From molecules to materials

The logic of materials design and synthesis
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n-Conjugated oligomers and polymers

Poly(p-phenylene) PPP

Polythiophene PT

Poly(p-phenyleneethynylene) PPE

Poly(p-phenylenevinylene) PPV

Organic compounds with optical
and electrical properties of
semiconductors

ik Light absorption and emission
Charge transport

n-Conjugated polymers as semiconductors
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Materials for...

Light emission
Fluorinated electroluminescent polymers

<= Light absorption

Conjugated polymers for photovoltaics

+ Charge transport

Bio-functionalized organic semiconductors
for chiral sensing




Organic light emitting diode (OLED)
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Materials for white OLEDs:
Combining emitters of different colors

CIE 1931 Chromaticity Diagram

Focusing
on blue emitters

1931 2-degree Observer

LED’S BE HONEST

Dr. Doer D. Koek, VSL, Dutch Metrology Institute
Greenlighting Event, Frankfurth, March 24t 2009

PEN ISSUES:
Short lifetimes
Efficiencies lower than inorganic LEDs
if{ High prices

RESEARCH EFFORTS TO IMPROVE
MATERIALS ARE STILL NECESSARY

Fluorinated

poly(p-phenylenevinylene)s Chemcomm
(PPVs) for OLEDs

77 Blue-shifted emission

7¢ Increased stability

v Improved processability
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Electronic effects of substituents on PPV
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Bredas, J.L.; Heeger, A.J. Chem. Phys Lett. 1994, 217, 507

Fluorinated PPV via the bromine precursor route

R F

Br—Hzc—Q—CHZ-Br

Organometallic methodologies for the
synthesis of n-conjugated polymers

*Medium/low molecular weight — high yields
*High regio- and stereoselectivity
*Absence of conjugation defects

*Mild experimental conditions, many groups are tolerated

J. Mater. Chem. 2004, 14, 11
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Stille cross-coupling for synthesis of PPVs

OCsH4, CsH120,
| Pd(PPh3),
+ Bu;;Sn/\/SnBL|3 m S
| riflusso n
OCsHy, OCsHq2

Macromol. Rapid Commun., 1996, 17, 905

Functionalized poly(p-phenylenevinylene)s

DMB-PPV DSO-PPV BDA-PPV DEC-PPV

J. Mater. Chem. 2000, 10, 1573; Phys Rev B 2001, 64, 205205 1-8




PPV with fluorinated aromatic rings

K F .
LB\ = Pd(dba)y/AsPh,
! ! Sz e — N
benzene
FoF F F "
Chem. Commun. 2001, 1940 Mw = 2400, Mn = 1700
PD =17-20

Fluorinated PPV copolymers
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Macromol. Chem. Phys., 2003, 204, 1621

Absorbance (arbitrary units)
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PPV with fluorinated double bonds

0
Pd(PPh3), Q R
I P Bu3Sn)§rsnBu3 cul / .
DMF /THF F
2N Yield 87% "o

Eur. J. Org. Chem. 2008, 1977 Mn = 28000, Mw = 47000

Reference reaction MEHPPY
R Pd(PPhs), Q
l‘@" ¥ Bu;*Sn/§/SnBu—>3 cul Y N
5 DMF /THF
~ Mn = 4000, Mw = 6000 O~

Synthesis of the fluorinated organotin

monomer
R C'  )nBuLi NSO yuam, R SiEt
Y~ S = L )
F F 2) Et;SiCl F F THF H F
THF 88% 87%

KF, DMFdry .
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H F 2) Bu,snci BusSN F
80% 95%
H

D.J. Burton, Q. Liu, Org. Lett. 2002, 4, 1483
Eur. J. Org. Chem. 2008, 1977

Poly(arylenevinylene)s with fluorinated
double bonds

S?ﬁ?a 0/\/\803Na
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Fon n _/J
H3C F %

