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PHOTOELECTRON SPECTROSCOPY OF DIATOMIC MOLECULES: OPTIMIZED
GREEN’S FUNCTIONS AND DENSITY FUNCTIONAL APPROACH

We present the optimized version of the hybrid combined density functional theory (DFT) and the Green’s-functions
(GF) approach to quantitative treating the diatomic photoelectron spectra. The Fermi-liquid quasiparticle version of
the density functional theory is used. The density of states, which describe the vibrational structure in photoelectron
spectra, is defined with the use of combined DFT-GF approach and is well approximated by using only the first order
coupling constants in the optimized one-quasiparticle approximation. Using the combined DFT-GF approach leads to
significant simplification of the calculation and increasing an accuracy of theoretical prediction.

Introduction

In this paper we present the optimized version
of the hybrid combined density functional theory
(DFT) and the Green’s-functions (GF) approach
to quantitative treating the diatomic photoelec-
tron spectra..

The approach is based on the Green’s function
method (Cederbaum-Domske version) [11,12],
Fermi-liquid DFT formalism [1-8] and use of the
novel effective density functionals (see also [13-
16]). The density of states is well approximated
by using only the first order coupling constants
in the one-particle approximation. It is important
that the calculational procedure is significantly
simplified with using the quasiparticle DFT for-
malism. Thus quite simple method becomes
a powerful tool in interpreting the vibrational
structure of photoelectron spectra for different
molecular systems.

As usually (see details in refs. [1-12]), the
quantity which contains the information about
the ionization potentials (I.P.) and molecular vi-
brational structure due to quick ionization is the
density of occupied states:

N, (e) = (1/27) [ dte™ * (y Ja’ (0)a, (D]w,) » (1)

where |‘P0) is the exact ground state wave
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function of the reference molecule and

is an electron destruction operator, both in the
Heisenberg picture. Usually in order to calculate
the value (1) states for photon absorption one
should express the Hamiltonian of the molecule
in the second quantization formalism.

2. Theory: Density of states in one-body
and many-body solution
As usually, introducing a field operator

2

Hartree-Fock (HF)

@, (e are the one-particle HF energies and
f denotes the set of orbitals occupied in the HF
ground state; R  is the equilibrium geometry on
the HF level) and dimensionless normal coordi-
nates Q_one can write the standard Hamiltonian
as follows [2,11]:

with  the

one—particle functions
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where the index set v, means that at least

or and are unoccupied, v, that at most
one of the orbitals is unoccupied, and v, that

and or and are unoccupied. The

are the HF frequencies; , are destruction
and creation operators for vibrational quanta as

0, =(1/2)(b, +b)),

0180, = (1/2)(b, -b'). (4)

The interpretation of the above Hamiltonian
and an exact solution of the one-body HF prob-
lem is given in refs. [1,2,11,12]. The usual way
is to define the HF-single-particle component

of the Hamiltonian (4) is as in Refs. [11,12].
Correspondingly in the one-particle picture the
density of occupied states is given by
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In a diagrammatic method to get function

¢ one should calculate the GF
[1,2,11,12]:

, ° first
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can be found from the

o

and the function
relation

aN,(°)=al G, °—an , a=-sign’ 9)

Choosing the unperturbed Hamiltonian

to be Z ? one could define the

GF as follows:

Go. (1) =+5,,i exp[— n e, ¥ Ag)t]-

A 2 . A 2 (10)
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The direct method for calculation of N (€ ) as
the imaginary part of the GF includes a defini-
tion of the vertical I.P. (V.I.P.s) of the reference

molecule and then of N, (e) The zeros of the
functions

D, (e)= —[e” +Z(G)L , (11)

where (e@ +2)k denotes the k-th eigenvalue of
the diagonal matrix of the one-particle energies
added to matrix of the self-energy part, are the
negative V. I. P. ‘s for a given geometry. One
can write [2,11,12]:

(v.1P), =—(c, +F,),
1
F =% (-(V.IP.) )~ )
k k( ( )k) 1—ox, (ek)/ﬁe k(ek)
(12)
Expanding the ionic energy about the

equilibrium geometry of the reference molecule
in a power series of the normal coordinates of
this molecule leads to a set of linear equations in
the unknown normal coordinate shifts 60, and
new coupling constants are then:

~+(V2)ale, +F )00, (13)
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The coupling constants  and . are cal-
culated by the well-known perturbation expan-
sion of the self-energy part. In second order
one obtains:

2)() = ( ksij /cvt )ka/ ( ksij kw )ka
Zk() §€+€ 1 ej £€+e _E —e] (14)

and the coupling constant g, are written as [17]:
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(15)
The pole strength of the corresponding GF:

~
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Below we give another the definition of the
pole strength corresponding to V. 1. P.’s.

