(®)
2014 2018

Development of Novel Phase Transition Mechanisms_for Molecular Conductors by
Applying Multiplicity of Electronic State Determinant Factors

Yamochi, Hideki

12,900,000

@ - (EDO-TTF)
@

®

This project aimed to develop new types of electronic phase transition
phenomena for molecular crystals. As the main themes, (1) the chemical modulation of the
ethylenedioxytetrathiafulvalene (EDO-TTF) salt showing the multi-instability of metallic state was
performed to induce the different kind of photo-induced response comparing with the original
material and (2) a peculiar charge-order melting, at which only the restricted parts in the periodic

crystal structure show the homogenization of the molecular charge, was found in a multi-component
charge-ordered material designed by our unique concept. Also, (3) new radical anion salts of
fullerenes and macrocyclic compounds were prepared by employing strong reductants. As a result, the
$a??etic pha?% transition associated with the modulation of molecular charges was observed in a
ullerene salt.



@

@
®

@ EDO-TTF
(EDO-TTF)PFs

@ )
[TTF(CO,).H,]? TTF
[TTF(CO)H1?  TTF
TTF 3
TTF +1,0,+1,0
+2/3,+2/3,+2/3,0
(©))

)

57

: ()

Eo-TTF) [OIS/E(S]

o~ S S
EDO-TTF

Mott

SbFg
TTF

o) o)
1 O S S Oe
H | = | H

@O s S d

[TTF(CO 5)4H,l*
( )

N

 ( ) DOI)

(1) Molecular diamond lattice antiferromagnet as a Dirac semimetal candidate
Y. Shimizu, A. Otsuka, M. Maesato, M. Tsuchiizu, A. Nakao, H. Yamochi, T.

Hiramatsu, Y. Yoshida, G. Saito
Phys. Rev. B, 99(17), 174417/1-7 (2019)

DOI: 10.1103/PhysRevB.99.174417

(2) Effect of One- and Two-Electron Reduction of Terbium(lll) Double-Decker
Phthalocyanine on Single-lon Magnet Behavior and NIR Absorption
D.V. Konarev, S.S. Khasanov, M.S. Batov, A.G. Martynov, I.V. Nefedova, Y.G.
Gorbunova, A. Otsuka, H. Yamochi, H. Kitagawa, R. N. Lyubovskaya

Inorg. Chem., 58(8), 5058-5068 (2019)

DOI: 10.1021/acs.inorgchem.9b00131

(3) Optical Study of Electronic Structure and Photoinduced Dynamics in the Organic
AIon System [(EDO-TTF)o_gg(MeEDO-TTF)o_ll]zpFe
T. Ishikawa, Y. Urasawa, T. Shindo, Y. Okimoto, S. Koshihara, S. Tanaka, K. Onda,
T. Hiramatsu, Y. Nakano, K. Tanaka, H. Yamochi



