
Abstract

Description of the fłst principle of the hydrogen molecule: dynamicał
and statistical properties and interaction with the ęnvironment
In my dissertation, I analyzed the physical properties of a diatomic molecule, which is thę
simPlest possible, but non-trivial physioal system that can be very accurately desońbed.
1 deteminęd thę d}namic and statistical propeńies as well as thę inte@ction of the molecule
Mth ftŚ envirclime t.

]n the first pań of the disseltation, I used ions for the analysis, which could consist of two
identical or diferent atoms, where the nuclei of atoms together with the electuons of the inner
shelb V.ere gtomic ooles with an effeotive charge, 8rń the bondĘ in the ions \'99 cacied out
via onę ęlectron. The electron Hamiltonian eners/ parametels were calculated using the
variation method. Chaotic behavior was observed in the system with an appropńately selected
input. The charge distribution ofthe cores and thei! mass did not qualitatively aflect the value
ofthe Lapunov exponents in the amplitude-ftequency paxameter space.

During further lesęarch, I used a hydrogen moleculę. In the Hubbard I.Iamiltonian, which is
used to determjre the energy states ofa molecule, I included all two-body interactions. In order
to &nelyze th€ Śtatisticel propelties ofthe system ofhydlog€E mol€cules, I used the rjlołecular
diluted gas model. I detemined the entfopŁ total energy and śpecific heat of systems that
contain more than three molecules. I made the calculations using non-extensive statistics. Ailer
the analysis, it turnęd out that a noticeable dęviation of the lesults from classica,l statistica,l
physics occrrrs for a system contaińng morc than a thousand molecules.

Irr the last palt of the work, 1 analyzed the electonic plopeńies of the hydrogen bridge in
molecular nanojunctions with platinum, gold and copper elecbodes. To descdte the electronic
system of the bridge, I used ttre flon.H€ffiiti&ri Hamiltonian invafiant to &e PT-symm€try,
whichallowed me io analyze the iauence of t}e ele€trodes on (hę intefestĘ physioalpropertios
of the bridge. I determined the values of the force acting on the molecule in each of the
examined lanojunctions, the energetic pammete$ ofthe }Łmilionian as well as the elęctrońc
states ofthe bńdge and its enelgetic structwe.
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