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Solar-energy	conversion		— ANTENNA
Light-harvesting	systems

Polyhedron,	2014, 82,	122.
Special	Issue	on	Molecular	Materials	on	Solar-Energy	Conversion,	invited	paper

[Ru(bpy)2(PT)]2+
3LC	excited	state

with	high	molar	absorptivity
[Ru(bpy)3]2+

3MLCT	excited	state

The use of π extended ligands in Ru(II) complexes increases molar absorptivities,
leading to the formation of panchromatic absorbers.
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Solar-energy	conversion — DENDRIMERIC	ANTENNA
Photoactive	dendrimers	for	light	harvesting
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New	J.	Chem.	2011, 35,	2234.
Special	Issue	on	Dendritic	Molecular	Nanostrutures,	invited	paperFilippo	Monti,	ISOF,	Bologna



Solar-energy	conversion		— DENDRIMERIC	ANTENNA
Photoactive	dendrimers	for	light	harvesting

New	J.	Chem.	2011, 35,	2234.
Special	Issue	on	Dendritic	Molecular	Nanostrutures,	invited	paper
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Solar-energy	conversion
Natural	vs. artificial	photosynthesis	
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Solar-energy	conversion		— CHARGE-SEPARATION	UNIT
Novel	electron-acceptor	molecules	

J.	Phys.	Chem.	A		2015, 119,	10677;				Chem.	Eur.	J. 2014,	20,	202.	

We look for alternatives to standard electron-
acceptors molecules (i.e., quinone, perylenediimide
and fullerene derivatives).
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Solar-energy	conversion		— CHARGE-SEPARATION	UNIT
Novel	electron-acceptor	molecules	

J.	Phys.	Chem.	A		2015, 119,	10677.
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Solar-energy	conversion		— CHARGE-SEPARATION	UNIT
Supramolecular	systems	for	electron	transfer

Chem.	Eur.	J. 2014,	20,	202.
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Solar-energy	conversion
Photoactive	dendrimers	for	light	harvesting	and	charge	separation

Chem.	Eur.	J.	2014, 20,	223.

C60–
ZnP+

Hole	hopping

C60

hn

C60

LONG-LIVED
CHARGE-SEPARATED	STATE
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Lighting	technologies
Historical	overview:	from	incandescent	lamps	to	solid-state	lighting
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Lighting	technologies
Solid-state	lighting	devices:	LED	vs. OLEDs

COB	LED	“surface”
(an	array	of	distinct	point	sources

COB	=	Chips	on	Board)

OLED	surface
(a	real	flat,	thin	SSL…
potentially	flexible)

Filippo	Monti,	ISOF,	Bologna



Lighting	technologies
OLEDs	are	a	consolidated	technology,	but	still	very	expensive…	
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ADVANTAGES
• thin, light and flexible devices
• high brightness and contrasts
• consolidated technology (it is on market)

DISADVANTAGES
• multilayer structure
• vacuum sublimation
• neutral emitters only
• low work-function metals
• rigorous encapsulation (water is a problem)
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Lighting	technologies
LECs	are	much	cheaper	than	OLEDs,	but	still	to	be	improved…	

ADVANTAGES
• few-layer architecture
• air-stable electrodes
• charged emitters
• rigorous encapsulation not required

DISADVANTAGES
• low stability
• turn-on	time	&	lifetime
• true-blue LECs are rare
• …still a lot of work to do.
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Lighting	technologies
The	best	active	materials	in	LECs	are	cyclometalated	Ir(III)	complexes

ADVANTAGES
• high emission quantum yields
• high colour tunability (from blue to red)

MAIN DISADVANTAGE
• blue-emitting complexes have limitations

Angew.	Chem.	Int.	Ed.	2012, 51,	8178.

LOOKING	FOR	STRATEGIES	TO	OBTAIN
STABLE	AND	EFFICENT

BLUE-EMITTING	COMPLEXES

Filippo	Monti,	ISOF,	Bologna



Lighting	technologies
Ionic	cyclometalated	Ir(III)	complexes:		easy	colour	tunability	
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Data	in	oxygen-free	CH2Cl2 at	298	K.

Angew.	Chem.	Int.	Ed.	2012, 51,	8178.Filippo	Monti,	ISOF,	Bologna



Lighting	technologies
Ionic	cyclometalated	Ir(III)	complexes:		easy	colour	tunability	
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Lighting	technologies
Sky-blue	emission	is	the	most	challenging	to	achieve…
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Lighting	technologies
Using	phenyl-tetrazoles as	cyclometalating	ligands	in	Ir-iTMC for	LECs.

Another possibility is to change the standard phenyl-pyridine cyclometalating
ligands with higher-field ligands, like phenyl-tetrazoles.
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Data	in	oxygen-free	CH2Cl2 at	298	K.



Lighting	technologies
Using	phenyl-tetrazoles as	cyclometalating	ligands	in	Ir-iTMC for	LECs.

Another possibility is to change the standard phenyl-pyridine cyclometalating
ligands with higher-field ligands, like phenyl-tetrazoles.
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Lighting	technologies
A	phenyl-tetrazole	based	complex	was	optimized	for	the	device

Due to the promising photophysical properties, the complex was tested in LECs.
The devices show remarkable luminance but low stability.

Device	driven	by	a	pulsed	current	of	100	A	m–2.

Inorg.	Chem.	2014, 53,	7709.Filippo	Monti,	ISOF,	Bologna



The emission colour is not the only parameter to be optimized in a LEC.
Some important figures of merit used to characterize LEC performances are listed
below:

1) the luminance and efficiency:
• bulky substituents;
• host-guest approach.

2) the turn-on time:
• use of ionic liquids;
• pulsed driving.

3) the stability:
• hydrophobic substituents;
• “caged” complexes…
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Lighting	technologies
Some	important	parameters	to	monitor	in	LECs…
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Lighting	technologies
Not	only	photophysics,	but	also	device	testing	and	optimization		
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Lighting	technology		— The	greatest	curse
The	rarest	metal	on	Earth	are	the	best	for	active	materials!

Iridium is the rarest metal in Earth’s crust, followed by other metals used in SSL,
like Pt (for OLEDs) and Ru.

Filippo	Monti,	ISOF,	Bologna



Lighting	technology		— Possible	alternatives
Ir(III),	Pt(II)	and	Ru(II)	can	be	substituted	by	Cu(I)	or	other	d10 metals

Chem.	Commun.	2008, 2185

LIMITATIONS
• ligand	exchange	in	solution
• irreversible	redox	behaviour
• large	excited-states	distortions

ADVANTAGES
• very	abundant	on	Earth
• emission	from	triplet	states
• lack	of	low-lying	MC	states

Filippo	Monti,	ISOF,	Bologna



Lighting	technology	
Our	research	on	luminescent	Cu(I)	complexes
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Lighting	technology	
Our	research	on	luminescent	Cu(I)	complexes
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Photocatalysis
Ir(III)	photocatalysts	for	radical	metylation	of	Michael	acceptors

Chem.	Sci.,	2017, 8,	1613.
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Photocatalysis
Ir(III)	photocatalysts	for	olefin	alkylations	by	Zn-sulfinate	derivatives

ACS	Catal.,	2017, 7,	5357.
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Photocatalysis
A	new	stimulating	adventure	 — CO2 photoreduction

CO2 PHOTOREDUCTION
by	Re(I)	complexes
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