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The discovery of conducting polymers

The Nobel Prize in
Chemistry 2000

Alan J. Heeger Alan G. MacDiarmid Hideki Shirakawa
Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

Ref. http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2000/

X-ray Characterizations

Nobel prize for Nobel Prize in Nobel Prize in
physics in 1901 Physics 1914 Physics 1915

Wilhelm Conrad Max von Laue Sir William Henry William Lawrence
Roéntgen Bragg Bragg

The discovery of
X-ray diffraction
by crystal

The discovery
of X-ray

The analysis of crystal
by means of X-ray



Supramolecular Chemistry

The Nobel Prize in Chemistry 1987

Donald J. Cram Jean-Marie Lehn Charles J. Pedersen

“For their development and use of molecules with structure-
specific interactions of high selectivity.

Molecular and supramolecular chemistry

Supramolecular chemistry:

Molecular chemistry: chemistry beyond the
the chemistry of the covalent bond molecule
Driving force: 2nd
A interactions o éares
B physmm,

. Condensed matter
Synthesis

E Molecules ——— Amorphous
Crystalline

Thinking or living matter.

Covalent bonds

Chemical bonds Physical bonds

: Functions
Increase of complexity
Note: “The suparmolecules are the organized entities of higher complexity that result
from the association of two or more chemical species held together by intermolecular
forces.” Jean-Marie Lehn.



Nano-optoelectronics based on
self-assembled conjugated molecules

Chemistry
Prepare molecules via the formation of

chemical bonds

Supramolecular Chemistry
Generate supramolcules by the self-
assembly of molecules.
(Driven by the Physical interactions)

Device Fabrications and Performances
Organic solar cells
Organic field effect transistors

Working Principle of Photovoltaics-
Conversion of solar energy into electricity

vA¢

<’> Solar

Py radiation 1. Solar radiation absorption.
_____ PoSitive electrode (ITO)
:.;.;.;.;.;:'.;.;. ;.;.;.;.;.;.;.;.;.;.;.i;.;.;.;.;.;.;_;.;.;.;_ \ I / 2 Charge generation from

excited molecule.

3. Charge transport to electrodes.

...................................................................... o

................................... >

Negative electrode (Li, Mg, Al)

Charge
Photo-excitation i
M . M* separation | M Charge transport
g v T —
. . to electrodes
? ....... Relaxatlon ........ 2
rerreeereserrmneernnesrnnnnrennnennd Charge
Recombination

Ref. Yu, G.; Gao, J.; Hummelen, J. C.; Wudl, F.; Heeger, A. J. Science, 1995,270,1789-1791; Giacalone, F.; Martin, N. Chem. Rev. 2006, 8

106,5136-5190;Chen, L.-M.; Hong, Z.; Li, G.; Yang Y. Adv.Mater. 2009, 21, 1-16; Bredas, J. L.; Norton, J. E.; Cornil, J.; Coropceanu,
V. Acc. Chem. Res. 2009.42,1691-1699: Nelson. J. Science 2001, 293.1059-1060.



Marcus Theory and OFET Charge Mobility

e [ Ve 2n 1 A
& 4 =7 m JaheT p( 4ka)
’ k. rate constant for electron transfer
t: transfer integral
A: reorganization energy

To reach high n
|
[ ]
Small A Large t,
(Rigid molecules) (high electronic coupling)

= 9 Q
</ Molecular properties
11 cm?/Vs  43em2nla

Length scale: A ~nm

Molecule design and solid-state physics

Positiveelectrode Electron donor Electron acceptor
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CeHis

P3HT
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The Tool- X-ray diffractometer

X-ray tube

T ZR o F h Monochromator
r . - 7 YCollimator
J ; - .:

More details will be provided in
the presentation. Thank you and
Look forward to seeing you
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