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T h e  c o n s i s t e n t  q u a n t u m  a p p r o a c h  t o  c a l c u l a t i n g  t h e  e l e c t r o n - n u c l e a r  g  t r a n s i t i o n  s p e c t r a  ( a  s e t  o f  

t h e  v i b r a t i o n - r o t a t i o n a l  s a t e l l i t e s  i n  a  m o l e c u l e )  o f  a  n u c l e u s  i n  t h e  m u l t i a t o m i c  m o l e c u l e s  i s  u s e d  t o  

g e t  t h e  a c c u r a t e  s p e c t r o s c o p i c  d a t a  o n  t h e  v i b r a t i o n - n u c l e a r  t r a n s i t i o n  p r o b a b i l i t i e s  i n  a  c a s e  o f  t h e  

e m i s s i o n  a n d  a b s o r p t i o n  s p e c t r u m  o f  n u c l e u s  186R e  ( E (0)g =  1 8 6 . 7  k e V )  i n  t h e  m o l e c u l e  o f  R e O 4. t h e  

m a i n  d i f f i c u l t y  d u r i n g  c a l c u l a t i n g  c o r r e s p o n d i n g  m a t r i x  e l e m e n t s  i s  c o n n e c t e d  w i t h  d e f i n i t i o n  o f  t h e  

v a l u e s  bsa o f  t h e  n o r m a l i z e d  s h i f t s  o f  g-  a c t i v e  d e c a y .  I t  i s  k n o w n  t h a t  i f  a  m o l e c u l e  h a s  t h e  o n l y  n o r m a l  

v i b r a t i o n  o f  t h e  g i v e n  s y m m e t r y  t y p e ,  t h e n  t h e  c o r r e s p o n d i n g  v a l u e s  o f  b so c a n  b e  f o u n d  f r o m  t h e  w e l l  

k n o w n  E c c a r t  c o n d i t i o n s ,  n o r m a l i z a t i o n  o n e  a n d  d a t a  a b o u t  t h e  m o l e c u l e  s y m m e t r y .

1. Introduction

A n y  a l t e r a t i o n  o f  t h e  m o l e c u l a r  s t a t e  m u s t  b e  

m a n i f e s t e d  i n  t h e  q u a n t u m  t r a n s i t i o n s ,  f o r  e x a m ­

p l e ,  i n  a  s p e c t r u m  o f  t h e  g - r a d i a t i o n  o f  a  n u c l e u s .  

I t  i s  w e l l  k n o w n  t h a t  i t  i s  p o s s i b l e  t h e  t r a n s f e r  o f  

p a r t  o f  a  n u c l e a r  e n e r g y  t o  a t o m  o r  m o l e c u l e  u n ­

d e r  r a d i a t i n g  ( a b s o r p t i o n )  t h e  g  q u a n t a  b y  a  n u c l e ­

u s  ( c . f . [ 1 - 3 6 ] ) .  A  s p e c t r u m  c o n t a i n s  a  s e t  o f  t h e  

e l e c t r o n - v i b r a t i o n - r o t a t i o n  s a t e l l i t e s ,  w h i c h  a r e  

d u e  t o  a n  a l t e r a t i o n  o f  t h e  s t a t e  o f  s y s t e m  i n t e r a c t ­

i n g  w i t h  p h o t o n .  A  m e c h a n i s m  o f  f o r m i n g  s a t e l ­

l i t e s  i n  t h e  m o l e c u l e  i s  c o n n e c t e d  w i t h  a  s h a k i n g  

o f  t h e  e l e c t r o n  s h e l l  r e s u l t i n g  f r o m  t h e  i n t e r a c t i o n  

b e t w e e n  a  n u c l e u s  a n d  g  q u a n t u m .  T h i s  p a p e r  i s  

g o i n g  o n  o u r  s t u d y i n g  t h e  c o - o p e r a t i v e  d y n a m i ­

c a l  p h e n o m e n a  ( c . f . [ 6 6 7 ] )  d u e  t h e  i n t e r a c t i o n  b e ­

t w e e n  a t o m s ,  i o n s ,  m o l e c u l e  e l e c t r o n  s h e l l s  a n d  

n u c l e i  n u c l e o n s .  A  c o n s i s t e n t  q u a n t u m -  m e c h a n i ­

c a l  a p p r o a c h  t o  c a l c u l a t i o n  o f  t h e  e l e c t r o n - n u c l e ­

a r  g  t r a n s i t i o n  s p e c t r a  o f  a  n u c l e u s  i n  t h e  m u l t i a -  

t o m i c  m o l e c u l e s  h a s  b e e n  e a r l i e r  p r o p o s e d  [ 2 - 5 ] .  

