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Solar-energy conversion, lighting...
Two sides of the same coin...

SOLAR ENERGY CONVERSION
LIGHTING TECHNOLOGIES

IONIC TRANSITION-METAL COMPLEXES

Cyclometalated Ir(Ill) complexes

Light-harvesting systems
Electron-acceptor molecules
Supramolecular systems

Photoactive dendrimers Copper(l) complexes
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Solar-energy conversion, lighting and photocatalysis
Two birds with one stone...

PHOTOCATALYSIS

Cyclometalated Ir(lll) complexes
for selective organic reactions

Re(l) complexes for CO, reduction

light-to-chemicals

Filippo Monti, ISOF, Bologna



Solar-energy conversion, lighting and photocatalysis
My research interests

SOLAR ENERGY CONVERSION

Light-harvesting complexes
Electron-acceptor molecules
Supramolecular systems

Photoactive dendrimers
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Solar-energy conversion
Natural vs. artificial photosynthesis
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process

2H,0 D
O, + 4H* @

process

© —— >0 "2

2H*
CHARGE-SEPARATION CATALYsT :
CATALYST for UNIT EVolL o T2
o, LUTION
EVOLuTIo) (electron transfer)

Filippo Monti, ISOF, Bologna




Solar-energy conversion

Natural vs. artificial photosynthesis

CHARGE-SEPARATION
UNIT
(electron transfer)
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Solar-energy conversion — ANTENNA
Light-harvesting systems

The use of i extended ligands in Ru(ll) complexes increases molar absorptivities,
leading to the formation of panchromatic absorbers.

[Ru(bpy),(PT)]**
[Ru(bpy),]** 3LC excited state
3SMLCT excited state with high molar absorptivity

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



Solar-energy conversion — ANTENNA
Light-harvesting systems
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Solar-energy conversion — DENDRIMERIC ANTENNA
Photoactive dendrimers for light harvesting
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New J. Chem. 2011, 35, 2234.
Filippo Monti, ISOF, Bologna Special Issue on Dendritic Molecular Nanostrutures, invited paper



Solar-energy conversion — DENDRIMERIC ANTENNA
Photoactive dendrimers for light harvesting
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New J. Chem. 2011, 35, 2234.
Filippo Monti, ISOF, Bologna Special Issue on Dendritic Molecular Nanostrutures, invited paper



Solar-energy conversion

Natural vs. artificial photosynthesis

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

Best electron acceptor
(E,oq =—0.32 V vs. Fc/Fc?)

Filippo Monti, ISOF, Bologna

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



Solar-energy conversion — CHARGE-SEPARATION UNIT
Novel electron-acceptor molecules
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Solar-energy conversion — CHARGE-SEPARATION UNIT

Supramolecular systems for electron transfer
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Filippo Monti, CNR, Italy

Chem. Eur. J. 2014, 20, 202.



Solar-energy conversion
Photoactive dendrimers for light harvesting and charge separation
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Filippo Monti, ISOF, Bologna Chem. Eur. J. 2014, 20, 223.



Solar-energy conversion, lighting and photocatalysis
My research interests

LIGHTING TECHNOLOGIES
IONIC TRANSITION-METAL COMPLEXES

Cyclometalated Ir(Ill) complexes

Copper(l) complexes
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Lighting technologies

Historical overview: from incandescent lamps to solid-state lighting
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Angew. Chem. Int. Ed. 2012, 51, 8178.



Lighting technologies
Solid-state lighting devices: LED vs. OLEDs
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COB LED “surface” OLED surface
(an array of distinct point sources (a real flat, thin SSL...
COB = Chips on Board) potentially flexible)
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Lighting technologies
OLEDs are a consolidated technology, but still very expensive...

OLED

* thin, light and flexible devices

Light Emitting Layer . .
EEEprErmeE * high brightness and contrasts
* consolidated technology (it is on market)

Transparent Conductive Oxide
Substrate

DISADVANTAGES

g * multilayer structure
> e vacuum sublimation
§ E * neutral emitters only
% z * |ow work-function metals
= * rigorous encapsulation (water is a problem)
Y
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Lighting technologies

LECs are much cheaper than OLEDs, but still to be improved...

ADVANTAGES

 few-layer architecture

e air-stable electrodes

* charged emitters

* rigorous encapsulation not required

DISADVANTAGES

* low stability

* turn-ontime & lifetime
e true-blue LECs are rare
e ..still a lot of work to do.

Filippo Monti, ISOF, Bologna
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Lighting technologies
The best active materials in LECs are cyclometalated Ir(lll) complexes

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

MAIN DISADVANTAGE
* blue-emitting complexes have limitations

LOOKING FOR STRATEGIES TO OBTAIN
STABLE AND EFFICENT
BLUE-EMITTING COMPLEXES

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



Lighting technologies
lonic cyclometalated Ir(lll) complexes: easy colour tunability

Data in oxygen-free CH,Cl, at 298 K.

Archetypal
complex

stabilize >

Emission maximum at:

595 nm

destabilize>

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



Lighting technologies
lonic cyclometalated Ir(lll) complexes: easy colour tunability

Data in oxygen-free CH,Cl, at 298 K.
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complex
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Filippo Monti, ISOF, Bologna Angew. Chem. Int. Ed. 2012, 51, 8178.



Lighting technologies

Sky-blue emission is the most challenging to achieve...

Data in oxygen-free CH,Cl, at 298 K.

ARCHETYPAL COMPLEX
Aen=595 nm O =20%

Aem= 545 nm O =55%
Inorg. Chem. 2014, 53, 7709.

Filippo Monti, ISOF, Bologna

Aem= 455 nm O =45%
Inorg. Chem. 2012, 51, 2263.

