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Abstract: Metasurfaces are composed of sub-wavelength scale artificial nanostructures, which enhance the
light-matter interaction at resonant wavelengths and improve the signal intensity from biochemical molecules in
the near field. The chiral plasmonic metasurfaces can robustly and effectively enhance the chiral signal of chiral
molecules and achieve the detection of trace molecules. The biochemical detection technology based on chiral
plasmonic metasurfaces is increasingly studied to meet the requirements of high resolution and high sensitivity
of detection devices in many fields such as biology, chemistry and environment. This review presented
mechanism of biochemical detection of chiral plasmonic metasurfaces and the advances in chiral plasmonic
metasurface. In terms of biochemical detection, the recent applications of chiral plasmonic metasurfaces in
environmental media sensing, chirality detection, fluorescence detection and surface-enhanced Raman detection
were introduced. Finally, the review discussed the application prospect of chiral plasmonic metasurfaces in
biochemical detection field.
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Fig. 1 Examples of two-dimensional chiral plasmonic metasurfaces: (a) The rH-shaped chiral metasurface
and calculated polarization rotation spectral>*l; (b) L-shaped gold nanoantennas and transmittance
spectra>sl; (¢) An extrinsically chiral metamirror and the measured reflectance spectra>¢; (d) A chiral
absorber and corresponding absorption responses'>”'; (¢) Schematic of the single right-handed,
cross-shaped, and left-handed nanostructures illuminated by tunable vortex beams at normal incidence,
and measured helical dichroism spectral®®; (f) A chiral system based on periodically arranged achiral

dimers!'>!; (g) Chiral metasurfaces composed of corrugated rectangular resonators!*’l,
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Fig. 2 Examples of three-dimensional chiral plasmonic metasurfaces: (a) Gold helix arrays and their
measured transmittance spectral®!l; (b) Multilayer twisted metamaterials and corresponding transmission
of LCP and RCP!¢2; (¢) Bilayer twisted-arc metasurfaces!®3l; (d) Measured transmission of the bilayer
metasurfaces!®!; (e) Suspended bilayer chiral metasurfaces!®>!; (f) The unit structure of helical
nanoapertures and measured transmission spectral®®l; (g) Reconfigurable kirigami metasurfaces!®’!; (h)
Chiral Moiré metasurfaces'®®!; (i) Chiral BIC metasurfaces and the Q-factor and CD depeneded on the

asymmetric parameter 6%,
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Fig. 3 Environmental detection based on chiral plasmon metasurfaces: (a) Chiral plasmonic
hydrogen sensors based on Pd-Au nanohelices!”!; (b) Moiré chiral metasurfaces based on periodic
nanohole arrays for polarity sensing!”!!; (c) Moiré chiral metasurfaces based on twisted staked periodic
nanohole arrays for refractive index sensing!’?!; (d) Chiral metasurfaces based on the array of L-shaped

nano-slits for refractive index sensing!”!,
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Fig. 4 Chirality detection based on chiral plasmonic metasurfaces: (a) Gammadion planar structures



for protein structure determination'?s; (b) Twisted stacked bilayer nanorods for enantiomer
discrimination!®!; (¢c) Microbubble-assisted twisted stacked nanohole arrays for diabetic detection”*; (d)
Suspended chiral bilayer metasurfaces for enantiomer discrimination!”®l; (¢) Chiral plasmonic

