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ENERGY AND SPECTROSCOPIC PARAMETERS OF DIATOMICS WITHIN
GENERALIZED EQUATION OF MOTION METHOD

The spectral data on energies of transitions in spectrum of the nitrogen diatomics e are presented
on the basis of calculation by modified motion equations method (MEM) with effective account for
important correlation effects within a density functional approach. It differs from the standard version
of the MEM by method by effective accounting for interelectron correlation effects, namely, effects of
the “two holes- two particles”. As a result an inaccuracy of calculation of the molecular excited states
energies decreases significantly in comparison with the standard 1p-1h MEM approximation, namely,
from 1.5-2 eV to decimal parts of eV, if you take into account the 2p-2h effects.

In last several decades quantum chemistry
methods has been refined with a sophisticated and
comprehensive approaches of the correct inter-
electron correlations and electron-nuclear dynam-
ics treatments [1]. Information about excitation
energies, probabilities and oscillator strengths of
electron transitions in molecules is very impor-
tant for a whole number of applications including
different fields of a photo-chemistry and photo-
physics. Different calculation methods, namely,
ab initio method of multi-configuration interac-
tion (MCI), perturbation theory with Hartree-Fo-
ck zeroth approximation (Moller-Plesset theory),
density functional theory (DF) etc [1] are used in
calculations of atoms and molecules. As alterna-
tive in this situation one may consider method of
equations of motion (MEM), which has been ini-
tially carried out by McKoy and co-workers with
account for correlation effects within random
phase approximation (RPA) (c.f.[2,3]). In series
of papers [4-7] new approach in the MEM, based
on account of correlation effects within DF ap-
proximation and essentially improving the stan-
dard version of the MEM, has been developed.
Such an approach allows direct calculating am-
plitudes of different quantum processes, includ-
ing absorption and emission of photons etc., and
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avoiding problems, connected with calculation of
the wave functions and entire energies of mole-
cules. Though it does not provide exact results, as
for example, known limited variants of variation
solving problem, however, it is sufficiently effec-
tive in calculations of the excitation energies and
oscillator strengths of the electron transitions. In
this paper new advanced method, which general-
izes the MEM one is presented and applied to de-
termination calculation of the transition energies
and oscillator strengths for the nitrogen molecule.
It differs from the standard version of the MEM
by method to effective accounting for interelec-
tron correlation effects, namely, effects of the
“two holes- two particles” (2h-2p) polarization
interaction). As it is shown, for example, in ref.
[4,5], on order to reach an acceptable accuracy of
calculation one may use sufficiently limited (on
volume) basis’s of orbitals. However, an account
of such important correlation effects (effects, con-
nected with 2p-2/ interactions, a pressure of con-
tinuum, energy dependence of the self-consistent
field potential, etc.) is obligatorily needed. It is
well known that an account of majority of these
effects based on standard methodic (for example,
within perturbation theory) results in significant
complication of calculation procedure (c.f. [1-4]).



According to ref. [2,], operator Q; , which

generates an excited state ‘X> of the atom from

the ground state ‘0>, ie. ‘7»> = Q; ‘O>, is an exact
solution of equation of motion:

<O[SQK,H,O;}O>=mx[80x,0x+} (1)
Here w, is the transition frequency, amplitudes

.
Q, are elements of matrix of the transition |0) ®

‘k> . Equation (1) can be reduced to matrix equa-
tion for amplitudes {Y ng} u {ng} with account

for the 1p-1h excitations as:
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Here C* is the particle-hole creation operator
(C — destroying), indexes m, n denote the particles
states; indexes d, g — the holes states; H is a Ham-
iltonian of quantum system in the representation
of second quantization. The wave function of the
ground state can be chosen in the following form:

