
short-lived and thereafter the green emission band grows in
(SI). The observation supports that the dynamic conforma-
tional change in the excited state is responsible for the blue and
green “dual fluorescence”. At 77 K, compound 1 eventually
exhibited a blue emission in the glass of MTHF. The
fluorescence bands showed the λem of 433 nm with vibronic
peaks at 460 and 491 nm. In comparison to the blue emission
of 1 in the PMMA film, the spectrum in the MTHF glass state
was structured and more blue-shifted, indicating that the
conformational change of 1 in the excited state was suppressed
to a greater extent in the glass state. On the other hand, the
excitation spectra showed no temperature dependence from
296 to 77 K, regardless of the emission wavelengths (SI). As a
result, the conformational flexibility should play an important
role in the excited state on the fluorescence rather than in the
ground state on the absorption properties.
To gain insights into the structural change in the excited

state, theoretical calculations were conducted for the skeleton
1′ (Figure 1) using the TURBOMOLE quantum chemistry
program15 at the PBE0/def-SV(P) level of theory (Figure 3b).
The geometries of 1′ in the S1 excited state were first optimized
with the constraint of the COT bent angle θ from 0 to 45° in 5-
degree changes, and then the energy minimum points were
fully optimized. The calculations demonstrated that, while the
V-shaped structure with θ = 40.6° gave the lowest energy
potential in the S0 ground state, the most stable geometry in the
S1 excited state is a planar conformation (θ = 0°) (SI). Thus,
the “flapping” of the anthracene wings is the mode of
conformational change upon photoexcitation.
Importantly, the S1 state has a local minimum at θ = 22.8° in

addition to the global minimum at θ = 0° (SI). Radiative decay
processes from these two states should be responsible for the
dual fluorescence. Namely, the blue emission results from the
shallow V-shaped excited state, while the green emission occurs
from the planar excited state. The temperature dependence
should be due to the restricted conformational change in the
excited state at the lower temperature. In the range from 296 to
163 K, compound 1 undergoes the conformation change into
the planar global minimum, which emits the green fluorescence.
Upon approaching the freezing point of MTHF (137 K), the
planarization in the excited state is gradually suppressed due to
the increasing solvent viscosity at the lower temperature.
Instead, the radiative decay process from the V-shaped local
minimum becomes dominant, resulting in the blue fluores-
cence. Whereas the energy difference between the planar and
shallow V-shaped conformations in the S1 state (ΔES1,V‑P) is as
low as 0.062 eV, the planar conformer is much more unstable
than the shallow V-shaped conformer by 0.21 eV in the S0 state.
As a consequence, this structural change results in the
significant change in the fluorescence colors (Figure 3). The
small energy difference ΔES1,V‑P can also explain the fact that
the blue emission band was observed as a shoulder together
with the green emission bands even at room temperature in
solution. The ΔES1,V‑P value implies that both the V-shaped and
planar conformers can coexist in the ratio of 1:12 at 296 K in
the excited state.
In contrast to the roles of the flexible COT core for gaining

the dual fluorescence of the blue and green colors, the rigid and
planar anthraceneimide wings in 1 are essential for gaining the
red emission in the crystalline state. To elucidate the structural
impact on the solid-state fluorescence, we next determined its
crystal structure and compared its solid-state properties to that
of an anthraceneimide monomer 2 as a reference compound.

Single crystals of 1 were obtained by careful recrystallization
from a hot o-dichlorobenzene solution by slowly decreasing the
temperature. A synchrotron radiation single crystal X-ray
diffraction analysis demonstrated that 1 forms a stacked array
structure in spite of the nonplanar V-shaped conformation with
θ = 44° (Figure 4). In this structure, the planar wings are

stacked on both sides of the COT core. In other words, the
central tub-shaped COT core forces the two-fold π-stacked
array structure. The π-stacking of the anthraceneimide moieties
is in a slipped fashion along the long axes of the anthracene
moiety with the short interfacial distance of 3.39 Å. The strong
π-stacking ability is responsible for the low solubilities in
common organic solvents (for example, 7 mg/L in CH2Cl2, 60
mg/L in CHCl3) and readily formation of fibrous microcrystals
(SI).
The reference compound 2, a rigid substructure of 1, showed