3. Fermi-liquid quasiparticle density func-
tional theory

The quasiparticle Fermi-liquid version of
the DFT [1-3,8,17] is used to determine the cou-
pling constants etc. The master equations can
be obtained on the basis of variational principle,
if we start from a Lagrangian of a molecule L,
It should be defined as a functional of quasipar-
ticle densities:

2

> v
2(7) Zn[ ’ ’ ]

The densities v, and v, are similar to the HF
electron density and kinetical energy density
correspondingly; the density v, has no an analog
in the HF or DFT theory and appears as result of
account for the energy dependence of the mass

(17)
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operator X. A Lagrangian L, can be written as
a sum of a free Lagrangian and Lagrangian of
interaction: L =1L, 0+ Lq’”’ where the interac-
tion Lagrangian is defined in the form, which is
characteristic for a standard DFT (as a sum of
the Coulomb and exchange-correlation terms),
however, it takes into account for the energy de-
pendence of a mass operator X :

Z [ B FGrimwi()ve(n)d (d

lk 0

(18)
where F is an effective potential of the exchange-
correlation interaction. The constants B, are de-
fined in Ref. [8,17]. The single used constant
B,, can be calculated by analytical way, but it
is very useful to remember its connection with a
spectroscopic factor F of the system [18]:

9y L
F, _{1 8ezk[ (V.I.P)k]} (19)

The terms o> @ and D is directly linked
[2,17]. In the terms of the Green function meth-
od expression (7) is in fact corresponding to
the pole strength of the Green’s function [2].
The new element of an approach is connected
with using the DFT correlation functional of the
Gunnarsson-Lundqvist, Lee-Yang-Parr (look
details in ref. [13-16]).
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3. Results and conclusions

In further calculation as potential Vi we use
the exchange-correlation pseudo-potential which
contains the correlation (Gunnarsson-Lundqvist)
potential and relativistic exchanger Kohn-Sham
one [40-42]. As example in table 1 we present
our calculational data for spectroscopic factors of
some atoms together with available experimental
data and results, obtained in the Hartree-Fock
theory plus random phase approximation. As
an object of studying we choose the diatomic
molecule of N, for application of the combined
Green’s function method and quasiparticle DFT
approach. The nitrogen molecule has been natu-
rally discussed in many papers. The valence V. 1.
P. of N, have been calculated [1,13,14,24] by the
method of Green’s functions and therefore the
pole strengths p, are known and the mean values



g, can be estimated. It should be reminded that
the N, molecule is the classical example where
the known Koopmans’ theorem (KT) even fails
in reproducing the sequence of the V. I. P. ‘s in
the PE spectrum. From the HF calculation of
Cade et al.[24] one finds that including reorga-

nization the V. I. P. ‘s assigned by  and

improve while for @ V. I. P. the good agreement
between the Koopmans value and the experimen-
tal one is lost, leading to the same sequence as
given by Koopmans’ theorem. In Table 1 the ex-
perimental V. L. P. ‘s (a), the one-particle HF en-
ergies (b), the V. L. P. ‘s calculated by Koopmans’
theorem plus the contribution of reorganization
(c), the V. I. P. ‘s calculated with Green’s func-
tions method (d), the combined Green functions
and DFT approach (e), the similar our results (f).

Table 1.

The experimental and calculated V. 1. P.

(in eV) of N, (R, is the contribution of
reorganization (see text)

Exp KT EKT | GF | MCEP
| e | et | e
3o, 156 | 17.24 | 16.37 | 1531 15.52
16.13
16.84
15.66
17,1698 16.73 | 16.73 | 16.80| 17.24
20,/ 1878 | 21.13 | 21.13 | 19.01| 18.56
Exp | GF+ | GF- GF- | This
Reorg. | All corr| DFT | work
30, 156 | 16.0 [15.50 15.52| 15.58
17,1698 | 15.7 [16.83 16.85| 16.93
20,/ 1878 19.9 ]18.59 18.63| 18.71

