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The  urgent  need  in  energy-saving  technologies  requires  to  develop  efficient 
materials for energy conversion of sunlight with a high quantum yield.
 The research conducted in the present work is of great practical importance for the 
synthesis of optically active organic materials used in photonics, which allows to create 
photosensitizers, photoconductors, organic light-
emitting diodes (LED) applied in computer and telecommunication networks. 

The majority of the current methods for quantum-chemical calculations that can 
be applied to polyatomic systems have a whole series of approximations, which cannot 
preserve the high quality of results. However, for the numerical integration, which is 
used to study nonlinear optical properties one must have high accuracy in the values of 
total energies or dipole moments. Thus, the present work gives a good feedback to the 
increasing demands in developing of linear scaling electronic structure methods with the 
effective precision for the study of linear and nonlinear optical properties of periodic and 
aperiodic polymeric structures with delocalized π-system.

   Goals  and objectives  of  the  study: to  establish  structure-property  relations, 
systematic  analysis  of  the metal–fullerene  interaction,  the  study of  nonlinear  optical 
effects of fullerenes derivatives and carbon nanostructures. The performed analysis of a 
wide range of quantum-chemical methods is aimed to study photophysical properties of 
fullerene derivatives. In particular, as a result of the work it was found the cause and the 
relationship between the overshooted values of polarization components and the donor 
ability of the  substitute. Qualitatively and quantitatively evaluated the electronic and 
vibrational  contributions  to  the  hyperpolarizability  of  fullerene-chromophore  donor-
acceptor  pairs.  Single  and  two-photon absorption  spectra  of  functionalized  fullerene 
derivatives that  were calculated on the basis of  quantum-chemical  calculations agree 
well with experimental results obtained by MALDI-TOF-MS, ATR-IR, UV, NMR, Z-
scan spectroscopies.

 Particular attention is paid to the design and development of new elongation (O)N 
linear methodology for application in quantum-chemical theory of electronic structure. It 
was  shown  that  this  method  display  accuracy  comparable  to  the  accuracy  of 
conventional method calculations and greatly reduce the cost of CPU time, which make 
it  an  indispensable  tool  for  studying  the  electronic  structure  of  the  nano-sized 
compounds.