Appl. Sci., 9(6), 1174/1-12 (2019) DOI:10.3390/app9061174
(4) Fullerene and endometallofullerene Kagome lattices with symmetry-forced spin
frustration
D.V. Konarev, S.S. Khasanov, Y. Shimizu, A.V. Kuzmin, A. Otsuka, H. Yamochi, G.
Saito, R. N. Lyubovskaya
Phys. Chem. Chem. Phys., 21(4), 1645-1649 (2019) DOI: 10.1039/c8cp07017b
(5) Salts with titanyl and vanadyl phthalocyanine radical anions. Molecular design
and effect of cations on the structure and magnetic and optical properties
D.V. Konarev, A.V. Kuzmin, S.S. Khasanov, M.S. Batov, A. Otsuka, H. Yamochi, H.
Kitagawa, R.N. Lyubovskaya
CrystEngComm, 20(4), 385-401 (2018) DOI: 10.1039/c7ce01918a
(6) {CpFe''(CO).Sn!'(Macrocycle*3)} Radicals with Intrinsic Charge Transfer from
CpFe!'(CO)2 to Macrocycles (Cp: Cp or Cp*); Effective Magnetic Coupling between
Radical Trianionic Macrocycles*3-
D.V. Konarev, A.V. Kuzmin, M.S. Batov, S.S. Khasanov, A. Otsuka, H. Yamochi, H.
Kitagawa, R.N. Lyubovskaya
ACS Omega, 3(11), 14875-14888 (2018) DOI: 10.1021/acsomega.8b02221
(7) Charge-transfer complexes based on C,,-symmetric benzo[ghi]perylene:
comparison of their dynamic and electronic properties with those of Degn-symmetric
coronene
Y. Yoshida, S. Tango, K. Isomura, Y. Nakamura, H. Kishida, T. Koretsune, M.
Sakata, Y. Nakano, H. Yamochi, G. Saito
Mater. Chem. Front., 2(6), 1165-1174 (2018) DOI: 10.1039/c8gm00112j
(8) Crystal structure and physical properties of radical cation salt based on
4,5-ethylenedioxy-4'-iodotetrathiafulvalene (EDO-TTF-I) with iodine bonding
ability
Y. Nakano, Y. Takahashi, K. Ishida, M. Ishikawa, H. Yamochi, M. Uruichi
Mater. Chem. Front., 2(4), 752-759 (2018) DOI: 10.1039/c7gm00575j
(9) Multifunctional Compound Combining Conductivity and Single-Molecule
Magnetism in the Same Temperature Range
N.D. Kushch, L.l. Buravov, P.P. Kushch, G.V. Shilov, H. Yamochi, M. Ishikawa, A.
Otsuka, A.A. Shakin, O.V. Maximova, O.S. Volkova, A.N. Vasiliev, E.B. Yagubskii
Inorg. Chem., 57(5), 2386-2389 (2018) DOI: 10.1021/acs.inorgchem.7b03152
(10) Solid State Structure, and Optical and Magnetic Properties, of Free Base
Tetra(4-pyridyl)porphyrin {H>T(4-Py)P}- Radical Anions
D.V. Konarev, A.V. Kuzmin, S.S. Khasanov, A.F. Shestakov, E.l. Yudanova, A.
Otsuka, H. Yamochi, H. Kitagawa, R.N. Lyubovskaya
J. Org. Chem., 83(4), 1861-186 (2018) DOI: 10.1021/acs.joc.7b02791
(11) Interligand Charge Transfer in a Complex of Deprotonated cis-Indigo Dianions and
Tin(ll) Phthalocyanine Radical Anions with Cp*Ir!!
D.V. Konarev, L.V. Zorina, S.S. Khasanov, A.F. Shestakov, A.M. Fatalov, A. Otsuka,
H. Yamochi, H. Kitagawa, R.N. Lyubovskaya
Inorg. Chem., 57(2), 583-589 (2018) DOI: 10.1021/acs.inorgchem.7b02351
(12) Coordination Complexes of Fullerene Cgo with Rhodium {Cp*Rh!"(z-Cl)}»(%2,1n2-Ceo)
and (BusN*){Cp*RhICl(n2-Ceo)}. Temperature-Induced Charge Transfer from Rh'! to
n?-Ceo
D.V. Konarev, A.V. Kuzmin, S.S. Khasanov, S.I. Troyanov, A. Otsuka, H. Yamochi,
H. Kitagawa, R.N. Lyubovskaya
Organometallics, 36(20), 4032-4037 (2017)
DOI: 10.1021/acs.organomet.7b00660
(13) Design and Preparation of a Quantum Spin Liquid Candidate x—(ET)2Ag2(CN)s
Having a Nearby Superconductivity
T. Hiramatsu, Y. Yoshida, G. Saito, A. Otsuka, H. Yamochi, M. Maesato, Y.
Shimizu, H. Ito, Y. Nakamura, H. Kishida, M. Watanabe, R. Kumai
Bull. Chem. Soc. Jpn., 90(9), 1073-1082 (2017) DOI: 10.1246/bcsj.20170167
(14) Ultrafast electron diffraction study of single-crystal (EDO-TTF).SbFs: Counterion
effect and dimensionality reduction
L.C. Liu, Y. Jiang, H.M. Mueller-Werkmeister, C. Lu, G. Moriena, M. Ishikawa, Y.
Nakano, H. Yamochi, R.J.D. Miller
Chem. Phys. Lett., 683, 160-165 (2017) DOI: 10.1016/]j.cplett.2017.05.007
(15) Racemic charge-transfer complexes of a helical polycyclic aromatic hydrocarbon
molecule
Y. Yoshida, Y. Nakamura, H. Kishida, H. Hayama, Y. Nakano, H. Yamochi, G. Saito