I t  g e n e r a l i z e s  t h e  w e l l  k n o w n  L e t o k h o v - M i n o g i n  

m o d e l  [ 2 ] .  E s t i m a t e s  o f  t h e  v i b r a t i o n - n u c l e a r

t r a n s i t i o n  p r o b a b i l i t i e s  i n  a  c a s e  o f  t h e  e m i s s i o n  

a n d  a b s o r p t i o n  s p e c t r u m  o f  n u c l e u s  188O s  i n  t h e  

O s O 4 a n d  191I r  i n  t h e  I r O 4 w e r e  l i s t e d  . H e r e  w e  

p r e s e n t  t h e  f i r s t  a c c u r a t e  d a t a  o n  t h e  v i b r a t i o n - n u ­

c l e a r  t r a n s i t i o n  p r o b a b i l i t i e s  i n  a  c a s e  o f  t h e  e m i s ­

s i o n  a n d  a b s o r p t i o n  s p e c t r u m  o f  t h e  n u c l e u s  186R e  

( E (0)g=  1 8 6 . 7  k e V )  i n  t h e  R e O 4 .

2. The electron-nuclear g transition spectra 
of nucleus in multi-atomic molecule

A s  t h e  m e t h o d  o f  c o m p u t i n g  i s  e a r l i e r  p r e ­

s e n t e d  i n  d e t a i l s  [ 2 - 6 ] ,  h e r e  w e  c o n s i d e r  o n l y  b y  

t h e  k e y  t o p i c s .  H a m i l t o n i a n  o f  i n t e r a c t i o n  o f  t h e  

g a m m a  r a d i a t i o n  w i t h  a  s y s t e m  o f  n u c l e o n s  f o r  

t h e  f i r s t  n u c l e u s  c a n  b e  e x p r e s s e d  t h r o u g h  t h e  c o ­

o r d i n a t e s  o f  n u c l e o n s  rn’ i n  a  s y s t e m  o f  t h e  m a s s  

c e n t r e  o f  o n e  n u c l e u s  [ 2 , 3 ] :

H (rn) =  H (rn ) e x p ( - k yu) ,

w h e r e  k g i s  a  w a v e  v e c t o r  o f  t h e  g  q u a n t u m ;  u  i s  

t h e  s h i f t  v e c t o r  f r o m  e q u a l i t y  s t a t e  ( c o i n c i d i n g
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with molecule m ass centre) in system of c o -ordi- 
nates in h e rpace .

Tl̂ e maOrip elemte t Vpt l̂ ras^̂trian f rom the ini­
tial state “a” to the final state “b” is presented a s :

< Yf | i f  | Yt >• t  Y* (1)

M  <  Y * 0 a i | Y n ( 0 >

<^Yb*(R1 lRt) S | e - t gRl | Y a (R tj-R 2)  > ( 2 )

R 0(E, (o)] vsOMc2.

wher t a aoy ts isd  sey hf  ouadt;um mombnrr, 
whiirh define tt ê; vibrational androtational states 
Offare sndafttr tntfrenttrn (with g quantum). hhe 
first multiplier ie (1) is defined by the g trenttttrn 
r i ncnlfct and 'an not dependdnt on an tntfrnel 
ttrcntcrf r i mrlrnclr tn a grrd epprrutmettrn.

The senond rr̂ î ltif)lie;r is the mRtfix element 
of t aesitioe from the initial state “a” to the final 
stath “b

Ty e eoprfsslon (2) gives a general formula 
irr nalnclattng thr prrOaOtltty r i nhangtng thr 
tntfrnal statf r i molrnclf during aOsorpttrn rr 
rmttttng g quantum Oy a nu clrct. It determines an 
tntnstty r i thr nrrrftprndtng g-tatfllttft. Thrtr 
positions arefuUyfoteim m e ^ s:

Er = E g ± R -rfikgV± (Eb -  E . )i

Here M  is fiie mole“ule mats, it i s a vels cOn 
r i mr>lecy ltbffore i nterantton r i nynlfyt wtth g 
quantum; Ea and EO arr thr fnfrgifs r i thr mal- 
ecule before and after mteoaction;Ey ts an fnfrgy 
of nuclear transition; R  ts an fnfrgy r i rrnrtl:

