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PP+(PbS)g+(CdS)y NANOKOMPOZITININ ELEKTRON QURULUSUNUN
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PP+(PbS)g+(CdS)y nanokompozitinin modeli qurulmus vo elektron qurulusu molekulyar orbitallar metodunun variantlarindan
biri olan yarimempirik PM3 metodu ilo todgiq olunmusdur. Molekulyar orbitallar nanokompozitinin atomlarinun valent atom orbi-
tallarinin xatti kombinasiyalar1 goklindo axtarilmigdir. Xotti kombinasiyanin namslum omsallart molekulyar orbitallar metodunun
tonliklori holl olunaraq tapilmigdir. Hesablamalar naticasindo PP+(PbS)g+(CdS)y nanokompozitinin orbital enerjilorinin, ionlasma
potensialinin, tam elektron enerjisinin giymotlori vo s. hesablanmigdir. Alinmis naticolor gostorir ki, PP+(PbS)g+(CdS)y nanokompo-

ziti mohkom, elektrofil, yarimkegirici vo stabil materiallardur.

Acar sozlor: riyazi modellogdirma, nanohissacik, nanokompozit, kvantmexaniki hesablama, yarimempirik metodlar.
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NOZORIi METODOLOGIYA

Nanokompozitlorin miixtalif xassalorinin riyazi mo-
dellosdirilmasi vo kvantmexaniki tadqiginin boyiik aha-
miyyoti vardir. Belo nozori hesablamalar, adaton, mole-
kulyar orbitallar metodu ilo aparilir [1, 2, 3]. Malumdur
ki, yarimempirik PM3 metodu molekulyar orbitallar
(MO) metodunun sads yarimempirik variantidir. MO me-
todunda hesab olunur ki, molekulda har bir elektron mole-
kuldaki niivalarin vo digar elektronlarin yaratdigi miioy-
yan effektiv sahodo bagqa elektronlardan asili olmadan
horokst edir. Molekulda elektronun hali molekulyar orbi-
tal adlanan birelektronlu dalga funksiyasi ilo tasvir olunur
[4, 5, 6]. Bu funksiyalar ¢coxmorkazli funksiyalardir. Bela
ki, onlarin ifadasina elektronun mixtalif atom nivalorin-
dan olan masafalori daxil olur. Molekulyar orbitallarin ax-
tariimasimin miixtalif variantlart mévcuddur. Onlardan bi-
ri do U; molekulyar orbitallarim1 molekula daxil olan
atomlarin atom orbitallarinin Xatti kombinasiyasi soklindo
axtarilmasi metodudur (MO LCAO metodu):

U, = Z; CqiZy )
q:

Burada cg - namoalum omsallar, y - ise bazis funksiyalar:
kimi secilon atom orbitallardir. isdo atom orbitallar1 ola-
raq Gauss funksiyalarindan istifade olunmusdur [7]. Cq; -
omsallar1 agagidaki tanliklor sisteminin hallindan tapilir:

Z (H g =S50 =0 @
Burada asagldaqu kimi isaralomolor daxil edilmisdir:

Ho,=lx, He 2,0V @3)

S, =1 2o 2,0V @)

Soq- Xp Vo ¥y atom orbitallar1 arasinda értme inteqrallari-

dir. He molekulda milayyan effektiv sahodo diger elek-
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tronlardan asili olmadan horakat edan bir elektron tigiin
Hamilton operatordur:

H/\ef =—%V2+U(r). (5)

(2) tonliklor sistemi holl olunaraq & vo Cq kamiyyot-
lorinin giymaotlori tapilir.

& -lorin giymotlarindon istifado edorok nanokompo-
zitlorin tam elektron enerjisini, ionlagsma potensialinin
giymotlorini hesablamaq, mexaniki, elektrik, maqnit xas-
solorini vo s. todqiq etmok olar. Hesablamalar zamani
Exel, Mathcad vo HyperChem 7.5 proqramlar1 (free
version) istifado olunmusdur.

