -10.57597831 2.35765291
45 1 0.056401 -8.70536344 4.77765291 2.83169842
PP+ (z0,), nanokompoziti dcun ahnmis
naticalorin  interpretasiyasr. PP+ (zo,),
nanokompozitinin  ionlasma  potensialinin
giymati:  lp=-¢,, =7.261014eV. Qadagan
olunmus zonanin giymati:
a7 — €276 = 10.393691eV. Bu isa PP+(zr0,),
nanokom-  pozitinin  dielektrik  material
oldugunu gostorir. Nanokompozitin

mOhk9m||y| UZE(EABMO _EYTMO) dUSturU ||3

€ pamo = €277 =3.132677eV.
Evivo = €276 =-1.261014eV. Belaliklo

n =5.1968455a.v.  n>1eV oldugundan
PP+(zr0, ), nanokom- poziti mdhkem material
hesab olunur. &,g,, mMusbat isarali olduguna

hesablanir.

enerjisidir. Epp, 7,0, =-33108.0308 a.v., E, =-
7009.498508a.v., o, =-147.0186422 a.v.,
Ec, =-74.31543142a.v., En, =-

1.111298185a.v., oldugundan AE(PP +ZrO,) =-

12.50565282 aVv.
AE(PP +(zr0,),)<0o0ldugundan PP+ (zr0,),

nanokompoziti stabildir.

4. PVDF+ (z0,), nanokompoziti tgun kompiter hesablamalarn

PVDF+ (z0,), nanokompozitinin nazori modeli
kimi  iki  CyH,F, polimeri  arasinda
yerlagdirilmis (zr0,), nanohissaciyina baxil-

migdir. Hesablamalar zamani hor C,O vo F
atomlarindan 5, H atomundan bir, Zr
atomundan 29 olmaqgla 395 sayda bazis

v
7’”\5

” L/\/

Zr

funksiyalarindan istifads edilmis va 395 sayda
molekulyar orbital qurulmusdur. Nanokom-
pozitin 568 sayda elektronu an asagi enerjili
284 enerji saviyyasini doldurur. PVDF+ (zr0,),
nanokompoziti Ggln se¢ilmis nazari modelin
faza qurulusu Sakil 3-da verilmisdir.

AN\
\&/K\\Z/\O,7 F "

M~

/ c

F
7 \fo H

Sakil 3. PVDF+ZrO, nanokompoziti
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Tam enerji

Elektronlarin Kinetik enerjisi =

= -33420.315552295 (a.v.)

Virial sorti (-VI/T)
ATOMLARIN EFFEKTIV YUKLBRI VO KOORDINATLARI
Koordinatlari(Angstremlo)

Z Atomu

3 40
4 40
6 40
9 40
12 40
16 40
21 40
24 40
27 40
10
11
5
13
14
15
1
17
18
19
20
7
22
23
8
25
26
2
28
29
30
33
34
35
36
39
32
37
38
31

P RPPRPPOO0OO O©OOOWO OO 0 0 00 0o 00 0o 00 00 0o 0o 0 o o

Yuki

0.728652
0.631350
0.649717
0.718785
0.590683
0.590557
0.650982
0.464143
0.640047
-0.331236
-0.299715
-0.314076
-0.295425
-0.320676
-0.312334
-0.329415
-0.307670
-0.348749
-0.272986
-0.321849
-0.328293
-0.302763
-0.309801
-0.330573
-0.289886
-0.327937
-0.338328
-0.121458
0.048361
0.051394
-0.125101
-0.127995
0.049189
0.048838
-0.126806
0.087407
0.077453
0.079324
0.076188

= 20114

X
-2.70703131
-4.57188493
-1.57707908
-2.60397821
-4.19172849
-3.93263000
-0.48841303

0.22736622
-0.34558945
-4.36570081
-2.23823895
-4.63486179
-5.12785732
-3.24650283
-5.85478147
-2.70703131
-2.60289789
-3.76069100
-2.39764760
-0.01956655
-3.27483834
-0.45914915
-0.07562624
-0.71615502
-0.26648679

1.77261919
-0.94284377
-1.33022781
-1.33022781
-0.16975377
-0.16975377
-5.75462204
-4.59414800
-5.75462204
-4.59414800

