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Chromophore design

Emission in the correct region ( 600-800
nm)

Tuning of absorption between 300 and
450 nm

High thermal, chemical and UV stability

Easy to synthesize and with inexpensive
raw materials

Versatile for use in various matrices
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Chromophore design

Use of Eu3* core.

Use of quinoline based and scorpionate
ligands

Use of O-M ligand
Fufill coordination sphere

Unsaturared chromophores for
Inorganic matrix
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Quinoline complexes Abs.
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Scorpionates Abs.
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Into various matrices

N "
N/Rl\iB@N\)

Work In progress

functionalization of trispyrazolylborate to shift
the Abs. wavelength and/or fix the complex

O .
R= Hs ~_O~ './\/ HN"
O
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Inorganic Host Materials

Glasses / Ceramics
Rare earth doped

Oxides
— Silica (SiO,)
— Zirconia (ZrO,)
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Host Matrices

Interaction with host:

* Enhanced luminescence

 Increase in quantum efficiency
* |Increase in emission lifetimes
* Protective shell — reduced quenching

* Bulk versus nano-structured
(confinement effect)
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Inorganic Host Materials
Synthesis

1. Sol-gel processing

- Non-porous materials

2. Surfactant templating or
Structure directing

- Porous materials
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birecting (SD) * One-pot synthesis
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Sol-Gel Process: Example 1
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Colloidal ZrO,:Eu** embedded in amorphous SiO, matrix

Host Materials

Sol-Gel

Process

Sol-Gel: e.q. 1

Sol-Gel: e.g. 2

Structure

Directing (SD) . . . .

e o4 * 5 nm particles dispersed in host matrix

Mes.: e.g. 2 * Narrow Eu emission bands

S . . . .

B » High Stokes shift between excitation and
emission

L « Reduction of concentration quenching and

Photovoltaics, increase of quantum efficiency
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 Luminescent ZrO,:Eu3* nanoparticles
« Zr(OBu), hydrolysis/condensation with in situ Eu3* doping
« Calcination at 700 °C provides polycrystalline material
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Sol-Gel
Process

PL intensity (a. u)

Sol-Gel: e.g. 1
Sol-Gel: e.q. 2

Structure
Directing (SD)
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emission wavelength (nm)
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Mes.: e.g. 1
Mes.: e.g. 2 Sample Theoretical Bllz nm band <T>
Summary Composition % Eu3*ions ntensity ms
(5Do_’7|:2)
ZrO,:Eu3* 3 1.15 x 10° 1.18
Third ZrO,:Eu**@SiO, 3 1.1 x 108 1.56
Generation
Photovoltaics, ZrO, Eud*@Sio, 3 1.09 x 108 1.62
Heriot-Watt
University — ZrO,:Eu3" 6 2.98 x 10° 2.76
2010
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Sol-Gel
Process

Sol-Gel: e.g. 1
Sol-Gel: e.g. 2

Structure
Directing (SD)

Mes.: e.g. 1
Mes.: e.g. 2

Summary

Inclusion in Solar Cell?

» Materials could be introduced into
transparent glass or polymers

* Thin films could be prepared via
spin coating or dip coating

* Reduced scattering for materials
with same refractive index
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 Mesoporous = 2-50 nm pore size
Microporous = < 2 nm pore size

Host Materials

Sol-Gel
e « Sol-gel synthesis in the presence of
Sol-Gel: e.g. 1 ]
Sol-Gel: e.9.2 organic framework:
Directing (sD) —  Micelles
ves-€9- 4 — Silane coupling agents
Mes.: e.g. 2
Summary MeO
MeO—Si—OCH,(CH,);,CHj
Third /
" MeO
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Mesoporous SiO,: 1

* Mesoporous SiO, nanoparticles via
surfactant templating method!

