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Relationship between Band and Crystal Structures of Organic Topological Materials
(‘Graduate School of Science and Engineering, Ehime University, *E-USE, Ehime University)
OKoki Funatsu,! Sakura Hiramoto,' Ryuhei Oka,' Toshio Naito' 2

Recently, an increasing number of topological materials (=TMs) with Dirac cones (DCs) or
Nodal lines (NLs) have been discovered in organic charge-transfer complexes’?. a-ET,lI5 (ET:
Fig. 1a) belongs to the TMs with anisotropic and tilted DCs, where pressure (P) suppresses the
anisotropy and tilting angles®. The analogue compounds of a-ETals, a-STF,I;" (STF: Fig. 1b)
and o’-STF,IBr»?, also share such features of the TMs. The band structure of o-STF.l; is
characterized by DCs with small anisotropy (Fig. 1¢)¥, while that of o’-STF,IBr; is close to
NLs or tilted DCs with large anisotropy (Fig. 1d)?. The temperature (7) dependence of
resistivity of a’-STF,IBr; at 2.0 GPa is close to that of o.-STF-I; at ambient pressure®, which
suggests that pressure transforms the band structures from NL- to DC-types. Systematic studies
on the organic TMs would enable to delve into the Dirac fermion systems based on a unified
P-T phase diagram.

Keywords : Organic Topological Materials; Charge Transfer; Band Structure; Anisotropy
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Fig. 1 Molecular structures of a) ET and b) STF. Band structures of ¢) a-STFzls, d) o’-STF2IBr».

1) R. Oka, et al., Magnetochemistry, 2023, 9, 153.

2) K. Funatsu, et al., Crystals, 2023, 13, 1606.

3) Y. Suzumura, et al., Crystals, 2012, 2, 266 —283.
4) T. Naito, et al., J. Phys. Soc. Jpn., 2020 89, 023701.
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Theoretical Study Using Lippmann-Schwinger Equation: Influence of Heteroatom Substitution
on Single-Molecule Electrical Conductance ('Graduate School of Engineering Science, Osaka
Univ., 2QIOB, Osaka Univ., *RCSEC, Osaka Univ., *ICS-OTRI, Osaka Univ., >SRN-OTRI,
Osaka Univ,) O Mitsuhiro Nishida,' Naoka Amamizu,' Ryohei Kishi,'>** Yasutaka
Kitagawa'>3+>

n-conjugated molecules are of great interest for organic electronics due to their interesting
electrical properties. By controlling these properties through the heteroatom substitution, it is
expected that new materials having properties suitable for specific purposes can be designed.
For example, various BN-substituted polycyclic aromatic hydrocarbons (PAHs) have been
investigated. On the other hand, such heteroatom substitution has been mainly examined for
the bulk property rather than the single-molecule conductivity. In addition, in molecular
electronics, where single molecules are used as electronic components, electron scattering at
the electrode-molecule-electrode junction is important for the electrical conduction. In this
study, therefore, the effect of heteroatom substitution in PAHs on single-molecule electrical
conduction was investigated based on the Lippmann-Schwinger equation from the perspective
of applications in molecular electronics.
Keywords : heteroatom substitution; Lippmann-Schwinger equation; Density Functional
Theory, real space grid; single-molecule electrical conduction
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1) X.Y.Wang, J. Y. Wang, J. Pei, Chem. Eur. J. 2015, 21, 3528 — 3539.
2) Y. Egami et al., Phys. Rev. E 2015, 92, 033301.
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A new Ni(dmit), salt with an acetone iminium cation, o'-B-[Ni(dmit)]3(N-(2,5-
dibromobenzyl)-N-isopropylideneiminium),Cl- acetone (Graduate School of Science, Osaka
University) OHiroki Akutsu, Yasuhiro Nakazawa

We have tried to prepare a Ni(dmit), salt with 2,5-dibromobenzylammonium as a counter
cation, which is expected to become a Nagaoka ferromagnet having a higher transition
temperature. However, the electrocrystallisation in acetone gave the title salt with an acetone
iminium cation, which appears to be obtained by a reaction of the ammonium with acetone.
Keywords : Organic Conductors, Nagaoka ferromagnet; Ni(dmit);
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Structure and Property of Perovskite-type Molecular Crystal ptaH>(NH4)X3(X = Br, 1)
(Faculty of Science, Yamaguchi University, *Graduate School of Science and Technology for
Innovation, Yamaguchi University) O Yumi Matsuda,' Rentaro Asai,”> Atsuko Masuya-
Suzuki,? Ryo Tsunashima?

