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Isd> molekullarin potensial enerjisi (elektronlarin niivalarla va elektronlarin bir-biri il
qarsiliqh tosir enerjilori) va elektronlarin kinetik enerjilori iigiin timumi analitik ifadalor
alimmigdwr. Bazis funksiyalar: kimi Sleyter atom orbitallarindan (SAO) istifada olunmugsdur.
Xartri-Fok-Rutan (XFR) metodu tatbiq olunmagqla qapali vo agiq elektron tobaqali bozi
ikiatomlu molekullar digiin hesablamalar apariimigdw. Hesablamalarin doaqiqliyi Virial
teoremi vasitasilo yoxlanilmigdur.

Acgar sozlor: Atom orbitali, molekulyar orbital, Sleyter funksiyalari, determinant dalga
funksiyasi, potensial enerji.

Molekullarm miixtolif parametrlorinin XFR metodu ilo hesablanmasi
elektronlarin yerdoyismosina nazoron simmetrik-skalyar operatorun determi-
nant dalga funksiyalar1 vasitosilo matris elementlorinin hesablanmasi teore-
mina osaslanir [L]. Segilmozlik prinsipine osason molekulun hali determinant
dalga funksiyasi ilo tosvir olunur. Determinant dalga funksiyasinin hor bir
elementi birelektronlu dalga funksiyas1 olub molekulyar spin-orbitali adlanir.
Spin-orbital garsiligli tosirini nazoro almadiqda molekulyar spin orbitallart
U; —molekulyar orbitallari ilo elektronun U, (o) spin funksiyasmin hasili

soklindo axtarilir. i ilo molekulyar kvant adadlori yigimi isars edilmisdir. XFR
metodunda u, molekulyar orbitallarini molekuldak: atomlarin malum atom

orbitallarinin xatt kombinasiyasi soklindo axtarirlar:

u, :Z;qulq (1)
q:
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Xq = Xam — atom orbitallari kimi igdo haqiqi Sleyter atom orbitallarindan

istifade olunmusdur[2]:

Tan(E:1) = (j% e ¢S, (0,0) @

S, (0,9) — hoqiqi sferik funksiyalardir. & —eksponensial parametrinin

qiymoti Bessis diisturu osasinda hesablanmigdir. ¢, —namolum omsallarinin
qiymatlori XFR tonliklorinin hallindon tapilir.

Molekullarda elektronlarin niivalorlo vo elektronlarin  bir-biri ilo

qarsiligh tesir operatorlart vo elektronlarin kinetik enerji operatorlart atom
vahidlori ilo asagidaki kimi ifads olunurlar [3]:

Ve, =—> > = (3)
=1 a=1 Vay

R N1
Ve—e = Z_ (4)

ULV r/_[v

A 18,
T=-2>V, (5)
203

Hor
iic operator elektronlarin yerd@ylsmgsmg nazoran simmetrik-skalyar operator-
dur. Vefn vo T —birelektronlu, V — ikielektronlu operatordur. Qeyd olunan

teoremdon istifado etmoklo molekullarda elektronlarin niivalarlos, elektronlarin
bir-biri ilo qarsiligh tesir enerjilori vo elektronlarin kinetik enerjilori li¢lin
asagidaki analitik ifadolori alariq:

a) qapali elektron tobagoali molekullar:

V., =255, Izp*(ﬁ){—Z:—a}cq B, o
I pq

a=1 &
= z Zcpi*crj CQ'CSJ (2‘] pras J prsq) (7)
ij prgs
_ . . 1 _
T = Zzchi qu_[)(p (rl)l:_§V12:|Zq (rl)dvl (8)
i pg
b) aciq elektron tobagoli molekullar:
a=2) 1 Zcp. ¢l 25 (7 ){ }cq(r )dv, ©
i a=1 al
= zchi Crk qu sl (2AIJ k'Y pras Bij,kl‘] prsq) (10)

ijkl prgs
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— * * 1 —
T = 22 f; Zcpi Cyi Ilp (r1)|:_5v12 :llq (rl)dvl (11)
i pg
Bu ifadalords i, j,k,| {izro comlar elektronlar olan molekulyar orbitallar
tizro aparilir, p,r,q,Siizro comlor iso atom orbitallar1 tizro aparilir. Agiq
elektron tobagali molekullar halinda f;, A;, vo By, komiyyatlori hor bir
molekul ii¢iin fordi qaydada hesablanir