Yield 45% Yield 55% Na0s Yield 48%

Mw = 16000 Mw = 65000 Mw = 41000

F

1 \_/

Yield 50% Yield 82%
Mn = 17000, Mw = 47000 Mn = 23000, Mw = 45600

Eur. J. Org. Chem. 2008, 1977
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Emission spectra in solution
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Model ollgomer via organotln couplln

OTs
1o HOsHSO, 20% aq. NaOH_ /\G\
CHCI3 AcOH, H,0 T wewon | KOH, DMSO I
o o)
- . | 7T (73%)
(636 (70 %) Pd(PPhg)s, Cul
DMF/THF H F
; F SnBuj
o N-H BuLi d

F R
N—gnBu, BusSNCLTHF ./

o PF F o]

WO Pd(PPhg),, Cul
DMF/THF

(75%)

MEH-OPDFV (60%)
—

Model oligomers via organosilicon coupling

CH4CN

1) BCl3 /CH,CIRC
2) Pd(PPhg)s, Na,CO; (aq.) 2M

Chem. Commun. 1995, 2523,  J. Org. Chem. 2001, 66, 3878
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Modeling

" 0-20°

M + Only moderately twisted
1:%) . ® Phenyl rings almost coplanar
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Strongly twisted
Phenyl rings in an approximate
perpendicular orientation

Repulsive interactions of the fluorine atoms

J. Phys. Chem. B 2008, 772, 2996 with the neighboring alkoxy groups

ChemPhysChem 2009, 70, 1284

Time Dependent Density Functional Theory (TD-DFT)
Collaboration with Dr. F. Della Sala, University of Salento

Blue-shift due to double bond fluorination

CIE 1931 Chromaticity Diagram

Polymer 2008, 49, 4133

Blue electroluminescence
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Electroluminescence measurements (Philips Research, Aachen)

0 Adv. Mater. 2009, 21, 1115

Perfluorinated poly(arylenevinylene)s

M

F F szdba3
F, SnBuj trisfurylphosphine
| + = L. \
Bu3Sn THF, reflux
F F

Yield 55%
Mn = 2000

E F Pd,dba; F F e

Bu3Sn F trisfurylphosphine
/K + >=g o !/ \\_/
| | F nBus THF, reflux

Yield 60%
Mn = 2400

J. Polym. Sci. Polym. Chem. 2010, 48, 285
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Tuning PPV emission in the blue by

fluorination
OJC/\/
M Eg =3.68 eV
—o g
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M Eg=3.34 eV
F FF/n
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PPV

Copolymer synthesis: towards white light
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Copolymer emission color
Towards white light

(C. 1. E. CHROMATICITY DIAGRAM)
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Light absorption
+ Conjugated polymers for photovoltaics

Polymer solar cells

NEGATIVE ELECTRODE —

OSITIVE ELECTRODE

“Organic Photovoltaics. Concepts and Realization” Brabec, C.; Dyakonov, V.; Parisi, J.; Sariciftci, N.S.Eds., Springer 2002




The bulk heterojunction concept
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Halls, J.J.M.; Walsh, C.A.; Greenham, N.C.; Marseglia, R.H.; Friend, R.H.; Moratti, S.C;
Holmes, A.B. Nature, 1995, 376, 498

Organic semiconductors for solar cells
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+ ABSORPTION IN THE SOLAR SPECTRUM

Phenylene thienylene polymer

OCBH17 OCBH17
2‘ S
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Br—\g~ ~Br THF65°C \ /
CgH17O CSH17O
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Thiophene benzothiadiazole copolymers

OCgHq7
S Poly(phenylenethienylene):
N good charge transport properties
dcaHir n harrow absorption

Electron donor -Electron acceptor

Widening the absorption
by donor acceptor alternation

Synthesis of the monomers
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e Charge transport