0.76555366
-3.65884056
-6.68992947
-2.26553525

y
-0.06666558

1.74313904
-4.80446015
-2.25179120

0.03390851

2.11478104
-5.30658316
-4.85550295
-2.78837955
-1.09749104
-0.81298562

2.17055050
-0.41936391

3.31223493

2.10159245
-2.34426078

0.35114025

1.90139928
-4.47614013
-6.18636940
-4.31085846
-3.34614129
-6.58692122
-3.31995814
-4.88918238
-3.58636883
-1.03146546
-9.45156900
-8.12156900
-7.45156900
-6.12156900

5.68222700

7.68222700

7.01222700

9.01222700
-7.99156900

7.14222700

7.55222700
-7.58156900

PVDF+ (z0,), nanokompoziti d¢in ahnmis

naticalarin

nanokompozitin

qiymati:
olunmus

8285 - 8284 = 8162517ev

interpretasiyasi.
ionlasma

Zonanin

Bu

PVDF+ (z0,),

potensialnin
lp=- 55, =5.626206eV. Qadagan

giymati:
iSo

nanokompozitin dielektrik material oldugunu

33042.025937857 (a.v.)

z
-0.81600220
3.65941109
5.62678184
6.94945200
5.84390659
1.07165100
3.08136677
0.43625392
-0.81600220
7.64945357
5.36646213
5.70282406
3.89299198
2.73276052
2.01952148
-0.81600220
1.30882563
-1.08831444
3.60561004
5.00544529
6.83039074
1.97635877
1.40737696
6.89632676
-1.66433562
-0.03457365
-1.83760484
8.36695600
8.36695600
8.36695600
8.36695600
-2.04903700
-2.04903700
-2.04903700
-2.04903700
8.36695600
-2.04903700
-2.04903700
8.36695600

gostorir.

= %(eABMO — 6mo) =4.0812585a.v. disturu il

hesablanir. Burada ¢ 5o = €55 =2.536311eV,
Evimo = €284 =-9.626206eV.
n >1eV oldugundan

nanokompoziti

Nanokompozitin mohkamliyi

PVDF+ (z0,),
mohkom  material hesab
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olunur. g0 MUshat isarali olduguna goro  33420.315552295a.v., E,, :-7009.498508a.v.,
PVDF+ (zr0,), nanokompoziti  nukleofildir. Eo, =-147.0186422a.v., ¢, =-74.31543142
Nanokompozitin stabilliyi _1 1112981858. V., E. =-
A!.E(PVDF +-(ZrO ) = Epuor o), ~45° B, f&"?%%ﬁ@ﬂ He oldugundan
disturu  ilo  hesablanur. Epvomroz AE(PVDF+(Zr02)9)—-11.63238688a.v.

PVDF+ (zr0,), nanokompozitinin, E,, -Zrz-nin, AE(pVD|:+(Zr02)9)<o oldugundan
Eo, -O2-nin, Ec -Co-nin, E, -Hz-nin vo Eg - PVDF+ (z0,), nanokompoziti stabildir.
Fo-nin tam  enerjisidir. Epvor-(zr0,), =
5. Natica
Sirkonium dioksid nanohissaciyi vo  qiymatlori, nanohissaciys Vo onun

onun PP+ (z0,),, PVDF+(z0,), nanokompo-

zisiyalarinin nazoart vizual modellari qurul-
musdur. Bu modellar asasinda XFR metodu ila
komputerda hesablamalar aparimisdir.
Sirkonium dioksid nanohissaciyi vo onun
nanokompozisiyalarinin ~ orbital  enerjilari,
ionlasma potensiali, tam elektron enerjisinin

nanokompozisiyalarina daxil olan atomlarin
effektiv yuklori  hesablanmisdir[4]. Hesab-
lamalarin  noticalori gostorir ki, sirkonium
dioksid nanohissaciyi va onun PP+ (zr0,),,
PVDF+ (z0,), nanokompozisiyalart mdhkam,
nukleofil vo stabil dielektrik materiallardir.
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MOIEJINPOBAHUE U HCUIE/JOBAHHUHE HAHOYACTHUILBI /THOKCH/IA
IIHPKOHHA H EE HAHOKOMITIO3HIIHH

