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ON PROBABILITIES OF THE VIBRATION-NUCLEAR TRANSITIONS IN SPECTRUM

OF THE RuO, MOLECULE

There are firstly presented theoretical data on the vibration-nuclear transition probabilities in a case of the
emission and absorption spectrum of the nucleus of ruthenium 186Re (E‘O)YI 186.7 keV) in the molecule of
RuO,, estimated on the basis of consistent quantum-mechanical approach to cooperative electron-y-nuclear
spectra (a set of the vibration-rotational satellites in a spectrum of molecule) of multiatomic molecules.

From physical viewpint it is obvious that any
alteration of the molecular state must be mani-
fested in the quantum transitions, for example,
in a spectrum of the y-radiation of a nucleus (see
for example [1-22]). In result of the gamma nu-
clear transition in a nucleus of a molecule there is
arised a set of the electron-vibration-rotation sat-
ellites, which are due to an alteration of the state
of the molecular system interacting with photon.
The known example is the Szilard-Chalmers ef-
fect which results to molecular dissociation be-
cause of the recoil during radiating gamma quan-
tum with large energy (c.f. [1-5]).

In series of works [11-22] it has been carried
out detailed studying the co-operative dynamical
phenomena due the interaction between atoms,
ions, molecule electron shells and nuclei nucle-
ons. There have been developed a few advanced
approaches to description of a new class of dy-
namical laser-electron-nuclear effects in molecu-
lar spectroscopy, in particular, a nuclear gamma-
emission or absorption spectrum of a molecule.

A consistent quantum- mechanical approach
to calculation of the electron-nuclear g transition
spectra (set of vibration-rotational satellites in
molecule) of a nucleus in the multiatomic mole-
cules has been earlier proposed [13,14] and gener-
alizes the well known approach by Letokhov-Mi-
nogin [8]. Earlier there were have been obtained

estimates and calculations of the vibration-nuclear
transition probabilities in a case of the emission and
absorption spectrum of nucleus **/r (E<°)g= 82 keV)
in the molecule of IrO, , '**Os (E(°>g= 155 keV in
Os0, and other molecules were listed.

In this paper there are firstly presented theoretical
data on the vibration-nuclear transition probabilities
in a case of the emission and absorption spectrum
of the nucleus of ruthenium *’Ru in the molecule of
RuO, , estimated on the basis of the simplified ver-
sion [18,19] of the consistent quantum-mechanical
approach to cooperative electron-g-nuclear spectra
(a set of the vibration-rotational satellites in a spec-
trum of molecule) of multiatomic molecules.

As the method of computing is earlier presented
in details, here we consider only by the key topics
following to Ref. [18] The aim is to compute param-
eters of the gamma transitions (a probability of tran-
sition) or spectrum of the gamma satellites because
of changing the electron-vibration-rotational states
of the multi-atomic molecules under gamma quan-
tum radiation (absorption). Here it is considered a
case of the five-atomic molecules (of XY, type; T,).

Hamiltonian of interaction of the gamma ra-
diation with a system of nucleons for the first nu-
cleus can be expressed through the co-ordinates
of nucleons r_ in a system of the mass centre of
the one nucleus [14,18]:

141



H(r,) = H(r, ) exp(~k ,u) (1)
where kg is a wave vector of the gamma quantum;
u is the shift vector from equality state (coin-
ciding with molecule mass centre) in system of
co-ordinates in the space. The matrix element
for transition from the initial state “a” to the final
state “b” is presented as usually:

<Y | H|Y, >e<¥, |d"|¥,> (2
where a and b is a set of quantum numbers, which
define the vibrational and rotational states before
and after interaction (with gamma- quantum).
The first multiplier in eq. (2) is defined by the
gamma transition of nucleus and is not dependent
upon the internal structure of molecule in a good
approximation. The second multiplier is the ma-
trix element of transition of the molecule from the

initial state “a” to the final state “b’:
M, = ¥, (r,)| ¥, (r,)>e
o<W, (R,R))|e""™ |V, (R,R)> (3)

