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ABSTRACT

Density Functional Theory (DFT) and Time-Dependent Functional Theory (TDDFT) have been
used to investigate the geometrical structures, electronic, linear and nonlinear optical (NLO)
properties of some newly designed derivatives of a pyrene-core compound, namely
N1,N1,N3,N3,N6,N6,N8,N8-octakis(4-methoxyphenyl)pyrene-1,3,6,8-tetraamine  ( PYOMe).

The novel designed derivatives are substituted with groups of different electron-donating ability,

namely, N1,N1,N3,N3,N6,N6,N8,N8-octaphenylpyrene-1,3,6,8-tetraamine (PY),
N1,N1,N3,N3,N6,N6,N8,N8-octakis(4-(dimethylamino)phenyl)pyrene- 1,3,6,8-tetraamine
(PYA3), N1,N1,N3,N3,N6,N6,N8,N8-octakis(4-(methylamino)phenyl)pyrene-1,3,6,8-

tetraamine (PYA2), N1,N1,N3,N3,N6,N6,N8,N8-octakis(4-aminophenyl)pyrene-1,3,6,8-
tetraamine (PYAL), N1,N1,N3,N3,N6,N6,N8,N8-octakis(4-ethoxyphenyl)pyrene 1,3,6,8-
tetraamine (PYOEt), NI1,N1,N3,N3,N6,N6,N8,N8-octakis(4-phenoxyphenyl)pyrene-1,3,6,8-
tetraamine (PYOPh), 4,4'4" A" 4" 4 A A"-(pyrene-1,3,6,8-
tetrayltetrakis(azanetriyl))octaphenol (PYOH), N1,N1,N3,N3,N6,N6,N8,N8-octakis(4-
ethylphenyl)pyrene-1,3,6,8-tetraamine  (PYEt), and N1,N1,N3,N3,N6,N6,N8,N8-octa-p-

tolylpyrene-1,3,6,8-tetraamine (PYMe)

The LC-DFT/MO06/6-311G(d,p) and LC-TDDFT/MO06/6-31G(d) were used to investigate the
geometrical, electronic and optical properties of nine derivatives in their neutral, cationic and
anionic forms. The frontier orbital energy levels and their distribution shapes were computed for
all derivatives and compared in the neutral and ionic forms. The results indicated that groups

with different electron-donating abilities in the PY-core framework lead to different optical



properties. According to the calculations, stronger electron-donating substituents remarkably
destabilize the HOMO and LUMO, while weaker electron-donating substituents stabilize them.
The reorganization energies, vertical and adiabatic electron affinities/ionization potentials were

also calculated and discussed.

For the same series of investigated compounds (in addition to the parent unsubstituted molecule
(PY), and using the same functional and basis sets, we elucidate the structure-property
relationship for the effect of electron-donating substituents on tuning the NLO. Comparison
between the obtained results and those of the prototypical NLO chromophore p-nitroaniline
(pNA) were performed. Charge transfer descriptors were investigated. The trend observed for the
total hyperpolarizability (8;,.) amplitudes was justified by the parameters in the two-level model
for two crucial transitions of the investigated systems. Additionally, our results indicate that
optimal combinations of the different (optical) parameters involved in two-level approximation

affects the NLO properties of the systems under investigation.



