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

Doped Polyacetylene

H H H H

105 S/cm
q I Mttt NN NN
R Y N
H H H H H Kwi- BN Br—
I H v Ky H H HBr_l-i H
H H H o H - +
W NN NN
R TR
H H H H H H H H H H
H H H H H
Electrically conducting because : 300 S/cm
the p-electrons can move.
" e Negive [N Posi
B s o oo oo e () g - Posine
Semiconductor H. Shirakawa g == 4y Electron dope (NZ) Hole dope (PY)
Graphite Rk Charge-transfer complex F& ] FZ B BH{A
(Inorganic) H\C/CQC/CQC,H
o Electron donor E it
& H-C-cL-CH | Flectron CRRESSHEN
- Hon OO H Compounds easily oxidized to D°—D*
e ¢ with high HOMO levels
H/CQC/CQC/C\H S
aon Electron acceptor & 2741k
Compounds easily reduced to A°>—A-
First Electrically Conducting Organics perylene with low LUMO levels

Br doped Perylene shows high electric conductivity
First conducting charge-transfer salt
Akamatsu, Inokuchi, Matsunaga,

- 0.1 S/cm

EAEYEZ ) B
) Nature, 173, 168 (1954).
Charge-transfer complex

BN

Lowest Unccupied Molecular Orbital £+ . LUMO
. At
LuMo | conduction VRNV 12 n
band . ‘
ID-H—\\
HOMO

. valence
band DO Ds+As- A°

Ch -t f |
Highest Occupied Molecular Orbital argo-transior complox




Endox Ip (eV) Epdon
o0 Teracene Charge transfer absorption (vis~near ir)
Redox Potentials 55 e GO
18V 3.0 -1
[ Perylens Mixing colorless neutral donor and acceptor solutions
- ~COCC0 — organe~yellow solution
- Pentacene %%
e 3 T hv=I=E,—E(D*A~) [, :donor ionization energy
— E, :acceptor electron affinity
R - 2.45 eV q“@“"’ﬂkm LUMO - E(D*A"): Electrostatic enrgy in D*A-
Beter Donors sy 40 6; s 2 hv= ID- EA_E(D+A_) o
1 el 1 e Ereaox(HOMO)= E, oy (LUN 2o ——
' [+—SHE Chioranil Better Acceplors 8 CHARGE TRANSFER BAND
. , c. e 2.5 | WY
3 TMPD ";@'N\\—nv voscE 45 “’{:}0\— ox. — g E U'. v/ X
G:HZD )=<:>=( _ 29 | Iy
g OOOO *_[s#s]ﬂ:u o o fl1g:Q = / < LT l 5;3 I : Ja: R B
s’ Graphite| s N s 2 ! A p)
Q wsT‘_Eg;s:(?{?fpm_ Tone ~0>F=(°" 1 te %™ g >0.1V DCA%is stabler than D*A~ "9 | ik
- QEO\‘K ne N0 ° Neutral charge-transfer complex ‘-°\.@%é] s !
HOMO CCO0) Cx; Dm? * e i e < 0.1 V D*A-is stabler than DOAO ANy = St
—_ le's P mIsf“'\sIch Tonic charge-transfer complex 08 f F Siope - 1
pantone Y Yo OV 55 FIOV ot
20 10NIC | NEUTRAL
4 - A “los 0 : *O'SAEHE;;‘;?(V) 5 w20 w2s
Anthracene ﬁ ﬁj\%:ﬁ ]/7 ]\ o= 7 3 0)%% p322
15V~ 15V
HOMO Levels OOOOO Good donors and acceptors
(4.85eV)
— pentacene — .
0 08 Y 5V A good donor:  Tetrathiafulvalene (TTF) Azulene
naphthacene 077y [\ = -4 S S -e S S e S S
e COCD dhn e L) O-0-H-0=0-0
. 038V
YaYa) [\ 6 s St ©8
.05V~ ——— H 7ﬂ bn m bn on
Tov o ° = 0.97V s /s — TTF TTF TTF*
/ \ / 1.28V 1.09V I\ This 7 1 system easily gives up one electron to form a 6 1 system.
(5.7eV) w{Ng” TH (C=1n. S—=2n)
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30 V'— OO . . TCNQ TCNQ- TCNQ?
’ naphthalene Seki, Mol. Cryst. Lig. Cryst. Reduction restores from the quinoid structure to an aromatic 6 71 system.
230V 171,255 (1989)1 ) — emerges on the foot of two electron withdrawing groups (CN).
(7.3 eV) andbook of Oligo- and Polythiophenes Electron withdrawing groups such as -CN, -NO, strengthen acceptor ability.
Eetox © benzene Wiley (1999) p114.
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Cyclic voltammetry

