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RESEARCH TOPICS:
PHYSICS OF LUMINESCENT NANOMATERIALS
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DIPARTIMENTO DI SCIENZA DEI MATERIALI U5

B Semiconductor Nanostructures

B Organic and Hybrid Nanoparticles and Nanotubes

B Metal Quantum Clusters
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RESEARCH TOPICS: APPLICATIONS

B Photon managing for Solar Technologies (DOWN and UP photon
conversion)
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_L\zr_- PHOTONS UPCONVERTERS
GLASS to POWER

LUMINESCENT SOLAR
CONCENTRATORS

DPA/PJOEP (dark) [DPAPJOEPlight)

B Luminescent Materials for Photonics and Imaging Applications

(LED, Scintillationg, Bioimaging)

X-ray exposure

overlay

MATERIALS FOR PHOTONICS LED, OLED
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SEMICONDUCTOR NANOCRYSTALS I
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Epitaxial Quantum Dots
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SEMICONDUCTOR NANOCRYSTALS
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(u] Nanocrystal Size vs. Exciton Bohr Radius

hole
free electron mass
/ Bohr radius of hydrogen atom
m ’/
—(-0 a. _ MM = N 0083
aBl meh_ aB_ > — Y. nm
! m, +m mgye

\__f

electron-hole reduced mass

dielectric constant

B Examples: CdSe Mg, =0.10my; e, =9.4; a,= 4.9 nm
PbSe m,,=0.038m,; e, =210; a,=292 nm
Cudl a,=1nm
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SEMICONDUCTOR NANOCRYSTALS LY

B Carrier motion in an infinite periodic lattice (Bloch’s theorem)
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M Carrier motion in a finite crystal: envelope function approximation 2>
The wavefunctionis a linear combination of Bloch functions

plane wave

periodic function — Bloch function
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Expansmn coefficient  Bloch function atk=0

envelope function



SEMICONDUCTOR NANOCRYSTALS

Size-Dependent Energy Gap

Bulk NC
1D(e)
u 1P(e) 17 (4.49)
c lp(e)=(—2)
Conduction 15(e) 2m R
band h2 2
F $ Es(e)= R
E,(bulk) | E,(NC) ! .
E .(h)=
i 0" 2,

1D(h

M Estimation for PbSe NCs

E(bulk) =

R=4nm; E

conf =
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B NCenergygap

hir? hrt
E (NOY=FE bulk + +
:(NC) g( ) 2m,R> 2m,R’
/ Fzzirz y m,m,
— l v N =
=F (b lk)+ eth; eh T
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B NC confinement energy

2_2
h

2mehR

Econf =

2aB mOI

R* m

eh

“Atomic” units: ag = 0.053 nm, /[, = 13.6 eV

0.28 eV; m,,, = 0.038m,

= 0.62 eV; E,(NC) =

09eV
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SEMICONDUCTOR NANOCRYSTALS
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TUNABLE OPTICAL, LUMINESCENCE and MAGNETIC PROPERTIES

VS composition, size, shape and doping



DEGLI STUDI
=

SMART WINDOWS
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“El‘fl“re . ARTICLES
p OtOmCS PUBLISHED ONLINE: 20 FEBRUARY 2017 | DOI: 10.1038/NPHOTON.2017.5
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Highly efficient luminescent solar concentrators
based on earth-abundant indirect-bandgap silicon
aDs quantum dots

Francesco Meinardi'?*%, Samantha Ehrenberg??, Lorena Dhamo', Francesco Carulli’, Michele Mauri'?,
Francesco Bruni'?, Roberto Simonutti', Uwe Kortshagen®* and Sergio Brovelli'?*

N

OPEN DAY 28 NOVEMBRE 2018 - CORSO DI LAUREA IN SCIENZA DEI MATERIALI
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HYBRID NANOMATERIALS: FLUORESCENT
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METAL ORGANIC FRAMEWORKS
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Optically inert MOFs = modulable porous systems
Gas storage
Molecular sensors
Chemical catalysis
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Luminescent MOFs:
From ions
From Ligands

Q et
inorganic node X , ' "-‘ [\
(metal ion or metal ' \ i
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organic ligand ol 15 L RIESe
(e.g. multidentate carb- S [ -~ 3 "
oxylates, imidazolates,...)

Metal-Organic Framework

O.M. Yaghi, H.L. Li, . Am. Chem. Soc. 1995, 117, 104010 Y Rigidifying
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Into MOF
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RECOMBINATION MECHANISMS OF
MOLECULAR EXCITONS IN MOFS
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MOFl______ | _MOF |

Symmetry Monoclinic Molecular excitons migrate within the
a (A) 16.7 framework reaching energetic traps

b (A) 6.9

c(A) 28.3 o~ O
ol
90.6 M
Volume (A3) 3252 | _—
Molecules per

(* ]
- 4 -
unit cell o .
metal ion c
traps
. ol
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E gmission
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g radiative

recombination
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RECOMBINATION MECHANISMS OF
MOLECULAR EXCITONS IN MOFS
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Absorption/Photoluminescence Properties Einstein Coefficients
nano-MOF ﬂf =90 meV
10F 7 T ' '
| i
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D_ - ."‘an_
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RECOMBINATION MECHANISMS OF