The expression (3) gives a general formula
for calculating the probability of changing the
internal state of molecule during absorption or
emitting g quantum by a nucleus. It determines an
intensity of the corresponding g-satellites. Their
positions are fully determined as follows:

E,=E)*R+hk,v+(E,-E,) (4a)
Here M is the molecule mass, v is a velocity
of molecule before interaction of nucleus with g
quantum; E_and E,_ are the energies of the mol-
ecule before and after interaction; E, is an energy
of nuclear transition; R is an energy of recoil:

R, = [(E] */2Mc. (4b)

Obviously only single non-generated normal

vibration (vibration quantum %® ) is excited and
initially a molecule is on the vibrational level v,
=(. If denote a probability of the excitation as
P(v, v) and use expression for shift u of the g-
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active nucleus through the normal co-ordinates,
then an averaged energy for excitation of the sin-
gle normal vibration is as follows [8,14,18]:

Evibziha}(v + 1)P(v,0) —hoo/ 2 =

v=0
= ha(v+ $5)PW,0)-hw/2 =
v=0
Y he 1 (M-
=;ha)(v+'2)%e _TQ)ZER[ mm]’ (5)

z=(R/hw) M —m/m]cos’ 9,

and m is the mass of g-active nucleus, 4 is an
angle between nucleus shift vector and wave vec-

tor of g-quantum and line in £, means averag-
ing on orientations of molecule (or on angles
). To estimate an averaged energy for excitation
of the molecule rotation, one must not miss the
molecule vibrations as they provide non-zeroth
momentum L=k usin.$, which is transferred to a
molecule by g-quantum. In supposing that a nu-
cleus is only in the single non-generated normal
vibration and vibrational state of a molecule is not
changed v =v, =0, one could evaluate an averaged
energy for excitation of the molecule rotations as
follows:

Ermz <F>=B 72<u2>m:
=Y R(B/ho)[(M —m)/m] (6)

As for multi-atomic molecules it is typical B/
ficw ~10%-102, so one could miss the molecule
rotations and consider g-spectrum of a nucleus
in the molecule mass centre as a spectrum of the
vibration-nuclear transitions.

A shift u of the g-active nucleus can be ex-

pressed through the normal co-ordinates Qg of
a molecule:

1
U=—= bvo’Qs‘o‘ (7)
T "0
where m is a mass of the g- active nucleus; com-
ponents of the vector b of nucleus shift due to

the F-component of “s” normal vibration of a



molecule are the elements of matrix b [2]; it real-
izes the orthogonal transformation of the normal
co-ordinates matrix Q to matrix of masses of the
weighted Cartesian components of the molecule
nuclei shifts g.

According to eq.(1), the matrix element can
be written as multiplying the matrix elements on
molecule normal vibration, which takes contribu-
tion to a shift of the g- active nucleus:

M(b,a) =

= H<vs" [ Texp(k ,b,,0,, /Vm )v;’\>. ®)

It is obvious that missing molecular rotations
means missing the rotations which are connected
with the degenerated vibrations. Usually wave
functions of a molecule can be written for non-
degenerated vibration as:

v, )=, (Q,), (9)

for double degenerated vibration in the form:

vs> = (vs + 1)%

Yo, (0,0, (0,)(10)

¥ 0¥ 0),¥ Oy

(where v, +v_ =v) and for triple degener-
ated vibration as follows:

x Yo, (0,0, 0,0, (©,) 1)

¥ O,¥ 0, O3

where
Vsal + vs02 + vs0'3 = Vs .

In the function

@, (Qy) can be chosen in a form of the linear
harmonic oscillator one. More exact calculating
requires a numerical determination of these func-
tions. Taking directly the wave functions ‘V§>

simple approximation

and ‘V§7>, calculating the matrix element (8) is

reduced to a definition of the matrix elements on
each component /' of the normal vibration.