Besides, the comparisons are made in Table 1
with the multiconfigurational electron propaga-
tor method (MCEP) and extended KT (EKT)
theory (the extended KT has been implemented
using multiconfigurational self-consistent field
wave functions within different basis sets (I-IV)
[52], calculated with the GAMESS, HONDO,

and SIRIUS programs. The EKT ionization en-

ergies for the 3 and 1  are comparable
to the MCEP values. Note that our data are in
physically reasonable agreement with the best
theretixl values and experimental data. But the
most important point of all consideration is con-
nected the principal possibility to reproduce
diatomic spectra by applying a one-particle
theory with accounting for the correlation and
reorganization effects. The combined DFT-GF
theoretical approach can be prospectively used
for quantitative treating photoelectron spectra of
more complicated diatomic molecules.

References

1. Glushkov A.V., New approach to
theoretical definition of ionization
potentials for molecules on the ba-
sis of Green’s function method//
Journ.of Phys.Chem.-1992.-Vol.66.-
P.2671-2677.

2. Glushkov A.V., Relativistic quantum
theory. Quantum mechanics of atomic
systems.-Odessa: Astroprint, 2008.-
700P.

3. Glushkov A.V., The Green’s func-
tions and density functional approach
to vibrational structure in the photo-
electron spectra of molecules: Review
of method// Photoelectronics.-2014.-
Vol.23.-P.54-72.

4. Glushkov A.V., Lepikh Ya.l., Fed-
chuk A.P., Loboda A.V., The Green’s
functions and density functional ap-
proach to vibrational structure in
the photoelectron spectra of mole-
cules//Photoelectronics.-2009.-N18.-
P.119-127.

5. Svinarenko A.A., Fedchuk A.P,
Glushkov A.V.,Lepikh Ya.l., Loboda
A.V., Lopatkin Yu.M., The Green’s
functions and density functional ap-
proach to vibrational structure in the
photoelectron spectra of carbon oxide
molecule//Photoelectronics.-2010.-
N19.-P.115-120.

6. Glushkov A.V., Fedchuk A.P., Kon-

63



64

10.

I1.

12.

13.

14.

dratenko P.A., Lepikh Ya.l., Lopatkin
Yu.M., Svinarenko A.A., The Green’s
functions and density functional ap-
proach to vibrational structure in the
photoelectron spectra: Molecules of
CH, HEF//Photoelectronics.-2011.-
Vol.20.-P.58-62.

Glushkov A.., Koltzova N., Effec-
tive account of polarization effects in
calculation of oscillator strengths and
energies for atoms and molecules by
method of equations of motion// Opt.
Spectr. -1994.- Vol. 76,Ne6.-P.885-
890.

Glushkov A.V., Quasiparticle ap-
proach in the density functional the-
ory under finte temperatures and dy-
namics of effective Bose -condensate
/I Ukr. Phys. Journ..- 1993.-Vol. 38,
Ne8.-P.152-157.

Ponomarenko E.L., Kuznetsova A A.,
Dubrovskaya Yu.V., Bakunina (Mis-
chenko) E.V., Energy and spectros-
copic parameters of diatomics within
generalized equation of motion meth-
od// Photoelectronics.-2016.-Vol.25.-
P.114-118.

Mischenko E.V.,, An effective ac-
count of correlation in calculation
of excited states energies for mole-
cules by equation of motion method:
O,//Photoelectronics.-2007.-N16.-
P.123-125.

Koppel H., Domcke W., Cederbaum
L.S., Green’s function method in
quantum chemistry// Adv. Chem.
Phys.-1984.-Vol.57.-P.59-132.
Cederbaum L.S., Domcke W., On vi-
brational structure of photoelectron
spectra by the Green’s functions meth-
od//  J.Chem. Phys.-1984.-Vol.60.-
P.2878-2896.

Zangwill A.,Soven P.J. Density-func-
tional approach to local field effects
in finite systems. Photo-absorption
in rare gases // Phys.Rev.A.-1980.-
Vol.21,N5-P.1561-1572.

Kobayashi K., Kurita N., Kumahora

15.

16.

17.

18.

19.

20.

21.

22.

23.

H., Kuzatami T. Bond-energy calcula-
tions of Cu , Ag, CuAg with the gener-
alized gradient approximation// Phys.
Rev.A.-1991.-Vol.43.-P.5810-5813.
Lagowscki J.B., Vosko S.H. Analy-
sis of local and gradient- correction
correlation energy functionals using
electron removal energies// J. Phys.B:
At. Mol. Opt. Phys.-1988.-Vol.21,N1-
P.203-208.