CrystEngComm, 19(26), 3626-3632 (2017) DOI: 10.1039/c7ce00763a
(16) The Salts of Copper Octafluoro- and Hexadecafluorophthalocyanines Containing
[Cul(FgPc)4]2- Dianions and [CuFisPc]- Monoanions
D.V. Konarev, S.I. Troyanov, A.V. Kuzmin, Y. Nakano, M. Ishikawa, M.A. Faraonov,
S.S. Khasanov, A.L. Litvinov, A. Otsuka, H. Yamochi, G. Saito, R.N. Lyubovskaya
Inorg. Chem., 56(4), 1804-1813 (2017) DOI: 10.1021/acs.inorgchem.6b01932
(17) Magnetic and Optical Properties of Layered (Me4sP+)[MVO(Pc*3-)]*«(TPC)o.5- CeHaCl>
Salts (M = Ti and V) Composed of n-Stacking Dimers of Titanyl and Vanadyl
Phthalocyanine Radical Anions
D.V. Konarev, Y. Nakano, S.S. Khasanov, A.V. Kuzmin, M. Ishikawa, A. Otsuka, H.
Yamochi, G. Saito, R.N. Lyubovskaya
Cryst. Growth Des., 17(2), 753-762 (2017) DOI: 10.1021/acs.cgd.6b01612
(18) Spin Crossover in Anionic Cobalt-Bridged Fullerene
(BU4N+){CO(Ph3P)}2(u2-C|_)(},l2-n2,nz-Ceo)z Dimers
D.V. Konarev, S.S. Khasanov, A.F. Shestakov, M. Ishikawa, A. Otsuka, H. Yamochi,
G. Saito, R.N. Lyubovskaya
J. Am. Chem. Soc., 138(51), 16592-16595 (2016) DOI: 10.1021/jacs.6b09890
(19) BEDT-TTF Salts Formed with Tetrahedrally Coordinated Zinc(ll) Complex Anions
Y. Yoshida, H. Ito, Y. Nakamura, M. Ishikawa, A. Otsuka, H. Hayama, M. Maesato,
H. Yamochi, H. Kishida, G. Saito
Cryst. Growth Des., 16(11), 6613-6630 (2016) DOI: 10.1021/acs.cgd.6b01294
(20) Cationic n-Stacking Columns of Coronene Molecules with Fully Charged and
Charge-Disproportionated States
Y. Yoshida, K. Isomura, M. Maesato, T. Koretsune, Y. Nakano, H. Yamochi, H.
Kishida, G. Saito
Cryst. Growth Des., 16(10), 5994-6000 (2016) DOI: 10.1021/acs.cgd.6b01039
(21) Pressure-Tuned Exchange Coupling of a Quantum Spin Liquid in the Molecular
Triangular Lattice k—(ET)2Ag2(CN)s
Y. Shimizu, T. Hiramatsu, M. Maesato, A. Otsuka, H. Yamochi, A. Ono, M. Itoh, M.
Yoshida, M. Takigawa, Y. Yoshida, G. Saito
Phys. Rev. Lett., 117(10), 107203/1-6 (2016)
DOI: 10.1103/PhysRevLett.117.107203
