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Localized Surface Plasmon Resonance (LSPR)

→ Collective oscillation of the electronic cloud
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depends on :
• size
• shape
• environment

Murray et al., Adv. Mat. (2007), 19, 3771-3782

300nm

extinction spectra of a gold bipyramid in different 
medium (air, water and water + glycerol)

Rye et al., Nanoscale (2018) 10, 16094-16101

𝑬𝐢𝐧𝐜

→ Far field observation : extinction / scattering measurements
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Chirality : geometrical property

 Optically : circular dichroism  𝑪𝑫 =
𝑨(⟲)−𝑨(⟳)

෡𝑨

• Geometrically chiral NP • Chirality transfer

What happens in the case of 
a chiral environment or chiral nano-objects ?

≠

3

Chiral Nanophotonics, Schäferling, Springer, 2017 
Zhai et al., Nanoscale (2015) 7, 10690-10698

Chiral Au NP

Chiral molecules

Chiral Au NP
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Spatial Modulation Spectroscopy 

a transmission spectrophotometer for individual nanoparticles 
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Billaud et al., J. Phys. Chem. C, (2008), 112, 978

Billaud et al., Rev Sci. Instrum. (2010), 81, 043101

extinction of a single nano-object
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SMS set-up with polarization control: 
double modulation
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j 0 p/2 p-p -p/2

T2= 20 µs

Photoelastic modulator (PEM) : periodic 
modulation of the light polarization 

 Extinction’s polarization dependency

detector

Lock-in 2
f2 = 140Hz

polarizer

PEM

Lock-in 1
f1 = 50 000Hz

polarizer
white lamp

monochromatorf1 f2
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𝑴 =
𝐴1 0
0 𝐴2

𝜃

𝐴𝑖 = 𝐴0 𝑒−𝛼𝑖/2 𝑒−𝑖𝑘𝑖/2

light extinction phase

From optical theorem to Jones formalism 

Anisotropic object:

𝐸𝑠𝑐𝑎𝑡 𝐸𝑖𝑛𝑐
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>

>

>

>

>

𝐴′
𝐵′

= 𝑴
𝐴
𝐵

𝐴
𝐵

𝐸𝑐𝑜𝑙𝑙 = 𝐸𝑖𝑛𝑐 + 𝐸𝑠𝑐𝑎𝑡

= 𝐸𝑖𝑛𝑐 + ന𝑿𝐸𝑖𝑛𝑐

𝐸𝑐𝑜𝑙𝑙 = 𝑴 𝐸𝑖𝑛𝑐
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𝐸𝑐𝑜𝑙𝑙 = 𝑴 𝐸𝑖𝑛𝑐

𝐴′
𝐵′
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𝑴 =
𝐴1 0
0 𝐴2

𝜃

𝐴𝑖 = 𝐴0 𝑒−𝛼𝑖/2 𝑒−𝑖𝑘𝑖/2

the collected intensity depends on the nano-object anisotropy parameters 

 𝐼 = Ԧ𝐸𝑐𝑜𝑙𝑙
2

• θ :  orientation of the eigenvector basis
• Dichroism : ∆𝜶 = 𝜶𝟏 − 𝜶𝟐

• Birefringence : ∆𝒌 = 𝒌𝟏 − 𝒌𝟐

polarizer
sample

PEMdetector

𝐸𝑐𝑜𝑙𝑙 = 𝑴 𝑃𝐸𝑀 𝑃 𝐸𝑖𝑛𝑐

several measurements for different orientations of the analyzer

incoming light 

Floriane Perrier              Congrès Général de la SFP - 2019

analyzer

𝐴

Measurement
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Dimers of gold nanospheres 
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𝐸(⊥)

𝐸(∥)

θ

• ∆𝜶 = 𝜶∥ − 𝜶⊥ :  linear dichroism • ∆𝒌 = 𝒌∥ − 𝒌⊥ :  phase modification

Dispersion curve associated 
with the resonance curve

λ

Im(Ã) → 𝜎(ext)
Re(Ã) → 𝒌∥

expectations

(∥)
(⊥) 𝐸(∥)

𝐸(⊥)

 𝑘
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Proof of principle
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→ good agreement with theoretical predictions
→ validation of the double modulation technique

information about the phase from the intensity 
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λ

Im(Ã) → 𝜎ext

Re(Ã) → 𝒌∥
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500nm

Linear anisotropy

500nm500nm
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Linear anisotropy Individual chiral objectChiral assembly

CHIRALITY

Chiral molecules
in polymers

Chiral nanostructures

Zhou et al., Nano Lett. (2015), 

15, 11, 7458-7466

Detection of 
CD up to 10-4

Collab. L2n

single

assembly

Coupling
chiral molecules + plasmonic NP
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Chiral objects : Gammadions
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Lithographied lattice of gold gammadions

Hendry et al., Nature Nanotech. (2010), 5, 11, 783

Chiral assembly

Kuwata-Gonokami et al., PRL (2005), 95, 227401

Garcia-Guirado et al., Nano Lett. (2018), 18, 6279-6285

Arteaga et al., OE (2016), 24, 3, 2242
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 Good mirroring of the structures 
 CD of a few gammadions

Chiral assembly

Chiral objects : Gammadions
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2 µm

Chiral assembly
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 CD spectrum of a few structures
Mirroring effects observed

 Further investigations required
to interpret the spectra

Chiral objects : « One »



Demonstration of a new technique to probe individual anisotropic NPs

Conclusion & perspectives
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Chiro plasmonic lattices and finite element method simulations 

Circular dichroism of various single nano-objects

Investigation of the coupling between a 
single NP and chiral molecules