Guo Y., Whitehead M.A. Effect of
the correlation correction on the
ionization potential and electron af-
finity in atoms// Phys.Rev.A-1989.-
Vol.39,N1.-P.28-34.

Glushkov A.V., An universal quasi-
particle energy functional in a density
functional theory for relativistic atom//
Optics and Spectr.-1989.-Vol.66,N1-
P.31-36.

Glushkov A.V., Relativistic and cor-
relation effects in spectra of atomic
systems.-Odessa:  Astroprint.-2006.-
400P.

Glushkov A.V., Atom in electromag-
netic field.-Kiev: KNT, 2005.-450P.
Khetselius O.Yu., Hyperfine structure
of atomic spectra.-Odessa: Astroprint,
2008.-210P.

Glushkov A.V., Khetselius O.Y., Ma-
linovskaya S.V., Spectroscopy of
cooperative  laser-electron nuclear
effects in multiatomic molecules//
Molec. Phys.-2008.  -Vol.106.-N9-
10.-P.1257-1260.

Glushkov A.V., Khetselius O.Y., Ma-
linovskaya S.V., New laser-electron
nuclear effects in the nuclear y tran-
sition spectra in atomic and molecu-
lar systems// Frontiers in Quantum
Systems in Chemistry and Physics.
Series: Progress in Theoretical Chem-
istry and Physics , Eds. S.Wilson,
P.J.Grout, J. Maruani, G. Delgado-
Barrio, P. Piecuch (Springer).-2008.-
Vol.18.-525-541.

Glushkov A.V., Khetselius O.Yu.,
Svinarenko A.A., Prepelitsa G.P. ,
Shakhman A., Spectroscopy of co-



24.

25.

26.

27.

28.

29.

operative laser-electron nuclear pro-
cesses in diatomic and multiatomic
molecules//Spectral Lines Shape (AIP,
USA).-2010.-Vol.16.-P.269-273.
Glushkov A.V., Kondratenko P.A.,
Buyadzhi V., Kvasikova A.S.,
Shakhman A., Sakun T., Spectros-
copy of cooperative laser electron-y-
nuclear processes in polyatomic mol-
ecules// Journal of Physics: C Series
(IOP, London, UK).-2014.-Vol.548.-P.
012025 (5p.).

Glushkov A.V., Kondratenko P.A.,
Lopatkin Yu., Buyadzhi V., Kvasikova
A., Spectroscopy of cooperative la-
ser electron- y -nuclear processes in
diatomics and multiatomic molecules
/I Photoelectronics.-2014.-Vol.23.-
P.142-146.

Khetselius O.Yu., Optimized perturba-
tion theory to calculating the hyperfine
line shift and broadening for heavy
atoms in the buffer gas// Frontiers in
Quantum Methods and Applications
in Chemistry and Physics. Ser.: Pro-
gress in Theor. Chem. and Phys., Eds.
M.Nascimento, J.Maruani, E.Bréndas,
G.Delgado-Barrio (Springer).-
2015-Vol.29.-P.54-76.

Khetselius O.Yu., Relativistic energy
approach to cooperative electron-
y-nuclear processes: NEET Effect//
Quantum Systems in Chemistry and
Physics: Progress in Methods and Ap-
plications. Ser.: Progress in Theor.
Chem. and Phys., Eds. K.Nishikawa,
J. Maruani, E.Brandas, G. Delga-
do-Barrio, P.Piecuch (Springer).-
2012-Vol.26.-P.217-229.

Buyadzhi V.V., Glushkov A.V., Lovett
L., Spectroscopy of atoms and nu-
clei in a strong laser field: AC Stark
effect and multiphoton resonances//
Photoelectronics.-2014.-Vol.23.-P. 38-
43,

Khetselius O., Spectroscopy of coop-
erative electron-gamma-nuclear pro-
cesses in heavy atoms: NEET effect//

30.

31.

32.

33.

34.