* Wet impregnation of salt solutions
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Host Materials « Calcination stabilizes solid solution
Sol-Gel (s.s.) oxide phase
Process
Sol-Gel: e.g. 1
Sol-Gel: e.g. 2
Structure
Directing (SD) Sample S.S. BaEr;-aS&lrjnrﬁgC)e
Mes.:eq.1
Mes.: e.g. 2 SiO, C500 n/a 980
Summary
Eu3*@SiO

07@00 2| ZrygsEUg 080, o7 730
Third Er*@Sio, o 63
Generation C1000 Zr486Er0.04 Y00 101 03
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Dr Isidora Freris 1. Huo et al.,, Chem. Mater. 2009, 21, 3823.




Mesoporous SiO,: 1
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55 .7 | EU@SIiO, C700|
0 2

Host Materials : N Europium: narrow emission
bands

* 18.5 wt% s.s. in SiO,
« 1.05 x 108 for 612 nm band
intensity (°D,—7F,)

Sol-Gel
Process

PL intensity (a. u.)

Sol-Gel: e.g. 1
Sol-Gel: e.g. 2

Structure : : : : : : :
Directing (SD) 525 550 575 600 625 650 675 700 725

Emission wavelength (nm)

Mes.:eq.1
Mes.: e.g. 2

4
|

. ‘7 Er@SiO, C1000 4F9/z "~ s

Summary ) o )
* Erbium: emission in the

visible range by IR —
Third excitation (upconversion)

Generation * 60 wt% s.s. in SiO,
Photovoltaics,

Heriot-Watt 500 550 600 650 700 750
University — Emission wavelength (nm)
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PL intensity (a. u.)
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Ca’ Foscari
Venezia * Wet impregnation of tris(dibenzoylmethane) mono(1,10-

phenanthroline)europium(lil): 5 mM in DCM

y . « APTES functionalized mesoporous SiO,
ost Materials

Sol-Gel
Process
Sol-Gel: e.g. 1 B
612 nm band <>
Sol-Gel: e.g. 2 Sample intensity t
(5D _)7|: )* ms
Structure 0 2
Directing (SD)
Complex 0.10
Mes.: e.g. 1
Mes.: e.q. 2 Complex in EVA 5.45x 10° 0.18
Summar : [
y Mes.2: complex in 124 x 107 0.65
SiO, L
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Mesoporous SiO,: 2

Shift to higher wavelength in APTES-functionalized mesoporous
SiO,

xl




Universita
@ a Foscan
Venezia

Host Materials

Sol-Gel
Process

Sol-Gel: e.g. 1
Sol-Gel: e.g. 2

Structure
Directing (SD)

Mes.: e.g. 1
Mes.: e.g. 2
Summary

Third
Generation
Photovoltaics,
Heriot-Watt
University —
2010

Dr Isidora Freris

PL Summary

612 nm band <>
Sample Amount Eu®* intensity K
(5D0—>7F2)* ms
SG.1: . .
Zr0,:Eu?*(5nm)@SiO, 3% Eu C600 2.08x10 3.76
SG.1: . .
Zr0,:Eu?*(5nm)@SiO, 3% Eu C700 1.72x 10 4.63
SG.2: ZrO,:Eu®*(250nm) 3 % Eu 5.3 x 108 1.18
. . 3+
SG.2: 210y = L2500m) 3 % in SO, 1.88 x 107 156
2
Mes- L ZlosattoosOrar | 18594 5.5.in Si0, 1,05 x 108 2.19
. 2
Mes.2: complex in SiO, 5mM in SiO, 1.24 x 107 0.65

*measured with same experimental conditions




MO ¥O°
Universita
@ a Foscan
Venezia

Third
Generation
Photovoltaics,
Heriot-Watt
University —
2010

Acknowledgements

Prof. Pietro Riello

Prof. Gino Paolucci ( for valuable
discussions)

Dr. Marco Bortoluzzi (Synthesis)
Alvise Parma (Mesoporous silica)

Dr. Francesco Enrichi (Spectroscopy)
Davide Cristofori (TEM)

Tiziano Finotto (XRD)

Martina Marchiori (BET)