KOMPUTER HESABLAMALARI VO
NOTICOLORIN TOHLILI

Toqdim olunan igdo polipropilen PP (H-(-CH,-
CH(CHy3)-)5-H) polimeri, PP 2(H-(-CH,-CH(CHj3)-)5-H)
+(PbS)s, PP 2(H-(-CH,-CH(CHg)-)5-H) +(CdS)q va PP
2(H-(-CH,-CH(CHa)-)5-H))+(PbS)g+(CdS)y nanokompo-
zitlorinin modellori qurulmus (sokil 1) va orbital enerjilo-
ri, ionlagsma potensiali, tam elektron enerjisinin qiymatlari
yarimempirik PM3 metodu ilo hesablanmigdir. Cadval 1-
do PP 2(H-(-CH,-CH(CHs)-)5-H)+(PbS)s+(CdS)g nano-
kompoziti ti¢iin & orbital enerjilorin qiymatlori (eV) veril-
misdir. Hor bir obyekt ii¢iin elektronlar on asag1 enerji so-
viyyesindon baslayaraq iki-iki saviyyslords yerlasdiril-
misdir. Elektronlar torofindon tutulmus on yuxari mole-
kulyar orbitalin enerjisi gyomo Vo on asagi bos molekulyar
orbitalin enerjisi §umo miloyyon edilmisdir. Ionlasma
potensiali: 1y =-giomo, qadagan olunmus zonanin qiymaoti

Eg=€LUMO'5HOMO vo mohkamlik n= % Eg diisturu ilo he-
sablanmigdir [8, 9, 10].
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bilor [5-8]. Burada h - Plank sabiti, ¢ isigin vaakumda sii-  daxil olan A atomunun tam enerjisi vo AE — sistemin sta-
rotidir. A- n1 hesablayarkon Eg-nin eV ilo qiymotlorindon  billiyini xarakterizo edon parametrdir. AE >0 oldugda ma-
istifado olunur. 7 <leVolduqgda, material yumsaq, 77 >1eV  terial geyri stabil, AE <0 oldugda material stabil hesab
iso méhkom hesab olunur. olunur. Noticalor cadval 2-do verilmisdir.
Materialin stabilliyi iso AE = E — Z E, disturuils
A

hesablanir. Burada E - sistemin tam enerjisi, E5- sistemo
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Sakil 1. PP 2(H-(-CH,-CH(CHz3)-)5-H)+(PhS)s+(CdS)y nanokompozitinin
noazori modellori (xatla, xot vo kiiralorls vo kiiralorlo gostorilib)
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Cadval 1.
PP 2(H-(-CH»-CH(CHa3)-)5-H)+(PhS)g+(CdS)s nanokompoziti tigiin
orbital enerjilorin & giymatlori (eV)