J. Phys.: Conf. Ser.-2012.- Vol.397.-
P.012012

Glushkov A.V., Khetselius O.Yu., Lo-
boda A.V., Svinarenko A.A., QED
approach to atoms in a laser field:
Multi-photon resonances and above
threshold ionization// Frontiers in
Quantum Systems in Chemistry
and Physics, Ser.: Progress in Theo-
retical Chemistry and Physics; Eds.
S.Wilson, P.J.Grout, J. Maruani, G.
Delgado-Barrio, P. Piecuch (Spring-
er), 2008.-Vol.18.-P.541-558.
Glushkov A.V., Khetselius O.Yu.,
Svinarenko A.A., Prepelitsa G.P., En-
ergy approach to atoms in a laser field
and quantum dynamics with laser puls-
es of different shape//In: Coherence
and Ultrashort Pulse Laser Emission,
Ed. by Dr. F. Duarte (InTech).-2010.-
P.159-186.

Glushkov A.V., Khetselius O., Svin-
arenko A, Relativistic theory of coop-
erative muon-g gamma-nuclear pro-
cesses: Negative muon capture and
metastable nucleus discharge// Ad-
vances in the Theory of Quantum Sys-
tems in Chemistry and Physics. Ser.:
Progress in Theor. Chem. and Phys.,
Eds. P.Hoggan, E.Brandas, J.Maruani,
G. Delgado-Barrio, P.Piecuch
(Springer).-2012.-Vol.22.-P.51-68.
Glushkov A.V., Khetselius O.Yu., Pre-
pelitsa G., Svinarenko A.A., Geom-
etry of Chaos: Theoretical basis's of a
consistent combined approach to treat-
ing chaotic dynamical systems and
their parameters determination //Proc.
of International Geometry Center".-
2013.-Vol.6, N1.-P.43-48.
Malinovskaya S.V., Glushkov A.V,
Dubrovskaya Yu.V., Vitavetskaya
L.A., Quantum calculation of coop-
erative muon-nuclear processes: dis-
charge of metastable nuclei during
negative muon capture// Recent Ad-
vances in the Theory of Chemical and
Physical Systems (Springer).-2006.-

65



66

35.

36.

37.

38.

39.

40.

41.

Vol.15.-P.301-307.

Malinovskaya S.V., Glushkov A.V,
Khetselius O.Yu., Lopatkin Yu., Lo-
boda A., Svinarenko A., Nikola L.,
Perelygina T., Generalized energy ap-
proach to calculating electron collision
cross-sections for multicharged ions
in a plasma: Debye shielding mod-
el// Int. Journ. Quant. Chem.-2011.-
Vol.111,N2.-P.288-296.
Malinovskaya S.V., Glushkov A.V,
Khetselius O.Yu., Svinarenko A.A.,
Mischenko E.V., Florko T.A., Opti-
mized perturbation theory scheme for
calculating the interatomic potentials
and hyperfine lines shift for heavy at-
oms in the buffer inert gas//Int. Journ.
Quant.Chem.-2009.-Vol.109,N14.-
P.3325-3329.

Glushkov A.V., Khetselius O.Yu.,
Svinarenko A., Prepelitsa G., Mis-
chenko E., The Green’s functions and
density functional approach to vibra-
tional structure in the photoelectron
spectra for molecules/ AIP Conf.
Proceedings.-2010.-Vol.1290.-P. 263-
268.

Khetselius O.Yu., Florko T.A., Svin-
arenko A.A., Tkach T.B., Radiative
and collisional spectroscopy of hy-
perfine lines of the Li-like heavy ions
and Tl atom in an atmosphere of inert
gas//Phys.Scripta.-2013.-Vol.T153-
P.014037.

Khetselius O.Yu., Hyperfine structure
of radium// Photoelectronics.-2005.-
N14.-P.83-85.

Glushkov A.V, Malinovskaya S.,Co-
operative laser nuclear processes: bor-
der lines effects// In: New projects
and new lines of research in nuclear
physics. Eds. G.Fazio, F.Hanappe,
Singapore: World Scientific.-2003.-
P.242-250.

Glushkov A.V., Lovett L., Khetselius
0., Gurnitskaya E., Dubrovskaya Yu.,
Loboda A., Generalized multiconfigu-
ration model of decay of multipole gi-

42.

43.

44.

45.

46.

47.

48.

ant resonances applied to analysis of
reaction (m-n) on the nucleus *Ca//
Internat. Journ. Modern Physics A.-
2009.- Vol. 24, N.2-3.-P.611-615.
Glushkov A., Malinovskaya S.,
Sukharev D., Khetselius O.Yu., Lo-
boda A., Lovett L., Green’s function
method in quantum chemistry: New
numerical algorithm for the Dirac
equation with complex energy and
Fermi-model nuclear potential//Int.J.
Quant. Chem.-2009.- Vol. 109.-N8.-
P.1717-1727.