We have reported ferroelectricity of the perovskite-type molecular crystal using diprotonated
hexamethylenetetramine (hmta). In this study, we report structure, dielectricity and
luminescence property of newly prepared perovskite-type molecular crystals with diprotonated
1,3,5-triaza-7-phosphoadamantane, as is the analogy with one P atom replaced from N atom in
hmta.

Keywords : Perovskite; Dielectric property; Luminescence
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1) H. Morita, R. Tsunashima et al., Angew. Chem. Int. Ed., 2019, 58, 9184-9187.
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Molecular Assemblies and Physical Properties of Proton-Transferred
Octaaminotetraphenylene Phosphate Salts

oMu Li!, Takashi Takeda?, Dekura Shun'-, Tomoyuki Akutagawa'-3
!Graduate School of Engineering, Tohoku University
’Faculty of Science, Shinshu University
3 Institute of Multidisciplinary Research for Advanced Materials, Tohoku University

Keywords: Proton-transferred salt, o-Phenylenediamine, Tetraphenylene, Cyclooctatetraene

Anhydrous solid-state proton conductors have attracted considerable H,N NH,

attention as a new class of solid electrolytes for fuel cells. While N
polymer and porous materials have been mainly studied for this purpose
anhydrous crystalline molecular proton conductors could offer an ideal
platform due to well-defined molecular arrangements coupled with HzN
unique molecular properties. Organic acid (A) — base (HD) HoN NH;

proton-transferred salt of (HA™)(D") have emerged as ideal conductive .
Fig. 1 Molecular structure

materials since the donors/acceptors of the building block can be
of oPD-COT.

regarded as proton sources.! In this work, oPD-COT, a saddle-shaped
molecule with dynamic molecular motion, has been combined with H3POs, to form a cation-anion
hydrogen-bonding salt, and the dielectric and proton conducting properties were investigated.
oPD-COT were synthesized according to the previous literature.> The proton-transferred salt
showed thermal stability up to 440 K. DSC charts of oPD-COT-4(H3PO4) showed an irreversible
peak at 360-370 K in the heating process. The XRD pattern showed the phosphonate anions as
proton carriers form a three-dimensional network structure (Figs. 2a, b). The temperature (7)
dependent dielectric responses of oPD-COT-4(H3PO4) showed anomalous frequency-dependent
behavior in the T-range of 300—400 K. An imaginary part dielectric constant & showed a
T-dependent dielectric peak. The C
T-dependence of the Cole-Cole plots also
showed a semicircular trace over the entire
T-range. The logo—T"' plots were obtained
for T above 370 K, and the proton

conductivity at 400 K was observed at

1.23x107° S cm™' with the activation energy e
of 0.66 eV. Below 370 K, the short-range  ..i // ZizE

dynamic motion reflected in the frequency REEETIT O o

T/K z,/9

dependence of & behavior is thermally ) )
Fig 2. Array of phosphonate anions in

' oPD-COT-4(H3PO4) viewed along the a)
proton conduction occurred above 370 K,  g-axis and b) c-axis. ¢) 7- and f-dependent .

which corresponds to the DSC anomaly  d) Cole-Cole plots and e) logs—7"" plots.
around 360—370 K.

excited, whereas a change to long-range

[ References]
[1] G. Yuan etal. J. Phys. Chem. C 2020, 124, 1861—1871.
[2] I. Ahmad et al. J. Org. Chem. 2021, 86, 14398—14403.
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Crystal Structure and Dielectric Property of Ternary Solid Solution dabcoH * (ClL, Br, I)
(Graduate School of Sciences and Technology for Innovation, Yamaguchi University,

*Graduate School of Engineering, Tohoku University, *IMRAM, Tohoku University)
OYuki Ohishi,! Kohei Sambe,? Atsuko Masuya-Suzuki,! Tomoyuki Akutagawa,>*
Ryo Tsunashima!

