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One chain truncated from graphite (terminated by hydrogenes)
— Polyacetylene

Electrically conducting because
the p-electrons can move.
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First Electrically Conducting Organics

Br doped Perylene shows as high electric conductivity
as 0.1 Scm™.

First conducting charge-transfer salt

Akamatsu, Inokuchi, Matsunaga,

Nature, 173, 168 (1954).
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Charge-transfer complex E i #5 Eh$& 14

~ Electron donor EF# 5tk st . LUMO
) Compounds easily oxidized to D°—D* hvy B

with high HOMO levels |D_H_(

Electron acceptor BEFZ & _H_
P BEFZBR HOMO
Compounds easily reduced to A>—A~
with low LUMO levels Do Erisgy A°
717N

Completely D°A° — D*A™: lonic charge-transfer complex

Nearly D°A%: Neutral charge-transfer complex
Small (quantum mechanical) mixing of the ionic state
¢ = ¢ (D°A%)+ c (D*A)
and the excitation corresponding to D°A° — D*A~
gives rise to charge-transfer absorption & 7 #% &1 UX (visible to infrared)

hy =IE,—E(D*A~)+
Eredox(HOMo)— Eredox(LU
>0.1V DOYA%s more stable

Ferrocene=0.38 V vs. SCE

MO)

o~ than D*A~: neutral
< 0.1V D*A~is more stable

than DPAQ: jonic

Energy level
= — Erggox(vs. SCE)—4.4 V

Redox Potential B& 1t & T E L
(cyclic voltammetry)
vs. SCE =0.24 V NHE
Standard calomel electrode
vs. Ag/AgCIl = 0.22 V NHE
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126’ 55 (1985) DONORS ACCEPTORS
(Mixing solutions of colorless neutral donor and acceptor HOMO Levels OOOOO (4.85 eV)
gives an orange to yellow solution.) n pentacene _— 046V :
o, hv =1—E,—E(D*A7) I, : lonization energy of the donor naphthacene ?5;7170\2V) . B
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Good donors and acceptors

A good donor: Tetrathiafulvalene (TTF) Azulene

<000 =0-T o

TTE TTF TTF2+
This 7 7t system easily gives up one electron to form a 6 7t system.
(C—1m.S—2m)
Electron donating groups such as -NH,, -OCHj strengthen donor ability.

A good acceptor Tetracyanoquionodimethane (TCNQ)
NC : CN L, Né _ : N 4o NQ‘ i : _CN
NC CN NC CN NC CN
TCNQ TCNQ- TCNQZ‘
Reduction restores from the quinoid structure to an aromatic 6 7t system.

— emerges on the foot of two electron withdrawing groups (CN).
Electron withdrawing groups such as -CN. -NO, strengthen acceptor ability.
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Br doped Perylene shows as high electric
conductivity as 0.1 Scm™.

First conducting charge-transfer salt
Nature, 173, 168 (1954).

) 1960
4, TCNQ ™
de Pont group, who studied CN-substituted organics

Polyaceylene 1970 in analogy with teflon, found TCNQ.

(TTF)(TCNQ) '\ Acker et al. J. Am. Chem. Soc. 82, 6408 (1960).
TTF
BHIBIEE 650 Wudl et al. J. C. S. Chem. Commun. 1970, 1453.
TMTSF
BEDT-TTFE (TTF)(TCNQ) : Organic Metal
[Ni(dmit),]
Fermiology 1990 (TM,TSF)ZPF6 :first organic superconductor
D. Jérome, K. Bechgaard, J. Phys. Lett. 41, L95(1980).
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TCNQ complexes: stable CT complexes ch C :PN
CT complexes like M(TCNQ) [M = Li, Na, K, Cu, Ag] Nc CN

with conductivity 102~~10 Scm! (semiconductor due to the 1:1 composition
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pyrene
TCNE

tetracyanoethylene

Mixed stack structure
Neutral and ionic: low conducting
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(TTF)X,: Typical 1D Metal (X=ClI, Br, I, SCN, x+0.71)

Peierls transition (@ non magnetic insulator below 200 K

/1D stacks
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Charge density wave (CDW)
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Only one electron can
enter owing to U.
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2Kg changes under pressure.
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Attempts to reduce the Peierls transition: enhance interchain interaction by Se

(TTF)(TCNQ) 54 K
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(HMTSF)(TCNQ) 24 K
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Quasi-1D Metal: Fermi surface is open, but the
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(BEDT-TTF),CIO,(TCE) TCE:1,1,2-trichloroethane

G. Saito, T. Enoki, Solid State Commun. 42, 557 (1982).
H. Kobayashi, et al. J. Am. Chem. Soc. 105, 297 (1983).
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no conductivity
anisotropy

(BEDT-TTF)4(CIO,), (T,,, =170 K) is most easily obtained

as the ClO, salt.
(BEDT-TTF),ReO,

IBM Group Phys. Rev. Lett. 50, 270 (1983)

First Organic Superconductor of BEDT-TTF: T=2K (4 kb °
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None can reproduce. (BEDT-TTF) 4,(ReO,), is the majority phase
among the ReO, salts, so the 2:1 salt is not obtained.)

