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Plastic solar cells
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Properties of organic semiconductors:
wide absorption in the solar spectrum

LOW ENERGY GAP MATERIALS
(HOMO - LUMO difference 1.9-1.2 eV)

LUMO

Eg <2eV

Requirements of organic semiconductors

* Good absorption profile in the
solar emission spectrum

* Favorable alignment of
energy levels with the acceptor

* Appropriate film morphology and
stability
Good charge transport properties

Properties of organic semiconductors:
proper alignment of energy levels
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Properties of organic semiconductors:
charge transport properties
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High efficiency polymers
donor-acceptor design
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The Stille coupling
Common syntheses of donor-acceptor copolymers
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Synthetic Complexity (SC)
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Conventional cross-coupling reactions vs direct arylation
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Synthetic complexity (SC)
vs efficiency (PCE)
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Direct Heteroarylation Polymerization (DHAP)
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Direct Heteroarylation Polymerization (DHAP) Direct Heteroarylation Polymerization (DHAP)
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DHAP vs Stille polymerization
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A double acceptor/donor random copolymer via DHAP
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DHAP vs Stille polymerization
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Regiochemistry
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DHAP vs Stille polymerization

Stille
—_—

Regiochemistry

Regioregular in the early stages of the process

Free alpha positions
Free beta positions

W OR 4 OR 4 OR 4 OR 4 OR W OR H  OR
s s s s s s
H—~ A~ A< A< A A A< >
s 5 s 5 5 s 5
or H or M or M or M OR or M or M
A= electron accepting unit

but... LATER?

]

STILLE COUPLING
X =SnMe;

DHAP
X=H

Photovoltaic performances

G. Marzano, D. Kotowski, F. Babudri, R. Musio, A. Pellegrino, S. Luzzati, R. Po, G. M. Farinola
Macromolecules 2015, 48, 7039



and the solvent

Deep Eutectic Solvents (DES)
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Pd-catalyzed thiophene-aryl coupling reaction via C-H bond activation

Angela Punzi

DES and ionic liquids as reaction media for direct arylation reactions
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Pd-catalyzed thiophene-aryl coupling reaction via C-H bond activation

The first demonstration of a thiophene—-aryl coupling via direct arylation in deep eutectic solvents
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Solvent-Free direct arylation reactions Solvent-free heteroaryl-aryl coupling via C-H bond activation for the
synthesis of extended conjugated molecules
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» Green reaction protocols
» Step-economy
» Scalable processes

Nicola Zappimbulso
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Synthesis of BDT-based compounds
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DHAP in the synthesis of organic semiconductors

* REDUCED NUMBER OF SYNTHETIC STEPS
* REDUCTION OF TOXIC TIN REAGENTS
* GREEN SOLVENTS
* SOLVENT-FREE CONDITIONS

Direct arylation reactions on fluorinated benzothiadiazole and
benzotriazole
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Outlook
Routes to organic and hybrid materials for solar
energy conversion

1) Organometallic routes to conjugated polymers for plastic solar cells

2) Photosynthetic enzymes as materials for photoconversion



Can we envisage general biotechnological routes

to
molecular and nano-materials for
photoconversion of solar energy?

Bacterial photoenzymes as photoconverters

1) Functionalization with photoactive molecules

2) Supramolecular architectures

3) Photoresponsive devices

Smart materials for optoelectronics from
photosynthetic microorganisms:
a mixed chemical biotechnological approach

PHOTOSYNTHETIC
BACTERIA

Rhodobacter sphaeroides

Rhodobacter sphaeroides

Photosynthetic Unit PSU
LHC1 & LHC2
(Light Harvesting Complexes)
Reaction Center RC

Functional membrane



Rhodobacter sphaeroides
Reaction Center
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The photocycle
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photoconverter
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Antenna design

extended conjugation for red shift
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Synthesis Selective bio-conjugation
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absorbance [a.u.]

Energy transfer

ISOLATED & CONJUGATED
ANTENNA EMISSION SPECTRA
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Antenna with extended absorption
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Bio-conjugation Cyanine dyes for white light harvesting
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Three component architectures x Three component architectures
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Three component architectures ...and genetic modification...
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Funtionalization via protein mutation
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RC and H-bonded organic semiconductors
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