Below we present the accurate data on the vi-
bration-nuclear transition probabilities in a case
of the emission and absorption spectrum of the
nucleus of ruthenium ’Ru (E(°>g= 215 keV) in the
molecule of RuO, As a molecule has the only
normal vibration of the given symmetry type,
then the corresponding values of b  can be found
from the well known Eccart conditions, normali-
zation one and data about the molecule symmetry.

For several normal vibrations of the one sym-
metry type, a definition of b  requires solving the
secular equation for molecule |GF-/E|=0 [23-26].
There have been used the results of advanced the-
oretical calculating electron structure of the mol-
ecule within an advanced relativistic scheme of
the X.- scattered waves method (see description
in Refs.[23,26]).

In table 1 we present the results of calculat-
ing probabilities of the first several the vibration-
nuclear transition probabilities in a case of the
emission and absorption spectrum of the nucleus
of ruthenium *’Ru (E<°)g= 215 keV) in the molecule
of RuO,.

Table 1
The vibration-nuclear transition probabilities
in a case of the emission and absorption spec-
trum of the nucleus of ruthenium *Ru in the
molecule of RuO,,

ViEI;at‘ijoan _trva?s‘i}tibon P (v vi—vh v
3 Yy 37 74 This work

0,0 — 0,0 0.74

1,0 — 0,0 0.014

0,1 — 0,0 0.067

1,0 — 1,0 0.68

0,1 — 0,1 0.61
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O BEPOATHOCTHU KOJIEBATEJIbBHO-AJEPHbBIX ITEPEXO/10OB B CIIEKTPE
MOJIEKYJIbBI RuO,

Pe3rome.

BnepBHe Hpe,Z[CTaBHeHLI TeOpeTI/I‘-IeCKI/Ie JAHHBIC O BepOSITHOCTSIX KOJIQG&TGHBHO-HIICPHBIX
NePEXO/IOB B Clydae MCITyCKAaHHS M TOTNIOLICHUS TaMMa-KBaHTa SIIPOM pyTeHHs *'Ru B Molekyie
RuO4, HOJIy‘-IeHHbIe Ha OCHOBC IIOCJIICAOBATCIIBHOI'O KBAHTOBO-MCXAaHNYCCKOTO ITOAXo4a K pacquy
ANIEKTPOHHO-TaMMa-SIEPHOTO CIIEKTpa (CUcTeMa KoJieOaTebHO-BpaIaTeIbHBIX CITyTHUKOB B CIIEKTPE
MOJICKy.He) B MHOI'OaTOMHBIX MOJICKyJIaX.

KutroueBble ¢Jj10Ba: CIIEKTP MEKTPOH -Y- SIAEPHBIX MEPEX0/I0B, MHOTOATOMHBIE MOJIEKYJIbI
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ITPO IMOBIPHOCTI KOJIMBAJIBHO-AJAEPHUX ITEPEXO/IIB
B CIIEKTPI MOJIEKYJIHA RuO,

Pesrome.

Brniepuie npezncrasiieHi TeOpeTUYHI JaHi PO HMOBIPHOCTI KoJieOaTeabHO-AIEPHUX MEPEXOIIB Y
pasi BUIyCKaHHs i MOIIMHAHHSA raMMa-KBaHTa AApoM pyTeHiro *’Ru B Monekyni RuO,, orpumani Ha
OCHOBI IOCJ1I0BHOTO KBAHTOBO-MEXAHIYHOT'O MIAXOAY A0 PO3PaxXyHKY €JIEKTPOHHO I'aMMa-siJIepHOTO
CHEKTpy (cucTteMa KojedaTenbHO-00epTaIbHUX CYIyTHUKIB B CHEKTPl MOJIEKYIl) B 0araroaTOMHUX
MOJIEKYJIaX.

Ku1104oBi c10Ba: CiekTp €JIEKTPOH -Y- SIACPHUX TIEPEXOiB, OaraTroaToMH1 MOJIEKYJIN
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