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Physics and Chemistry, Organics and Inorganics

Graduate School of U. )
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Department of Chemi|
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" Louisiana State U. (USA)

®  Electron spectroscopy of organic materials

® Electronic structures of organics by using synchrotron

[S)

@ Tohoku U. (Associate prof.: Research Institute of
Electrical Communication, faculty of engineering
2002-2006 (prof. M. Niwano)

® Organic electronic device, Infrared spectroscopy,
displacement current measurement.

® Chiba U. (Professor: Center for Frontier Science) 2006-

Fusion of spectroscopy and device studies.
Device Physics of Organic Electronics

Baton Rouge

Plan of this class

& Objective: To be familiar with ....

@Basic properties of organic semiconductors and devices
@How to handle organic semiconductor

@Basics of electronic structure of organic semiconductors

@How to measure their electronic structures especially photoelectron
spectroscopy

@ Criteria for judging grade score:
Attendance + report
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Organic Materials in Daily Life

Let us imagine daily items....

@ Home electric appliances
(cables, CD, DVD, printed board, LCD etc)

@ Pen, Ink, Paper....

# Clothes, Synthetic fiber, Mask....

@ Plastic bottle, Food wrap

@ Foods

@ Human body, Living things, Medicine

Merits and Demerits(?) of Organics

; f molecules which
were synthesized so far is very huge.

@ | Wide range of variety of design.

@ | Negative aspects? (endocrine
disturbing chemicalsGRIEHRILEY) -
multiple chemical sensitivity
syndrome({LE ¥ B 1B ENE),
Emission of dioxine upon the waste
incineration (EEBEBEENEFDAF (A ¥
)ﬁ&l‘ﬁ) ? 2" Close to 100Million, 7{.3;«.:;55
@ So far used as insulator 80 or 90% may be organics

45.101,196.
[T

~

23794148
2005200 T

1970 1980 1990 2000
Year

Fig. 1. The number of substances registered by the Chemical Abstracts Service.

Electric conductivity of organic and inorganic materials
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History of Organic Semiconductors and Conductors
_*1906  Pocchetino T bS5t D FARE M (Discovery of photoconductivity of

=1941  Szent Gyorgyi EARRICEVWTIIAMYENDERCERNEEITIZ
MELMNZEL |(Conductivity of organic materials may be a key in bio-related system
+1948 Phthalocyanines (% E MDEley, A< 7 M Vartanyan),

%3185 &k ik 1L 7k F (polycyclic aromatic hydrocarbon) (BARD FR#A, F0)
+1954 A O EE D BRI B K (First charge-transfer complex with high
conductivity) (FR¥2. FF 0, #25k)

+1973,1975 (SN)x £ B (Metallic). 815 E 4 (Superconducting)

-1977 BEMEDF.RITEFLUDFER (The discovery of conducting polymer,
polyacetylene (BJIl, MacDiarmid, Heeger)

+1987 BHELFRF D 3HE M L (Breakthrough to efficient organic
electronluminescent device) (C. Tang, Kodak)

=1991 K;Ceo #BImE (Superconductivity)

<1997 HHELE AERALA (First OLLED in the market)

*2000-2002 £1D (? ) HHFETHREE (Scientific misconduct by Shoen)

2001 [Ni(tmdt),] ¥ D E K FHHEEE (First single-componet organic metal)
=2007 First TV using OLED

=2017 First Large size OLED TV




Photoconduction of Anthracene: 1906

A. Pochettino
"Sul comportamento foto-elettrico dell’Antracene”
Atti della R. Accademia dei Lincei. Rendiconti della Classe di Scienze Fisiche, Matematiche e

| Naturali 15, 355 (1906)

Fisica. — Sul comportumento folo-eletirico dell’ Antracene.
Nota di 4. Po: o, presentata dal Corrispondente A. SELLA.