MOLECULAR EXCITONS IN MOFS
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1. Excitation light penetration length (x)

MOF 924 ~100
Lambert-Beer —= —= 1074 = &Mx MOF-bpy 629 ~50
lo MOF-dabco 564 ~200

x/d>>1

2. Singlet diffusion length (L)

L. = (D.1)0%>
-0
x

— 2
D; = (khOPR )i 6.0 3.5-10¢ 0.30

90 1 4.7 9.9 8.1-102 -
60 1 4.7 1.1-102 041 | 296

XRD analysis

1 (Ry\®
Forster Rate khop = kps = g @

1
Férster Radius R, = 0.211 @ n*. QY @) /s

Spectral Overla A =f A 0A) - A* dA ' : : ' : .
P P 0 @ ) @ ) 0 100 200 300 400 500 600
spectroscopy nm




DEGLI STUDI
g

ENGINEERED MOFS FOR LOW POWER

PHOTON UPCONVERSION
NANO LE T T E R S) o cite his: Nano tett. e, xxx, xox-x0x pub\«nmg
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Quasi-thresholdless Photon Upconversion in Metal—Organic _50F Liso'g::' =
- N . 1
Framework Nanocrystals 3 i 510
; : 7 ok 7 ; , Lt .1 s .1 o blue filte 0
F. Meinardi,” M. Ballabio," N. Yanai,"® N. Kimizuka," A. Bianchi,” M. Mauri,"® R. Simonutti, 5 4.0 F Al =
A. Ronchi,” M. Campione,” and A. Monguzzi*' : L -;: 100
"Dipartimento di Scienza dei Materiali, Universita degli Studi Milano-Bicocca, via R. Cozzi $3, 20125 Milano, Italy &30+ 5
Thcp‘\rtn\cnt of Chemistry and Biochemistry, Graduate School of Engineering, Center for Molecular Systems (CMS), Kyushu 5 B o c
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BRIDGING THE GAP BETWEEN ATOMS AND COLLOIDAL NANOPARTICLES

METAL QUANTUM CLUSTERS
B

A o A, B 3 Cc
X7 ‘y“ i ))\.
spdAy, I3 GBS ' = spherical jellium model for s electrons
o = ‘\"J/‘H: S G;;M, " L Ap —~ J -~ —~
v !t ‘\) ¥ J. ))#} J 4)\\’}1 —
" e \W’*“J e H = Hel + Hback + Hel—back

* unmatched flexibility for tailoring their
physical properties
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METAL QUANTUM CLUSTERS
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EXCITED STATES INTERACTIONS A

EXCIMER: Excited State Aggregate

( ) @?{
M, * M,* M,
hv &1 hv hv g1 ENERGY M, *
S | = k, *
Bt |5 S| Bt > P L S
g, = 9, DELOCALIZATION tv -%_I EXCITED AGGREGANTE o
£ 2 y ;g M
A FORMATION :
+ ;I; | q? g + %
MG MG MGekdiss MG MG
MONOMER
L ) MONOMER MONOMER MONOMER EXCIMER
. J

Excimers exhibit the absorption spectrum of their molecular constituents and long-lived non-resonant PL
- IDEAL large Stokes Shift Emitters

x Molecular excimers are typically formed upon collisional interaction between monomers in concentrated solutions
- In principle not realizable as stable self-standing particles, unless...



METAL QUANTUM CLUSTERS

EXCITED STATES INTERACTIONS

encapsulated single clusters
[Molecular photophysics]
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oo =12%,1=1.6ns

Trag =13.3 NS
[Trad (SB) =12 ns]

Aug absorption/PLE

Mirror symmetry PL, distinct
vibronic replica

No LM-CT emission @ 2 eV

@p. = 4.5%, ultra-slow decay

No LM-CT @ 2 eV

Aug absorption/PLE

1 Stokes shift 0.93 eV

Largely Stokes Shifted PL
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METAL QUANTUM CLUSTERS

MANIPULATING SECONDARY INTERACITONS FOR BIOIMAGING
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Permanent excimer superstructures 215

: by supramolecular networking of S10
Clence metal quantum clusters =
= 0.5

n“ AAA c Beatriz Santiago-Gonzalez,'* Angelo Monguzzi, ' Jon Mikel Azpiroz,®”* Mirko Prato,*
: 5

Silvia Erratico,” Marcello Campione,% Roberto Lorenzi,! Jacopo Pedrini, 0 0 . .
Carlo Santambrogio,” Yvan Torrente,” Filippo De Angelis,>* .
Francesco Meinardi,'f Sergio Brovelli'f 1 5 2 0 2 5 3 0
Energy (eV)
H

Fluorescence Imaging

Gold Clusters Super-structure Laser Optical Microscope



DEGLI STUDI
=)

SPECTROSCPY LAB
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® Cw and TR ultrafast photoluminescence spectroscopy
" Close cycle cryostat T~ 1.5K

- Magnetic Field Response (finoa 5.5T)

® Confocal imaging micro-photoluminescence




