Optical chirality enhancement with dielectric metasurfaces
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Motivation

Light-molecule interactions with metallic and dielectric nanostructures make it possible to effectively
enhance their sensitivity. For example, right-handed (RCP) and left-handed (LCP) circularly polarized light
interacts with chiral molecules in different ways that allow determining their handedness and structural
information [1]. Circular dichroism (CD) spectroscopy (measures the different absorption of light from the
left and right circular waves) is used as an effective tool to study chiral molecules. However, CD signal
from molecules is very difficult to detect due to their weak internal chirality. These problems impose
significant restrictions on the achievable measurement sensitivity. To enhance the CD response from low
concentrations or even a single molecule, a new approach based on the formation of superchiral fields == chiral molecule

interacting with molecules to enhance their optical chirality has been used.
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Modelling chiral medium CD enhancement of chiral molecules
. . . 1 . . . . . 0.03
The constitutive relations:
D = ¢y¢,.E + ikH/c RCP light . 0.8} : 0.02 |
— o c _
B = uyu,H — ikE/c m g 06 _ . 0.01 "\
The dispersion of chiral molecules [4]: chiral layer § 0.4 | ®  or
_ - lass substrate | L =240 nm air C — Composite
€mol = Er T NdwO{f(w) T lg ((1))} : = 0.2 —Bare 1 -0.01 ¢ — Composite
Kmol = Nra){f(a)) -+ lg(a))} . — Molecule 0.0 —Molecule
0.03 . ] . . . . . . . . -0. , . . . l
The dispersion and absorption line Shape —_Simulation 530 540 550 560 570 580 590 530 540 550 560 570 580 590
: : e Analytic Wavelength (nm) Wavelength (nm)
funCtlonS f(w) and g(w) are given by: Q002! Transmittance for composite, bare and molecules Chiral differential transmittance spectra
W2 — w2 c . S 0.02
f((l)) — 0 g — Composite —Composite
2 I — | 0.01} —Molecule |
2 2 212 G 0.8 Bare
(w() W ) + w“l e 001 v —Molecule [\/\
o
c 0.6 | (O |
() = : 3
glw) = > 0 — S 0.4/ -0.01;
(a)(z) — a)z) + w?2I'? 530 540 550 560 570 580 590 S \/
Wavelength (nm) 0.2 -0.02 |
& =177, wg = 2ntc/560nm,I' = 2nc/30um,
— 13 ~.—1 — 13 ~.—1 1 . . , . . 0 - ' ' ' ' -0.03 ' ' ' ' '
Nd =0.7x102s7",Nr =0.7x10"s 530 540 550 560 570 580 590 530 540 550 560 570 580 590
- 2 , x10™ Wavelength (nm) Wavelength (nm)
E - o 10, 3 0.95 Absorption comparison for composite, bare and molecules CD spectra of composite and chiral layer
E _ s S 77
s 1.5 - _:lr:.‘_tj —Simulation
O 1 —R(€mor) g > g e Analytic RCP light LCP light
: R Y AN & NI
5 0.5 o =
% 4 glass substrate C layer air glass substrate
= 0 _ o o | ‘ 0.85 e S— C—
530 560 590 530 560 590 530 540 550 560 570 580 590 0 5 10 15 20 -20 -15 -10 5 0
Wavelength (nm) Wavelength (nm) Wavelength (nm) Optical chirality enhancement Optical chirality enhancement

References
1] L. D. Barron, Cambridge University Press, Cambridge, England, 2004.
2] Y. Tang, and A. E. Cohen PRL, 104, 163901 (2010).
3] M. Schaferling et. al Opt. Expr., 20(24), 26326-26336 (2012).
4] K. Yao and Y. Liu Nanoscale, 10(18), 8779-8786 (2018).

Questions? e-mail: ihar.faniayeu@physics.qu.se

Conclusion

Optical chirality enhancement by < Implementation of the chiral medium

about 200 folds in the simulation (COMSOL)
The same sign of optical chiral field ¢ CDT and CD enhancement of thin
in the entire volume chiral molecular layer