(22) A Crystalline Anionic Complex of Scandium Nitride Endometallo-fullerene:
Experimental Observation of Single-bonded (ScaN@Ix-Cso)2 dimers
D.V. Konarev, L.V. Zorina, S.S. Khasanov, A.A. Popov, A. Otsuka, H. Yamochi, G.
Saito, R.N. Lyubovskaya
Chem. Commun., 52(71), 10763-10766 (2016) DOI: 10.1039/c6cc05550h
(23) Synthesis, Structure, and Properties of the Fullerene Ceo Salt of Crystal Violet,
(CVH)(Ceo™): 0.5C6H4ClI,, which Contained Closely Packed Zigzagged Ceso*~ Chains
D.V. Konarev, A.V. Kuzmin, S.S. Khasanov, M. Ishikawa, A. Otsuka, H. Yamochi,
G. Saito, R.N. Lyubovskaya
Chem. Asian J., 11(11), 1705-1710 (2016) DOI: 10.1002/asia.201600242
(24) Conducting n-Columns of Highly Symmetric Coronene, the Smallest Fragment of
Graphene
Y. Yoshida, K. Isomura, H. Kishida, Y. Kumagai, M. Mizuno, M. Sakata, T.
Koretsune, Y. Nakano, H. Yamochi, M. Maesato, G. Saito
Chem. Eur. J., 22(17), 6023-6030 (2016) DOI: 10.1002/chem.201505023
(25) Coordination Complexes of Transition Metals (M = Mo, Fe, Rh, and Ru) with Tin(ll)
Phthalocyanine in Neutral, Monoanionic, and Dianionic States
D.V. Konarev, A.V. Kuzmin, Y. Nakano, M.A. Faraonov, S.S. Khasanov, A. Otsuka,
H. Yamochi, G. Saito, R.N. Lyubovskaya
Inorg. Chem., 55(4), 1390-1402 (2016) DOI: 10.1021/acs.inorgchem.5b01906
(26) Ambient-pressure Organic Superconductor k-(ET)2Ag(CN)[N(CN)2] Formed with
Polymeric Silver(l) Complex Anion
Y. Yoshida, H. Hayama, M. Ishikawa, A. Otsuka, H. Yamochi, Y. Nakamura, H.
Kishida, H. Ito, M. Maesato, G. Saito
J. Phys. Soc. Jpn., 84(12), 123801/1-5 (2015) DOI: 10.7566/JPSJ.84.123801
(27) Spin Frustration in Antiperovskite Systems: (TTF** or TSF**)3[(M0eX14)2Y-]
T. Hiramatsu, Y. Yoshida, G. Saito, A. Otsuka, H. Yamochi, Y. Shimizu, Y. Hattori,
Y. Nakamura, H. Kishida, H. Ito, K. Kirakci, S. Cordierf, C. Perrinf
J. Mater. Chem. C, 3(42), 11046-11054 (2015) DOI: 10.1039/c5tc02075a
(28) Local Response to Light Excitation in the Chargeordered Phase of (EDO-TTF),SbFe



