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Study on Electron Pair Formation in Molecular Superconductors with Orbital
Degrees of Freedom
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Molecular conductors and magnets are useful model compounds in solid state

physics. In this study, we investigated whether superconductors and other compounds with close
orbital levels are also useful as model compounds. We were able to determine the occupied
(unoccupied) orbitals and their levels by spectroscopic methods for metal-dithiolene complex salts
with close HOMO and LUMO levels. In the metal-insulator phase transition of three platinum complex
salts, an orbital degree-of-freedom-based phase transition was found in which the orbital levels of
half of the molecules are swapped. In the palladium complex salt, a superconductor under pressure, a
ground state with a partial Valence Bond Order was found due to instability of the outermost
orbital. The orbital instability was also detected by X-ray diffraction.



B X C—19, F—19—1., Z—19 ()

1. WFFEBHAE S MDY 5

fRIE MR 2 Ry s DT T hH . HOMO & 5 W& LUMO ICHET 58 R &85 57
—HIZT7 2V I TR F—PE LTV D E OB ERIIEA TETWVD, £TD—FT,
HOMOklMMOUXQLﬁﬁ<\ﬁﬁ%ﬁ&%ﬁfﬂ\/%ﬂ@#ﬁfﬁT EMEN B DSz N T,
A O EAREEZ FZERTIRGE L 7 Bli3 72, EOHLEIZE TN ER SILD DN, faEE FFC
DI OFEBREREED Z LN TEE, BEEHSR, g, B—lioaRiaEme, Hin
AL %ﬁénfw5747/7 HARDOHFIE 2 ARKHNTAT H Z & NAREIC 72 5,

FRZARMIZE TIE, 0 THEBEEERB W TR TH 5 | ﬁﬁ@ém_ﬁw&énétﬁgm
B BELRORAEEIICESEZENDTHLEIT S, HOMO & LUMO & E| % /5 5 Fi1ET
BT —2EHWTELZE L, ETXORMRICHE L& 2 LT,

2. WHEDOBEH

AHZFEF T, HOMO & LUMO OYERI AUV & W) A S BYF 4 L Uik a2 -V .
7 )b X =RV X — I fE OBLEERL & ORI E SRR E TE D ODREET 5,
RSO DFIER B B ST B W T, BB EN OB DI EIRI & 9 BT 2 OMNIRETE
D DIPIRAET B, WRAE L 72 FiE 2 AR BRSO L, B3t O ARSL#LE ORI DU
TEET D,

3. WHEDTTIE

I+ N O D2 BB T AL D 5 B FOEE M=Pt O U F F L BRSSO fEd O
o FREEEEEIE. M=Ni & Pd o4 7B ORI TH Y | S TR LOIEDOE R ) OFEE N
PMEL B B KRES bRV, ZOFFEICER L, BE&YTF A L UESKREO R I
T, fMERELC %@Lk%k%ﬁ@f%é@fiﬁwmk%ztoﬁfﬂ%ﬂxﬂﬂbwk >
NIREN OB 21TV, BB HERL & 7 OIUFIRIOEL T =4 —TX D0, MAELT,

FEROWFEFIENBIE TE 2%, AV 12 BN = A2 I £ D T CRIGEIRIC R D1
HEWETHDH M=Pd OIFIZOWT, EORMEOHLENE 17X 2R T 2 OB T HFE %17
STz BT, BT ORFREENELL L T\ D B BEDT-TTFIZX LT, [FAROHFIZEFiE 2 F
e N GER AN Y A Py

4. WFFERE

(1) &RMixEEEE 277 MeN[P(dmit)y], D4 B TIL, 01 2R3 K LB TH
V. HOMO HIRDAy FHED 45 FHAG D & 5 2 & THRANVEIIE 2 B L . xz/y2@7
CHNT =AU (K1 RANE D AR, ZofuEE, BER ISV, B ORI
LUMO HED#E DHERT L i< 72 %, K 0 AIKIEO AR TlL, &2TH5H %f(%)%—yfﬁ

