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Introduction : Conjugated polymers

Conjugated polymers

Alan J. Heeger Alan G. MacDiarmid Hideki Shirakawa

The Nobel Prize in Chemistry 2000 was awarded jointly to Alan J. Heeger, Alan G. MacDiarmid and Hideki Shirakawa "for
the discovery and development of conductive polymers”.

Attractive due to:
« Integrability with inorganic semiconductors
« Low cost (fabric dyes, biologically derived materials)

) ) But problems exist:
« Large area bulk processing possible

; e « Stability
« Tailor molecules for specific o 5
electronic or optical properties i
« Unusual properties not easily attainable * Th“:k”esls controll I°f polymers
with conventional materials « Low carrier mobility

Polyphenylenevinylene
Gwangju Institute of Science and Technology
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Introduction : Conjugated polymers
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Introduction : Conjugated polymers
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Introduction : Conjugated polymers
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Fluorescence Turn-off
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Fluorescence Turn-Off

Signal amplification
Fractional binding gives large fluorescence emission changes

Antenna effect Molecular wiring system
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Fluorescence Turn-Off
AFP Quenching
Quencher : g
1) Electron deficient molecules by 1 \ [ TNT
ex) Trinitrotoluene (TNT), Viologen ——  Lumo
2) Heavy metal ions
ex) copper, iron etc. l
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cavities

|
pentiptycene group  conjugated polymer backbone

JACS 1998, 120, 11864-11873
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Fluorescence Turn-Off

Fluorescent sensors with high sensitivity
High surface area-to-volume ratio leads to efficient interaction between
the fluorescent conjugated polymer and analytes.
Conjugated porous polymer network system
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Fluorescence Turn-Off

Conjugated polymer film with high fluorescence
quantum efficiency and large fractional free volumes

Low PET High PET .
Exciton efficiency efficienc Exciton
decomfinement comfinement
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Movie : Fluorescence quenching by TNT vapor and recovery.
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» High fluorescence quantum efficiency
» Large fractional free volumes.
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Conjugated polyelectrolyte

Fluorescence Turn-Off

Conjugated polymer biosensor

4/_/—503 Li*
!

Cytochrome B (cyt b): Mw = 12384 ; isoelctric point = pH 9.6
Myoglobin : Mw = 16951 ; isoelectric point = pH 7.4

Chicken egg white Lysozyme : Mw = 14307 ; isoelectric point = pH 11.4

\ (50% quenching rate)
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Fluorescence Turn-Off

Detection of fluoride anion

Molecular wiring system Fluoride-triggered lactonization reaction
Conduction ©— © S COVEL «-COOEt
Band N o COOEt g m
1{1\ l,hv' P /Sliiﬂ — )N 0”0

adl o ° [
Band {_

Conjugated polymer

Selective detection of fluoride anion by conjugated polymer CrHsQ _ OCutHis
was achieved by exploiting the unique reactivity of fluoride YWa
with silicon.

Gwangju Institute of Science and Technology {
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Fluorescence Turn-Off

Analyte induced aggregation

. . St h- .t
Isolated chains : Aggregated chains : rong quenching stte

Strong emission Weak emission

di or trivalent ions JACS 2000, 122, 5885-5886
Analyte induced aggr 996"-"'°”> Fluorescence self-quenching mechanism

2 ® I >
Multi- charge molecules

(ex : Proteins)

sugar-PPE Con A non-flucrescent
complex

JACS 2008, 130, 6952-6954
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Fluorescence Turn-Off

Effect of dimensionality (D) on (un)quenching mechanisms Amplified quenching

@ .
‘\

A | Increasing Sensitivity
LAY
/v Quenching Mechanisms

Amplified Fluorescence Response

a 1D exciton diffusion -

region of prompt
. e tr

exciton diffusion on
20 - 1000 ps timescale

lncreusing Sensitivity

2D exciton diffusion
v

Role of mechanism and dimensionality in determining the relative sensitivities
of conjugated polymer sensors. Sensitivity increases as polymer chains are

assembled into structures that provide the exciton with additional energy a) Nonaggregated polymer chain (1D) at a high
migration pathways that exhibite greater efficiency. Unquenching (turn-on) is polymer/dye ratio b) Aggregated polymer at a
generally less sensitive than quenching low polymer/dye ratio.