M. Servol, N. Moisan, E. Collet, H. Cailleau, W. Kaszub, L. Toupet, D. Boschetto, T.
Ishikawa, A. Moréac, S. Koshihara, M. Maesato, M. Uruichi, X.F. Shao, Y. Nakano,
H. Yamochi, G. Saito, M. Lorenc
Phys. Rev. B, 92(2), 024304/1-9 (2015) DOI: 10.1103/PhysRevB.92.024304
(29) Formation of {Co(dppe)}2{u—n2:n2-n2:n2-[(Ceo)2]} Dimers Bonded by Two Single C-C
Bonds and Two Bridging n2-Coordinated Cobalt Atoms
D.V. Konarev, S.l. Troyanov, K.A. Ustimenko, Y. Nakano, A.F. Shestakov, A.
Otsuka, H. Yamochi, G. Saito, R.N. Lyubovskaya
Inorg. Chem., 54(10), 4597-4599 (2015) DOI: 10.1021/acs.inorgchem.5b00637
(30) Coordination Complexes of Pentamethylcyclopentadienyl Iridium(l11) Halides with
Tin(ll) Phthalocyanine and Pentamethylcyclopentadienyl Iridium(ll) Halides with
Fullerene Ceo~ Anions
D. V. Konarev, S.I. Troyanov, A.V. Kuzmin, Y. Nakano, S.S. Khasanov, A. Otsuka,
H. Yamochi, G. Saito, R.N. Lyubovskaya
Organometallics, 34(5), 879-889 (2015) DOI: 10.1021/0m501210s
(31) Synthesis, Structures, and Properties of Crystalline Salts with Radical Anions of
Metal-Containing and Metal-Free Phthalocyanines
D.V. Konarev, A.V. Kuzmin, M.A. Faraonov, M. Ishikawa, S.S. Khasanov, Y.
Nakano, A. Otsuka, H. Yamochi, G. Saito, R.N. Lyubovskaya
Chem. Eur. J., 21(3), 1014-1028 (2015) DOI: 10.1002/chem.201404925
(32) Linear Coordination Fullerene Cgo Polymer [{Ni(Me3sP)2}(u—n2, n2-Ceo)]» Bridged by
Zerovalent Nickel Atoms
D.V. Konarev, S.S. Khasanov, Y. Nakano, A. Otsuka, H. Yamochi, G. Saito, R.N.
Lyubovskaya
Inorg. Chem., 53(22), 11960-11965 (2014) DOI: 10.1021/ic501551y
(33) Inclusion Complexes of Fullerenes with Flexible Tetrathiafulvalene Derivatives
Bearing Four Aryls through the Sulfur Bridges
J. Sun, X. Lu, M. Ishikawa, Y. Nakano, S. Zhang, J. Zhao, Y. Shao, Z. Wang, H._
Yamochi, X.F. Shao
J. Mater. Chem. C, 2(38), 8071-8076 (2014) DOI: 10.1039/¢c4tc01362j
(34) Structural and Physical Properties of (EDO-TTF-CI)2XFs (X = As, Sb): Geometrical
Aspects for Monosubstituted EDO-TTF (EDO-TTF = 4,5-ethylenedioxytetrathia-
fulvalene)
M. Ishikawa, Y. Nakano, M. Uruichi, A. Otsuka, K. Yakushi, H. Yamochi
Eur. J. Inorg. Chem., 2014(24), 3941-3948 (2014) DOI:10.1002/¢€jic.201400128
(35) Layered Salts with Iron Hexadecachlorophthalocyanine Anions - The Formation of
[{FeCliePc}2]3 Dimers Containing [Fe!Cli6Pc(2-)]- and diamagnetic [Fe°ClisPc(2-)]%
D.V. Konarev, A.V. Kuzmin, M. Ishikawa, Y. Nakano, M.A. Faraonov, S.S.
Khasanov, A. Otsuka, H. Yamochi, G. Saito, R.N. Lyubovskaya
Eur. J. Inorg. Chem., 2014(24), 3863-3870 (2014) DOI:10.1002/¢€jic.201400126

