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Abstract- The paper considers the relativistic Renner effect 4IT x n:, which occurs in linear triatomic mole­
Cl t lt.:s co nta ining heavy atoms. The vibronic matrix is calculated in the three-electron model. The electronic 
ll nm il to nian is expanded in a Taylor series in n:-modes taking into account the terms of the main, first, and 
second orders. To calculate nonzero elements in the vibronic matrix, group selection rules and vibronic sym­
tn el ry operators are used to minimize the number of independent parameters in the vibronic matrix. The 
vlbronic matrix has a dimension of 8 x 8 and its eigenvalues (potential surfaces) can be calculated only by 
numerical methods. 

Keywords: relativistic Renner effect, electronic Hamiltonian, symmetry group, vibronic symmetry operators, 
vibron ic matrix, diabatic electronic basis 
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INTRODUCTION 

An important property of the relativistic Renner 
l'lol:l is il s dependence on the total spin ofthe system . 

I n prev ious papers, we studied 1ihe Renner relativistic 
11\.i<.: ls 2n x n: [I] and 3IT x 1t [2]. This study ofthe rel­

nl lvls lk: Renner effect 4IT x 1t is more complex in two 
r\lNpu<.; ts: firstly, diabetic electronic basis functions are 
11111 products of the orbital state and the spin factor; 
m;ondly, the size of the vibronic matrix is 8 x 8. Its 
ol~unvu lw.:s (potential energy surfaces) can be studied 
tln ly hy numerical methods. 

To <.;nlculal:e the elements of the vibronic matrix, in 
llils pnpl.: r we use the traditional methods of group 
lllllul: llon rules and vibronic symmetry operators. 
I lt-d ng I hcsc methods, we obtain all nontrivial contri­
llllllons lo I' he vibronic matrix and minimize the num-
1 Hll' ol' I nclcpcndent parameters in the vibronic matrix. 
l 11 II IIH work, we also used symmetrized combinations 
( tlornull modes and Pauli matrices) to expand the 
11111'1 1'0111 <.: Hamil tonian in a Taylor series and calculate 
I l it) H X H vibron ic matrix taking into account the con­
I i llltt llo 11s or the main, first , and second orders in the 
tllll'll lii l 111odcs (both in the electrostatic part of the 
ll illlll llo lliun and in the spin-orbit interaction). 

I'UU I' Jo:RTI ES OF SYMMETRY OF A THREE­
HL ECTRON HAMILTONIAN 

l'l111 iii tdn rela tivistic effect in the system under 
i llll~ ltl i ' l 'i !l lon is the spin-orbit interaction. Due to the 

111111•1, il lll ~J I (j<.; l ronic Hamiltonian is represented as the 
11111 11 nl' lwo opl.:rators: the electrostatic Hamiltonian 

565 

H es and spin-orbit interaction in the form of the 

Breit-Pauli operator Hso: 

fj = fjes + fjso· (1) 

We do not present here the form of the operators 

Hes and H50 , since they are well known and described 
in detail in many articles and books [1-3] . If a tri­
atomic molecule has linear geometry, consists of vari­
ous atoms, and includes an odd number of electrons, 
then its electronic Hamiltonian (1 ) is characterized by 
a double symmetry group C~v · Operators of this dou­
ble group commuting with the electron Hamiltonian 
H have the following form: 

A = (1 0) 
I 0 1 ' - i 

' 

3 ( i£/ 2 A £ A e 
Gz = IJ Ck(E) 

k = I 0 

(2) 

e-~1' ]; - a;, 

A 3 A (k) ( 0 1) 
Z a = ITO'xz -10 k ' 

- Z0 , (3) 

where index k indicates the number of the electron on 
which the operators act in products (2) and (3). In par-

ticular, the operators Ck(E) and 6~) act on the kth elec­
tron and are elements of the point group C=n corre­
sponding to rotation through angle E and reflection in 

the vertical plane xz. The spatial matrix operators a; 
and ia act both on the coordinates of the electrons 