T(K)

B -(BEDT-TTF),PF: 1D along transverse

H. Kobayashi, Chem. Lett. 1983, 581.
S%nadeera, J. Phys. Soc. Jpn. 67, 4193 (1998).
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K. Bender, Mol. Cryst. Lig. Cryst.

108, 359 (1984).

T. Mori et al. Chem. Lett. 1984, 957.
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Rothaemel, Phy. Rev. B 34, 704

(1986).
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B-(BEDT-TTF),l,
First ambient pressure superconductor based on
BEDT-TTF (T.=1.5 K),
Yagubskii et al. JETP Lett. 39, 12 (1984).
Small pressure increases T, to 8 K. Murata JPSJ
54, 1236 (1985). Laukhin JETP Lett. 41, 81 (1985).

First 2D close Fermi surface: Mori et al. Chem. Lett. 1984, 95’7.‘
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BEDT-TTFi&:#&:& 7 48
Mori, Bull. Chem. Soc. Jpn. 71, 2509 (1998); 72, 179 (1999); 72, 2011 (1999).

Ring over bond: slip // K& AH “Ring over atom” slip // 2% 5[]
RB RA
|
{ f " }
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e S Lz L ez = J
— - = S 2 S
anion//stack L
s o
R B S s
| 2 T .
= (BI=EK)

Shorter linear anions make 3 (l,, Aul,, 1,Br, I1Br,)—
B “(AuCl,, ICl,, ICIBr) = B ”(AuBr,, ICl,, AuCIBr)

(ftRAe=ER (BEfiERQER, BzE X)

k-(BEDT-TTF),Cu(NCS),
First organic superconductor with exceeding T,= 10 K (T.=10.4 K)
Urayama et al. Chem. Lett. 1988, 55; 1988, 463.

anion layer

BEDT-TTF _,
conduction layer

Cu(NCS),; — {2
anion layer d

Ideal 2D system ,
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Closed 2D Fermi surface was firstly proved fromthe  3__ % J

AGNETO RESISTANCE

observation of Shubnikov de-Haas oscillation.
Oshima et al. Phy. Rev. B 38, 938 (1988).

S S W

1
MAGNETIC FIELD H(T}

K FE#E— IR (B EF A diagram)
K. Kanoda, Hyperfine Interact. 104, 235 (1997).
k-(BEDT-TTF),Cu[N(CN),]Br T,=11.6 K
4 9/K-(BEDT-TTF)ZCu[N(CN)2]CI T.=12.8 K (0.3 kbar)
Vil

J. M. Williams et al. Inog. Chem. 29, 3; 29, 2555(1990).
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=ik —— U/W TEMPERATURE (K)
Insulating phase of the  -phase is a Mott (antiferromagnetic at LT) insulating phase
because strong dimerization makes the 1/4-filled band to effectively half filled.

Superconductivity appears close to the Mott insulating phase similarly to the copper
oxides, suggesting Cooper pair formation related to antiferromagnetic correlation.
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@ -(BEDT-TTF),KHg(SCN),

H. Mori, Bull. Chem. Soc. Jpn. 63, 2183 (1990).

Osada, Phys. Rev. B 41, 5428 (1990).

K—NH,: Superconductor at 0.8 K

Open Fermi surface makes

CDW or SDW at 8 K
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H. Mori et al. Phys. Rev. B 57, 12023 (1998).
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Subtle control different from hydrostatic.
Organics are susceptible to pressure.

Superconducting only under uniaxial strain
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Taniguchi, et al. J. Phys. Soc. Jpn, 72, 468 (2003).
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Cu(DMDCNQI), Organic conductor coordinated to metals
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CgK  Superconducting at very low T
CgK  T,=0.39-0.55 K
CgRb T,=0.03-0.15K
CsCs T,=0.02-0.14 K




Energy band of graphite
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Organic Light Emitting Diode (LED) Organic Field-Effect Transistor (FET)
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