Glushkov A.V., Malinovskaya S.V,
Gurnitskaya E.P., Khetselius O.Yu.,
Dubrovskaya Yu.V., Consistent quan-
tum theory of the recoil induced ex-
citation and ionization in atoms dur-
ing capture of neutron// Journal of
Physics: Conf. Series (IOP).-2006.-
Vol.35.-P.425-430.

Glushkov A V, Khetselius O Yu, Svi-
narenko A A and Buyadzhi V'V, Spec-
troscopy of autoionization states of
heavy atoms and multiply charged
ions (Odessa: TEC), 2015

Khetselius  O.Yu., Turin A.V,
Sukharev D.E., Florko T.A., Estimat-
ing of X-ray spectra for kaonic atoms
as tool for sensing the nuclear struc-
ture// Sensor Electr. and Microsyst.
Techn.-2009.-N1.-P.30-35.

Glushkov A.V., Effective quasi-parti-
cle valence hamiltonian of molecules
in the comprehensive semi-empirical
theory// Sov. J. Struct. Chem.-1988.-
Vol.29,N4.-P.3-9.

Khetselius O.Yu., Quantum Geom-
etry: New approach to quantization
of the quasistationary states of Dirac
equation for super heavy ion and cal-
culating hyper fine structure param-
eters// Proc. Int.Geometry Center.-
2012.-Vol.5,Ne 3-4.-P.39-45.
Glushkov A.V., Khetselius O.Yu.,
Svinarenko A.A., Theoretical spec-
troscopy of autoionization resonanc-
es in spectra of lanthanide atoms//



49.

50.

Physica
P.014029.
Gedasimov V N, Zelenkov A G,
Kulakov V M et al 1984 JETP. 86
1169; Soldatov A A 1983 Preprint of
L.V.Kurchatov Institute for Atomic
Energy IAE-3916, Moscow

Glushkov A.V., Operator Perturba-
tion Theory for Atomic Systems in a
Strong DC Electric Field//Advances
in Quantum Methods and Applications
in Chemistry, Physics, and Biology.
Series: Frontiers in Theoretical Phys-
ics and Chemistry, Eds. M.Hotokka,
J.Maruani, E. Brindas, G.Delgado-

Scripta.-2013.-Vol.T153.-

51.

52.

P.161-177.

Glushkov A.V., Kondratenko P.A.,
Lepikh Ya., Fedchuk A.P., Svinarenko
A.A., Lovett L., Electrodynamical
and quantum - chemical approaches
to modelling the electrochemical and
catalytic processes on metals, met-
al alloys and semiconductors// Int.
J. Quantum Chem.-2009.-Vol.109,
N14.-P.3473-3481.

Robert C. Morrison R., Liu G., Ex-
tended Koopmans’ Theorem: Ap-
proximate lonization Energies from
MCSCF Wave Functions// J. Comput.
Chem.-1992.-Vol. 13.-P.1004-1010.

Barrio  (Springer).-2013.-Vol.  27.-
This article has been received in August 2018

PACS 33.20.-t

A. V. Ignatenko, A. V. Glushkov, Ya. I. Lepikh, A. S. Kvasikova

ADVANCED GREEN’S FUNCTIONS AND DENSITY FUNCTIONAL APPROACH TO
VIBRATIONAL STRUCTURE IN THE PHOTOELECTRON SPECTRA OF DIATOMIC
MOLECULE

Summary

We present the optimized version of the hybrid combined density functional theory (DFT) and
the Green’s-functions (GF) approach to quantitative treating the diatomic photoelectron spectra.
The Fermi-liquid quasiparticle version of the density functional theory is used. The density of
states, which describe the vibrational structure in photoelectron spectra, is defined with the use of
combined DFT-GF approach and is well approximated by using only the first order coupling con-
stants in the optimized one-quasiparticle approximation. Using the combined DFT-GF approach
leads to significant simplification of the calculation and increasing an accuracy of theoretical pre-
diction.

