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

The consistent quantum approach to calculating the electron-nuclear y 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 '*Re (E(O)VZ 186.7 keV) in the molecule of ReO,. the
main difficulty during calculating corresponding matrix elements is connected with definition of the
values b_of the normalized shifts of y- active decay. It is known that if 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, normalization one and data about the molecule symmetry.

1. Introduction

Any alteration of the molecular state must be
manifested in the quantum transitions, for exam-
ple, in a spectrum of the y-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 y quanta by a nucle-
us (c.f.[1-36]). A spectrum contains a set of the
electron-vibration-rotation satellites, which are
due to an alteration of the state of system interact-
ing with photon. A mechanism of forming satel-
lites in the molecule is connected with a shaking
of the electron shell resulting from the interaction
between a nucleus and y 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 y transition spectra of a nucleus in the multia-
tomic molecules has been earlier proposed [2-5].
It generalizes the well known Letokhov-Minogin
model [2]. Estimates of the vibration-nuclear

transition probabilities in a case of the emission
and absorption spectrum of nucleus **Os in the
0sO, and "'Ir in the IrO, were listed . Here we
present the first accurate data on the vibration-nu-
clear transition probabilities in a case of the emis-
sion and absorption spectrum of the nucleus '*Re
(E(O)y= 186.7 keV) in the ReO,.

2. The electron-nuclear y 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 r " in a system of the mass
centre of one nucleus [2,3]:

H(r,) = H(r, Yexp(—k u),

where ky is a wave vector of the y quantum; u is
the shift vector from equality state (coinciding
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with molecule mass centre) in system of co-ordi-
nates in the space.

The matrix element for transition from the ini-
tial state “a” to the final state “b” is presented as :

<W, |H|Y,>e<W " |¥, > (D

where a and b is a set of quantum numbers,
which define the vibrational and rotational states
before and after interaction (with y quantum). The
first multiplier in (1) is defined by the y transition
of nucleus and is not dependent on an internal
structure of molecule in a good approximation.

The second multiplier is the matrix element
of transition from the initial state “a” to the final
state “b™:

Mh = ‘Pl:(re)|lya(re)>

« <W(R,R)| ™™ W, (R,R,) > )

The expression (2) gives a general formula
for calculating the probability of changing the
internal state of molecule during absorption or
emitting y quantum by a nucleus. It determines an
intensity of the corresponding y-satellites. Their
positions are fully determined as:

0
E,=E’tR+hkvt(E,~E,)-

Here M is the molecule mass, v is a velocity
of molecule before interaction of nucleus with y
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.

One can suppose that only single non-generat-
ed normal vibration (vibration quantum #Z®) is
excited and initially a molecule is on the vibra-
tional level v =0. If we denote a probability of
the corresponding excitation as P(v,, v ) and use
expression for shift u of the y-active nucleus
through the normal co-ordinates, then an aver-
aged energy for excitation of the single normal
vibration is as follows:
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E, = iha)(v + S)P(v,0) = hoo/2 =

v=0
=Y no(v+ H)P,0)~ho/2 =
v=0
i ho 1 (M-m
=Y halv+ ) -e” ~=2=_R ,
VZ:;,a)(v+ 2)v!e 2 2 ( m ) (3)

z=(R/hw) M —m/m]cos” 9,

and m is the mass of y-active nucleus, 3 is an
angle between nucleus shift vector and wave vec-

tor of y-quantum and line in E , 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 mol-
ecule vibrations as they provide non-zeroth mo-

mentum L=k usin&, which is transferred to a
molecule by y-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:

Erot:
<E> = Bk, (u*)sin® 8= )4 R(B/h)[(M ~m)/m] )

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

pressed through the normal co-ordinates @ ofa
molecule:

1

u=1= gbmgw (5)
where m is a mass of the y-active nucleus; com-
ponents of the vector b of nucleus shift due to
the o-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 (2), the matrix ele-
ment can be written as multiplying the matrix ele-
ments on molecule normal vibration, which takes
contribution to a shift of the y-active nucleus:



M(b,a) = H<v‘f’ [ Texp(—* ,b,,0,, /Nmw,* > ©

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)>

for double degenerated vibration as

D=0+ Yo, (©,)®

¥ O),¥ 0,,¥ O3

(0,

where v, +v =v  and analogously for triple
degenerated vibration. In the simple approxima-

tion function ¢, (o can be chosen in a form of
the linear harmomc oscillator one. More exact
calculating requires a numerical determination of
these functions. Taking directly the wave func-

tions ‘Vsa> and ‘ Vg>, calculating the matrix ele-

ment (6) is reduced to a definition of the matrix
elements on each component y of the normal vi-
bration.