DabcoH" forms one-dimensional chain and its polarization order is governed by counter
anions. We have previously reported changes in hydrogen bond and phase transition behavior
of binary halide solid solutions. In this study, we investigated ternary solid solutions by CI-, Br’,
and I to understand an effect by mixing halides on polarization order and phase transition
behavior.

Keywords : Halide Solid Solution; Conductivity, Dielectricity,; Structural Analysis, Molecular
Crystal
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Phase Transition Behavior and Dielectric Properties of Alkylamide-Substituted Nematic Liquid
Crystalline Benzene Derivative ('Graduate School of Engineering, Tohoku University,
nstitute of Multidisciplinary Research for Advanced Materials, Tohoku University) OKanae

Wakamatsu,! Shun Dekura,"? Tomoyuki Akutagawa'-?

Alkylamide-substituted benzene derivatives exhibit a liquid crystalline hydrogen-bonding
ferroelectrics based on the inversion of intermolecular hydrogen bonds. In this study, we
investigated the phase transition behaviors, molecular assembly structures, and dielectric
properties of two types of 4-alkanoyloxy-1,3-alkylamide-substituted benzene derivatives with

different chain lengths (C11BDA and C15BDA).

Based on the DSC, POM, and PXRD, C11BDA and C15BDA showed L—=LC—S2—S1
phase transitions upon cooling, for which the S1, S2 and LC phases were hexagonal crystal and
discotic nematic liquid crystal phases, respectively. In the polarization—electric field curves,
only C11BDA showed ferroelectric hysteresis in S2 and S1 phases in the frequency range of
0.1-10 Hz and temperature range of 353-298 K. C15BDA is less likely to invert amide groups

in contrast with C11BDA.
Keywords : Ferroelectricity, Alkylamide; Hydrogen bonding; Molecular assembly,; Liquid
crystal
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[1] T. Akutagawa, et al., Mol. Cryst. Lig. Cryst., 1994, 239, 141.
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Structure and physical properties of metal complex crystals based on azole carboxylic acid
derivatives ('Grad. Sch. Eng., Tohoku Univ.; 2IMRAM, Tohoku Univ.)
(OSakura Tsutsumi,' Shun Dekura,'> Tomoyuki Akutagawa,'-?

Materials having a proton-transferable azole moiety coexisting with an electron-active metal
complex moiety are expected to exhibit interesting physical properties based on dynamic
proton and electronic functions. In this study, we synthesized a metal complex (Cu-
3mPz4COO) using 3-methyl-2H-pyrazole-4-carboxylic acid (3mPz4COOH) and Cu(ll) ion.
The coordination structure of Cu-3mPz4COO was clarified to be 2D layered structure (Fig.
1). Temperature dependence of the d.c. magnetic susceptibility (Fig. 2) showed a peak at ca.
6.5 K, suggesting the existence of antiferromagnetic interactions between the .S = 1/2 spin on
Cu(Il) ions. The data was well fitted by the equation considering the 2D square lattice
Heisenberg model? with the exchange interaction |J] = 7.3 K. Therefore, it is considered that a
ligand-mediated super-exchange interaction occurs.

Keywords : Metal complexes, copper (Il) ions, magnetic properties, dielectric properties

7 kPR TRIRER T — VL & TR T A B SR
AL LT I B Y e b LB RRE IS kT
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HABIEAR (Cu-3mPz4CO0) %Ak L7z, 1557854
et U CHURE A X BRREISE AT 217 > 72 /5 4. 3mPz4COOH
DET ) —NALDO NBLOAVARFIIVED OB, £ :
Z Cu(I) A A N2 DT DEINL U 7o Ko B AEIE S ZEL. Fig. 1 Crystal structure of
L. 202 be EIZIEDN 72 2 RN E S+ CTHh D 2 Cu-3mPz4COO
LB B 2NC o7 (Fig 1), 2 OSSAD S iEmRE 4 20x10°
FAVNT 2-300 K i i JH CELiehéq bt o iR BEAR (71
ZWE LTz, fER. 8% O Curie WHME L 1XH72 D 6.5
KIiZE—27 088l &S, S=12Cu(I) LD A BIZK 3§
SRBEPE IR BLAE OIFEDNRIE Sl (Fig.2), = O
LR OIBEARAFEMEIL, 2 IRICIEJTH&F Heisenberg F5Y 5
DT HBLES N, MR B ERORE S13W)=7.3
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row data
— fitting curve

