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Charge-transfer complex電荷移動錯体

Electron donor電子供与体

Compounds easily oxidized to D0→D+

with high HOMO levels

Electron acceptor 電子受容体
Compounds easily reduced to A0→A−

with low LUMO levels
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(b) 6π recovers from quinoido＋electron withdrawing
→ Acceptor

TCNQ

Pentacene

(c) Aromatic hydrocarbons:  Donor > Acceptor
← In general, C＋ is stabler than C－
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El donating：-OH、-OCH3、-NH2

Elc withdrawing：-NO2、-CN、halogene、-COOH、-COOCH3、-CHO
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Redox Potentials
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D+←D0

Oxidation wave EoxD2+←D+

Cyclic voltammetry
Electrochemical Redox Potential
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D+→D0

Reduction wave Ered
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2/1 redox EEE

V 0 V vs Ag/AgCl1.5 V

Referece Electrode Ag/AgNO3

Working Electrode

Supporting Electorde Average

TTF + Bu4NPF6
in PhCN
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Electrochemical reference electrodes (cyclic voltammetry)
Standard calomel Hg2Cl2 vs. SCE = 0.24 V NHE

vs. Ag/AgCl = 0.22 V NHE
Ferrocene＝0.38 V vs. SCE

E＝ Eredox(vs. SCE) + 4.4 V
＝ Eredox(vs. Ferrocene) + 4.8 V

Conversion of redox potentials to ionization energy 

Ig＝5.832＋1.442Eox

Slop～1.5 ← solvation

Seki, Mol. Cryst. Liq. Cryst. 171, 255 (1989).

Tang,  J. Am. Chem. Soc. 130, 6064 (2008); H. Meng, Chem. Mater. 15, 1778 (2003);
De Leewd, Synth. Met. 87, 53 (1997); Tang,  J. Am. Chem. Soc. 131, 5264 (2009).

Higashino, Mori, PCCP 2022, 24, 9770.
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Redox of water：
stability window
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Shriver and Atkins,
Inorganic Chemistry.

Nernst equation

Ip = Eredox + 4.2 eV

8

h＋

e
－

H＋
H2e－

O2

H2O

e－

Conduction
Band

Valence
Band

Oxidation

Reduction

森 分子エレクトロニクスの基礎 p322

Photocatalyst
(Honda・Fujishima Effect)
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pyrene
NC

NC CN

CN

tetracyanoethylene
TCNE

Mixed stack structure
Neutral and ionic：low conducting

(NMP)(TCNQ)：first 「Organic Metal」1966

N
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CH3

+

N-methylphenazinium 
           (NMP)

NMP
column

TCNQ
column

TCNE pyrenepyrene

TCNQ
column

10-11 S/cm

170 S/cm
Segregate stack structure

Partial charge transfer：high conducting 

Planer molecules make 1D stacks.
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(TTF)Xx：Typical 1D Metal (X＝Cl, Br, I, SCN, x～0.71)
Radical cation salt (Organic cation + Inorganic anion)

1D stacks

Metal-insulator transition at 200 K

500 S/cm

MetalInsulator
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Temperature (K)
350200

Planer molecules make 1D stacks.
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tetrathiafulvalene
TTF

tetracyanoquionodimethane
TCNQ(TTF0.59+)(TCNQ0.59-)

Segregated stacksDiffusion method

From acetonitril 
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Metal-insulator transition at 54 K
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-(BEDT-TTF)2I3

BEDT-TTF (Tc=1.5 K) First ambient-pressure superconductor
S

S S

S S

SS
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30 S/cm

metal
Superconducting

Re
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Transfer integrals
β (meV)
方向 HOMO

p1 245
p2 84
c 50
q1 127
q2 68

From MO calc.

Intercahin～p2 2D metal
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Mori, Bull. Chem. Soc. Jpn. 71, 2509 (1998); 72, 179 (1999); 72, 2011 (1999).
Various structures of BEDT-TTF

Ring over bond: 
slip anolg the long axis

“Ring over atom” :
slip along the short axis
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κ-(BEDT-TTF)2Cu(NCS)2

S

S S

S S

SS

S

Superconductivity
at 10.4 K (1987)

Electrochemical
Crystal Growth

BEDT-TTF → BEDT-TTF＋

→ (BEDT-TTF)2Cu(NCS)2

[Cu(NCS)2]－

－+

－

1/2+
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-(BEDT-TTF)2Cu(NCS)2

BEDT-TTF
Conducting layer

Cu(NCS)2
-

Anion layer

Cu(NCS)2
-

Anion layer

First organic superconductor above 10 K (Tc=10.4 K)
Urayama et al. Chem. Lett. 1988, 55; 1988, 463.

Ideal 2D

Dimer
Mott
Insulator 16

BrCl Cu ( NCS) 2

超伝導

金属

常磁性 
絶縁体

反強磁性 
絶縁体

温
度

 /K

1 0 0

1 0

圧力

化学圧力

c/a

Universal phase diagramκphase (Kanoda Diagram)
K. Kanoda, Hyperfine Interact. 104, 235 (1997).

Mott insulator

κ-(BEDT-TTF)2Cu[C(CN)2]Cl
κ-(BEDT-TTF)2Cu[C(CN)2]Br
κ-(BEDT-TTF)2Cu(NCS)2

Metal-insulator transition in κphase organic superconductors

Pressure

insulator at high T

metal at low T

metal

Resistivity

温度

温度

Thermal contraction shifts 
the boundary right
Critical (end) point like
Liquid-gas boundary

Mott
insulator
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θ相統一的相図

θ-(BEDT-TTF)2MM’(SCN)4
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金属

絶縁体

H. Mori et al. Phys. Rev. B 57, 12023 (1998).
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Beyond band theory (1) d system
Se

SeSe
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Magnetic 
structure -(BETS)2FeBr4

dd d～2.5 K

FeBr4
－

kBTN=     [Jd+          J d
2 ] = (dd) + ( d)35
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2kBC

Antiferromagnetic transision T

J d < 0

＋

External field

Estimate J from t

＝０＝０

Internal field
Center field of field induced
superconductivity

-(BETS)2FeCl4

Magnetic anion
S = 5/2

T. Mori, J. Phys. Soc. Jpn. 
71, 826 (2002).
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[M(dmit)2]： Only anionic organic superconductor
n

n=0～2− M=Ni, Pd

R. Kato, Chem. Rev. 104, 5319 (2004).

(TTF)[Ni(dmit)2]2
Tc＝1.62 K (7 kbar)

((CH3)4N)[Ni(dmit)2]2
Tc＝ 5 K (7 kbar)

(EDT-TTF)[Ni(dmit)2](1.3 K) is ambient, others are high-pressure superconductors。
1D band. HOMO and LUMO have close energy levels, so that the dimerization 
(particularly in Pd complexes) leads to crossing HOMO and LUMO bands.

Ni Pd

1/2- 1/2-

20

N
NC

N
CN

DMDCNQI

Cu(DMDCNQI)2 Organic conductor coordinated to metals 

1D stack
N of CN coordinate to Cu

Cu→Li, Na, Ag
→Peierls転移

N,N’-dicyano-
quinonediimine

R. Kato, Bull. Chem. Soc. Jpn. 73, 515 (2000).
S. Hünig, Chem. Rev. 104, 5535 (2004).

Cu1.3+ mediates interchain
interaction to make metallic 
@LT

Halogen substituted 
DCNQI: 金属-半導体転移

圧力


