QUANTITATIVE SPECTROSCOPY
OF TURBID SOLUTIONS

¢ overview of our activities in nano-optics

Baptiste Auguié + Victoria University of Wellington, New Zealand
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NANO-OPTICS AND SPECTROSCOPY
NANO-OPTICS.AC.NZ



RESEARCH INTERESTS

INTEGRATING SPHERE

CORE-SATELLITES PARTICLE CLUSTERS COUPLED DIPOLES T-MATRIX UV—VIS SPECTROSCOPY
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LATTICE RESONANCES PLASMONIC CHIRALITY SPR SERS TAMM PLASMONS




OUTLINE

1. INTRODUCTION
. . . .
Misc. projects on plasmonic nano-antennas %

-

T-matrix modelling of light scattering 5.5?
2. INTEGRATING SPHERE SPECTROSCOPY
Differential absorbance of dye—NP and photocatalysts

Current project: microfluidics & miniaturisation



“NANO ANTENNAS”

0.08
I

0.06
I

white lamp

0.04
I

0.02
I

scattering intensity (a.u.)

0.00

| | | |
0.5 (0K} 0.7 0.8 0.9

wavelength / um

. DF images

‘0

spectrometer




2D ARRAY: LATTICE RESONANCES
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Angew. Chem. Int. Ed. 50 (2011)

J. Phys. Chem. Lett. 2 (2011)
3D: PLASMONIC CHIRALITY Nano Today 6 (2011)

ABSORBANCE

N =

CIRCULAR DICHROISM
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mimicking “exciton coupling”




<> 10nm 100 nm
~ — ' —
" 20000 -
20 - 15000 -
10000 -
10 -
5000 -
O 1 1 1 1 O ¥ 1 1 1
400 500 600 700 800 400 500 600 700 800
0.8
0.4 - 4000 -
0.0 0
-0.4 - ~\ _4000 -
_Oo8 1 1 1 | | | | | |
400 500 600 700 800 400 500 600 700 800

Wavelength /nm

extinction
absorption
scattering

circular
dichroism



LOCAL DEGREE OF OPTICAL CHIRALITY € o J(E* - B)
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Phys. Rev. B 103, 115405 (2021)
J. Quant. Spectrosc. Radiat. Transf. (2022)



10 nm

A
Dmitri Atefeh
Schebarchov Fazel-Najafabadi

T.E.R.M.S.
(SUPERPOSITION T-MATRIX)

nano-optics.ac.nz/terms
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PLASMONIC PHOTOCHEMISTRY Yo T
IN HYBRID CORE-SATELLITE METAL NANOSTRUCTURES

with MATIAS HERRAN, ANA SOUSA-CASTILLO, EMILIANO CORTES

Nanoinstitute Munich, Ludwig-Maximilians-Universitat, Germany

Centro de Investigaciones Biomédicas, Universidade de Vigo, Spain



ABSORPTION OF AU@PD PHOTOCATALYSTS

ACS Energy Lett. 5, 12, 3881-3890 (2020)



LOCAL ABSORPTION IN AU@PD NANO-TRIMERS

60 -60 -30 0 30 60 -60
X /nm




M. Herran, A. Sousa-Castillo, C. Fan, S. Lee, Wei Xie, M. Doblinger,
B. Auguié and E. Cortés - Adv. Func. Mat. 32, 2203418 (2022)



DIPOLE APPROXIMATION VS EXACT RESULTS
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Partial absorption in core-shell satellites
1 satellite, Rcore=30nm, gap=1nm, Rsat=2.5nm

tsat = 0.5nm

tsat=1nm
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QUANTITATIVE SPECTROSCOPY
OF TURBID SOLUTIONS
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DIFFERENT INFORMATION IN EXT = ABS + SCA
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RATIO EXTINCTION/ABSORPTION — EPSILON

Simulations with thin film-
measured dielectric functions
Olmon et al Phys. Rev. B 86, 235147 (2012)

Le Ru et al ACS Nano 14, 17597-17605 (2020)
Le Ru et al Anal. Chem. 91, 14639-14648 (2019)

3.0 A
S fluence S A
S 34 _ omJ S 25- ///,j, epsilon
O — 5mJ o //,/’// -~ gvaplorgted I
S — 2 / — Single Crysta
-‘% 1ome 'c% /,/’// — Template Stripped
iy — /4//
'5 .S 2 O ] /éil %’
E’ D - E’ vy radius /nm
X E o — 20
a<) z<) 15_ - 25
Il | I - 30
= =
14 1.0-
400 500 600 700 400 500 600 700

wavelength /nm wavelength /nm



UV=VIS ABSORPTION OF MOLECULES
ADSORBED ON A METALLIC NANOPARTICLE



UV—VIS SPECTROSCOPY OF TURBID SAMPLES

Input port cuvette ! "3@ ﬁd

. NPs + dye

Bare NPs 6
Differential
absorbance
A 7\'
>

Modified optical absorption of molecules on metallic nanoparticles
at sub-monolayer coverage — Nat. Photon. 10, 40—45 (2016)
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SPECTRAL CHANGES, CONCENTRATION DEPENDENCE

Absorbance [normalised]
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DIFFERENT MOLECULES

Absorbance [10° cm™]

Crystal Violet (10nM) Nile Blue A (10nM) Rhodamine 6G (2.5nM)
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LIGHT SCATTERING PROBLEM

Incident light

Scattering &
absorption

DIPOLE-DIPOLE & DIPOLE-SPHERE INTERACTIONS

29



COUPLED DIPOLES AROUND A NANOSPHERE
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Insensitive to scattering
Orientation averaging
Path length increase
Non-imaging optics
Small sample volume

Droplet microfluidics compatible
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Thank you!

Raman Kashyap for hosting me!

Te Mana
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PARTICLE CLUSTERS INTEGRATING SPHERES LIGHT SCATTERING SPECTROSCOPY PLASMONICS




SUPPORTING SLIDES



'RAMAN' LABORATORY — PABLO ETCHEGOIN, ERIC LE RU

Principles of
Surface Enhanced
Raman Spectroscopy




TAMM PLASMON SENSORS i -
ACS Photonics 1 (2014) ‘j‘—/l—i A
. Opt. 17 (2015) - N

Mater. Adv. 2 (2021) /———.‘ =
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with Dr Cecilia Fuertes & Paula Angelomé, Arger



TAMM PLASMON WITH MESOPOROUS LAYERS
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PLANAR FILMS: SERS & SPR COMBINED

Raman
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ORIENTATION AVERAGING BY SPHERICAL CUBATURE
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ELECTROMAGNETIC COUPLING WITH ORIENTED DYES
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