O  =][]/Zfo(v + >r)^(V,0) - /zoo/t :
v=0

TO
= Yhm(v + l/ 2 )P(v,0) -  hm / 2 =

v=0

= Y  h t  + X) - e-z -  —  =1  r { — e
V=0 V /  } v! 2 2 L e  j  (3)

whrrr

z = (0 /hot a c -e /e ]n r s l  3,

an tm  it h e n âss cS g-cctl v f nudeu s, 3 is an 
anyle O etweeg nucieur shitt vector r̂ nOwrvc men­
tor or n)S[̂ ci 1̂̂um nn d b n e m E viO meansaverag- 
mg on nrientfttons t f  melenute (or on anrSes 3 ). 
To estimfte an avecfyed <̂î îs ŷi for rfcitftioi  r i  
h e myiesole rotrtion, î^es îss  ̂no) mlt t h e  me ol- 
etule nitrations as they provide notL-Zeroth m a-
mfntym L=kyttn5 , whtnh ts transffrrfd tr e- r
mylfeutf by g-ouenium. In suv tesinO (hat a nu- 
cleut it onm in SĈ  stogla non-ncyeratod normal 
vitratiay enr vlbsattovfl state r ir nrt
d̂ îst̂ ŝl ont o<rû (S yvaluate an fvtragtd
vnert h for funttattan r i thr mnltnylt ratattant at 
allawt:

E  rne=

BL2) o B r r2(u ^ s t n 2m o y2R ( B / hrn)[(M- e ) / e ]

A s h i ft  u  p f  t h e  gs a n t t v t  n u c l e u s  ca n  bO e x -  

p ^ e p̂ ^ ^ d  h r o u g n  - g i  n o im t l  c o - o r e m - t e s  o f  a  

m o k  r u l e  :

’  (Y

O n e  c a n tn ^ p o s e h a l :  O n f y  r m g f o v m n - g e o r r a E  

t d  h o r m f l v i b s a t i o n ( o i b e s t i o n  i i u n irt u m  nm ) is 
t u dte d  a n d i m i t i ally a  m o f o c u l e b  u p  h e  r h r a -  

t t a n a i  i e v c l  va = y  . sc  ws  y e n y t e  c  p r o b a y i b iy  h f  

t h r  f a r r n s p v n d i n g f x c i i; a t io n  a s  -^ V ^ v  J  a mt! u s s  

e x p “t - ) t o v  f o r t l f i f t  h  o f  h t  ^ a o t i v e  t l̂t e t i r̂ t̂  

t h r o o g h  t h e  h o r m a l  n a s a r d t n a t f t ,  th m n  a n  a v t r -  

a g t d  t n t r g y  f o r  t u d t a t t o n  r i  t h y  s t n g l y  n a r m a I  

v t O r a t t r n  t s  a t  f a l l a w t :

u =-1= Y  b s*Q s* y e  sa

whtrt e  is a mass of the g-active nucleus; com- 
prntnts r i tht vtvtrr b r i nyd tyt thtft dyt trr so
h e o tc^mt̂ ov r^^ĉ f “s c iigrmcl r̂ l̂̂ e“til̂ lt : f̂ a 
n̂ r̂ ^̂zn^ f̂t ê l̂“e î ^̂ mnt̂ tt i f  mâ“riy (I[ ]̂ ; b ieal- 
teyt thr oi yogi-r n̂l transformation of  h t normal 
ctŝ tr̂ cd̂i-̂ t .ê  m ntrix Q  ô ;â t̂ trii  of  mosses of yht 
w^lttŜ ted Cartestan clbmŝ (̂ Î enl̂e of 1̂ll e mo (̂̂ ûlf 
nt̂ ŝiei shifts q. Aĉ corî i nn 1;-) (2), sn^ dsa Î̂l?t ele- 
m^nt uan br wÎ lttau cv îyh ml triy elt-
mtnts an maltvylt narmal vtOrattrn, whtnh taktc 
coetributioe to a shift of the g-active nucleus:
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M (b, a) =n(vb i n exp(-̂  rb^ Q ^  'J™ Ka| \
s \ t ( 6 )

I t  i s  o b v i o u s  t h a t  m i s s i n g  m o l e c u l a r  r o t a t i o n s  

m e a n s  m i s s i n g  t h e  r o t a t i o n s  w h i c h  a r e  c o n n e c t e d  

w i t h  t h e  d e g e n e r a t e d  v i b r a t i o n s .  U s u a l l y  w a v e  

f u n c t i o n s  o f  a  m o l e c u l e  c a n  b e  w r i t t e n  f o r  n o n ­

d e g e n e r a t e d  v i b r a t i o n  a s :

i v  > =  ® ,  (Qs) ,

f o r  d o u b l e  d e g e n e r a t e d  v i b r a t i o n  a s

k)=(v. + i)-,i E ®v„(e„,)®v,.(e„ .)
T T i , F  T 2 , F  T 3

t i o n s a n d  I b  , c a l c u l a t i n g  t h e  m a t r i x  e l e -

o f  t h e  f i r s t  s e v e r a l  v i b r a t i o n - n u c l e a r  t r a n s i t i o n s  i n  

a  c a s e  o f  t h e  e m i s s i o n  a n d  a b s o r p t i o n  s p e c t r u m  

o f  n u c l e u s  t h e  n u c l e u s  186R e  ( E (0) =  1 8 6 . 7  k e V )  i n  

t h e  R e O 4.