/

N-N
I N

/ Tt
‘e

I,,/

X N’
I|r

=
X | Ny N
‘o

g

Ny

N-N

\

Aem=472nm O =<1%
Inorg. Chem. 2013, 52, 10292.

.
‘e,

N

N/

22\ K/l

SN—

\—/

Aen=590 nm O =22%
Inorg. Chem. 2015, 54, 3031.




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.

Data in oxygen-free CH,Cl, at 298 K.
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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.

Emission intensity / a.u.

Data in oxygen-free CH,Cl, at 298 K.
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Inorg. Chem. 2014, 53, 7709.



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.
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Lighting technologies

Some important parameters to monitor in LECs...

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...

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



Lighting technologies
Not only photophysics, but also device testing and optimization

Aem =452 Nm
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Discussions
Volume 185
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Supramolecular
Photochemistry

Faraday Discuss.
2015, 185, 223.
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Lighting technology — The greatest curse
The rarest metal on Earth are the best for active materials!
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Iridium is the rarest metal in Earth’s crust, followed by other metals used in SSL,
like Pt (for OLEDs) and Ru.
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Lighting technology — Possible alternatives
Ir(111), Pt(Il) and Ru(ll) can be substituted by Cu(l) or other d!® metals

ADVANTAGES

Filippo Monti, ISOF, Bologna

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

LIMITATIONS
ligand exchange in solution

irreversible redox behaviour

1 2
H He
Hydrogen Helium
1.01 4.00
3 4 5 6 7 8 9 10
Li Be B C N o F Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
6.94 9.01 10.81 12.01 14.01 16.00 19.00 20.18
11 12 13 14 15 16 17 18
Na | Mg Al Si P S Cl Ar
Sodium |Magnesium Aluminum Silicon  |Phosphorus Sulfur Chlorine Argon
22.99 24.31 /\ 26.98 28.09 30.97 32.07 35.45 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca | Sc Ti \' Cr [ Mn | Fe | Co N Cu n | Ga | Ge | As | Se Br Kr
Potassium | Calcium | Scandium | Titanium | Vanadium | Chromium [Manganese Iron Cobalt Nicki Copper inc Gallium |Germanium{l Arsenic Selenium | Bromine Krypton
39.10 40.08 44.96 47.87 50.94 52.00 54.94 58.93 58.6 63.55 5.39 69.72 72.61 74.92 78.96 79.90 83.80
37 38 39 40 41 42 43 45 46 N 7 48 49 50 51 52 53 54
Rb Sr Y Zr Nb | Mo | Tc | Rh Pd | Ag | Cd In Sn | Sb | Te | Xe
Rubidium | Strontium | Yitrium | Zirconium | Niobium |Molybdenum|Technetium || Rhodium | Palladium Silver Cadmium Indium Tin Antimony f§ Tellurium lodine Xenon
85.47 87.62 88.91 91.22 92.91 95.94 (98) 102.91 106.42 107.87 112.41 114.82 118.71 121.76 127.60 126.90 131.29
55 56 57 72 73 74 75 Wird ?ﬁ 79 80 81 82 83 84 85 86
Cs | Ba La Hf Ta w Re Au | Hg Tl Pb Bi Po At Rn
Cesium Barium |Lanthanum@ Hafnium | Tantalum | Tungsten | Rhenium Gold Mercury Thallium Lead Bismuth Polonium J Astatine Radon
132.91 137.33 138.91 178.49 180.95 183.84 186.21 196.97 200.59 204.38 207.2 208.98 (209) (210) (222)
87 88 89 104 105 106 107
Fr Ra | Ac Rf Db | Sg | Bh
Francium Radium Actinium @Rutherfordium | Dubnium |Seaborgium| Bohrium Hassium | Meitnerium
(223 | @26) | (eer) | 261 | (262 | (266) | (264) | (269) | (268) Chem. Commun. 2008, 2185

large excited-states distortions




Lighting technology
Our research on luminescent Cu(l) complexes
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Inorg. Chem. 2013, 52, 12140.

CHEMISTRY _ :\
R A European Journal \ N
www.chemeurj.org ~ Y/,
||| B ] 2014-20/38 \ .}\l H2N
N /) \ :\‘
| @ AN Ci
Cutl — I/ |
\_7 \Cu/
C[J*’_\N/ \ / ..",, y /\NH2
-
NS NH2 —
B |3 N7 Y | w
Polyhedron 2014, 82, 158. =~ L
s Dalton Trans. 2016, 45, 17939.

Filippo Monti, ISOF, Bologna



Lighting technology

Our research on luminescent Cu(l) complexes

Dinuclear helical
complexes
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Polyhedron, 2014, 28, 158-172.



Solar-energy conversion, lighting and photocatalysis
My research interests

PHOTOCATALYSIS

Cyclometalated Ir(lll) complexes
for selective organic reactions

Re(l) complexes for CO, reduction

Filippo Monti, ISOF, Bologna



Photocatalysis

Ir(I11) photocatalysts for radical metylation of Michael acceptors

CF, _

Mac Millan catalyst

S
(s\)\(\ EWG
R
“Our catalyst”

Filippo Monti, ISOF, Bologna
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Chem. Sci., 2017, 8, 1613.



Photocatalysis

Ir(111) photocatal
ysts for olefin alkylati
ylations by Zn-sulfin -
ate derivatives
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Photocatalytic Radical Alkylation of Electrophilic Olefins by Benzylic
and Alkylic Zinc-Sulfinates
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Photocatalysis

A new stimulating adventure — CO, photoreduction
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Photocatalysis
A new stimulating adventure — CO, photoreduction

4 )
Polymeric complex

general formula
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