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Nuclear Motion and Isotopic Effect

in Potential Energy Functions of Isotopic Molecules
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Abstract: The general potential energy function is only the function of electronic self-
energy under Born-Oppenheimer approximation, where the nuclear motion is not taken
into account, so the potential energy functions of isotopic molecules with same quanti-
ties of electrons but different mass number can not been differentiated. However, with
considering nuclear motion effect, i. e. correcting electronic energies by nuclear
vibrational, rotational, and translational energies, the dissociation energy and second-
order forces of isotopic molecule can be obtained, and then the three-body term can be
determined. On the other hand., with isotopic effect, parameters of potential energy
functions of two-body terms can be attained. Consequently, the isotopic molecular ana-
lytical potential energy function in terms of many-body expansion can be derived. Tak-
ing HTO(X'A)) as a case, its analytical potential energy function was obtained based

on nuclear motion and isotopic effect, and its potential contours exactly show the char-
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acteristics of equilibrium geometry and dissociation energy, isotopic effect of H and T,

and reactions of H+OT—HTO and T+OH—HTO.
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1

eSS /(g + mol 1) ax/cm ! wey, /em” Be/em ! o/cm ! R./nm D./eV
HT(X!3) - 0.755 403 9 3597.05 81.678 40. 595 1.664 0 0.074 14 4.747 0
OH(A?3)HH0 0.948 087 1 3178. 86 92.917 17. 358 0.786 8 0.101 21 3.368 0
OT(AZS) 2.537 559 9 1943.07 34.716 6.485 0.179 7 0.101 21 3.369 8
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Table 3 Dissociation energy of HTO( X" A, )
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