Key words: photoelectron spectra of molecules, Green’s functions, density functional theory
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PACS 33.20.-t

A. B. Henamenko, A. B. [iywxos, A. U. Jlenux, A. C. Keacuxosa

OBOBIIEHHBIN METO/J ®YHKIU I'PUHA U ®YHKIIMOHAJIA INIOTHOCTH
B OINIPEJIEJIEHUU KOJIEBATEJBHOM CTPYKTYPHI ®OTOJIEKTPOHHOI'O
CIIEKTPA JIBYXATOMHBIX MOJIEKY.JI

Pe3rome

MBI ipeicTaBIisieM ONTUMU3UPOBAHHYIO BEPCHIO THOPUIHON KOMOMHUPOBAHHOM T€OpHH (DYHK-
nuoHana tiotHoctd (DFT) m metona dynknuii ['puna (GF) ayis KonmmuecTBEHHOTO ONMMUCAHUS
(OTORNEKTPOHHBIX CIIEKTPOB JIBYXaTOMHBIX MOJIEKYIl. Mcnonb3yercs Monenb pepMu->KUIKOCTHAS
KBa3U4acTUYHasi Bepcusi TeOpuH (PyHKIIMOHANA MIIOTHOCTH. [IT0THOCTH COCTOSHUMN, KOTOPBIE OIH-
CBIBAIOT KOJIEOATEIbHYIO CTPYKTYPY B (POTOIIEKTPOHHBIX CHEKTPAX, ONMPEAEISETCS C MCIOIb30-
BanueMm komOuHupoBanHoro DFT-GF noaxona u gusnyecku pasyMHO anmpOKCHMHUPYETCS C HC-
MOJIb30BAaHUEM TOJIBKO MEPBOTO MOPSI/IKA KOHCTAHT CBSI3U B OJHOKBA3UYACTUYHOM MPHUOIMKEHUH.
Ucnonp3oBanne komOoumHUpoBanHoro DFT-GF moaxoja mpuBOIUT K 3HAYUTEILHOMY YITPOILICHUIO
MOJICKYJISIPHBIX PACUETOB U YBEJIIMYCHHUIO TOUHOCTH TEOPETUYECKOTO MPeCKa3aHusl.

KuroueBble ciioBa: HOTOIEKTPOHHBIN CIEKTP MOJIEKYJI, MeTo pyHKkIwmii [ puna, Teopus QpyHK-
[[MOHAJIA TUIOTHOCTHU

PACS 33.20.-t

I B. Ienamenxo, O. B. I nywkos, A. 1. Jlenix, I C. Keacuxosa

VIOCKOHAJIEHUI METO/I ®YHKIIIA I'PIHA 1 ®YHKIIOHAJY I'VCTUHH
Y BUSHAYEHHI BIBPAIIIHHOI CTPYKTYPU ®OTOEJEKTPOHHOI'O CHEKTPY
ABOATOMHHUX MOJIEKYJI

Pe3rome

Mu npencTaBisieMO ONTHMI30BaHy BEPCitO TOpUIHOT KOMOIHOBaHOT Teopii PyHKIIOHAY TyC-
tuan (DFT) 1 metony dynkmiit ['puna (I'®) 11t KUTBKICHOTO OMTUCY (POTOEICKTPOHHHUX CIIEKTPIB
JIBOXaTOMHHX MOJIEKYJI. BUKOpuCTOBY€ThCS (hepMi-piIMHHA KBa3i4YaCTHYHA BepCis Teopii PyHKIi0-
HaJIy T'yCTHHU. [ 'yCTHUHA CcTaHy, siIKa OMUCYE KOJIMBAJIbHY CTPYKTYPY B (POTOETEKTPOHHUX CIEKTPaX,
BHU3HAYA€ThCS 3 BUKOpUCTaHHAM KoMmOiHoBaHoro DFT-GF migxomy Ta ¢i3MuHO pO3yMHO arpok-
CUMYETBCS 32 JIOIOMOTOI0 TUIBKH MEPIIOTo MOPSAIKY KOHCTAHT 3B’SI3Ky B OJIHOKBA314aCTUHKOBO-
My HaOmmwkeHHi. Bukopucranus komOouaupoBanHoro DFT-GF moaxona npu3BoauTh 10 3HAYHOTO
CIPOIIEHHS MOJICKYISIPHUX OOYMCIICHB Ta 301IBIIICHHS TOYHOCT]I TEOPETUYHOTO MTPOTHO3YBaHHSI.

KurouoBi ciioBa: hoToenekTpoHHU CIIEKTp MOJIEKYI, MeToa pyHkIii [pina, Teopist pyHKITIO-
Haja 'yCTUHU
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