3. Results and conclusions

Below we present the advanced data on the
vibration-nuclear transition probabilities in a case
of the emission and absorption spectrum of nucle-
us “Ir (E(‘”Y: 82 keV) in the molecule /rO,. Note
that the main difficulty during calculating (6) is
connected with definition of the values b of the
normalized shifts of y-active decay. It is known
that if 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, normalization one and data
about the molecule symmetry. For several normal
vibrations of the one symmetry type, a definition
of b _ requires solving the secular equation for
molecule |GF-AE|=0. We have used the results of
advanced theoretical calculating electron struc-
ture of the studied system within an advanced
relativistic scheme of the X - scattered waves
method (see details in Refs.[21-23]). In table 1
we present the results of calculating probabilities

of the first several vibration-nuclear transitions in
a case of the emission and absorption spectrum
of nucleus the nucleus '**Re (E(O)y= 186.7 keV) in
the ReO,.

Table 1
Probabilitites of the vibrational-nuclear tran-
sitions in spectrum of the ReO,.

Vibration transition

BPRY I, 1_’( vy i=vhvr)
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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CIHHEKTPOCKOIINSA KOOINEPATUBHbBIX SJIEKTPOH-TAMMA-AJEPHBIX
IPPEKTOB B MHOTI'OATOMHBIX MOJIEKYJIAX: MOJIEKVYJIA XY,

Pe3rome
HOCH@IIOB&TGJH)HI)IIZ KBaHTOBBIfI IIoaAX04 K BBIYUMCIICHUKO CHGKTpOB 3J'I€KTpOHHO-FaMMa-SIILepHBIX

nepexofoB (Habopa KoieOaTenbHO-BpAIIAaTeNbHBIX CATEIUIUTOB B MOJIEKYJIE) B MHOTOaTOMHBIX
MOJIEKYyJIaX IPUMEHEH K OTIPEICIICHUIO CTIEKTPOCKOMMNYESCKUX JJAHHBIX O BEPOSTHOCTSIX KOJIeOaTeIbHO-
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SZICPHBIX TIEPEXO0B IPU M3IIyYCHUH U MOTIIOUICHUH siipa '*°Re (E(")y= 186.7 x3B) B monekye ReO,.
OcHOBHasi TPYAHOCTB IIPH OL[EHKE COOTBETCTBYFOIIIX MAaTPHYHBIX JIEMEHTOB CBsI3aHa C OTIPEICICHUEM
3HAYCHMH b HOPMUPOBAHHBIX CIBMIOB raMMa-aKTHBHOIO pacraja. M3BecTHO, 4To eciu MOJeKyna
UMEET EIMHCTBEHHOEC HOpPMAaJbHOE KOJICOAaHWE NAHHOTO TUIA CUMMETPHHU, TO COOTBETCTBYIOIINE
3HAYCHHs b MOTYT ObITh HaliICHBI U3 XOPOLIO U3BECTHBIX YCIOBHIA DKKAPTa, yCIOBHS HOPMUPOBKH
U JTAHHBIX O CHMMETPHHU MOJICKYJIBI.

KaioueBble cjIoBa: SIIEKTPOHHO-TaMMa-SIIEPHBINA CHEKTP, BEPOSTHOCTh KOJIE0ATEIBbHO-SIICPHBIX
IIEPEXOI0B
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10. B. [[yoposcovka, I O. Kysneyosa, I C. Keacuxosa, T. M. Caxyn

CIIEKTPOCKOIIISA KOOIIEPATUBHUX EJIEKTPOH-TAMMA-AJTEPHUX E®EKTIB B
BATATOATOMHUX MOJIEKYJIAX: MOJIEKWIIA XY,

Pesrome

[TocnigoBHUI KBaHTOBUH MiAX1 10 OOUMCIIEHHS CIIEKTPIB €JEKTPOHHO-TaMMa-SIEPHUX MEPEXOIiB
(Habopy KonebaTenbHO-00epTaIbHUX CATENITIB B MOJIEKYJIi) B 6araroaTOMHHX MOJIEKYJIax 3aCTOCOBA-
HUI 70 BU3HAYECHHS CIIEKTPOCKOMIYHUX JaHMUX MPO MMOBIPHOCTI KojieOaTeIbHO-IIEPHUX TePEXO/iB
IpY BUIPOMIHIOBaHHI 1 MOMIMHAHHI sifpa '*°Re (E<°)Y= 186.7 xeB ) B monekyni ReO4. OcHoBHI Tpyn-
HOIIII TIPY OIIIHIII BIAMOBITHUX MAaTPUYHUX €JIIEMEHTIB IOB’s13aHa 3 BU3HAYCHHSM 3HAYCHb bsy_ — HOp-
MOBaHHUX 3pYIIEHb raMMa-aKTUBHOTO po3manay. Bimomo, 1o sKIIo MoJieKysna Ma€e €IMHe HOpMaJibHe
KOJIMBAaHHS JAHOTO TUILy CHMETpIi, TO BiANOBIIHI 3HAYCHHS bsy_ — MOXYTh OyTH 3HaiifieHi 3 100pe
BiJoMuXx yMoB EkkapTa, yMOBM HOpMYBaHHS 1 JaHUX PO CUMETPII0 MOJIEKYJIIH.

KurouoBi c1oBa: enexTpoH-raMMa-saepHUi CIEKTP, MMOBIPHICTh KOJUBAJIBHO-SJIEPHUX
epexo/iB
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