V., vo T komiyyatlorinin ifadslorine uygun olaraq, bir- vo ikimorkozli

e-n

nilivoye caziba inteqrallari, bir- vo ikimorkozli kinetik enerji inteqrallar1 da-
xildirlor. 1 Zum VO VZy. ifadolorini hesablamaqla bu inteqrallar Sleyter
r

atom orbitallar1 daxil olan bir- vo ikimorkozli 6rtmo inteqrallar ilo ifado
olunurlar. Isdo 6rtmo inteqrallarmin [4,5] alinmis analitik ifadslorindon is-

tifads olunmusdur. \7,57e -yo daxil olan J . komiyyatlori Sleyter atom orbitalli

pars
birmarkozli ikielektronlu vo ikimorkozli Kulon, hibrid vo miibadilo inteq-
rallaridir. Isdo ikimorkazli ikielektronlu inteqrallar1 hesablamaq iigiin Sleyter
atom orbitallarinin koclirmo diisturundan [6] istifado olunmusdur. Kog¢iirma

diisturu ikimorkozli ikielektronlu inteqrallar1 birmorkozli ikielektronlu inteq-
rallarin siras1 soklinds ifado etmoys imkan verir. Siranin omsallart 6rtma
inteqrallar1 ilo ifado olunurlar. Birmorkozli ikielektronlu inteqrallarin elmi
adobiyyatdan molum olan analitik ifadalarindon istifads olunmusdur.

C, omsallarinin qiymatlori segilmis molekullar tigiin XFR tonliklori

holl olunmagla tapilmigdir. XFR tonliklorinin hoalli zamani da yuxarida qeyd
olunan inteqrallar meydana ¢ixir. Bu inteqrallar bu dofo hesablanaraq yaddasa
yazilir vo biitiin hesablama proseslorinds istifado olunur. (6)-(11) diisturlar
osasinda hesablamalar aparmaq {igiin Delphi Studio Object Pascal kompdter
programlari tortib olunmusdur. Bu programlar osasinda hesablamalar aparmaq
ticlin asagidaki verilonlor daxil edilir:

- atom orbitallar1 vo molekulyar orbitallarin sayz;
atom orbitallarinin bag, orbital vo maqnit kvant adodlorinin qiymatlori;
atom orbitallarinin eksponensial parametrlorinin qiymotlori;
- atom niivalorinin X,Y,Z Dekart koordinatlar1 (agir atom koordinat bas-

langicinda, yiingiil iso Z oxu tizorinds yerlogdirilir);
- atom niivelorinin yiiki;
- £, Aju ve Byy komiyyatlorinin giymotlori (agiq elektron tobagali
molekullar halinda);
- atom orbitalinin hansi atoma aid oldugunu bildiron “moarkozin novii”
parametrinin qiymatlorini;

Hesablamalar gapali elektron tobagoli BH ,NH ,AlH ,PH ,CIH vo
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aciq elektron tobogoli LiH™,BeH vo CH molekullar igiin aparilmigdir.
Hesablamalar zaman1 H atomlarinin 1s—, Li atomunun 1s—, 2s—, 2p, —;

B, N

vo C atomlarinmn 1s—, 2s—, 2p, —, 2py—, 2p,—; Al,P vo CI

atomlarmin 1s—, 2s—, 2p, —, 2py—, 2p, —, 3s—, 3p, —, 3py—, 3p, —

Sleyter

atom orbitallarindan istifade olunmusdur. Niivelorarasi (R) mosa-

folorin qiymotlori [7]-d9n gotiirtilmisdiir.

LiH™,BeH vo CH molekullart Gigiin f, , A;, vo B;, omsallarnin

stfirdan forqli asagidaki qiymaotlorindon istifado olunmusdur:

LiH*:

BeH :

CH:

f()=1; f(2)=05; f(3)=0; f(4)=0
AL111) =1; A1L2,2) =05; A(2,2,11) =05;A(2,2,2,2) =0,25
B(L111) =1; BL122)=05; B(2,211) =05 B(2.2.2,2) =05

f()=1; f(2)=1; f(3)=05; f(4)=0;f(5) =0

ALL11) =1; ALL2,2) =1; A(L13.3) =0,5; A(2,211) =1;
A(2,2,2,2)=0,25; A(2,233)=05; AB,311)=05; A(3322) =05;
A(3,3,3.3) = 0,25

