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Quantum mechanical investigations of the stability of empty fullerene C20+2n (n= 0, 2, 3, ..., 16) molecule isomers with the highest symmetry and the corresponding endohedral fullerene cages with twenty eight encapsulated atoms: even valence – Be, C, O, Mg, Si, S, Zn, Ge, Se, Cd, Sn, Te, Hg, Pb and odd valence – H, N, F, Al, P, Cl, Ga, As, Br, In, Sb, Tl, Bi were performed using the point set group theory in the framework of semiempirical MOPAC-PM3 method [1]. 


The quantum mechanical investigations of fullerene C24, C26, C28 molecule conformers are performed in the framework of point set group theory and semiempirical PM3 configuration interaction, MNDO, AM1 and ab initio Hartree-Fock (HF) methods. The main criterion of stability of calculated fullerene molecules we state the lowest total energy of various isomers and conformers that appears due to the Jahn-Teller distortion. The most stable occurs C24 D6 symmetry conformation with term �EMBED Equation.2 ��� and open shell C26 D3h symmetry conformation with term �EMBED Equation.2 ��� [2].


Quantum chemistry ab initio investigations of the stability of complexes: one fullerene C60 molecule + one CS2 molecule, two fullerene C60 molecules, two C60 molecules + one CS2 molecule were performed using HF method in good basis sets. Two stationary points of derivative C60 + CS2 during geometry optimization procedure were found. The positive energy of formation for the system consisting from two C60 molecules was found. The positive energy of formation equal 0.481 kcal/mol for complex: two C60 + one CS2 was found. The presence of CS2 molecule stabilises the complex consisting from two C60 and CS2 molecule in value equal 0.286 kcal/mol [3].


The catalytic activation of tetrahedral P4 allotrope of elemental phosphorus by transition metal complexes 1) -7) have been calculated and investigated using the HF and Density Functional Theory methods in the 6-311G, LanL2MB and LanL2DZ basis sets. 


1) [Cu(OH)(CH3O)(H2O)3((1-P4)]0, 2) [Fe(OH)(CH3O)(H2O)3((1-P4)]+1,


3) [CuCl(CH3OH)(H2O)3((2-P4)]+1, 4) [PtCl3(CH3OH)((2-P4)]-1 --- (Pt - II), 


5) [PtBr3(CH3OH)((2-P4)]+1 --- (Pt - IV), 6) [PdCl3(CH3OH)((2-P4)]-1 --- (Pd - II), 


7) [PdBr3(CH3OH)((2-P4)]+1 --- (Pd - IV),. The results of full geometry Berny optimization of complexes 4) - 7) shows that P4 molecule in the complexes transforms to the deformed pyramid - partially folded kite-like structures. The P-P bond in (2-P of P4 in the 4) and 7) complexes has broken during the full geometry optimization due to the coordination of (2-P to the central Pt atom. The HOMO of the optimized complexes lowered in comparison with not optimized complexes due to the large strains in not optimized complexes. The DFT B3PW91 model is better in comparison with HF for the calculations of coordination complexes [7]. The new series of transition metal complexes containing fullerene C60 molecule 8-14) was proposed for the catalytic activation of tetrahedral P4 allotrope of elemental phosphorus:


8) [fullerene C60Cu(H2O)3((1-P4)]0, 9) [fullerene C60Fe(H2O)3((1-P4)]+1,


10) [fullerene C60Cu(CH3OH)(H2O)3((2-P4)]+1, 11) [fullerene C60PtCl(CH3OH)((2-P4)]-1 --- (Pt - II),


12) [fullerene C60PtBr(CH3OH)((2-P4)]+1 - (Pt - IV), 13) [fullerene C60PdCl(CH3OH)((2-P4)]-1 --- (Pd - II),


14) [fullerene C60PdBr(CH3OH)((2-P4)]+1 --- (Pd - IV).


The quantum chemical calculations and investigations of the stability of twenty eight photoactive charge transfer supramolecules constructed from disc-like pentayne (pentakis(phenyle thynyl)phenyl) molecules with radicals R =  -OC5H11, -CH3, -CF3, -CN and seven organic electron acceptor molecules: TNF, TeNF, TCNQ, TN9(CN)2F, TCNB, TeClBQ, TeFTCNQ were performed using the MOPAC-PM3 method. All supramolecules have relatively small energetic gap, i. e. they are good electron donors and good electron acceptors at the same time. Therefore these supramolecules should be molecular photodiodes. Energies of formation are largest for supramolecules constructed from disc-like pentayne with -CH3 radical and TeNF or TN9(CN)2F molecules - 2.16 and 2.20 kcal/mol respectively. It was founded that: a) all investigated supramolecules: disc-like pentayne molecules::electron acceptor molecules are stable, possess dipole moments and are potential molecular photodiodes; b) the order of decreasing stability of the above mentioned supramolecules with various radicals is: -CH3 > -OC5H11 > -CF3 > -CN; c) the order of decreasing stability of the supramolecules with various electron acceptor molecules is: TeN9(CN)2F > TeNF > TNF > TeFTCNQ > TCNQ > TCNB > TeClBQ [1].


Molecular implementation (MI) of two, three, four variable logic functions, summators of neuromolecular networks, cells of molecular cellular automata, molecular trigger, devices of electronically genome regulation were designed based on results of semiempirical quantum chemical calculations of electron donor, electron insulator, electron acceptor and fullerene molecules [1, 4-6]. Complete set of sixteen MIs of two variable logic functions (for example: OR, AND, Implication, Equivalence, Difference, etc.) was designed and also proposed using MIs of two variable molecular logic function initial basic sets: {OR, AND, Negation} or {NOR} and, or {NAND}. We have described in more detail the designed MIs of: a) two variable logic functions OR, NOR, AND, NAND (two sets: one designed from planar molecules and another - from fullerene molecules) , Converse Unitary Negation-1, Converse Unitary Negation-0, Unitary Negation-1, Unitary Negation-0, “0” and “1” Matrix Constants; b) three variable logic functions AND, NAND, OR, NOR analogs; c) four variable logic functions OR, NOR, AND, NAND analogs, d) molecular cell that simulates one of Life figures, e) summator of neuromolecular network that simulates sigmoidal behaviour of artificial neurone. This was done based on quantum chemical investigations of organic photo-induced electron donor molecules: a) carbazole, 3,6-dibromcarbazole, TeMePhDA, PhDA; b) electron acceptor molecules: TCNQ, TCNB, TeClBQ, small empty and endohedral fullerene molecules: C60, C28, C28H4, C24H2, C20, C20H6, A@C60, A=Be, Zn, Cd and c) electron insulator molecules by using MOPAC-7 programme package [1, 4-6]. We have investigated in more detail the electronic structure of above mentioned planar electron donor and electron acceptor molecules and series of fullerene C60 substituted derivatives: C60CH2, C60C2H4, C60C3H6, C60C4H8 using ab initio HF method and designed new series of more correctly MIs of two variable logic functions OR, NOR, AND, NAND (two sets: one designed from planar molecules and another - from fullerene molecules) , Converse Unitary Negation-1, Converse Unitary Negation-0, Unitary Negation-1, Unitary Negation-0, “0” and “1” Matrix Constants based on geometry optimization procedure of above mentioned molecular devices. The electron hoping via the insulator bridges in the supermolecules: electron donor-bridge-electron acceptor phenomenon was investigated by using CNDO/S-Configuration Interaction method.
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