UDC 539.186

Yu. V. Dubrovskayal A. A. Kuznetsova2 A. S. Kvasikoval T. N. Sakun3

10 dessa State Environmental University,

15, Lvovskaya str.,, Odessa, 65016

20 dessa National M aritime Academy, Didrikhsona str. 4, Odessa, 65001

3N ational Aviation University,

E-mail:

1, Komarov Ave, 03680 Kiev, Ukraine

dubrovskayayv@ gm ail.com

SPECTROSCOPY OF COOPERATIVE ELECTRON-/- NUCLEAR EFFECTS IN
MULTIATOMIC MOLECULES: MOLECULE XY,

The consistent quantum approach to calculating the electron-nuclear g transition spectra (a set of

the vibration-rotational satellites in a molecule) of a nucleus in the multiatomic molecules is used to

get the accurate spectroscopic data on the vibration-nuclear transition probabilities in a case of the

em ission and absorption spectrum

of nucleus 18R e (E (0)g=

186.7 keV ) in the molecule of ReO 4. the

main difficulty during calculating corresponding matrix elements is connected with definition of the

values bﬁofthe normalized shifts ofg- active decay. Itis known thatifamolecule has the only normal

vibration ofthe given symmetry type, then the corresponding values of bsocan be found from the well

known Eccart conditions, norm alization one and data about the molecule symmetry.

1. Introduction

Any alteration of the molecular state must be
m anifested in the quantum transitions, for exam -
ple, in a spectrum of the g-radiation of a nucleus.
It is well known that it is possible the transfer of
part of a nuclear energy to atom or molecule un-
der radiating (absorption) the g quanta by anucle-
us (c.f.[1-36]). A spectrum contains a set of the

electron-vibration-rotation satellites, which are

due to an alteration ofthe state of system interact-
ing with photon. A mechanism of forming satel-
lites in the molecule is connected with a shaking
ofthe electron shell resulting from the interaction
between a nucleus and g quantum. This paper is
going on our studying the co-operative dynami-
cal phenomena (c.f.[667]) due the interaction be-
tween atoms, ions, molecule electron shells and
nuclei nucleons. A consistent quantum- mechani-
cal approach to calculation of the electron-nucle-
ar g transition spectra of a nucleus in the multia-
tomic molecules has been earlier proposed [2-5].
It generalizes the well known Letokhov-Minogin
the vibration-nuclear

model [2]. Estimates of

transition probabilities in a case of the em ission

and absorption spectrum of nucleus 180 s in the

OsO4 and 191lr in the IrO4were listed .Here we
present the first accurate data on the vibration-nu-
clear transition probabilities in a case ofthe em is-
sion and absorption spectrum ofthe nucleus 18R e

(E@©g= 186.7 keV) in the ReO 4.

2. The electron-nuclear g transition spectra

of nucleus in multi-atomic molecule

As the method of computing is earlier pre-

sented in details [2-6], here we consider only by

the key topics. Hamiltonian of interaction of the

gamma radiation with a system of nucleons for
the first nucleus can be expressed through the co-
ordinates of nucleons rn”in a system of the mass

centre of one nucleus [2,3]:

H(@m)=H(m)exp-kyu,

where kgis a wave vector of the g quantum; u is

the shift vector from equality state (coinciding
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with moleculem ass centre) in system ofco -ordi-
nates in h e rpace.

Tke maQ@ip elemtet Vpt Fyas™trian from the ini-
tial state “a” to the final state “b” is presented as:

<Y [if [Yt >e t Y* 1)

wher ta aoy s isd sey hf ouadtum nombnrr,
whiirh define tt/¢; vibrational androtational states
Offare sndafttr tntfrenttrn (with g quantum). hhe
first multiplier ie (1) is defined by the g trenttttrn
ri ncnlfct and an not dependdnt on an tntfrnel
ttrenterf ri mrirnclr tn agrrd epprrutmettrn.

The senond mYhif)lier is the mRfix element
of t aesitioe from the initial state “a” to the final
stath “b

M < Y *0ailY n(0 >

<AYb*(R1LIRt)S|e-tgR |Y a(Rtj-R2) > (2)

Ty e eoprfsslon (2) gives a general formula
irr nalnclattng thr prrOaQtltty ri nhangtng thr
tntfrnal statf ri molrnclf during aOsorpttrn rr
rmttttng g quantum Oy a nuclrct. It determines an
tntnstty ri thr nrrrftprndtng g-tatflittft. Thrtr
positions arefullyfoteim me”s:

Er =Eg+R -rfikgvV+ (Eb- E.)i

Here M is fiie mole“ule mats, it isa velscOn
ri mriecyltbffore interantton ri nynlfyt wtth g
quantum; Eaand EQarr thr fnfrgifs ri thr mal-
ecule before and after mteoaction;Eyts an fnfrgy
of nuclear transition; R ts an fnfrgy ri rrnrtl:

R 0(E, 0] viMc2

One cantn®posehal: Onfy rm gfovmn-georraE

td hormfl vibsatio n (oibestion iiunirtum nm) is
tu dted andimitia“yamofoculeb up h e rhra-
ttanai ievcl va =y. Sc Ws yenyte ¢ probayibiy hf
thr farrnspvnding fxciijation as -A"V~ v J amt uss
exp“t-)tov fo r tifift h of h t ~ aotive tNtetift
throogh the hormal nasardtnatft, thmn an avtr-
agtd tntrgy for tudtatton ri thy stngly narmal

vtOrattrn ts at fallawt:
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z=(0/hotac-e/e]nrsl 3,

antm it h e nMass ¢S g-cctlv fnudeus, 3 is an
anyle Cetweeg nucieur shitt vector ryiOwrvc ren-

tor orn)g”ci'ftm nndbne m E iOmeansaverag-

mg on nrientfttons tf melenute (or on anrSes 3 ).
To estimfte an avecfyed 4¥sAi for rfcitftioi ri
h e myiesole rotrtion, "i”es”iss*no) mitthe neol-
etule nitrations as they provide notl-Zeroth ma-
mfntym L=Kyttn5  whtnh ts transffrrfd tr e
mylfeutf by g-ouenium. In suvtesinO (hat a nu-
cleut it onm in SC stogla non-ncyeratod normal
vitratiay enr vibsattovfl state rirnrt
st ont osu\Syvaluate an fvtragtd
vnert h for funttattan ri thr mnltnylt ratattant at
allawt:

E rne=
BL2)oBrr2(urstn2m oy2R(B/hrn)[(M- e)/e]

A shife u pf the (santtvt nucleus Can bo ex-

p~ep”™d hrougn -gi noim tlco-orem -tes ofa

mokrule:

u :—y le: !a bs*Qs* (Y
whtrt e is a mass of the g-active nucleus; com-
prntnts ri tht vtvtrr by, ri nyd tyt thtft dyt tr
h e o tc’"mtovr™eY “sc iigrmecl rre“tiltt: ~f a
nYznMte te ™t i f maiy (1[]; b ieal-
teyt thr oi yogirnl transformation of h t normal
ctsrdMY. e mntrix Q 7o ;attrii of mosses of yht
WAt ed Cartestan clmstYente of N e mo\V\lf
ntstei shifts g. Accoriinn ) (2), sn™ dsa’Ma ele-
m™\nt uan br wttau cv “hmltriy elt-
mtnts an maltvylt narmal vtOrattrn, whtnh taktc
coetributioe to a shift of the g-active nucleus:
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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:
iv >=®, ((b

for double degenerated vibration as

K)=Q+}i Eevleev. ()

where VSI +VST =VSand analogously for triple

degenerated vibration. In the simple approxima-

tion function 0 V ) can be chosen in a form of

the linear harmonic oscillator one. More exact

calculating requires a numerical determination of

these functions. Taking directly the wave func-

tions and | b , calculating the matrix ele-
ment (6) is reduced to a definition of the matrix
elements on each componenty ofthe normal vi-
bration.

3. Results and conclusions

Below we present the advanced data on the
vibration-nuclear transition probabilities in a case
ofthe emission and absorption spectrum ofnucle-
us Jr (E@Qu= 82 kev) in the molecule IFO4 Note
that the main difficulty during calculating (6) is
connected with definition of the values bm_ofthe
normalized shifts of y-active decay. It is known
thatifamolecule has the only normal vibration of
the given sym metry type, then the corresponding
values of bmcan be found from the well known
Eccart conditions, normalization one and data
aboutthe molecule symmetry. For several normal
vibrations of the one symmetry type, a definition
of bSO requires solving the secular equation for
molecule \GF-XE\:O W e have used the results of
advanced theoretical electron

calculating struc-

ture of the studied system within an advanced

X &
in Refs.[21-23]).

relativistic scheme of the scattered waves

method (see details In table 1

we present the results ofcalculating probabilities

ofthe first several vibration-nuclear transitions in
a case of the emission and absorption spectrum
of nucleus the nucleus 18R e (E(0) = 186.7 keV ) in

the ReO 4.