BA1ll) =1; B(@L22) =1, B@Ll33)=05; B(2211)=1;
B(2,2,22)=1; B(2233)=05; B(3311)=05; B(3322) =05;
B(3,3,33) =0,5

f)=1; f(2)=1; f(3)=1; f(4)=05;f(5)=0; f(6)=0

ALL11) =1; ALL2,2) =1;
A@11,33)=1;A(114,4)=05;A(2211) =1; A(2,2,2,2) =1;
A2233)=1;  A(2244)=05;AG31)=1;  A®B3322)=1;
AB333)=1; A(334,4)=05; A@4411)=05; A(44,22)=05;
A(4,433)=05; A(4,4,4,4)=0,25

B(L111) =1; B(L12,2) =1;
B(1133)=1;B(1L14,4) =05;B(2,211) =1; B(2,2,2,2) =1;
B(2,2,33) =1; B(2,2,4,4) =0,5;B(3311) =1; B(3,3,2,2) =1,
B(3333)=1; B(3344)=05; B(4411)=05; B(44,22)=05;
B(4,4,3,3) =05; B(4,4,4,4) =05

Hoar bir molekul ti¢tin XFR tonliklori hall olunaraq ¢, omsallarinin vo
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&; —orbital enerjilorin qiymatlori hesablanmisdir. Kupmans teoremino asason

har bir molekulun ionlagma potensialinin qiymati miioyyon olunmusdur:

I

p

= —go

(12)

g, —elektronlar torofindon tutulmus on yuxart molekulyar orbitala uygun

enerjidir. Noticalor codval 1-do verilmisdir.
(6)-(11) diisturlar1 asasinda geyd olunan molekullarda elektronlarin nii-
valarls, elektronlarin bir-biri ilo qarsiligh tesir enerjilori, elektronlarin kinetik
enerjilori hesablanmigdir.

4Lt

ab

(13)

ifadasi asasinda molekullarin potensial enerjisi miioyyan olunmusdur. Hesab-
lamalarin naticolorinin dogrulugu Virial teoremina [3] osason miioyyon edil-

misdir

= <|

—2 . Naticalar cadval 2-ds verilmisdir.

Cadval 1

BH ,NH ,AIH ,PH ,CIH, LiH*, BeH vo CH molekullarinin niivalor
arasi R (a.v.) tarazliq masafasinin, ¢; (a.v.) orbital enerjilorinin va I (ev)

ionlasma potensialinin qiymatlari

Molekul | R & &, &y Es | &¢ | &1 | & | & | € | I,
BH [274[-7795 [-0304 [-0369 |0112 (0,112 |0345 10,042
NH 2,25 |-15294 |-0,781 |-0,190 |-0,190 |-0,038 |0,455 5182
AH  [298 58856 |-4893 |-3187 |-3187 |-3,184 [-0500 [-0,286 [0,09 [0,09 [0353 [7,806
PH 2,90 [-80306 |-7457 [-5328 |-5328 [-5327 |-0695 |-0416 |-0112 [-0,112 [0272 [3,053
CIH 2,39 |-105,081 |-10,389 |-7,853 |-7,847 |-7,847 |-0,985 |-0,527 |-0,388 |-0,388 | 0,344 | 10,581
LiH" 3,01 |-2,962 -0,141 0,000 |0,002 3,850
BeH 2,75 |-4,825 -0441 |-0.112 0,000 |0,000 3,058
CH  [247[-11415 [-0761 [-0435 [-0213 0,000 |0,000 5,796

BH,NH , AIH ,PH ,CIH, LiH", BeH va CH molekullar: G¢iiny_, Vv

Cadval 2

e—e’

VL
vV, T VvV % kamiyyatlarinin XFR metodu ilo hesablanms qiymatlori
(a.v. ild)