G. C. Schm:dt ('), ha fatto una serie di esperienze intese a stabilire se
vi fosse una relazione intima fra i fenomeni di fluorescenza delle soluzioni
e leffetto foto-elrttrico, ossia la capacitd di emetters degli elettroni sotto
l'influenza della luce nltravioletta. Riprendendo queste ricerche ho avato occa-
sicne di notare come alcune soluzioni di Antracene in Benzolo, per quanto
uecessariamente poco' ricche di Antracene, fossexo capaci di manifestare un
effetto fotoelettricy abbastanza rimarchevole; cimentando poi I'Antracene so-
lido, ho coustatato cl'esso presentava questa proprietd in modo molto pi
notevole ancora:-non essendosi ancora, a mia saputa, mai constatata questa
proprietd nell Antracene cd affini, credo non privo d'interesse riferire intanto
qui i risultati preliminari di questa ricerca che, per una quantita di feno-
meni concomitauti che conplicano non poco il fenomeno foto-elettrico puro

ce, mi riverbo di proseguire in seguito.

eoto sperimentato su tre qualitd di Antracene di pu-

i cristallini
de sweral

Hint to the concept of organic semiconductors 1

Graphite (£4n)is a semi-metal, and good conductor.

P
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(43)

o, the fraction of graphite like B
olycyclic aromatic h
ydrocarbon(#E& 2R F Fh&kikibK
%) may be also conductor?
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Hint to the concept of organic semiconductors 2

EYHITIAERIT. —FEOKISEHM,

P ot NAGET S i o2 MAe (Photosynthesis is a kind of solar cell.)
RIVTAY2 FEALTZURE
H20 — 11202+ 2H* e [ .
a HHREELEET LA F
8 i

/ﬁQ—\ Porphyrin and
phthalocyanine are bio-
mimic molecules

cnn:ophyu 5 5
HCO H 0

Chiorophyll a’
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http://www.iis.u-tokvo.ac.ip/~tfuiii/kouaaku/watanabe htmid Y
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Hint to the concept of organic semiconductors 3

@ $RIEEH(silver halide photography) (& 3= 1&R(Dye-sensitization)
T (= —?ﬁfﬁ(Xerography)!:gﬁgﬁ)
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http://www.iis.u-tokyo.ac.jp/~tfujii/kougaku/watanabe.html

Examples of organic semiconductors
(smaII molecules)
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Conducting Polymers
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Increase of conductivity by doping
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m The Nobel Prize in Chemistry 2000

"for the discovery and development of conductive polymers"

Alan J. Heeger Alan G. MacDiarmid Hideki Shirakawa
® 1/3 of the prize ® 1/3 of the prize ® 1/3 of the prize
usa USA and New Zealand Japan

University of California Universi ity of University of Tsukuba
Santa Barbara, CA, USA Pennsylvania Tokyo, Japan

Philadelphia, PA, USA
b. 1936 b. 1927 b. 1936

(in Masterton, New

Zzealand)

d.2007
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Cis (1) and Trans(2)
Polyacetylene
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A story of the discovery of

“Shirakawa Polyacetylene”
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Superconduction of K-doped C60
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http://www.jaist.ac.jp/ms/labs/fukugo/iwasa-lab/study/fullerene.html
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Effective mass should be zero.
(Mobility: 15,000 cm?/Vs)

without scattering with scattering
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Carbon

nanotube
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HFEIF: Organic magnets
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Organic materials as electronic materials

@ Organic semiconductors, metals, superconductors, and also
”magnetic materials have been discovered.

Wide band gap (HOMO-LUMO=+y =) (more than 1.5 eV)
Extremely low concentration of thermal carriers — insulating
Wavefunction is localized within a molecule — Narrow band width
Van der Waals intermolecular interaction — Molecular Solids
Application to electronic devices (Orgnic electroluminescent device,
Organic solar cell, Organic transistor, Organic memory etc.)
Flexible device structure

Various function can be added by the modification of molecules.
Low cost, Low temperature process, Large area device, Printing
circuit

Large anisotropy

History
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