(4)

where [7= (1/2)2 Coms C;/ C;S,‘ HF> 1s the Har-

tree-Fock function. With account for equation (4)
the matrix elements 4, B, D have the following
form:
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The matrices A°, B’ etc are in details described
in ref. [15]. Variables e in eq. (5) define the Har-

tree-Fock orbital energies; piz and piz) are the
corrections to matrix of density of the second or-
der and dependent upon correlation coefficients.
If the corrected coefficients are omitted, then ma-
trix elements will be reduced to the correspond-
ing matrix elements of the RPA [2]. In this ap-
proximation, the equations of motion for defini-
tion of the 1p-1A-amplitudes {Y}, {Z} and corre-
sponding excitation energies w can be solved by
standard methods of linear algebra. Acceptable
accuracy of calculation is reached even using the
limited basis’s of orbitals due to the correct ac-
counting for most important PI effects, connected
with excitations of the 2p-2h type. From physi-
cal point of view, its inclusion is corresponding
to an account for self-consistent reconstruction of
the holes orbitals in a process of the virtual exci-
tations in the ground configuration. An account

of the 2p-2h-components in Q; is equivalent to

renor-malization of matrices in Eq.(3). It leads to
dependence on the frequency w and reduces to
appearance of the weight multiplier in the matrix
elements [14- 18]:

a(r)=[1-2,(r)] -

In approximation of the quasiparticle DF a
variable S expresses through the corresponding
correlation functional [13]. In the simplified form
of applying out methodic a variable a(r) can be
exchanged by (0) without essential loss of accu-
racy and according to well known procedure in
theory of atomic photo-effect, which is based on
the RPA with exchange (c.f.[11]). Indeed, the pa-
rameter a is corresponding to the known in spec-

(6)

troscopy one, which is a spectroscopic factor F,

. Its standard definition for atomic or molecular
system (it is usually defined from the ionization
cross-sections) [6]:

)
F, =1-—>", [—(V.I.P)k]}
{ =2 (7

The terms 8> loe and Y, is directly linked
[6]. In the terms of the Green function method
expression (7) is in fact corresponding to the pole
strength of the Green’s function [6]. Calculation
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is carried out with using the correlation functional
of the Lee-Yang-Parr (LYP) (look details in ref.
[8-12]).Note further that amplitudes {Ymg} and
{ng} define the moment of  transition M.

M, =) Y, 006, + 2, 006, | ®)
my
and oscillator strength:
£, =(2/3)Go, | M,,|” 9)

Here G is the degeneration factor, M is the
particle-hole matrix element. Besides the proce-
dure of account for the 2p-2h effects, other de-
tails of our calculation procedure are fully simi-
lar to scheme of the standard MEM approach
(c.f[10,14]). In tables 1 and 2 we present the
results of our calculation (d) for the excited states
energies and oscillator strengths of some states in
N

2

Table 1.

Excited state energies (eV) for N, (see text).

B, | &M, |42 | B°Y, | WA,
a 9,6 11,5 8,4 11,3 10,1
b 7,5 8.8 7,8 10,2 9,4
c 8,06 | 9,66 | 7,14 9,5 8,59
d 812 | 9,71 | 7,14 9,6 8,73
E 8,1 9,3 7,8 9,7 8,9

2. o', | X0 | n, | b,
a 11,3 12,0 | 16,8 13,3 17,4
b 10,6 | 11,0 | 15,0 10,8 14,0
c 9,61 10,2 | 1428 | 11,3 13,92
d | 9,74 |10,31| 14,38 | 11,39 | 13,92
E 9,9 10,3 | 14,4 11,1 12,8

The chosen geometry of the molecule is cor-
responding to generally accepted one for N,
[1]. There are also presented the analogous data
by McKoy et al in the 1p-1h (a) and 2p2-h (b),
Glushkov (c) and experimental data (E) for com-
parison too. As one can wait for, an account of the
2p-2h effects is very important An inaccuracy of
calculation of the transitions energies to low lying
excited states in the 1p-1h MEM approximation
decreases significantly, namely, from 1.5-2 eV to
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decimal parts of eV, if you take into account the
2p-2h effects.

Table 2.

Oscillator strengths for some electron tran-

sitions in the /V,

State a c d Exp
0,11 | 0,10 | 0,13 0,14 | 0,16
c“z; +
0,04
0,32 | 0,26 | 0,28 | <0,3
b'TI,
0,49 | 0,39 | 0,41 0,83 | 0,40
b/lz;
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Abstract