Bio-functionalized organic semiconductors
for chiral sensing

Organic semiconductors for electronic sensors

Cx Al

The change in current depends on analyte concentration

Third electrode
Applied
// PPl

voltage

Organic semiconductors for
advanced electronic sensors

Conjugated polymers functionalized with
bio-molecules

T
Conjugated backbone ==>  Semiconducting properties
S

Bio-molecules E— Recognition ability

Combining semiconducting properties with
recognition ability

Bio-molecules as chiral side groups
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(D)-Glucose-substituted PPE
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(D)-Glucose-substituted PPE
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(L)-Phenylalanine-substituted PPE
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Deoxyuridine-substituted PPE
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Chiral supramolecular
aggregates
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Chiral supramolecular aggregates
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Collaboration with Proff. L. Di Bari and G. Pescitelli , University of Pisa




Chiral supramolecular aggregates

/80C

A pictorial model of aggregated chains evidencing supramolecular
chirality adopted by the polymer backbones

Macromolecules 2006, 39, 5206

Chiral discrimination

OA&AC
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Chiral discrimination

Electrical characteristics of PPE polymers
are not suitable for electronic sensors

The conjugated backbone
must be changed

Switching to a different conjugated polymer

OCgH47
S
Wan
CgH470
Eur. J. Org. Chem. 2002, 2785
A s ., Gas sensors (NO,)
<’\ /B YN

OCgH17
7 m

/_ /\Noz

|
NO, PPB DETECTION LIMIT

J. Am. Chem. Soc. 2003, 125, 9055
Chem. Mater. 2006, 18, 778




Synthesis of a phenylene-thiophene oligomer

O_/_/_/_/
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Toluene

O
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Sensing measurements

30 ppm of
(-) citronellol
B-Citronellol @ (R)-(+)-F-citronellol
X I 257 | M (5)-1)-p-citonelol
] >
® T ® g -15
1000
SRR TR
si 0 5 10 15 20 25 3 3
G fB-citronellol (p.p.m.)
I LoD =3.6 + 1.5 pm

Molecular semiconductor for chiral sensing

Boc

Bu,NCI
8OC Pd(PPh,),, K,CO
*NHO Toluene

semiconductor

Nature Materials 2008, 18, 778

OH
Me3SiCl
I =
NH(SiMe3),
H3 CH3CN

O
Pd(PPh,),, K,CO,q AcO, DAc
Toluene
AcBac n=1,2

Synlett (account) 2009, 717, 2740




Chiral sensor

B-Citronellol
Y =

B ek
MQM _@Wﬂ

Nature Materials 2008, 18, 778

Enantioselective sensing

Vg =-100V (-) Citronellol (%) Citronellol
30 m = -0.08 nA/ppm m = -0.06 nA/ppm
25. Atronellol
g enantiomers
-2,04
E -1,54 . ) o QOH
< 104 \\ <+) o
0,5 (+) Citronellol
* m = -0.04 nA/ppm
010 T T T T T T T T T T T T T !
0 5 10 15 20 25 30 35
citronellol [ppm]
(+)LOD 2.5 +1,0 ppm

(-)LOD 3,6 £1.5 ppm
(£)LOD 2.5 +£1,0 ppm

BETTER THAN LITERATURE

K. Bodendhofer, A. Hierlemann, J. Seemann, G. Gauglitz, B. Koppenhoefer, W.
Gopel Nature, 1997,387, 577.

E.J.Severin, R.D. Sanner, B.J. Doleman, N.S. Lewis Anal. Chem. 1998, 70,
1440.

B.P. de Lacy Costello, N.M. Ratcliffe, P.S. Sivanand, Synth. Met. 2003, 139,
43.

PPTH DETECTION THRESHOLD

BETTER THAN UMAN NOSE

(S)-(-)-citronellol — floral, rose-like odour, reminiscent of geranium oil;

described as very fresh light and clean rosy-leafy, petal-like LoD 40-50 ppm
(R)-(+)-citronellol- citronella oli-like; described as slightly

0|Iy light rosy-leafy, petal like odour with irritating top note LoD 50 ppm

Molecular diversity as key
feature of organic electronics

i\( CHALLENGING MOLECULAR
DESIGN AND SYNTHESIS

iﬁ{ CONCEIVING AND CREATING NEW
MULTIFUNCTIONAL MATERIALS

* FINE TUNING OF PROPERTIES
1asocC