blue emissions both in solution and in the PMMA matrix
(Figure 5). The similarity in their emission spectra to each

other are reasonable for considering its rigid skeleton. In the
crystalline state, this compound forms π-stacked dimers,
showing an excimer emission (τ = 88 ns) with the λem = 538
nm. However, the extent of the red shift (4140 cm−1) from that
in the PMMA film is far smaller compared to 1 (5790 cm−1).
Consequently, the emission color of the crystals was only
greenish yellow. The significantly red-shifted excimer-like
emission observed for 1 should be due to its characteristic
two-fold π-stacked array structure, which may be more suitable
for the formation of the contact excimer or the excited
oligomer.16

In conclusion, we have designed and synthesized a π-
conjugated system that consists of a flexible π joint and two

Figure 4. Two-fold π-stacked array structure of 1 in the crystalline
state (50% probability for thermal ellipsoids).

Figure 5. (a) Photographs and (b) spectra of the luminescence of 2 in
PMMA matrix (left, blue line), in CH2Cl2 (middle, black line), in
crystals (right, green line). λex = 300, 300, and 400 nm, respectively.
(c) π-stacked dimer of 2 in crystals (50% probability for thermal
ellipsoids).
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電子不足な含窒素π共役系を両翼にもつ V字型分子の合成とカラ
ムナー液晶材料への展開 
（京大院理 1）○大野 滉太 1・須賀 健介 1・御代川 克輝 1・齊藤 尚平 1 
Synthesis of V-shaped molecules bearing electron-deficient π-system and development of 
columnar liquid crystals (1Graduate School of Science, Kyoto University) ○Kota Ono,1 
Kensuke Suga,1 Katsuki Miyokawa,1 Shohei Saito1 

 
Recently, photofunctional soft materials with a real-time photoresponse has attracted 

attentions.[1] Photoresponsive molecules can be applied to a variety of materials, including 
reworkable adhesives.[2] Flapping V-shaped molecules (FLAP) are one of the photoresponsive 
molecules. FLAP has rigid π-wings and a flexible cyclooctatetraene (COT) ring, which shows 
conformational planarization in excited state.[3] In addition, FLAP tends to columnarly 
assemble by a two-fold π-stacked structure.[4] Here, we expect that the use of electron-deficient 
dipyridophenazine (dppz) skeletons for the rigid π-wings would lead to more robust columnar 
stacking structure. In this study, we introduced long alkyl chains at the dppz-FLAP skeleton for 
developing highly cohesive photoresponsive columnar liquid crystals. In this presentation, we 
will discuss aggregation structures and phase transition properties of dppz-FLAP. 
Keywords：Columnar stacking; Nitrogen-doped π-system; Liquid crystal; two-fold π-stacking  
 
近年、光照射の on-offによって即座に応答する分子を組み込んだ機能性ソフトマテ
リアルが注目を集め[1]、リワーク可能な接着材料など様々な応用が期待されている[2]。 
剛直な π 共役部位と柔軟な 8 員環からなる V 字型分子 FLAP は励起状態で平面化
し、基底状態では V字型に戻るリアルタイム光応答分子である[3]。それに加え、FLAP
は両翼の π 共役部位による二重 π スタッキングに由来して強固なカラムナー集積構
造を示す傾向がある[4]。本研究では、この FLAP分子の両翼に電子不足なジピリドフ
ェナジン(dppz)部位を用いることで、より強固な二重 πスタッキング構造を構築し、
凝集力の高い光応答性カラムナー液晶材料の開発を試みた。本発表では、複数の長鎖

アルキル基を導入した dppz-FLAPの合成、その集積構造と相転移特性を報告する。 
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Fig. 1. dppz-FLAP 

Fig. 2. Columnar stacking of 
FLAP molecules 
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