21
12 , ,2018 9 10-13
o : , : : : :

(EDO-TTE-1)CIO4
@ , , : , , ,

(T'\’/lTTF)g[TTF(,C()z)4H2]

(3) : :
(TMTTF)3[TTF(CO2)4H_]

98 , ,2018 3 20-23
(4) , : ’ : ’
EDO-TTE-I (EDO-TTF-1)2XFs (X = P, As, Sb)
11 , ,2017 9 15-18
(5)
TTF

TTF



The 12th Japan-China Joint Symposium on Conduction and Photoconduction in
Organic Solids and Related Phenomena, , 2016
10 16-18
(7) K. Uenaka, M. Ishikawa, Y. Nakano, H. Yamochi
Charge-ordered Cation Radical Salts Prepared with a TTF Derivative Having
Anionic Substituents

10 , ,2016 9 13-15
(8) : , , ,

TP-EDTT  ReOa
©@ , , :

3

28 " ||,
2016 8 8-10

(w____ )

TTF
96 , ,2016 3 24-27
ay_ , , ,
EDO-TTF-CI  Ag(CN)2
9 , ,2015 9 16-19
z__ , , . .
TTF (EDO-TTF-I)
a3 ___ , , , , , ,
(EDO-TTF-CI),PFs
(14) , , ,
[EDO-TTF-(CH3)POzH]-
95 , ,2015 3 26-29
(5 __ , , ,
(TP-EDTT).Br
8 , ,2014 9 21-24
(e ___ , . ,

(EDO-TTF-CI)2XFs (X = P, As, Sb)

http://mms._1tm_kyoto-u.ac. jp/yamochi/list_pub.pdf



¥ XL C—19, F—-19—1, Z—19, CK—19 (dm)

6. WFIEE
(1) WFge s
W HE K4
B TR
B E
wR4

T4

ML

MFeEE S 84T :

(2) WHEt /17
WHIEH 1178 K
0—<FR4
WHIE b 7 A
n—< R4
WHIE 7 A
D—v?ﬁ%% :
WHIE b 1 A
n—< R4
e 1178 K
n—v R4
e 1178 K
n—<FRA
e 1178 K
n—v R4
e 1178 K
n—v R4
WHIEH 1178 K
n—v R4
e 178 K
B R4
e 178 K
n—v R4
WHIEH 1178 K4
n—< R4
WHIEH 1178 K4
n—< R4
WHIEH 1178 K4
n—< R4
WHIEH 1178 K4
D—v?ﬁ%% :
WHTE b 8 A4
n—< R4
WHTE 7 A
D—v?ﬁ%% :
WHTE 7 A
n—< R4
e 1178 K
n—< R4
e 1178 K
n—v R4
WHIEHH 1178 K
n—< R4
e 1178 K
n—v R4
WHIEH 178 K
n—< R4
e 178 K
B R4

K 5l

Otsuka Akihiro

HE W

Nakano Yoshiaki
Al 7

Ishikawa Manabu

A6 7z

Kitagawa Hiroshi

AT ez

Maesato Mitsuhiko
HH FEXR

Yoshida Yukihiro
BT BK

Uruichi Mikio

JEJL A

Koshihara Shin-ya
B

Onda Ken

A PE—

Okimoto Yoichi

H B RR

Tanaka Koichiro

g IR

Saito Gunzi

T FE
Hiramatsu Takaaki
TE/K BE5h

Shimizu Yasuhiro
PR 0

Ito Hiroshi

EHEECSS

Kishida Hideo

FAR HE

Haruki Rie

REJE EIR

Kumai Reiji
JENE Al —

Adachi Shinichi
RT— TavzAfV
Miller Dwayne, R.J.
HY 7 I b
Khasanov Salavat, Salim'yanovich
afLT7 TaIT 40—
Konarev Dmitry, Valentinovich
Va—ART7AhY U~
Lyubovskaya Rimma, N.
Sk

Shao Xiangfeng



WM HERYL : 7 vva FEIT
n—<74 :  Kushch Nataliya, D.
WRWBNFRL : Y7 TAX— =T 27K
n—<4 : Yagubskii Eduard ,B.

KB IC L DHFZEE, MFEE OAR L BREICE O TEBT DD TT, £07d, MIROFELITEHRRDAKEIC
DN, EOEEEFICHES O TIIRL ZOBEARICET 2 RELHEMIT. SFRFMEACREShET,



