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Chirality and electrochemistry

Three potential applications
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Artificial biomimetic electrodes



http://en.wikipedia.org/wiki Lyotropic_liquid_crystal

Lyotropic liquid crystalline phases (LLC)

Micellar cubic (I1)

Hexagonal

Lamellar

Cubic (La3d) 

Micellar

Soft template: lyotropic liquid crystals

Mesoporous electrodes

Chiral imprinting of porous metals



Electroplate
Template 

removal

hydrophobic 

chain

polar head group

Lyotropic liquid crystal templating:

Platinum salt 29 wt%
H2PtCl6
Surfactant                         42 wt%  
CH3(CH2)11(OCH2CH2)8OH
Water                                29 wt%

G.S. ATTARD, P.N. BARTLETT, N.R.B. COLEMAN, J.M. ELLIOTT, J.R. OWEN, J.H. WANG  Science 278 (1997) 838

Mesoporous electrodes

Chiral imprinting of porous metals



The internal surface of the mesopores is chirally imprinted.

Pt

deposition

Removal of 

templates

Mesopore

Chiral 

cavities

Preparation of mesoporous chiral metal

Wattanakit C., Bon Saint Côme Y., Lapeyre V., Bopp P., Heim M., Yadnum S., Nokbin S., Warakulwit C., Limtrakul J., Kuhn A., 

Nature Comm. 2014, 5, 3325

DOPA



Selectivity

Enantioselective recognition of 3,4-dihydroxy-phenylalanine 

(DOPA) enantiomers on chiral imprinted mesoporous 

platinum electrodes by differential pulse voltammetry



Electrooxidation of DOPA on chiral imprinted mesoporous Pt

Imprinted with L-DOPA 

(L-DOPA/PtCl6
2- = 0.04 ) 

Imprinted with D-DOPA

(D-DOPA/PtCl6
2- = 0.04 ) 

Enantioselective recognition
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Enantioselective actuation with bipolar electrochemistry

d+ d-



a) b)

Enantioselective actuation with bipolar electrochemistry
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S-Platinum

S. Assavapanumat, B. Gupta, G. Salinas, B. Goudeau, C. Wattanakit, A. Kuhn, Chem.Comm. 55 (2019) 10956

In R-MA

In S-MA

In R-MA

In S-MA

a)

b)

R-Platinum

Enantioselective actuation with bipolar electrochemistry

Recognition of mandelic acid on chiral metal/polypyrrole actuators

Good enantiomer

Wrong enantiomer



Enantioselective actuation with bipolar electrochemistry

F. Sannicolò, S. Arnaboldi, T. Benincori, V. Bonometti, R. Cirilli, L. Dunsch, W. Kutner, G. Longhi, P.R. Mussini, 
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Replacing the chiral metal by inherently chiral oligomers
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Electropolymerisation of the inherently chiral  enantiopure monomers on polypyrrole
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Enantioselective actuation with bipolar electrochemistry

S. Arnaboldi, B. Gupta, T. Benincori, G. Bonetti, R. Cirilli, A. Kuhn, Anal. Chem. 92 (2020) 14, 10042

Absolute enantioselective determination with inherently chiral oligomers 

Oligo-(S)-BT2T4

40 s

L DOPA D DOPA

40 s

0.1 cm

Ppy

0.1 cm
Oligo-(S)

Oligo-(R)



Enantioselective actuation with bipolar electrochemistry

S. Arnaboldi, B. Gupta, T. Benincori, G. Bonetti, R. Cirilli, A. Kuhn, Anal. Chem. 92 (2020) 14, 10042

Concentration dependent enantioselective actuation

Indirect 
determination of the 
enantiomeric excess

L/D DOPA                   L/D DOPA
3mM/ 6mM               6mM/ 3mM



Enantioselective actuation with bipolar electrochemistry

Direct readout of enantiomeric excess

(S)-oligo

(R)-oligo

Ppyred

Ppyox

DOPAred

DOPAox

S. Arnaboldi, G. Salinas, G. Bonetti, R. Cirilli, T. Benincori, a. Kuhn, ACS Meas. Au. (2021) 10.1021/acsmeasuresciau.1c00011