A.I'.T'acanoe

Ilocmpoena meopemuueckas 6u3yanbHas MOO0elb HAHOYACMUYbL OUOKCUOA YUPKOHUS U ee
Hanokomnozuyuti. Ha ocnose smux mooenei npogedeHbl KOMNbIOMepHble 8bIYUCTIeHUS MemOo0oM
Xapmpu-@oxa-Pymana(X®OP). Monexynspuvie opbumanu npedcmasieHvl 8 6uoe JIUHEUHOU
KOMOUHAYUU AMOMHBIX OpOumanell amomo8 HAHOYACMUYbL U e€ HAHOKOMno3uyuil. B Kauecmge
amoMHuwIX opoumaneli ucnonv3osanvl 1S-, 2s-, 2py- ; 2py-, 2pz , 38, 3Px-, 3py-, 3Pz, 3dx%-, 3dy*-,
3dz?-, 3dxy-, 3dxz-, 3dyz-, 4s-, 4px-, 4py-, 4pz-, 4dx>-, 4dy?-, 4dz?-, 4dxy-, 4dxz-, 4dyz-, 5s-, 5pX-,
Spy-, Spz-opoumanu amomos Zr, 1s-, 2s-, 2px-, 2py-, 2P, opﬁumaﬂu amomos C, O va F, 1s-
opoumanu amomos H muna qbymcuuﬁ Taycca. Yucnennvie 3nHauenus Heu368eCmHbIX
K03 puyuenmos nunelHo Komounayuu HaudeHvl peutenuem ypasrenuii XOP. B pezyivmame

KIMYA PROBLEMLORI Ne 3 2013




324 HOSONOV A.Q.

pacyemos Gul4UC/ieHbl OpOUMATbHbIE dHEPIUU, NOMEHYUAN UOHU3AYUU, NOJIHASL NeKMPOHHAS
9Hepeusi, IPGexmusuvie 3apsA0bl  AMOMO8 HAHOYACMUYbLL OUOKCUOA UYUPKOHUSL U  ee
Hanokomnozuyuti. Pe3yiemamvl pacuemog NoKA3bleaAOmM, YMO HAHOYACMUYbL OUOKCUOA
yupkoHus u ee Hauwoxomnozuyuu PP+ (zo,), PVDF+(z0,), saeraomcsa JHcecCmruMU,

HYK€0QDUNbHLIMU U YCTNOUYUBLIMU OUIIEKIMPULECKUMU MAMEPUATAMU.
Knwuegvie cnoea. nanomexnonocus, KOMnbvlomepHoe MoOeIupo8anue. K6AHMo8oMexXaHuuecKkoe

eblUlUCIEHUe
PACS: 81.07.-b, 07.05.Tp, 03.67.Lx

MODELING AND RESEARCH INTO ZIRCONIUM DIOXIDE NANOPARTICLE AND
ITS NANOCOMPOSITES

A.G.Hasanov

A theoretical visual model was constructed for zirconium dioxide nanoparticle and its
nanocomposites. Computer calculations have been conducted on the basis of these models
through Hartree - Fock - Roothan (HFR) method. Molecular orbitals are represented as a linear
combination of atomic orbitals of nanoparticle atoms and its nanocomposites. As atomic orbitals
there have been used 1s-, 2s-, 2px-, 2py-, 2P, 35-, 3px- 3Py~ 3p:- 3dx*-, 3dy?-, 3dz*-, 3dxy-,
3dxz-, 3dyz-, 4s-, 4px-, 4py-, 4pz-, 4dx*-, 4dy*-, 4dz*-, 4dxy-, 4dxz-, 4dyz-, 5s-, 5px-, 5py-, 5pz-
atomic orbitals of Zr, 1s-, 2s-, 2py-, 2py-, 2p,- atomic orbitals of C, O and F, 1s- atomic orbitals
H. As atomic orbitals of Gauss functions type. Numerical values of unknown coefficients of
linear combination have been identified through solving HFR equations. Calculations revealed
orbital energies, ionization potential, total electronic energy, effective charges of zirconium
dioxide nanoparticle atoms of and its nanocomposites. Results of calculations showed that
zirconium dioxide nanoparticle and its PP+ (z0,),, PVDF+ (zr0,), n@anocomposites are tough,

nucleophile and stable dielectric materials.
Keywords: nanotechnology, computer modeling, quantum mechanical calculation.
PACS: 81.07.-b, 07.05.Tp, 03.67.Lx.
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