The spectral data on energies of transitions in spectrum of the nitrogen diatomics e are presented
on the basis of calculation by modified motion equations method (MEM) with effective account for
important correlation effects within a density functional approach. It differs from the standard version
of the MEM by method by effective accounting for interelectron correlation effects, namely, effects of
the “two holes- two particles”. As a result an inaccuracy of calculation of the molecular excited states
energies decreases significantly in comparison with the standard 1p-1h MEM approximation, namely,
from 1.5-2 eV to decimal parts of eV, if you take into account the 2p-2h effects.
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OHEPI'ETUYECKHUE U CIIEKTPOCKOIIMYECKHUE ITAPAMETPDBI /IBYXATOMHbIX
MOJIEKY.JI HA OCHOBE PACUETA OBOBIIEHHBIM METO/IOM YPABHEHU IBU-
KEHUA

Pe3tome. Ha ocHoBe pacuera 00001IeHHBIM MeTOIOM ypaBHeHu# nBmwkeHus (MY]]) ¢ abdexTus-
HBIM YYETOM Ba)KHEUITUX KOPPEISAIUOHHBIX 3()()EKTOB B MPUONMIKEHUH KOPPEISIIMOHHOTO (DyHK-
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LIMOHAJIA [JIOTHOCTH MOJIYYEHBl SHEPIeTUUECKUE U CIIEKTPOCKONUYECKUE JaHHbIE 110 YHEPTHUSIM BO3-
Oy’KJICHHBIX COCTOSIHUM M CHJIaM OCLWJUIATOPOB psilia MEepexofoB B MoJieKyse azora. HoBas Bepcus
OTIIMYACTCS OT CTaHAapTHOU Bepcuu MY]l metonukoir 3((HEKTUBHOTO yueTa MEKIICKTPOHHOTO d(-
(EKTOB KOPPEISIIK, 8 UMEHHO, YPQEKTOB THUTIA «JIBYX YaCTHUIIBI — JIBE IBIPKW». B pesynbsrare HeTou-
HOCTb pacuera SHEPruil MOJEKYISIPHBIX BO30Y>K/IEHHBIX COCTOSIHMM 3HAUYUTENIbHO YMEHBIIAETCS 10
CPaBHEHHUIO O cTaHmapTHBIM 1p-1h MV]] npubnmkenneM, a UMeHHO, OT 1.5-2 3B 110 necaTbIx gomiei
5B npu yuera 2p-2h s dexTos.

KiroueBblie ciioBa: MOJIEKyna, IO JIEKTPOHHOM KOPPEISLIMM, METOJ YPAaBHEHHMM JBHKCHUS,
(yHKIMOHAJ MJIOTHOCTH
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EHEPI'ETUYHI I CHEKTPOCKOIITYHI ITAPAMETPU IBOATOMHUX MOJIEKY.JI
HA OCHOBI PO3PAXYHKY V3AT'AJIBHEHUM METO/1OM PIBHAHDb PYXY

Pe3ome. Ha ocHOBI po3paxyHKy y3araJbHEHHM METOIOM PiBHsAHB pyxy (MYP) 3 edexruBHUM
ypaxyBaHHSM HaWBaKIUBIIINX KOPEIALIHHNX e(PeKTIB B HAOIMKEHHI KOpEIsIiitHOTO (hyHKIioHaNa
TYCTHHHA OTpPUMaHi €HePreTHYHi 1 CHEKTPOCKOMIYHI JaHi MO eHeprisx 30y/IKeHUX CTaHIB 1 CHJIaM
OCLWJISITOPIB PSAY TEPEXoliB B MOJIEKY: i a30Ty. HoBa Bepcist Bipi3HAETBCS Bi CTaHAApTHOI Bepcii
MV]I Mmetoaukoro e(heKTHBHOTO 00Ky MEKEICKTPOHHUX e(eKTiB Kopeslii, a came, eheKTiB THITY
«JIBl YaCTWHKH - JIBI IipKM». B pe3ynbraTri HETOYHICTh pO3paxyHKy €HEpriii MOJEKYISIpHUX 30ypKe-
HUX CTaHIB 3HAYHO 3MEHIIYETHCS B MOPIBHAHHI 31 cTangapTHUM 1p-1h MVY]l HabnmkeHHsIM, a came,
Big 1.5-2 eB 1o necsatux yactok eB npu ypaxyBanus 2p-2h edexris.

KirouoBi cjioBa: Mosiexyra, MiXKeIeKTPOHHI KOPEIIALlii, METOJI PIBHSHB PYyXY, QYHKIIIOHAJ TYCTUHU
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