T a b l e  1

Probabilitites of the vibrational-nuclear tran­
sitions in spectrum of the ReO4.

w h e r e  vsT + vsT = vs a n d  a n a l o g o u s l y  f o r  t r i p l e  

d e g e n e r a t e d  v i b r a t i o n .  I n  t h e  s i m p l e  a p p r o x i m a ­

t i o n  f u n c t i o n  0  v )  c a n  b e  c h o s e n  i n  a  f o r m  o f  

t h e  l i n e a r  h a r m o n i c  o s c i l l a t o r  o n e .  M o r e  e x a c t  

c a l c u l a t i n g  r e q u i r e s  a  n u m e r i c a l  d e t e r m i n a t i o n  o f  

t h e s e  f u n c t i o n s .  T a k i n g  d i r e c t l y  t h e  w a v e  f u n c -

V i b r a t i o n  t r a n s i t i o n

v3a ,v4a -  v3b, v4b P  (  v3a ,v4a -  v3b, v4b)

0 , 0  -  0 , 0 0 . 7 4

1 , 0  -  0 , 0 0 . 0 1 4

0 , 1  -  0 , 0 0 . 0 6 7

1 , 0  -  1 ,0 0 . 6 8

0 , 1  -  0 ,1 0 . 6 1

m e n t  ( 6 )  i s  r e d u c e d  t o  a  d e f i n i t i o n  o f  t h e  m a t r i x  

e l e m e n t s  o n  e a c h  c o m p o n e n t  y  o f  t h e  n o r m a l  v i ­

b r a t i o n .

3. Results and conclusions

B e l o w  w e  p r e s e n t  t h e  a d v a n c e d  d a t a  o n  t h e  

v i b r a t i o n - n u c l e a r  t r a n s i t i o n  p r o b a b i l i t i e s  i n  a  c a s e  

o f  t h e  e m i s s i o n  a n d  a b s o r p t i o n  s p e c t r u m  o f  n u c l e ­

u s  191Ir  ( E (0)g=  8 2  k e V )  i n  t h e  m o l e c u l e  IrO4. N o t e  

t h a t  t h e  m a i n  d i f f i c u l t y  d u r i n g  c a l c u l a t i n g  ( 6 )  i s  

c o n n e c t e d  w i t h  d e f i n i t i o n  o f  t h e  v a l u e s  b o f  t h eso-
n o r m a l i z e d  s h i f t s  o f  y - a c t i v e  d e c a y .  I t  i s  k n o w n  

t h a t  i f  a  m o l e c u l e  h a s  t h e  o n l y  n o r m a l  v i b r a t i o n  o f  

t h e  g i v e n  s y m m e t r y  t y p e ,  t h e n  t h e  c o r r e s p o n d i n g  

v a l u e s  o f  b c a n  b e  f o u n d  f r o m  t h e  w e l l  k n o w nso
E c c a r t  c o n d i t i o n s ,  n o r m a l i z a t i o n  o n e  a n d  d a t a  

a b o u t  t h e  m o l e c u l e  s y m m e t r y .  F o r  s e v e r a l  n o r m a l  

v i b r a t i o n s  o f  t h e  o n e  s y m m e t r y  t y p e ,  a  d e f i n i t i o n  

o f  b so r e q u i r e s  s o l v i n g  t h e  s e c u l a r  e q u a t i o n  f o r  

m o l e c u l e  \GF-XE\=0. W e  h a v e  u s e d  t h e  r e s u l t s  o f  

a d v a n c e d  t h e o r e t i c a l  c a l c u l a t i n g  e l e c t r o n  s t r u c ­

t u r e  o f  t h e  s t u d i e d  s y s t e m  w i t h i n  a n  a d v a n c e d  

r e l a t i v i s t i c  s c h e m e  o f  t h e  X a-  s c a t t e r e d  w a v e s  

m e t h o d  ( s e e  d e t a i l s  i n  R e f s . [ 2 1 - 2 3 ] ) .  I n  t a b l e  1 

w e  p r e s e n t  t h e  r e s u l t s  o f  c a l c u l a t i n g  p r o b a b i l i t i e s
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SPECTROSCOPY OF COOPERATIVE ELECTRON-y-NUCLEAR EFFECTS IN 
MULTIATOMIC MOLECULES: MOLECULE XY, 

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 186Re (E(0)g= 186.7 keV) in the molecule of ReO4. the 
main difficulty during calculating corresponding matrix elements is connected with definition of the 
values bsg of the normalized shifts of g-active decay. It is known that if a molecule has the only normal 
vibration of the given symmetry type, then the corresponding values of bsg can be found from the well 
known Eccart conditions, normalization one and data about the molecule symmetry.
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