Electrochemical Redox Potential
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in PhCN s s D2*—D OX|dat|T>n wave E,,
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Conversion of redox potentials to ionization energy
LjeV® .
E,JV 5
1jev Ref. UPS Yield Ref. (vsSCE) Slop 15 T SOlVathn
Benzene 9.17 69 7.3 118 2.30 =
Naphthalene - 8.12¢ 69 6.4 43 1.54 / ,5832 + 1442E‘r‘"
Anthracene 7.36* 69 X5.6, 24 1.09
Naphthacene 6.89* 69 5.10 43 0.77
Pentacene 6.58* 69 4.85 %0 9
Phenanthrene 7.86 73 X6.04 25 1.50
Chrysene 7.51 3 5.8 43 1.35 N
Benz{a]anthracene 7.38 73 5.64 90 1.18 e
Triphenylene 7.81 75 6.2 91 1.55
Dibenz[a,h]anthracene 7.35 43 5.55 97 1.19
Picene 7.5 73 5.7 91 133 7
Pyrene 7.37 75 X5.5¢ 25 1.16
Benz{a]pyrene 712 3 5.4 124 127
Perylene 6.90" 43 X5.1, 18 0.85 L L
Benzo[ghi]perylene 7.12* 73 X5.2 25 1.01 Eoelvs SCENIV
Coronene 7.25* 75 5.52 %0 123

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

Electrochemical reference electrodes (cyclic voltammetry)
Standard calomel Hg,Cl, vs. SCE = 0.24 V NHE
vs. Ag/AgCl = 0.22 V NHE
Ferrocene=0.38 V vs. SCE
E= E, 4ox(vs- SCE) + 4.4V
= E,cqox(vs- Ferrocene) + 4.8 V

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).
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Schriver, Atkins, Inorganic Chemistry
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Planer molecules make 1D stacks.

Photocatalyst IRE Mixed stack structure
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Planer molecules make 1D stacks.




(TTF)(TCNQ)
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One-dimensional metal
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(TMTSF),PF;:First organic superconductor

CH3:[
CH Se

szj:CH3
X=X

MXW

Jars Sann

Quasi 1D :open Fermi surface
but 1/10 interchain interaction

Transfer
integral (meV)
HOMO
a1l 200
a2 230
b 35
p1 20
p2 7

calculated from
molecular orbitals

(TMTSF),PFg:First organic superconductor
Static magnetic

Phase diagram
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S S S S
B-(BEDT-TTF),L, [SISHSIS]
BEDT-TTF (7.=1.5 K) First ambient-pressure superconductor
30 S/cm

Superconducting

«~—>«—— metal —»

10° {_,—._,_ﬂ-ﬂ»—m‘m
10" s

Shubnikov- de Haas Oscillation in 3 -(BEDT-TTF),l;

Oscillation of electrons rotating around
the Fermi surface is observed at low 7 (< 1 K)
and under strong magnetic field (> 10 T).

