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Study on the Synthesis and Characterization of Metal
1, 2-Naphthalocyanine Complexes, and its Conducting
Salt Based on the Axially Substituted Species
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The 1,2-naphthalocyanine (1,2-Nc) ligand, the larger derivative of well-known phthalocyanine
(Pc), has been known since 1930’s. Whereas the Pc has found various applications including
conducting solids, reports on 1,2-Nc are scarce. This is mainly due to the existence of several isomers
(with point groups C,, Cu, C,, and Dy,) and difficulty in obtaining pure compounds. The need to
sustain the search for molecules to serve as building blocks of new materials with interesting solid
state properties is the author’s main motivation in pursuing this work.

In this thesis, the synthesis, isolation and characterization of the metal(1,2-Nc) complexes and a
one-dimensional conductor based on the axially substituted 1,2-Nc-C,, species are reported. The single
crystals of Mg(1,2-Nc-Cy), and the simple salt of TPP[Co(1,2-Nc-C, X CN),] (TPP =
tetraphenylphosphonium) have been obtained and their respective molecular structures have been
analysed by X-ray. The target C,, isomer has been chosen because it has the highest symmetry among
the isomers which is expected to lead to the most uniform n-x stacking interaction in the solid. The
[Co(1,2-Nc-C4,)(CN),]" anion has been intended to serve as the building block from which a
conducting solid is to be constructed. It was synthesized from the isolated Mg(1,2-Nc-C,;) since
efforts on the isolation of the C, isomer in the mixture of Co(1,2-Nc) complexes afforded the
monopyridinated Co(1,2-Nc-C,,) instead as revealed by X-ray. The more extensive n-aromatic system
of the 1,2-Nc-C,, ligand may lead to solids exhibiting different properties from those derived from Pec.

This thesis is composed of five chapters.

Chapter 1 is a general introduction.

Chapter 2 discusses the synthesis, isolation and characterization of the M(1,2-Nc-Cy)
complexes, where M = Mg or Co,. The Mg(1,2-Nc) has been synthesized by dry fusion of Mg turnings
with 1,2-naphthalenedicarbonitrile. The Mg(1,2-Nc-C,,) was found to be easily crystallizable and was
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isolated as a single crystal revealing water coordination of the central Mg atom, which was also found
for MgPc. This interaction with water resulted in the Mg atom deviating out of the n-ligand plane.
Detailed comparison of the two structures revealed no significant difference in the tetraazaporphyrin
(TAz) framework, except for a small but detectable systematic difference in the bond lengths ascribed
to a Cy-type of deformation in the 1,2-Nc-Cy, ligand. Nevertheless, the 1,2-Nc-Cy, system was found
to maintain the planar structure with a rather high degree of delocalization. The Mg complex was
demetallated, transformed to the Li, species which was then exchanged with cobalt(Il) acetate, to
afford the Co(1,2-Nc-C,) complex. Axial substitution and metal oxidation gave the [Co(l1,2-Nc-
C4)(CN),], which was characterized by X-ray as the simple salt of TPP[Co(1,2-Nc-C4)(CN),]). UV-
Vis and CV measurements demonstrated comparable electronic structure and oxidation potentials with
the corresponding [CoPc(CN),] anion, in agreement with previous theoretical works.

In Chapter 3, the synthesis, isolation and structural characterization of the Co(1,2-Nc-C,,)
complex are presented. The molecule was isolated as purple needle-like crystals by repeated fractional
recrystallization in pyridine:acetone. X-ray analysis revealed the monopyridinated complexes existing
in dimeric form with an overlap mode similar to the B-CoPc stack. Molecular orbital calculation by an
Extended Hiickel (EH) method of the (1,2-Nc-C,,) ligand showed the atomic orbital composition of
the HOMO and LUMO consisted mainly of the atoms in the inner ring compared to the peripheral
ones and that the nodal pattern was similar to that of Pc. The Q band in the electronic absorption
spectra was slightly shifted cdmpared to Pc, and the theoretically expected splitting, splitting of the
degenerate LUMO levels due to symmetry lowering, was not detected.

Chapter 4 presents the structure and physical properties of the conducting partially-oxidized salt
of TPP[Co(1,2-Nc-C4,)(CN),], obtained from electrochemical oxidation of the  Co(1,2-Nc-
C4)(CN),] anion with the TPP cation. The crystal structure belonged to the tetragonal system and had
a unit cell consisting of four TPP cations and eight [Co(1,2-Nc-C4)(CN),] units. The effective charge
of one 1,2-Nc¢-C,, unit was —0.5 suggesting the partial oxidation. The 1,2-Nc¢-Cy, rings formed one-
dimensional chains of the partially-overlapping slipped-stack macrocycles and one-dimensional arrays
of the TPP cations similar to the analogous Pc conductors. The evaluated magntiude of m-m
interaction was found to be just about one-third of that in the Pc conductors. The room temperature
conductivity was about 0.3 S-cm’”, and its temperature dependence displayed a weak thermally-
activated (semiconducting) behavior with an activation energy (E,) of 0.03 e¢V. The narrow band
width and the strong Coulomb interaction (U) in this salt were reflected in the thermoelectric power
behavior, which suggested very large electron-electron correlation effects operating in the solid. This
was also suggested by the preliminary results of the spin susceptibility measurements.

Chapter 5 summarizes the important contributions of this thesis, and the concluding remarks

and future aspects are mentioned.
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