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Chirality at the nanoscale
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Chiral Environment

Gautier et al., ChemPhysChem
2009, 10, 483 – 492

Au Au

Review: Ma et al., Chem. Rev. 2017, 117, 8041−8093

Mark et al., Nat. Mater. 2013, 12, 802-807

Gold nanohelices obtained by 
nano-lithography

Peptide-based gold nanoparticle
chiral assembly

Song et al., Nano Lett. 2013, 13, 3256−3261

Gold nanoparticles capped
with chiral ligands

Chiral inorganic nanostructure



Hybrid helical nanostructures via sol-gel transcription

Precursor work: Seiji Shinkai

Silica transcription of 
aminocyclohexan derivatives

Jung et al., J. Am. Chem. Soc. 2000, 122, 5008-5009 8

Chirality at the nanoscale

Yang et al., J. Mater. Chem. 2006, 16, 1644-1650

Silica transcription from chiral 
gelator-like cationic surfactant



CMA group background: chiral self-assembly

Chiral Counter anion
(L-tartrate)

Gel network of helical ribbons
(c = 10 mM in H2O)

200 nm

Gemini 16-2-16
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(CH2)14
(CH2)14

-OOC COO-

HO OH
**

Nature 1999, JACS 2007, JACS 2002, 
J. Phys. Chem. A 2004

Left Handed Right Handed
D-tartrate L-tartrateOrganic self-assembly

5200 nm

37 nm



100 nm

TEOS

Organic

Delclos T., Nanoletters, 2008

L-tartrate D-tartrate

The system: silica nanohelices

Silica transcription
Hybrid organic / silica nanohelices

Left Handed
D-tartrate

Right Handed
L-tartrate

Robust system: 
solvents, T°, pH, drying
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Towards functional materials

SiO2 helix

Surface modification
• -NH2
• -SH
• Fluorescent dye
• Etc…

Design of helices with new properties
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Enantio-separation

Organic matrix

Silica

NEMS

Secondary mineralization (TiO2, ZnO)

M.H. Delville, C. Bergaud

St AYG MB CV SRB

Circularly Polarized 
Photoluminescent systems

Photochromic chiral devices

Pr. Ihara, Pr. Sagawa (Japan)

Heterogen nanocatalysts

Enantioselective catalysis

[PW12O40]3-

SiO2 helix

Towards functional materials

S. Nlate, B. Bibal
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Chiral magnetic devices

Evidence of MagnetoChiral
Dichroism

E. Hillard
C. Train
G. Rikken

Fe-EDTA

A. Perro

Chiral photonics nanodevices

Chiral GNPs organization
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Chiral photonics nanodevices

Goldhelix

modification with
-NH2 group

-NH2

-NH2

-NH2

HS-PEG7-COOH

EDC / NHS 
activation for 
amide bonds

APTES

Chiroptical properties? 

100 nm

Goldhelices

500 nm
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• Chiroptical absorption of polarized light

Circular Dichroism (CD)

Right-handed circularly 
polarized light

Left-handed circularly 
polarized light

AR

AL

For chiral samples: 
ΔA=AL-AR≠0
CL≠CR
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Chiral photonics nanodevices

Goldhelix

modification with
-NH2 group

-NH2

-NH2

-NH2

HS-PEG7-COOH

EDC / NHS 
activation for 
amide bonds

APTES

L-Goldhelix

D-Goldhelix

U
V

Wavelength (nm)

CD
 (m

de
g)

100 nm

Goldhelices CD signal at the plasmon wavelength

g = 4.10-3

500 nm



Applications?

2D and 3D organization
towards macroscopic devices

Tune the optical properties

What can we do with these Goldhelices?
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Macroscopic devices

2D orientation by Grazing Incidence Spraying

Coll. Matthias Pauly, ICS

Gao et al., ACS Nano 2020, 14, 4111−4121

vs

Non-oriented Oriented

Coll. Yann Battié, LCPA2MC
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Macroscopic devices

2D orientation by Grazing Incidence Spraying

Coll. Matthias Pauly, ICS

Gao et al., ACS Nano 2020, 14, 4111−4121

Coll. Yann Battié, LCPA2MC

Glass

Glass vs

Monolayer Multilayers
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Macroscopic devices

2D orientation by Grazing Incidence Spraying

Gao et al., ACS Nano 2020, 14, 4111−4121

Coll. Matthias Pauly, ICS

Coll. Yann Battié, LCPA2MC

Sample

Isotropic Oriented

Bulk Monolayer
Multilayers

Monolayer
Multilayers (3 layers)

Gap Gap
0 nm 56 nm 1 nm 13 nm 33 nm

LD 0 0 0 0 0.038 0.051 0.035 0.045
g-factor (.10-3) 4.4 4.3 0 3.7 4.3 1.3 1.8 4.4

The properties depend of the individual
objects AND their assembly



Applications?

What can we do with these Goldhelices?

A step towards enantioselective
photocatalysis?

Using the chirality of this
plasmon in photoatalysis?

A preliminary result with hot charge carriers

2D and 3D organization
towards macroscopic devices

Tune the optical properties
16
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Hot charge carriers can be created when a high-
energy photon of electromagnetic radiation (such 
as light) strikes a metal. The energy from the photon 
can be transferred to an electron, exciting the 
electron out of the valence band, and forming an 
electron-hole pair.

A step towards enantioselective photocatalysis?
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Goldhelix (dGNP = 11 nm) + TiO2 NPs d=5 nm.
Electrostatic deposition via LBL. 

The Goldhelices: a model system

The photo-transformation of rhodamine B (RhB) has been chosen as model 
photocatalytic reaction in order to demonstrate the asymmetric response of the hot 
carriers with respect to the helicity of the circularly polarized light (CPL).

vs

Coll.: - Miguel Comesana-Hermo (ITODYS, Paris)
- Miguel Correa-Duarte (Vigo Univ.)
- Alexander Govorov (Ohio Univ.)

A step towards enantioselective photocatalysis?
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Selective degradation of RhB

Negrin-Montecelo et al., J. Am. Chem. Soc. 2022, 144, 4, 1663–1671

A step towards enantioselective photocatalysis?
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Selective degradation of RhB

Negrin-Montecelo et al., J. Am. Chem. Soc. 2022, 144, 4, 1663–1671

A step towards enantioselective photocatalysis?

100 nm 100 nm

Comparison with a non-chiral sample
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Asymmetric response of the hot carriers with respect to the helicity of CPL

Can we go further with these Goldhelices?

NEXT STEP? Asymetric photocatalysis?

Negrin-Montecelo et al., J. Am. Chem. Soc. 2022, 144, 4, 1663–1671
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Asymmetric response of the hot carriers with respect to the helicity of CPL

Can we go further with these Goldhelices?

starting in NovemberANR 
CAPONE

Chiral plasmonic for photocatalysis

Miguel Comesana Hermo (ITODYS), Matthias Pauly (ICS), 
Emilie Pouget (CBMN) and Lucas Besteiro (Vigo Univ., Spain)
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