i=1+80 i=81+160 | i=1161+240 | i=241+32
-45.617014 | -14.086415 | -7.793479 4.109869
-44.557067 | -13.983646 | -7.636370 4.120191
-42.034628 | -13.902841 | -7.625964 4.143814
-40.863583 | -13.853727 | -7.502072 4.179192
-37.549971 | -13.831504 | -7.277611 4.197089
-37.186917 | -13.773857 | -7.146097 4.202053
-34.049929 | -13.644633 | -6.920311 4.207886
-33.162938 | -13.514569 | -6.709220 4.231864
-31.979813 | -13.482073 | -4.276190 4.238310
-31.854620 | -13.438964 | -3.602338 4.269307
-30.912335 | -13.342949 | -3.486768 4.290555
-30.758653 | -13.319146 | -3.438046 4.298801
-30.513011 | -13.286237 | -3.330850 4.330029
-29.710840 | -13.271196 | -3.275626 4.357909
-29.072578 | -13.178418 | -3.111217 4.367048
-28.883760 | -13.126597 | -3.037961 4.393029
-28.707193 | -13.120488 | -2.991952 4.418262
-28.551839 | -13.021974 | -2.866471 4.419931
-28.247233 | -12.965835 | -2.800592 4.441336
-27.490010 | -12.942826 | -2.680353 4.488323
-27.363027 | -12.868301 | -2.546230 4.508915
-26.915431 | -12.853890 | -2.489469 4.521025
-26.555704 | -12.810912 | -2.422311 4.521650
-26.121499 | -12.689226 | -2.251130 4.536790
-26.073715 | -12.606144 | -2.212915 4.543548
-25.679703 | -12.592857 | -1.974291 4.558909
-25.264782 | -12.512289 | -1.646167 4.630399
-25.071426 | -12.465299 | -1.573308 4.631015
-24.870832 | -12.409425 | -1.370589 4.643458
-24.716229 | -12.346624 | -1.346211 4.656118
-24.544814 | -12.302405 | -1.216434 4.669665
-24.204358 | -12.185248 | -1.166347 4.746538
-23.863322 | -12.158876 | -0.994868 4.749991
-23.377661 | -12.101117 0.478839 4.755597
-22.999625 | -12.092704 0.883918 4.771485
-22.720797 | -12.070825 1.164318 4.803049
-22.607206 | -12.016216 1.388082 4.821003
-22.396100 | -11.952967 1.418750 4.834233
-21.909624 | -11.938905 2.170898 4.901410
-21.197522 | -11.917342 2.195805 4933111
-20.888222 | -11.878203 2.297903 4.973859
-20.764160 | -11.861124 2.761347 5.000368
-20.434900 | -11.839065 2.811661 5.006167
-20.333807 | -11.695285 3.006841 5.030358
-19.991138 | -11.616497 3.043129 5.094499
-19.787880 | -11.539601 3.100420 5.110016
-18.901701 | -11.376506 3.117440 5.131950
-18.664055 | -11.237598 3.225545 5.146798
-17.969900 | -11.200860 3.241173 5.324904
-17.744240 | -11.179441 3.356034 5.421591
-17.732797 | -10.964630 3.415133 5.447323
-17.591676 | -10.951438 3.420758 5.563866
-17.202207 | -10.666799 3.428678 5.775266
-17.001039 | -10.212037 3.460671 21.212251
-16.780428 | -10.178488 3.483293 21.296004
-16.566997 | -10.144293 3.497010 21.400179
-16.304764 | -10.066059 3.530541 21.487869
-16.197495 | -10.027144 3.535110 21.565278
-16.089250 | -10.004957 3.589273 21.607568
-16.000320 | -9.885948 3.614972 21.660236
-15.977249 | -9.738472 3.629948 21.676091
-15.755485 | -9.454178 3.631709 21.714614
-15.593971 | -9.293222 3.668273 21.766807
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-15.485982 | -9.234285 3.676927 21.830406
-15.425288 | -9.177479 3.716665 21.873538
-15.238569 | -9.107710 3.722028 21.925853
-15.191666 | -8.981597 3.756458 21.954969
-15.099541 | -8.941593 3.790101 22.007568
-14.962069 | -8.776536 3.796020 22.025937
-14.911293 | -8.711975 3.812357 22.077194
-14.828144 | -8.625953 3.812986 22.258922
-14.591291 | -8.545660 3.858219 22.281301
-14.549212 | -8.448739 3.864626 22.298916
-14.509000 | -8.426886 3.919674 22.358237
-14.463178 | -8.202931 3.956243 22.408032
-14.362189 | -8.161530 3.999825 22.505288
-14.216800 | -8.136331 4.003949 22.538171
-14.198017 | -8.022206 4.011289 22.589026
-14.128033 | -7.961449 4.080272 22.592814
-14.122498 | -7.856641 4.093372 22.688444
Cadval 2.
PP polimeri, PP +(PbS)g , PP+(CdS)g vo PP+(PbS)g +(CdS)y nanokompozitlari tigiin
alinmig naticolor
EHOMO £LUMO Tam enerji Stabillik Tonlasma Qadagan Maohkomlik Stialanan
N Obyekt E(a.v.) parametri potensiall olunmus parametri fotonun
AE(av.) Io(eV) zonanin 7 (eV) dalga
qiymoti uzunugu
Eq(eV) A(nm)
1| PP -9.576915 3.260113 -83.3852346 -7.526493683 9.576915 12.837028 6.418514 96.839
2 | PP+(PbS)s -8.012347 -4.585331 -243.4246584 -92.97340998 8.012347 3.427016 1.713508 362.743
3 | PP+(CdS)y | -6.798062 -1.596711 -236.472384 -93.50205923 6.798062 5.201351 2.600676 239
4 | PP+ (PbS)s | -6.70922 -4.27619 -312.3345588 -94.7717266 6.70922 2.43303 1.216515 510.937
+(CdS)o
NOTICO olunmus zonanin qiymoti kigilir. Bu sababdon PP