TT T T[T T T rrrT

K &AL b= U EDOFEFE 2 | Cu-3mPz4COO T 50 100 150 200 250 300
I ZBENL T2 L7z Cu(IDFE OB A HLAR AAEFH 3MEh T . Tempeira'mre /K
WA EEZ NS, YBITFHEEEEICOWTHERT S, Fig. 2 Fitting data for

magnetic susceptibility

1) M. E. Lines, J. Phys. Chem. Solids, 1970, 31, 101.
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Valence Instablhty of Ni(IlT) Complexes with Azo Ligands ('Grad. Sch. Sci., Kobe Univ.,

2CSREA Kobe Univ., *MPRC Kobe Univ.) O Takumi Noguchi,! Atsuhiro Miyawaki,'

Tomoyuki Mochida,' Takahiro Sakurai,? Susumu Okubo,* Hitoshi Ohta,’ Kazuyuki Takahashi'

Recently, we observed the Ni(III) complex 1 with the redox-active azo ligands exhibited a
thermal increase in magnetic susceptibility, suggesting the occurrence of either valence
tautomerism or spin-crossover. In this study, we will discuss the mechanism of this magnetic
change based on the results of single-crystal X-ray structure analysis and various measurements
for the thermal treatment samples of the parent Ni(IlI) complex 1, which are compared with
those of its derivative complexes. All the results indicate that the electron transfer from the
ligand to the central Ni(III) ion would take place in 1 upon heating. The structural comparison
among the Ni(IlI) complexes suggests that a t-overlap between the ligands in 1 may contribute
to the valence instability.

Keywords : Valence Tautomerism, Spin Crossover, Nickel (III) Complexes, Redox-active
Ligands
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1) K. Takahashi et al., Inorganics, 2022, 10, 84.
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DFHEA T UfEE(Na)([2.2.2]cryptand)[Ni(dmit)2] (&5 [+ 5 3E IR
s L BE - A
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Selective Sorption Behavior, Crystal Structure, and Magnetism of Molecular Ionic Crystal,
(Na)([2.2.2]cryptand)[Ni(dmit),] (‘RIES, Hokkaido Univ., *Grad. School of Env. Sci,

Hokkaido Univ., *Faculty of Env. Earth Sci., Hokkaido Univ.) OXKiyonori Takahashi,'? Xin
Zheng,3 Yuta Takahashi,” Shin-ichiro Noro,’ Takayoshi Nakamura'?

Crystals of (Na")([2.2.2]cryptand)[Ni(dmit),] *2CH3;CN (1-2CH3CN) were synthesized. The
[Ni(dmit),]” anions in the crystals were aligned parallel to the ab plane, forming two-
dimensional (2D) layers. Each supramolecular cation and CH3CN formed 1D chain along the
b-axis and alternately arranged along the a-axis between the 2D layers of [Ni(dmit),]". Upon
heating, CH3CN was desorbed from crystal 1+2CH;3;CN, resulting in crystal 1, which retained
its single-crystalline nature. In crystal 1, the supramolecular cations rearranged to avoid
molecular contact with the penetrating [Ni(dmit),]™ and filled the voids from which CH3CN
desorbed. The alternation of magnetic properties associated with CH3CN desorption and
selective molecular sorption in crystal 1 are discussed.