Enantioselective actuation with bipolar electrochemistry

S. Arnaboldi, G. Salinas, G. Bonetti, R. Cirilli, T. Benincori, a. Kuhn, ACS Meas. Au. (2021) 10.1021/acsmeasuresciau.1c00011

Direct readout of enantiomeric excess

L-DOPA+D-DOPA = 10 mM

LiClO4 0.2 M + H20

Electric field 0.6 V cm-1



Enantioselective autonomous motion

S. Arnaboldi, G. Salinas, A. Karajic, P. Garrigue, G. Bonetti, R. Cirilli, T. Benincori, S.  Bichon, S. Gounel, N. Mano, A. Kuhn, 
Nat.Chem. 13 (2021) 1241–1247

Intrinsic bipolar swimmer

(R)

oligo-BT2T4

D-DOPA

L-DOPA
DOPA-quinones

DOPA-quinones

½ O2 + 2H+ + 2e-

H2O

H+

Forward Motion

(S)

Ppy

Enzyme

Water

Air e-

(S)-oligo-BT2T4

(R)-oligo-BT2T4

Ppy + Redox Mediator + 

Enzyme

Ppy + Redox Mediator

Top view of the swimmer



Enantioselective autonomous motion

Self-electrophoresis mechanism

0.5 cm

No 

Proton 

flux

X

Motion

High 

Proton 

flux
0.5 cm

DOPA → DOPAquinone + 2 e- + 2 H+ (anode)

½ O2 + 2 H+ + 2e− → H2O     (cathode) 
Medox +  − ⇆ Medred (cathode) 

BOD

The swimmer is on purpose
immobilized at a fixed position.

Only the liquid can move and the
hydrodynamic flow can be tracked by
adding carbon beads (1 mm) to the
solution.

The swimmer is placed in a 5 mM D-DOPA 
0.3 M citrate/phosphate buffer (pH 5).

S. Arnaboldi, G. Salinas, A. Karajic, P. Garrigue, G. Bonetti, R. Cirilli, T. Benincori, S.  Bichon, S. Gounel, N. Mano, A. Kuhn, 
Nat.Chem. 13 (2021) 1241–1247



Enantioselective autonomous motion

vav= 5 cm s-1 vav= 5 cm s-1

vav= 10 cm s-1

Two swimmers 
(with opposite 
oligomer configuration) 

Conversion of 
molecular 

information into 
macroscopic action

(R) (S) (S) (R)

D-DOPA L-DOPA

DOPA racemate

S. Arnaboldi, G. Salinas, A. Karajic, P. Garrigue, G. Bonetti, R. Cirilli, T. Benincori, S.  Bichon, S. Gounel, N. Mano, A. Kuhn, 
Nat.Chem. 13 (2021) 1241–1247



Enantioselective autonomous motion

Concentration dependent speed

Only (S)-BT2T4

oligomer is deposited 

on the entire extremity 

of the swimmer to 

generate linear motion.

(S)-oligo-BT2T4

S. Arnaboldi, G. Salinas, A. Karajic, P. Garrigue, G. Bonetti, R. Cirilli, T. Benincori, S.  Bichon, S. Gounel, N. Mano, A. Kuhn, 
Nat.Chem. 13 (2021) 1241–1247



Enantioselective autonomous motion

0.3 M citrate/phosphate buffer 
solutions at pH 5

Green trajectories 
L- + D-DOPA  5 mM
Red trajectories 
L- + D-DOPA  2.5 mM.

Direct readout of enantiomeric excess

S. Arnaboldi, G. Salinas, A. Karajic, P. Garrigue, G. Bonetti, R. Cirilli, T. Benincori, S.  Bichon, S. Gounel, N. Mano, A. Kuhn, 
Nat.Chem. 13 (2021) 1241–1247



CONCLUSION

Biomimetic recognition of chiral molecules

at unconventional chiral surfaces

with a straightforward readout

in an unconventional way

Applications in analysis

electroseparation

and synthesis
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