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QUASIMOLECULAR TERMS FOR "AN INERT GAS
ATOM - A RARE-EARTH ATOM" SYSTEM

V.N.Polischuk

Odesa Hydrometeorological Institute, a/c 108, Odesa-9, 65009, Ukraine

The results of calculations of the quasi-molecular terms (inter-atomic potentials) for:
“an inert gas atom - a rare-earth atom” system are presented. The calculations are
carried out with the use of the new effective pseudopotential method version and the
exchange perturbation theory. The interaction of the 4f-electron shell of a rare-earth
element with inert atoms and dependence of the interaction potential upon the elec-
tron angle moment projection of the corresponding quasi-molecule on the inter-
nuclear axis is studied. Numeric results for: He-Tm and Ar-Tm systems are ob-

tained.

While studying the adsorption spectra on
the magnetic dipole transitions of rare-earth
atoms in an inert medium it is important to
know the cross-sections of the depolarization
and non-adiabatic transitions under atomic
collisions [1-5]. In this paper we present the
results of calculations of the quasi-molecular
terms (inter-atomic potentials) for “an inert
atom (He, Ar) — a rare-earth atom (Tm)”
system. The corresponding calculations are
carried out with the use of a modified pseu-
dopotential method and the exchange pertur-
bation theory [2-4].

According to the standard method [1-4],
in the first order of the exchange perturbation
theory the energy of the system can be pre-
sented as:

=(ww) WwaYL, )

where H is the Hamiltonian, ¥ ~ the zeroth-
order wave function:

=(N/N,N,V:AL, %, . (2

Here N is the total number of electrons;
N, N, —the number of electrons of A atom
and B atom, respectively; ¥, ,¥, — atomic

wave functions. Expression (1) can be re-
written as

§ =8, +5, +U,(R), ©)

where £&,,&, are the energies of isolated at-
oms; U,(R) is the potential of interaction
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(molecular term) of diatomic molecule and
in the first order of the exchange perturbation
theory it is defined as follows:

)

Here V is the operator of interaction of
atoms, P — the operator of substitution of
electrons of the different atoms; (-1)° = +1, if
the substitution is even and —1 — if it is odd.
Index » designs a set of quantum numbers of
the isolated atoms, R — the inter-nuclear dis-
tance. The quantization axis is directed along
the inter-nuclear axis. Below we use the
wave functions of the atoms in the approxi-
mation of self-consistent field (our atomic
numeric code is used [4, 6-8]). In this ap-
proximation it is possible to separate the
wave function of the unoccupied 4f — shell
', in the full wave function'¥, [3]:

U,(R) = (\PLP“‘(\P ¥ V}:

¥, = (N,//NINNVLA P, . (5)

Here 'Y'is the wave function of other
electrons, N’ their number, A, — an anti-

symmetrizer of all electrons for atom A. The
algebraic structure of the interaction potential
is as follows. The interaction operator can be
rewritten in the following form:

V=vV'+V,, (6)

where the part of interaction is dependent
upon the coordinates of f-electrons V.
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__[\P"Pf‘Pd,I/A”ZPk}P’?f‘PdJ—(‘P"Pde,I}fZPk,‘P’\I’f‘PdJ_
kt kt
™)
_(\y'wf\yd,V'ZP,.,\P'\P;P,,)—(w’\y,\yd,VfZR,ty'tP,LPd) =
it it

= () + (1) + () + AV) + (V) + (VD)

Part (IV) is represented as:
(r)=U,(®+UZ®), ®

and for the potential U2 (R) the following
expression can be obtained:

2/
Ua%)(R) =-N, Zon Zs,m,oo I@m (r)x
x=2 A
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The integration in (9) is carried out be-
yond the boundaries of the region which is
occupied by the 4f-shell (the region where
the multi-pole moments @, are formed).

Here ¢, (r) is the wave function of the 6s

electron of the A atom, ¢,,(r)—the wave

| 12
UD(R) = -(-1)" (2 +1)2C2, { P

function of the ns-(A=0) and np-(A=1) shells
for the B atom ; N&=2 — number of the va-
lence electrons of A atom..

According to [3,4], the part of the inter-
action (dependent of the quantum numbers
aQ) can be presented as follows:

. 2 i
O = ZU‘E;% (R) = chj-gxon (a,R), (10)
x=2

f

The full potential has the following
form:

Uud(B) =Us(R)+@,4(R), (11)

4
where U,(R)=Y U,(R) is the “averaged”

i=1
potential of interaction between atoms. For
the potential UZ(R) one can write:

J

L}U2(L,R), (11)

where the value U, (L, R) is determined as follows:

1 1
R-r

U,(L,R)= 2(7/15)/2 Ny < rt > Zszo,oo I@;no(’"){"—?—};}%o(’”)dgﬂ (12)

We have carried out the calculations of
the quasi-molecular terms (inter-atomic po-
tentials) for “an inert atom (He or Ar) - a
rare-earth atom (Tm)” system. We have used
the wave functions for atoms, calculated on
the basis of the ab initio model pseudopoten-

tial method and Dirac-Kohn-Sham method
[4, 6-8]). The values of the U,(L,R) func-
tion for inter-nuclear distances R>6 a.u..
(the typical values for atomic collisions at the
particle energies &£ ~1000 K) are presented in
Table 1.
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Table.1. The relative potential of the interaction U, (I,R) of 4f—shell for Tm atom with atoms He and Ar.

Ryauw | UF(L,R),au. | U} (L,R),au. |Rauw | U*(LR),au | U/ (LR),au
6 0,980-10™ 0,660-107 11 0,930-1077 0,240-107
7 0,425-10™ 0,342.107 12 0,240-107 0,601.10°
8 0,730-107 0,820-10 13 0,540-10 0,110:10°®
9 0,254-10° 0,280-10™ 14 0,738-10° 0,236-107
10 0,440-10° 0,720-10° 16 0,200-10° 0,720-10°8
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KBA3IMOJIEKYJISAPHI TEPMH U5 CHCTEMM
"ATOM IHEPTHOI'O T'A3Y - PIIKO3EMEJILHUH

ATOM"

B.M.IToaimyx

OjiechKuit rijipomMeTeopoaoriunmii iHCTUTYT, a/c 108, Oxeca-9, 65009

TIpencrarieHo pe3yNbTaTH PO3PAXYHKY KBa3iMONEKYNSAPHUX TepMiB (MibKaTOMHMX
NOTeHLaliB) [Ji% CHCTEMH: “aToM iHEPTHOro Ta3ly — piakoseMensHuli aTtom”.
Pospaxynky BWKOHAHO Ha Tijgctasi HoBoi edexTuBHOI Bepcii MeTOmy NCEeBHO-
norexniany Ta oOMinHoOi Teopil 30ypens. HOCHiAKEHO B3aEMOJII0 €IEKTPOHOI 4/
OOONIOHKU PIAKO3EMENBHOTO ENEeMEeHTY 3 IHEPTHUMHU aTOMaMM Ta 3alIeXHICTh
NOTeHLIATY B3aeMOJil Bix npoekuii eneKTPOHHOTO KyTOBOTO MOMEHTY BiINOBigHOT
KBa3IMOJIEKYJIM Ha MK AepHy Bich, YucenpHi pe3yabTaTH OTPHMAHO IS CUCTEM:

He-Tm i Ar-Tm.
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