Keywords  :  [Ni(dmit),];  Molecular =~ Magnetism;  Single-crystal-to-single-crystal
transformation; Selective Adsorption
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Higher conductivity of EDOT oligomer conductors by heavy element substitution

(‘Graduate School of Engineering, Osaka University, *Graduate School of Engineering, Kyoto
University, *JST PRESTO) OKota Onozuka', Tomoko Fujino', Tatsuya Miyamoto®, Takashi
Yamakawa?, Hiroshi Okamoto?, Osamu Yamamuro', Hiroshi Akiba', Hiroshi Oike®, and
Hatsumi Mori'

We have developed an oligomer-type organic conductor modeled PEDOT that models doped
PEDOT family. In this study, we focused on the "terminal group" to further improve the
conductivity. We replaced the SMe end group, which was introduced to improve stability and
expand the conjugated system, with a SeMe group. The heavy atom substitution was easily
obtained by simply changing the substrate to a Se compound in the final step of the synthesis.
The SeMe derivatives showed an increase in conductivity compared to the SMe derivatives.
Keywords : Charge-transfer salts; Oligothiophene; Molecular crystal; Electrical conductivity,
Radical cation
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RV IZ SeMe RimkzEANT 5 Z & T, R HMPrROBAD 2 Lz, (Figure 1)
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[1]R. Kameyama, T. Fujino, S. Dekura, M. Kawamura, T. Ozaki, H. Mori, Chem. Eur. J. 2021, 27, 6696.
[2] R. Kameyama, T. Fujino, S. Dekura, H. Mori, Phys. Chem. Chem. Phys. 2022, 24, 9130.

[3] RkEr &1, Vel BE. /NEFER PER. A BE. & W1 103 B AMLELREFFES,
2023, K204-2pm-07

Figure 1. Chemical structures a of (a) 0SO+X?, and
(b) OSO-2SeMeX.
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Molecular Assembly Structures and Physical Properties of
2,3-Diaminophenazine
oMa Xinyuan', Dekura Shun'2, and Tomoyuki Akutagawa'?
!Graduate School of Engineering, Tohoku University
’Institute of Multidisciplinary Research for Advanced Materials, Tohoku University

Keywords: 2,3-Diaminophenazine, Proton-electron transfer, Proton conduction,
Molecular assembly, Hydrogen bond

2,3-Diaminophenazine (DAP) exhibits significant
fluorescent emission in solution, which has been H )i
utilizing in the field of ion recognition as a fluorescent @[N NH,

. | | 3H,0
probe. Large m-m conjugated system and hydrogen N NH,
bonding interactions of DAP derivative enables the
formation of protonated salt of HDAP" to exhibit a
unique self-assembly structure, forming a network of
water channels and the proton conduction pathway. In
this study, we prepared the single crystals of (HDAP")(CI")*3(H20), which crystal

structure, redox behavior, , dielectric properties, and proton conduction property were
evaluated.

DAPH*X

Fig.1 Molecular structure
of HDAP*X"

Protonated  2,3-diaminophenazine salt of
(HDAP")(CI")*3(H20) was obtained by the
addition of aqueous FeClsz solution into
o-phenylenediamine under ambient conditions. By
recrystallizing the precipitation with deionized
water, purple single crystals of the
(HDAP*)(C1)*3(H20) can be obtained. Single
crystal X-ray structural analysis revealed that the
HDAP"™ molecules forms a water channel network
suitable ~ for  proton  conduction through
hydrogen-bonding network (Fig. 2a). Dielectric
spectra showed temperature and frequency
dependent behavior above 360 K, suggesting
dynamic behavior of polar structural unit. The
semicircular trace of the Cole-Cole plots at high
temperatures indicates its proton conduction . . .
properties (Fig. 2b). The proton conductivity at f;fbjngéyﬁl Egllggugf)?gﬁ)dge(lﬁzglf
430 k was 1 nS cm™! with an activation energy of  Unit cell viewed along the a-axis. b)

0.88 eV. T-dependent Cole-Cole plots and c)
log o—T"' plots.
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Synthesis, Structures, and Physical Properties of Hydrogen-bonded p-Benzoquinone
Derivatives with Triazole Unit ('School of Engineering, Tohoku University, 2Graduate School
of Engineering, Tohoku University, *Institute of Multidisciplinary Research for Advanced
Materials, Tohoku University) O Shiori Harada,! Shun Dekura,>* Tomoyuki Akutagawa®>