Molekul V.. V.. \TH \7 -F V/f

BH -60,628545 9,945744 1,823074 -48,859727 23,799447 -2,052849
NH -135,058644 24,279100 3,111075 -107,668469 | 53,51057 -2,012113
AlH -578,181342 97,805194 4,361084 -476,015024 | 234,334182 | -2,031351
PH -813,077771 135,195570 | 5,168582 -672,713619 | 332,517432 | -2,023093
CIH -1101,003569 | 183,318834 | 7,096512 -910,588223 | 451,747620 | -2,015701
LiH" -18,867665 2,696821 0,995025 -15,175819 7,472160 -2,030982
BeH -36,558349 5,784973 1,454546 -29,318830 14,340832 -2,044430
CH -92,091567 15,118435 2,429150 -74,543982 36,417360 -2,046935

147




ODOBIYYAT
1. bere I'. KBantoBas mexanuka, M.: Mup, 1965, 333 c.
2. Jlannay JI./., JIupumn E.M. KBanroBast Mexanuka. M.: ®usmariur, 2004, 752 c.
3.Munkun B.U., Cumkun Bb.5., Munsies P.M. Teopus crpoenus mosekys, Pocros na/Jl: ®e-
Hukc, 2010, 560 c.
4. Pashaev F.G. Use of Filter-Steinborn B and Guseinov q¢ auxiliary functions in evaluation of

two-center overlap integrals over Slater type orbitals, J.Math. Chem., 45, 2009, p.884-890

5.Guseinov L.1. Evaluation of Two-Center Overlap and Nuclear-Attraction Integrals Over Sla-
ter-Type Orbitals with Integer and Noninteger principal Quantum Numbers, Int.J.Quantum
Chem., 2003, v.91, p.62-64

6. 'yceitno U.U., Umamor D.M., [Namaes ®.I"., CagpixoB @.C. Hcnonb3oBanue npeodpaso-
BaHUS TPAHCISIMA CIATEPOBCKUX (YHKINH IPU pacdeTe MHOTOIEHTPOBBIX HHTETPajioB, XK.
Crpykr. Xumun, 1.26, 1985, ¢.172-175.

7. Xpro0uep K.I1., I'epudepr I'. KoncTanThl [ByXaTOMHBIX MoKy, M.: Mup, 1984, 468c.

BBIUMCJEHUE NOTEHIUAJIBHON SHEPTUX
MOJIEKYJI A KI/IHETI/I‘{ECKOI‘/II SHEPI'MH SJIEKTPOHOB B
BA3UCE CJIEUTEPOBCKHUX ®YHKIIUU

O@.I'.TTAITAEB, A.I'TACAHOB, AJI1 TABOUT' MAXMY/], I'2.IOHYCOBA
PE3IOME

B pabore momy4ensl oOmme aHanHTHIEeCKHAE (GOPMYIBI ISl OTEHIMATHHON YHEPTUU
MOJIEKYJ] ¥ KMHETUYECKON 3HEpIUH 3JEeKTPOHOB. B KauecTBe 0a3uCHBIX (PyHKLIUI HCIONB30-
BaHbI CIIEHTEPOBCKHIE aTOMHBIE OpOuTany. IIpoBeneHb! KOMIBIOTEPHBIE BBIYUCICHHS AT He-
KOTOPBIX MOJICKYJT 3aMKHYTBIMH M OTKPBITBIMHU 3JIEKTPOHHBIMU 000J0YKaMH METOAOM Xap-
Tpu-doxka-Pyrana. TouHOCTb BEIUKCICHU TPOBEpEHa TeopeMoi Bupuaiia.

KaroueBble ciioBa: aTOMHbIC OpPOHTAlIH, MOJEKYJISPHBIC OPOHTAIH, CIEHTEpOBCKHE
(hyHKIUH, TeTEPMUHAHTHBIC BOJHOBBIC (DYHKIIUH, IOHEHIMATbHAS YHEPTHSL.

CALCULATION OF POTENTIAL ENERGY OF MOLECULES AND KINETIC
ENERGY OF ELECTRONS IN BASE OF SLATER FUNCTIONS

F.G.PASHAYEV, A.G.HASANOV , ALI TAVFIK MAHMOOD, G.E.YUNUSOVA
SUMMARY
In the work, common analytical expressions for potential energy of molecules and ki-
netic energy of electrons are obtained. Slaters atomic orbitals are used as basic functions.
Computer calculations are carried out for some molecules with open and closed electronic

shells by Hartree-Fock-Roothaan method. The accuracy of calculations was checked out by
Virial theorem.

Key words: atomic orbitals, molecular orbitals, Slater functions, determinant wave
functions, potential energy.
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