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Why organic ?

Light, Flexible, Eco-friendly
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Carrier generation in pure organic compounds

No external components

Addition of components

Defect-induction doping
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Kobayashi Y., Yoshioka M., Saigo K., Hashizume D., Ogura T.
J. Am. Chem. Soc. 2009, 131, 9995-10003.

No external dopant
No electrochemical oxidation

Conducting polymer
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New strategy for doping in pure orgcmlc
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Defects in salt bridges
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1: Mobile dopant via proton transport
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2: Conductivity Conirol by Molecular Design

w
Insulator
D %N
. . —C N
_ O Carrier concentration o
gr \\\\‘\ { N
o — N ,
S0
D —c:o """"" N
o] \
) o
N C— D

T (K) .0



National Institute for Materials Science

Contents

Defect-induction doping utilizing salt bridges

Electronic properties of a new doping system
1. Thermopower (Effect of mobile dopant)

2. Metalization (Effect of molecular design)
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Defect-induction doping
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Defect-induction doping

National Institute for Materials Science

TTFCOO'NH, Adv. Mater. 1994, 6, 298 TF**COO"NH;
S s. _COO'NH,* S S._1COO" NH, ) s. _COO \NH S S.__COO'NH,*
[S>=<SJ/ [ [S>HT<S] [SWSJ/ + [S>HW<S | Unstable byproduct
—>Dimerization
'H NMR, ESI-TOF-M Dopant 1 MR, ESI-TOF-MS
Solid
TTF**CO0O™: 9-33 % Protonic defect: 14 %
ESR at rt CH3CN (33%) 19000
(o) o exp.
CHCI; (33%) 18000 XPSatrt L
_ - N1 N
g 17000 S / | —s:f:th.
= THF (24%) 3 19900 401.5ev [ | e
2 Et,0 (16%) 3 15000 -~ NH,* 399.6eV
= EtOH (9%) AT o otonic defect)
13000 rintinane
12000 T SRR LTS

334 335 336 337 338 339
Field (mT)

Binding4 gﬁergy (e\:/a)97
Terauchi, T. Kobayashi, Y. et al. Syn.Met. 2012, 162, 53

407 392



Nationa

| Instifute for Materials Science

1D and 2D salt-bridged conductor, TTFCOONH;X
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Isotope Substitution of Salt Bridge

TTFCOOND,Ph TTFCOOND,
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Isotope Effectin DC conductivity
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Isotope effect in thermopower
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Isotope Effect in Proton Transport

Hydrogen concentration cell
Iwahara, H. Solid State lonics, 1988, 28, 573.

Proton transport ability at rt
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Role of mobile proton in thermopower
TTFCOONH Ph (1D system) TTFCOONH, (2D system)

Thermopower H /D — 21 5 Thermopower H /D - 2 41
Proton transport H /D _ 2 1 8 Proton transport | H /D _ 21 8

-t Kobayashi Y. et al. EuroJIC 2014 Kobayashi Y. et al. J. Mater. Chem. A 2013
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Molecular design for increasing conductivity
1D system 2D system
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Molecular design for metallization
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Molecular metal prepared by defect induction

High conductivity, 13 S/cm at rt
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A stable metallic state of (TTPCOO),NH,
- |with a mobile dopant

A third method for preparing
“ pure organic metals ”
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O — stesturedin: - No external dopant

T A — - No electrochemical oxidation

Ammonium tetrathapentalene carboxylate [(TTRCOO], NH | ‘
which was prepared vis protonic defect-induction doping. ‘
exnipits mewalic tenavior down 10 4 K The new Carmer-coping

method utilizng salt bridges was found to be the third method
for preparing "ORGAN'C METALS” composed purely of Ight

elements, where 3 dopan: [protonic defects) is mobile through
Proton Mgration in salt driages 3t room temperature c_

COO \ NH,

2

T. Terauchi, S. Sumi, Y. Kobayashi,
1. Nakamura, K. Furukawa, Y. Misaki

See Yuka Kobayashi et al.,
Chern. Cormvnun,, 2014, 50, 7111

Chem. Comm. 2014, 50, 7111.
Highlighted in the backcover picture.

www.rsc.org/chemcomm
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Potential to apply for printed electronics

~ -y Organic transparent electrode




National Institute for Materials Science (NIMS) :

Summary

Effect of mobile proton in thermopower

Metallization of doped salt-bridge system by defect
induction
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