Shubnikov-de Haas oscillation

ol = 100 mK
E 8 100 r
\ 2 S o - o
Transfer integrals = g g 2]
(a2 3 ~ i s S6f 1
B (meV) 7 2 g [&)
Jilil HOMO b o S E¥[® ]
pl 245 § I TEMPERJ?URE (K} @ " LT rom (10om
p2 84 Hatched Periodicity MWWMWWWM
C 50 Area o 10 11 iz
n—~ B(T) -
qé lég Intercahin~p2 - 2D metal Fermi surface is 50% A (_1 _ % Magnetic Field
Fr(?m MO calc of the 1st Brillouin zone. B hS, Kang, et al. Phys. Rev. Lett.
' 62,2559 (1989).
. 1/2+ + —
Various structures of BEDT-TTF K -(BEDT-TTF),Cu(NCS),
Mori, Bull. Chem. Soc. Jpn. 71, 2509 (1998); 72, 179 (1999); 72, 2011 (1999).
miglort 'a..'"." %ﬂw Electrochemical
Crystal Growth
Ring over bond: “Ring over atom” :
slip anolg the long axis slip along the short axis
RB RA
) ! }
+ o+ + =+ S o
p p" 0 g
é~1 — S
* -2 = /ﬁ 10»7 BlE]
B o lxz quT\ (\m\_ L |
RB RA _0\ 30T/K/ 100 30
— D Superconductivity BEDT-TTF —» BEDT-TTF+
at 10.4 K (1987) [Cu(NCS).]-

- (BEDT-TTF),Cu(NCS),




x-(BEDT-TTF),Cu(NCS),

First organic superconductor above 10 K (7.=10.4 K)
Urayama et al. Chem. Lett. 1988, 55; 1988, 463.

Anion laver

BEDT-TTE_.

Conducting layer

Cu(NCS),— 1.+

Anion layer

Ideal 2D

~
x

MAGNETO RESISTANCE _(ard. u.)

% Dimer
DOOCOOO '

g 0
Insulator MAGNETIC FIELD H(T)

Metal-insulator transition in k phase organic superconductors

k -(BEDT-TTF),Cu[C(CN),]Cl Thermal contraction shifts
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1 1 L
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K. Kanoda, Hyperfine Interact. 104, 235 (1997).

TEMPERATURE (K) {ﬁﬁi‘?

Structures of Aromatic Compounds Acta Crystallogr. B 45, 473 (1989).
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Charge order in non half-filled bands

o K131
0 #H : uniform 2KTTAS T

Only half filled is insulating in the Hubbard model BT Yl

- Artifact of on-site U?
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T. Mori, Chem. Rev. 104, 4947 (2004).
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[M(dmit),] : Only anionic organic superconductor

JIS\N/S:I[3=5 n R. Kato, Chem. Rev. 104, 5319 (2004).
d s—~s~ \s s

n=0~~2—
N . . 11/2-
(TTF)[Ni(dmit),],
T.,=1.62 K (7 kbar)
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Cu(DMDCNQI), Organic conductor coordinated to metals

1D stack
N of CN coordinate to Cu

Cul3
interaction to make metallic

R. Kato, Bull. Chem. Soc. Jpn. 73, 515

(200

N S. Hiinig, Chem. Rev. 104, 5535 (2004).
2 i N,N’-dicyano-

N

cN quinonediimine (DMODCNAD,Co,

(DMDCNQI,Cu
DMDCNQI

mediates interchain

Cu—Li, Na, Ag
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(EDT-TTF)[Ni(dmit),](1.3 K) is ambient, others are high-pressure superconductors, z TR0 0 5 y § 5 e - (DEDCNGIHC
1D band. HOMO and LUMO have close energy levels, so that the dimerization % WIS P woar o i pamenance
(particularly in Pd complexes) leads to crossing HOMO and LUMO bands. ¢ ) N\ : ] Halogen substituted el — .
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Estimate Jfrom ¢ 71,826 (2002). Increase
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