Table 1
Probabilitites of the vibrational-nuclear tran-
sitions in spectrum of the ReO4

Vibration transition

va,vda- v vb P (va,va- vd vd)

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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Summary

The consistent quantum approach to calculating the electron-nuclear g transition spectra (a set of
the vibration-rotational satellites in a molecule) of a nucleus in the multiatomic molecules is used to
get the accurate spectroscopic data on the vibration-nuclear transition probabilities in a case of the
emission and absorption spectrum of nucleus 1B8Re (EQg= 186.7 keV) in the molecule of ReO4. the
main difficulty during calculating corresponding matrix elements is connected with definition of the
values by of the normalized shifts of g-active decay. It is known that if amolecule has the only normal
vibration of the given symmetry type, then the corresponding values of bgycan be found from the well
known Eccart conditions, normalization one and data about the molecule symmetry.
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W . B. ffyQpoecmn, A. A. Ky3He”oea, A. C. KeacuKoea, T. H. CaKyu
CnEKTPOCKONHfl KOONEPATHBHMX 'VIIKTPOII-IAMMA-M.." Il IMIUX
SMEKTOB B MHOrOATOMHbIX MOIEKYIAX: MOIEKYIA XY,
Pe3MMe
nocnegoBaTenbHbiu KBaHTOBbiu nogxog k BbiuucneHuro cneKTpoB "neKTpoHHO-"aMMa-HgepHDblx

nepexogoB (HaGopa KoneGaTenbHo-Bpa”aTenbHbix caTennmm b MoneKyne) b MHoroaTOMHbix

MoneKynax npuMeHeH konpegeneHuro cneKTpocKonuuecKux gaHHbix o BepoaTHocrax KoneGaTenbHo-
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agepHDbix nepexogoB npu H3nyueHHuU u norno”~eHuu agpa me (E(@gz 186.7 roB) b MoneKyne Reo 4
OcHoBHaa  TpygHocTb npu o”"HKe cooTBeTCTByro®cux MaTpuuHbix*neMeHTOB CBa3aHac onpegeneHueM
3HaueHHH bSY HopMupoBaHHHX cgBuroB raMMa-aKTHBHoro pacnaga. H3Becrao, uto ecnu MoneKyna
HMeeT egHHcTBeHHoe HopManbHoe KoneGaHue gaHHoro Tuna cuMMeTpuu, to cooTBeTCTByro~ue
3HaueHHa b" MoryT GbiTb HafigeHbi H3 xopom o H3BecTHbix ycnoBHH "KKapTa, ychoBua HopMupoBKH
h gaHHHx o cuMMeTpuu MoneKynbi.

K~ roneBwe ¢™OBa: ~Anek TpoHHO-~aM M a-agepHbIH cneKTp, BepoaTHocTb KoneGaTenbHo-agepH bix

nepexogoB

YK 539.186

W. B. ffydpoecbKa, r. O. Ky3He"oea, r. C. Keacumea, T. M. CaKyn

chnEKTPOCKoONra kggiiepathbhhx e.iektpgh-iamma-biiephhx e”™ ektib b
BArATOATOMHHX MOIEKYIAX: MOIEKYIA XY,

Pe3roMe

nocnigoBHHH KBaHToBHH nigxig go oGuucneHHa cneKTpiB eneKTpoHHo-raM M a-agepHux nepexogiB
(HaGopy KoneGaTenbHo-0GepTanbHHXx caTeniTiB b MoneKyni) b GaraToaToMHux MoneKynax 3acrocoBa-
hhh go BH3HaueHHa cneKTpocKoniuHHXx gaHux npo HMoBipHocri KoneGaTenbHo-agepHux nepexogiB
npu BHnpoMiHmBaHHIi i nornuHaHHIi agpa me (E(@gz 186.7 KeB ) b MoneKyni ReO4. OcHoBHIi Tpyg-
Ho”i npH o~ h~ BignoBigHux MaTpuuHux eneMemiB noB’a3aHa 3 BH3HaueHHaM 3HaueHb bsg - Hop-
MoBaHux 3pymeHb raMMa-aKTHBHoro po3nagy. BigoMo, ~o aK”~o MoneKyna Mae eguHe HopManbHe
KonuBaHHa gaHoro Tuny cuMeTpii, to BignoBigHi 3HaueHHa b/\ - Mo”yTb GyTH 3Hafigern 3 goGpe
BigoMux yMoB EKKapTa, yYMoBH HopMyBaHHa i gaHux npo cuMeTpim MoneKynu.

K~mnhobl CIOBa: eneK TpoH-raM M a-agepHHH cneKTp, HMoBipHicTbh KonuBanbHo-agepH ux

nepexogiB
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