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Since the orbiting effect corresponds to the formation of a quasi-bound state of interacting particles, they 
orbit each other like a bound system. Therefore, the deflection angle increases continuously, and its value tends 
to infinity (fig. 3). 

Figure 4 represents the dependence of the 1 −( )cosχ  function on the impact parameter b for several values 
of reduced energy E. Figure 4, a, corresponds to relative energy E = 0.014, which is less than the critical ener-
gy (Ec = 0.284), and, therefore, it demonstrates the orbiting effect. In addition, figure 4, b, represents energy 
E = 0.324 near-critical one, and 1 −( )cosχ  function rapidly oscillates between values zero and two. Figure 4, c 
and d, correspond to energy values, which are greater (E = 0.490) or much greater (E = 42.0) than critical ener-
gy. The latter one demonstrates monotonic dependence of the 1 −( )cosχ  function on the impact parameter b.

The exact empirical potentials for interaction between radium atom and halogen atoms (F, Cl, Br and I) 
are unknown. In order to calculate the required transport properties, we have used the ab initio PECs for the 
ground state of the RaF [15], RaCl [20], RaBr [16] and RaI [17] molecules. These PECs have been calculated 
at the FS-RCCSD [14] level of theory, which is one of the most successful tools for predicting the electronic 
structure and properties of molecular compounds containing heavy atoms. It provides the most accurate data 
on PECs and other characteristics of complex molecular systems [15; 20]. 

The ground state PECs were calculated near their minima and were extrapolated to the larger internuclear 
distance via the Morse potential [21]: 
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where De is the dissociation energy; re is the equilibrium internuclear distance; a depends on PEC’s parameters:
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where we is a harmonic frequency. 
Besides, the ground state PECs, obtained by formula (18), for the radium monohalides are shown in fig. 5. 

Since the real PEC can significantly differ on the Morse potential function, for comparison we have also cal-
culated the transport properties for the potassium – rubidium medium. In contrast to radium monohalides, 
the ground state PEC for the KRb molecule has been obtained through both experimental [22] and theoreti-
cal [23; 24] methods. We have performed the calculations of the transport properties for the K – Rb medium 
using exact empirical potential [22] and the model Morse potential. It allows us to estimate possible errors 
introduced by using the model potential function instead of the real one.

The transport properties as well as the Morse potential, depend on the reduced mass of interacting parti-
cles. The radium does not have stable isotopes. The longest-lived isotope of radium is 226Ra with a half-life 
of about 1600 years. The fluorine has only one stable isotope, namely 19F. The chlorine has two stable isotopes 
( 35Cl and 37Cl) with abundances of 75.77 and 24.23 %, respectively. The bromine also has two stable isotopes ( 79Br 
and 81Br) with abundances of 50.69 and 49.31 %, respectively. The iodine has only one stable isotope, namely 
127I. The potassium has two stable isotopes ( 39K and 41K) with abundances of 93.26 and 6.73 %, respectively. 
The rubidium has only one stable isotope ( 85Rb) and one long-lived isotope ( 87Rb) with abundances of 72.17 
and 27.83 %, respectively. We calculated the transport properties for the 226Ra – 19F, 226Ra – 35Cl, 226Ra – 37Cl, 
226Ra – 79Br, 226Ra – 127I and 39K – 85Rb dilute gas media. 

Fig. 3. The two particles collision in the orbiting case at energies less  
than Ec, where the deflection angle χ varies from zero to infinity