In recent years, Interesting multi- or coupled-functions derived from the combination of
degrees of freedom for 7 -electrons and protons has attracted much attention.!! In this study,
we synthesized bistriazole-p-benzoquinone (H:BTBQ),!?! where electron accepting p-
benzoquinone is fused with triazole possessing proton tautomerism and electron-withdrawing
property. The crystal structure and physical properties of H;BTBQ, anion, and dianion salts of
NaHBTBQ and Na,BTBQ were investigated in solid state. The crystals of H.BTBQ,
NaHBTBQ-2H0, and Na,BTBQ-4H,0 were identified. Among these, the hydrate crystals
can adsorb and desorb H>O molecules reversibly, which was confirmed by H>O sorption
isotherm at 293 K. The dielectric properties of these compounds are also discussed.

Keywords : Triazole, p-Benzoquinone, Hydrogen-bond, Water sorption
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[1] H. Mori et al., Chem. Commun., 2022, 58, 5668. [2] M. Sato et al., CrystEngComm, 2017, 19, 910.
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Phase behaviors, Structures and Dielectric Properties of Alkane-a,w-dinitriles

(!School of Engineering, Tohoku University, *Graduate School of Engineering, Tohoku
University, “Institute of Multidisciplinary Research for Advanced Materials, Tohoku
University) ONozomi Onodera,' Shun Dekura,” *Tomoyuki Akutagawa?® 3

Alkane-a,o-dinitriles are molecules having two cyano groups with high polarity.
Succinonitrile (SN) has attracted attention as an ionic conductor because of its high polarity
and plastic crystalline phase which shows mechanically flexibility. Plastic crystalline phase is
an intermediate phase between solid and liquid phases in which orientations of molecules are
disordered while maintaining the translational symmetry of the center of gravity. While SN has
been extensively studied as an ionic conductor, its polarization properties have not yet been
reported.” In this study, we investigated the phase behavior, structure, and dielectric properties
of SN, and found that SN exhibits ferroelectric hysteresis in plastic crystalline phase. More
detailed properties of SN including a comparison with the properties of another alkane-a,®-
dinitrile will be discussed.

Keywords : Succinonitrile; Malononitrile; Molecular dynamics;, Molecular dynamics;
Ferroelectrics
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1) J. Harada et. al, Nature Chem., 2016, 8, 946-952

© The Chemical Society of Japan -A1441-2pm-14 -



A1441-2pm-15 BALSS HE104BFES (2024)

BHOTILXILT 2 FEZAITINVEVFERDOSFEESHEE
&t

(FREL! - AL RBE T 2 » BALKRZ I ohE ) OfM vhfk ' - A2 @ ARE 2 - 5311 BT
25 R

Molecular Assembly and Physical Properties of Benzene Derivatives with Multiple Alkylamide
Groups (! Department of Chemistry, Faculty of Science, Shinshu University, >*Graduate School
of Engineering, Tohoku University, *Institute of Multidisciplinary Research for Advanced

Materials, Tohoku University) O Saori lida,! Yotaro Kasahara,” Tomoyuki Akutagawa,>’
Takashi Takeda'

Benzene carboxamide derivatives [CsHen(CONHR),] (n = 2-6, R = CisHy) form
ferroelectric columnar (liquid) crystalline phases.! Their molecular assembly structures and
ferroelectric properties would be significantly modulated by simple alternation of the bonding
direction of the amide groups. Herein, we focused benzene amide derivatives [C¢He.
2(NHCOR),] and prepared tetradecyl amide substituted benzene derivatives (2BA-4BA, Figure
1). Their molecular assembly structures, phase transition behavior and dielectric properties will
be discussed.

Keywords : Amide, Molecular Assembly, Hydrogen Bond, Dielectric Property, Structure-
Property Relationship
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1) Y. Shishido, H. Anetai, T. Takeda, N. Hoshino, S. Noro, T. Nakamura, and T. Akutagawa, J. Phys.
Chem. C 2014, 118, 21204-21214.
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