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研究成果の概要（和文）：最大14個の窒素原子を含む一連のアセン化合物「含窒素アセン」を合成し，有機化学
的解析手法および単結晶構造解析によりその構造を同定した．合成した含窒素アセンは、報告されている中で最
も長い化合物である．この含窒素アセンを還元することで、窒素原子上の水素原子が非局在化することを示し
た．また，これらの含窒素アセン類は基板表面で自己組織化し超分子ポリマー構造を形成することを明らかにし
た．本研究で合成した含窒素アセン類は，その電気化学特性から有機薄膜太陽電池への応用可能性を有するとと
もに，プロトン源または光感受性化合物存在下で有機触媒として応用可能であることを示した．

研究成果の概要（英文）：A class of linear acenes containing up to 14 nitrogen atoms has been 
prepared. These are the longest ‘pyrazinacene’ compounds prepared to date. The compounds have been
 characterized by chemical methods and crystallography. If compounds contained reduced rings (i.e. 
have hydrogen atoms) they were found to be delocalized, as predicted. Several compounds were studied
 for self-assembly on surfaces and were found to form polymeric structures. Some of the compounds 
were found to be useful for solar cell applications.  The compounds were also found to be highly 
useful as organic catalysts based on the presence of the exchangeable protons and photosensitivity, 
as discovered in this work. 
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１．研究開始当初の背景 
 
Acenes, such as pentacene, are an 
important class of material for organic 
electronics. Pentacene has been used to 
prepare organic field effect transistors 
having charge carrier mobilities in excess 
of 5 cm2/Vs, exceeding that of amorphous 
silicon. For this reason, there has been 
great interest in synthesis of acene 
derivatives both domestically and in the 
broader chemistry community. Several 
groups have reported extended acenes, 
acenes with appended groups for solution 
processing and also heteroatom 
substituted acenes.  
 
In previous work, we have developed new 
syntheses of nitrogen atom substituted 
acenes which exhibit a variety of 
properties based on their differences with 
normal CH-only acenes and for which we 
coined the original term 
‘PYRAZINACENES’. In particular, we 
have observed that extended linear 
reduced N-subsituted acenes ([H]-
pyrazinacenes) undergo tautomerization 
involving intra- molecular proton transfer 
between nitrogen atoms of their acene 
skeletons. We have also determined using 
density functional theory (DFT) 
calculations that proton transfer is 
coupled with electronic orbital structure. 
 
２．研究の目的 
 
The purpose of this research is to develop 
the science of nitrogen-substituted acene 
(pyrazinacene) derivatives as protonic 
materials (at the single molecule and bulk 
levels). It will lead to advances in basic 
scientific understanding of tautomeric 
processes and its potential for application 
in high level molecular electronics and for 
advanced applications as protonic 
materials, for instance, in molecular 
electronic applications. 
 
３．研究の方法 
 
Pyrazinacenes were prepared by organic 
synthetic methods based on our previous 
work, and their structures characterized 
using NMR spectroscopy and other chemical 
analytical methods as well as by X-ray 
crystallography where possible. The 
compounds were also analyzed using DFT 
methods and cyclic volatammetry. Some of 
the compounds were developed for solar cell 
applications while others were investigated 

for their self-assembly properties including 
in solution and on surface.  
 
 
４．研究成果 
 
The results can be divided into four areas: 
(a) synthesis, (b) dye sensitized solar cells, 
(c) self-assembly on surface, (d) self-
assembly in solution and. 
 
(a) Synthesis. Preparation of the 
compounds was successful leading to 
longest ever prepared pyrazinacene 
compounds as well as phenanthroline 
compounds. For the latter, a one-step 
synthesis was discovered leading directly 
to octaazapentacene derivatives. The first 
ever synthesis of decaazapentacene was 
successful and included the preparation of 
octaazatetracene which had also never 
been prepared. Monomer compounds for 
synthesis of polymer materials were 
prepared. N-substitution by alkylation 
was used as a method to investigate 
proton mobility in these compounds. 

Figure 1. Compounds prepared in this 
work 
 
(b) Dye-sensitized solar cells. Compounds 
substituted with phenanthroline groups 
were used to prepare Ru-containing dye 
sensitzers and were incorporated in 
typical Graetzel-type cells. These gave 
modest performance but the results 
successfully indicate the potential of 



using these compounds for photovoltaic 
applications. 

Figure 2. Device characteristics of DSSC 
from Ru-pyrazinacene. (a) I-V curves and 
on/off characteristics. (b) HOMO-LUMO 
structures indicating push-pull action. 
 
The one step synthesis of unsymmetrical 
octaazapentacene from commercially 
availavle precursors was also discovered 
and developed: 

 
(c) Self-assembly on surface. 
Symmetrical and unsymmetrical 
compounds were assembled into films on 
surfaces.  

Figure 3. Monolayer films with unique 
structures from pyrazinacenes. 
Figure 3 reveals the unique antiparallel 
bimolecular assembly of 
unsymmetrically-substituted molecules. 
For symmetrically substituted ones 
(octaazatetracene), different features 
were found (see Figure 4). Molecules 

assembled based on C-H…N hydrogen 
bonding and were cyclodehydrogenated to 
polyaromatic acenes after high 
temperature annealing. These features 
are important for their proton conducting 
properties. 

Figure 4. Scanning tunneling microscopy 
images of octaazatetracene revealing self-
assembly of the molecules into polymeric 
lines. 
 
(d) Self-assembly in solution.  
In this work, long pyrazinacenes 
composed of up to 7 pyrazine groups have 
been synthesized. Because of their 
amphiphilic character, they were found to 
self-assemble into fibre and sometimes 
helical fibre structures. 

Figure 5. Scanning electron microscopy of 
pyrazinacene self-assembled fibres. Inset 
shows spontaneously helical fibre 
formation. 
 
The successful synthesis of this family of 
materials has allowed us to investigate 
the self-assembly properties, the 
tautomeric properties of the compounds 
and electronic properties especially 
towards energy-related applications. The 
characterization of these materials is still 
ongoing and it is expected that further 
breakthroughs will be made in 



applications related to the structures and 
properties of these novel compounds.  
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