—ELEIEZ #@Tiﬁ< YBODTDOH (B) Y—r T I7—EAERI L (K1KAILD
FAAD ., DSy I FREIOEREN, 2BMATH 2L ZITHAT, FEALEEDLT,
ME@&@ﬁwﬁzit S, & AN, RV O FTlE, HOMO H3kD — &Kol
ﬁﬂIMMOm%®*$¢®ﬂﬁiw%ﬁuﬁﬁ<&ékwo LIIRTER VARG = F7abibY Vs

o MENLOW VR 2 OFER, —EREICA Y U2 OFfiE %@ﬁﬁbfvtﬁ%#%lyMo%
ﬁw% BT B S  HOMO #UEIZ S LUMOBLEIZ b B3 oft £ » 72 “BIAKAAL

HIZ 5T azﬁﬁbkoMammmmmaMamwmmmhf%ﬂﬁmﬁ%%ﬁto



2[Pt(dmit),], ' — [Pt(dmit),],"+ [Pt(dmit),],

14
> “«l
T AH
£ AH  AH
2 1.0r 0.83eV 0.83eV h8B=Y Bl
= 0O~ 0.77eV
E o8} O O .o
o —_—
[@)
= 06f -0 oo .o
2l 0.61eV 0.61eV -8 058cV
e 0 BL BL 0.46ev  AH
< 02t BL
S
[0
S 0.0f<H,

0.2t

1 MeN[Pt(dmit)]> 12353 % BLE RO Ok %

(2) MeN[Pt(dmit),], & A7 OfE s 2 FF> M=Pd Tlx. " EBAENOIREENHOS Z LI
FRAN 8 5 720 ABEERE DN 8 - T HBE HERN D AN D Y it @%ﬁu\ ENHEIH LT, D
JE B ERER T o D EtMe;As[Pd(dmit),], 75, A B2 12 2368 =A% BV £ Tl
BERTEEZDNTEZ LICHEH L, MeN[Pt(dmit),], & [FBEDFTEREIT o712, T DOREE,
Me N[Pt(dmit),], & [FIERIC }DMom%®%%%%ﬁﬁ$£ETﬁ%éﬁ\ﬂﬁ@ﬁ@%@%iﬁ
TEXRWEOETOEEREBICRE B2 RTZENTET, *%@*EWT®@WBO%E
mb\%bw*i%Tixt/mn®ﬁ$%%%o EMHIBA LT, HRTIEH D2 VBO 8
S5 Evd T EiE, MesN[Pt(dmit)], & iﬂmfiﬁwﬁﬁ%@FW%L%ﬁoMPd®
JENF BRI EE T VBO 239 & W) LIRTOWFSERE R E—F L T\, 2F 0, &K
{EA3 s TS E v MR & B 2 5775 tﬁh%ﬁi IBWT, MREEL EOMET
ULVBIRE A TE N E W IBEFEOE 2 HIZ, BRZ&RTT R E o7,

(3) ENFEBLEARTHD EtMe:;As[Pd(dmit),], & 50 FDESIREESHEEL L TV D Al
BEDT-TTF (Zxt L CH ., [FEROAZEFEZ R TE VOt Lz, BEERIZIIV(BEDT-
TTF),Cu[N(CN)JI X°, = FAHE 1100V ERR AR 2 T 2 HONCIREh A7 PAEZRIELIZZ A, K
KT —ARKOE—7 ORENDREEHITIC AW LEAOE—7 N ENT-, ZoOBWEIT, (2)
ERERIZ, BB FIRENIFL TS Z EE2RRL TV D,

(4) EtoMe Sb[Pd(dmit),], &, —=EAK[Pd(dmit)]» (Z331F 2 HOMO H 3K D Fe A kifliE S AR 2 E
THDHZ LTS EERIC i@ﬂ%hfwtﬁ DIHLSDFETH 2 WURTT X MRS T
ZUD CARLEEMICHEKT DL EBRIT I LN TE T,



9 6 0 0

Yamamoto Takashi Hiraga Daiki Arashi lkumi Takasugi Koh Naito Toshio Ishikawa Tadahiko 92
Okimoto Yoichi Koshihara Shin-ya Nomura Mitsushiro Kato Reizo
Orbital Degree of Freedom in Conducting Platinum-Dithiolene Complex Salts 2023

Journal of the Physical Society of Japan

024701/1-10

DOl
10.7566/JPSJ.92.024701

Takashi Yamamoto, Toshio Naito, Mikio Uruichi, Hiroki Akutsu, and Yasuhiro Nakazawa 90

