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1. Our research in 2023 have been focused on the problem of molecular quantum cellular automata 

(QCA) that promise fundamentally new principals of nano-electronics and computing with 

molecules. We have developed a vibronic theory of clocking in molecular QCA. The clocking 

mechanism is considered for a trigonal trimeric mixed-valence (MV) system with one mobile 

electron, which is shown to act as the dimeric unit encoding binary information (Boolean states 0 or 

1) coupled to the third redox center (Null state). The model includes electron transfer between the 

three centers, vibronic coupling of the mobile charge with the "breathing" modes and the two electric 

fields, one collinear to the dimeric unit, which controls the binary states, and the second one, 

perpendicular to this unit, performing clocking. In the framework of the adiabatic approximation the 

potential surface of the trimeric system has been studied and the condition determining switching and 

clocking have been analyzed in terms of the two controlling fields, as well as on the vibronic and the 

transfer parameters. A thorough understanding of the site populations is achieved through the 

quantum-mechanical solution of the vibronic problem maintaining the adiabatic condition for the 

controlling fields. It is shown that a MV trimer can act as a molecular clocked QCA cell, with 

favorable conditions being a positive electron transfer parameter and sufficiently strong vibronic 

coupling. 

2. The effects of electronic and vibronic interactions on the specific heat release occurring in course of 

nonadiabatic switching of the electric field polarizing the one-electron mixed-valence dimer is 

analyzed within the framework of the vibronic model. The search for the optimal parametric regime 

from the point of view of minimizing heat release is carried out taking into account the requirement 

to maintain a strong nonlinear response of the dimer to the applied electric field. Calculations of the 

specific heat release and the response performed in the framework of the quantum mechanical 

vibronic approach show that although the heat release is minimal at weak electric field acting on the 

dimer in combination with weak vibronic coupling and/or strong electron transfer, while such 

combination of the parameters is incompatible with the requirement of a strong nonlinear response. 

Unlike this, for molecules exhibiting strong vibronic interaction and/or weak transfer, a rather strong 

nonlinear response can be obtained even with very weak electric field, which, in turn, ensures low 

heat release. Thus, we can conclude that an efficient strategy to improve characteristics of molecular 

quantum cellular automata devices or other molecular switchable devices based on mixed-valence 

dimers consists in usage of molecules subjected by the action of weak polarizing field, which are 

characterized by strong vibronic coupling and/or weak transfer. 

3. This part of the work has been focused on the optical properties of the rare-earth ions in doped 

crystals. The rare-earth ions in crystals such as terbium (YTaO4 :Tb3+) and europium (YTaO4 :Eu3+)- 

activated yttrium tantalate phosphors have a number of attractive features that predetermine their 

crucial role in practical application in contemporary optoelectronic devices. We employ the group-

theoretical arguments aimed to reveal the group-theoretical classification of the crystal field levels 

and selection rules for the allowed optical transition between the crystal field components of Tb3+ 

and Eu3+ of the low symmetry crystal field in the activated yttrium tantalate phosphors. We also 

establish possible polarization rules for the lines corresponding to the allowed transitions. We deduce 

the symmetry-assisted results for the selection rules in the optical transitions accompanied by the 

absorption/emission of the vibrational quanta. The selection rules for the vibronic satellites of the 

zero-phonon lines are expected to be useful for the identification of the lines in the spectra of rare-

earth ions with a weak vibronic coupling. The results of the low-temperature measurements of 

photoluminescence under the 325 nm excitation are in compliance with the group-theoretical 

analysis. The aim of the paper is to establish symmetry-assisted results that are the background of the 

quantitative crystal field theory based on the quantum-mechanical consideration. In this part of the 

work we report the luminescence properties of nanosized undoped and Eu2+ (1%) doped SrAl2O4 

phosphors. Photo luminescence (PL) and cathodoluminescence (CL) analyses were applied to 



characterize the phosphors. The qualitative energy level scheme of doped crystal SrAl2O4:Eu2+ and 

nature of defects in undoped phosphor is proposed and discussed. Within a simplified model of a 

single vibration and linear vibronic coupling the shape-function of the vibrationally assisted band 

(Pekarian) is analyzed with the emphasis on the vibrational structure. We propose an approximate 

approach to pass from the discrete Pekarian distribution to the structureless crystal field spectra 

taking into account phonon dispersion. This approach is expected to be useful for the description of 

the shape of the bands when the electronic levels are close to the conduction band of the host crystal.  
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