PP 2(H-(-CH,-CH(CHj3)-)5-H)+(PbS)s+(CdS)e nano-
kompozitinin elektron qurulusu yarimempirik PM3 metod
ilo 6yronilmisdir. Hesablamalarin naticalori gostarir ki, PP
2(H-(-CH2-CH(CH3)-)5-H+(PbS)g+(CdS)g mohkom,
elektrofil, yarimkegirici materiallardir. Siialandiracagi fo-
tonun dalga uzunugu A=~511 nm borabordir. Codval 2-don
goriindiiyli kimi nanohissaciyin kiitlosi vo 6lgiilori art-
diqca, enerji saviyyolori arasinda forq azalir vo qadagan

2(H-(-CH,-CH(CHy5)-)5-H)+(PbS)g+(CdS)y nanokompozi-
tinin enerji soviyyolori arasinda farq azalir vo gadagan
olunmusg zonanin qiymati do, PP 2(H-(-CH,-CH(CHj3)-)5-
H)+(PbS)g vo PP 2(H-(-CH,-CH(CH3)-)5-H)+(CdS)e na-
nokompozitlari {igiin hesablanmig qadagan olunmus zona-
nin qiymetlorindon kigik alinur. Bu dakvantmexaniki to-
savviirlora uygun golir. Bu materiallar miixtalif sahoalordo
istifads oluna bilar.
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Mahammadali A. Ramazanov, Arzuman G. Gasanov, Faig G. Pashayev, Mina R. Vahabova

MATHEMATICAL MODELING OF THE ELEKTRON STRUCTURE OF
PP+(PbS)st+(CdS)s NANOKOMPOSITE BY SEMIEMPIRICAL PM3 METHOD

The electronic structure of the PP 2(H-(-CH,-CH(CHz3)-)5-H)+(PbS)g+(CdS)y nanocomposite were investigated by semi-
empirical PM3 method. This method is a variant of the molecular orbitals method. Molecular orbitals are represented as a linear
combination of valance atomic orbital's of the atoms of the nanocomposite. The numerical values of the unknown coefficients of the
linear combination are found by solution of equations of molecular orbitals. The orbital energies, potential ionization, the total
electronic energy of PP+(PbS)g+(CdS)e nanocomposite were calculated. The results show that the PP+(PbS)g+(CdS)g nanocomposite
are hard, electrophile, semi-conductive and stabile materials.

Maxammananu A. Pama3zanos, Apsyman I'. I'acanos, ®@aur I'. Ilamaes, Muna P. Bara6osa

MATEMATHYECKOE MOJEJIUPOBAHME DJIEKTPOHHOI CTPYKTYPbI HAHOKOMITO3UTA
PP+(PbS)+(CdS); HOJTYIMIMPHYECKHAM PM3 METOOM

Dnextponnas crpykrypa Hanokommosuta PP 2(H-(-CH,-CH(CHj3)-)5-H)+(PbS)g+(CdS)y mccnenoBana moaysMoMpuIecKuM
MetooM PM3. DTOT MeTo[ SIBISeTCsl OMHUM M3 BapUaHTOB METOa MOJeKysIpHEIX opouTtaneit (MO JIKAO). MonekyispHble opOu-
TaJI MPEJCTaBICHB B BU/E JMHEHHON KOMOWHAIIMN BAaJIEHTHBIX aTOMHBIX OpOHTasell aToMOB HAaHOKOMIIO3HTA. UHCIICHHBIE 3Hade-
HUS HEM3BECTHBIX KOA(PPUINECHTOB IMHEHHON KOMOMHAIINH HalICHBI PEIICHHEM YPaBHEHUI METO/a MOJEKYIAPHBIX opOuTaneil. B
pe3ynbTaTe pacueToB HalJeHbI OpOHTAaIbHBIC PHEPIUH, MOTCHIMAI HOHHU3AIMU, IOJIHAS IEKTPOHHAS SHEPTUs HAaHOKOMIIO3HTa
PP+(PbS)g+(CdS). Pe3ymbrarsl pacueroB MOKa3bIBAIOT, 4T0 HaHOKOMIO3uTa PP+(PbS)g+(CdS)g sBisitoTcst TBEpABIMHE, SIEKTPO-
(UIBHBIMH TTOYIPOBOJHUKAMY U YCTOWYMBBIMU MaTepUaIaMHu.
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