Gwangju Institute of Science and Technology
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Fluorescence Turn-On

Turn-on mechanism
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The unquenching process, although a turn-on mechanism, tends to suffer from lower sensitivity because to
obtain a highly quenched state, some of the quenching groups will inevitably be located within the exciton
diffusion length. However, the mechanism is very useful to develop sensors with high selectivity.

Gwangju Institute of Science and Technology

PNAS 2004, 101, 7505-7510 |
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Fluorescence Turn-On

Fluorescence Turn-on type biosensor

Quenched fluorescence
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Conjugated polymer
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JACS 2004, 126, 16850-16859
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Fluorescence Turn-On

Continuous Fluorometric Assays for Acetylcholinesterase Activity

electrostatic
repulsion
-

-

L
Q

No flucrescence

DG Acstylcholine (ACh)
Acetylcholinesterase (AChE)

The hydrolytic breakdown of ACh in the brain by AChE can
accelerate the assembly of amyloid b-peptides into amyloid
fibrils, a process that results in Alzheimer’s disease

Strong fluorescence

Gwangju Institute of Science and Technology
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Fluorescence Turn-On

Sensor base on polydiphenylacetylene

Conjugated polyelectrolyte
(CPE) based on PDPA

SO;Na

Emissive system :
scissoring motion

a)
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P intramolecular stack structure

New fluorescence signal transduction mechanism
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Fluorescence turn-on response to multi-charged

biomacromolecules
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Colorimetric sensors

Fluorescence resonance energy transfer (FRET)

—8— + 9 <
— — Electron transfer
Energy transfer j ectron transte
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Fluorescence resonance energy transfer
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Stoke's shifts of systems with large
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Figure 1. Overap integral is critical in FRET, and it is the limiting factor in how far to the red a though space energy transfer system can fluoresce for
a given donor. Through bond energy transfer systems have no known limitation of this kind.
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Colorimetric sensors

Spectra overlap

Chemical structures
1.0 —— PFP-SO,Na FAM
f'_%: ('/_\_-\- Y —% e a ¢ g -"n".. ] of .
L4 FR I
| r“-t ~ Dyelabeled lysozyme : & 08 I \
. 7] 1 f LT | i
P < Dye = 7-carboxyfluorescein (FAM) S / \ | L B
i i i = = I / | |I \". , |
N8OS Mg isoelectric point = pH 11.4 : | / | v |
E 0.4 /'l ,'I |II : ! \_\\ I'I
- ] ' I\ b |
Detection mechanism 0.2 / “\\
FRET 1 J - ___'}\;/ Nl
' 0.0 I o

300 350 400 450 500 550
Wavelength (nm)

- I S
d I
5

Fluorescence resonance energy transfer

o 1-“ i b — PFP SUaNa
L st F =t peciiie protein m— | OTYITE
0.8 thrombin
— lrypsin

BSA

i "LNJ‘I kﬁ ¥/=
" LY
u

o
o

FRET FRET

Morm. FL Intensity (a.u.)

v " 0.4+
o o] _\° 0.2 \
Bt ] = @ 0.0 —
A= 400 450 500 550 600 650
Wavelength (nm}

Chem. Commun. 2008, 2284
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Colorimetric sensors

Aggregation induced fluorescence color changes

Chemical structures

Fluorescence emission color
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Macromolecules. 2006, vol 126, 14964. Adv. Mater. 2004, vol 16, 1001.
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Colorimetric sensors

Aggregation induced fluorescence color changes

Colorimetric Sensor Based on Analvte-Induced Aggregation
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Conformational effect

Thermochromism
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Piezochromism

MECHANOCHEMISTRY

Polymers react to stress

Christoph Weder

The latest polymers are chameleon-like: they change colour on deformation.
The transduction mechanism underpinning this effect could be used to make
polymers that respond in many other ways to mechanical stress.

Nature 2009,459, 45

Nature 2009,459, 68 Macromolecules 2007,40, 2400

Piezochromic fluorescence materials

Before Shear Siraln

Heat

Pressure
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J. Am. Chem. Soc. 2010,132,13675

Adv. Mater. 2012,24, 5487 (cover page)
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Piezochromism

Crystal to amorphous
JACS. 2007,129, 1520

Crystal to crystal
Angew. Chem. Int. Ed. 2008,47, 5175
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Fluorescence spectra and photograph

Piezochromism
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Order phase

Piezochromic fluorescence mechanism

Mechanical
stress

Disorder phase
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Conclusion

The conjugated polymer-based sensors have attractive merits as
a sensory system and have expanded their applications to
various molecular detections
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