metasurfaces based on racemic mixture of gammadions structures!”’!,

A 3 14 [52] — i) € P 00 o 5 BF R)KC, H ELRS A 00— (10 o e Bk P B SR A v, ELIU & )
T TR E AR CD A SN, RSB NS R A )L 2. 2010 4, Hendry
SR TN D3 SIS UE W] 1 T A S TR R T 0 LR A 0 5 T T T R e
FHFIIFHERIE, WK 4@ iR, ELFMLGFFHIERT, o Fr-Aams
R ZR 72 6 AW AR I 1 1005 X T 70 745k B TP i B4 Aoy 1, 070
JEER . 2017 45, AWSERFFUF - T —Fhb T HE B 0 K i 1 45 RS ool & i i 14
R~ G160, BT R B s b KO & 1O S 2 TR EAE L, A RUICR T 7 1
CD 55 . W 4b)fin, SEEMAEN CD WAL, MEASE —maigiert 7m5E
Go oA, ZTFERNT X T FERS TR BRIEZE 55 zmol, SEIL T X FHE4 T
Tobric i R TR . gt — B3R 1 S R R % . 2021 47, Zheng PREA1R T
HHBIETE TV FEFHSEHoOB R FRRK A, W 40 fiR . %5770
FIAEIIRE BT IR 2 10 uL, SEBL TRE 100 pM 7 24 X it S Mg AR B TEAmic ke - 1%
TIF 8 R A JR 05 £ 1 PR AR A1) CD 1%t LS 408, 1280 % v] FH -1 R 1 1 PG 127
HeWikif 2 mib 84%. [M4F, Fery SHAMEFIRE T — Ml S Ak s R,
Tk M a] LR fuh 3] 2 18] XS s T s, RS & T TR R . 2022 4F,
Liu PR ZH I FH AT 0T 42 Al A5 0 43 19 A8 o 3R T 3R A K ek e 2 19 [ B SEEBL T 22.2
zmol “F MILZL 8 B TR A T FEAL IO, 12788 3R TN 75 520 W1 SRR RIAT ) 2815 2 XUZ T4
EEAN, WK 4DFR, H BRI S TS FHAh a0 S a7 R R
N TR AR A G ) CD S 50 T 715 5 REM T, Svedendahl ZEHF FH F2th 7 —
Foft E AN ] 5 5 - AR A5 M TR A HE A1 ZH R TR R T U7, ] 4(e) o o B R A ARE
M ) bk, (R B A R F kY, IR 7E v WOLVE R N B A A FINFIEES .

4. 3 T

RSO MAEAE 32 IR T POU R B RO 3 2RI B I (1 5615 5 LL B 55
I, 3 R H & St AR I TR T SO S 5 K e R U R . a3 58 S5 5 2 H
IS AN ) S BRI FE TR . JE T PEF RN, 96 HE 1S TPl 2R 1 = 3 37 (1 A LA

(@ 2
g +01 eft-handed
:Eh 0.0
3
$ -01 Right-handed
g | i — & o
= 700 800 900
e Wavelength / nm

left

-

] right
Acireutarlylcircyiarly i f
polarized [ o(arized -

-
p:
farrg ! Lo B¥m
. Y ‘ _
Left- ¥ . = s
handed - Right-
linearly polarized handed

QKC"IB“OV' 14 16 18 20 22 14 16 18 20 22

Photon energy (eV) Photon energy (eV)

AN Be sG55 %, ERes i P AE FrE9OR R B4 CPL.

ES5 ETFMHFEHTEBRANKLIEE: @FHEWARERFTSEFUES FHRERRLAL,; bR
FHEMEMARINFHEFBRED,; (R TEBRAMILAFHILE SN



Fig. 5 Enhanced fluorescence based on chiral plasmonic metasurfaces: (a) Circularly polarized
luminescence induced by chiral gold nanostructures!’!; (b) Chiral quantum metasurfaces for recognition

of specific antibodies®"!; (c) Near-field detection of chiral luminescence based on metasurfaces!”l.
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Fig. 6 SERS detection based on chiral plasmonic metasurfaces: (a) Enantiomeric discrimination

based on the chiral SERS method®!; (b) Ramen spectra with different chiral nanogaps'®'l; (¢) The

circular intensity difference spectra for arrays of Ag nanohelices'®?!; (d) Chiral metasurface consisted

with spiral structures for chiral SERS®l; (¢) SERS depolarization ratio for chiral particle arrays/34.
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