Lattice and Charge Fluctuations in a Molecular Superconductor 2021

J. Phys. Soc. Jpn. 063708/1-5
DOl

10.7566/JPSJ.90.063708

Yuichi Okii, Takashi Yamamoto, Toshio Naito, Kensuke Konishi, Hiroki Akutsu, and Yasuhiro 91

Nakazawa

Enhancements of Superconductivity and Insulating Electrical Resistivity under the Same Uniaxial 2022

Strain in a Molecular Conductor

J. Phys. Soc. Jpn. 034707/1-9
DOl

10.7566/JPSJ.91.034707

Takashi Yamamoto, Daiki Hiraga, Ikumi Arashi, Koh Takasugi, Toshio Naito, Mikio Uruichi, 90

Fumitsuna Teshima, Kiyohisa Tanaka, Mitsushiro Nomura, and Reizo Kato

Coexistence of Interchanged and Normal Orbital Levels in a Molecular Conductor Consisting of a 2021

Metal-Dithiolene Complex

J. Phys. Soc. Jpn.

114704/1-10

DOl
10.7566/JPSJ.90.114704




Toshio Naito, Hayato Takeda, Yusuke Matsuzawa, Megumi Kurihara, Akio Yamada, Yusuke Nakamura 3

and Takashi Yamamoto

Organic charge transfer complex at the boundary between superconductors and insulators: 2022

critical role of a marginal part of the conduction pathways

Materials Advances 1506-1511
DOl

10.1039/D1MA00933H

Tsuchiya Satoshi Kuwae Ryota Kodama Takumi Nakamura Yusuke Kurihara Megumi Yamamoto 89

Takashi Naito Toshio Toda Yasunori

Electronic Inhomogeneity in Organic Charge Transfer Salt k -(BEDT-TTF)2Cu[N(CN)2]1 Probed by 2020

Polarized Femtosecond Spectroscopy

Journal of the Physical Society of Japan

064712 064712

DOl
10.7566/jpsj .89.064712

Tsuchiya Satoshi Kuwae Ryota Kodama Takumi Nakamura Yusuke Kurihara Megumi Yamamoto 89
Takashi Naito Toshio Toda Yasunori
Electronic Inhomogeneity in Organic Charge Transfer Salt k -(BEDT-TTF)2Cu[N(CN)2]1 Probed by 2020

Polarized Femtosecond Spectroscopy

Journal of the Physical Society of Japan

064712 064712

DOl
10.7566/JPSJ.89.064712

Okii Yuichi Yamamoto Takashi Konishi Kensuke Naito Toshio

89

Electrical Resistivity under Uniaxial Pressures of 3 ' ' -(bis-ethelenedithio-
tetrathiafulvalene)4Pd(CN)4H20

2020

Journal of the Physical Society of Japan

034709 034709

DOl
10.7566/JPSJ.89.034709




Guerin Laurent Trzop Elzbieta Ishikawa Tadahiko Koshihara Shinya Yamamoto Takashi Toudic 108
Bertrand Kato Reizo

Frustrated competitive forces in the Et2Me2Sb[Pd(dmit)2]2 molecular conductor 2023
Physical Review B 134104/1 8
DOl

10.1103/PhysRevB.108.134104

11 2 2

NPD Type-lla

63

2022

2022

Takashi Yamamoto,* Yuichi Okii, Toshio Naito, Kensuke Konishi, Mikio Uruichi, Hiroki Akutsu, Yasuhiro Nakazawa

Unidirectional Tetramer Formed in Molecule-Based Superconductor

The 14th International Symposium on Crystalline Organic Metals, Superconductors and Magnets (1SCOM2022)

2022




62

2021
2021
2021
76
2020 2021

2019




k-(BEDT-TTF)2Cu[N(CN)2]1

2019

2019

T. Yamamoto

Inhomogeneity of Intermolecular Interaction in Molecule-Based Superconductor

Workshop of Thermal and Entropic Science - Interplay of Condensed Matter Chemistry and Physics

2023

K -(BEST)2Cu2(CN)3

78

2023

L. Martin,

ET

2024

2024




Université#233; de Rennes

Nottingham Trent Univ.




