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Abstract: Based on a flexible twisted bilayer chiral metasurface sensor, utilizing terahertz time—
domain spectroscopy technology, with chiral Lactic Acid(LA) enantiomers as the research subjects, a
method for sensing the concentration of chiral substances and enantiomer recognition in the terahertz
band is proposed. The results show that the Transmission Circular Dichroism(TCD) of the chiral
metasurface sensor shifts with the increase of concentration, and the shift amounts are different for
different chiral enantiomers. The highest detection sensitivity for Levorotatory Lactic Acid(L-LA) and
Dextrorotatory Lactic Acid(D-LA) are 2.6 GHz/(mg/mL) and 1.9 GHz/(mg/mL), respectively, with a
detection limit as low as 0.01 mg/mL. The great potential of the chiral metasurface sensor in LA sensing
and chiral recognition provides an efficient, low—cost technical method for the sensitive detection of
chiral enantiomers.
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parameter value
P 260
L 210
g 80
s 75
a 120
w 325
h 50
h 0.02

Fig.1 Schematic diagram of chiral lactic acid recognition and

unit structure diagram of the sensor
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Fig.2 Simulated and measured results of the chiral metasurface
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Fig.3 Simulated analysis of transmission coefficient and field distribution for single layer metal
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Fig.4 Analysis of sensing characteristics of the chiral metasurface
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Fig.5 Measured results and deviation analysis
5 MRS, R 1REHT

I 6(a)~(b) 2 7 fi 2 € £ 4 0.01 mg/mL . 0.1 mg/mL Al | mg/mL A L-LA F1 D-LA J5, -V THz 8 % i {4 & 2%
B (o 3 g 0 ) AR AR O o T DAE B, X TR RR B 0 T FLRR A W, B VR B R B, B 3 i A A
Fiash, X FLEH TIMRS &0 E IR RE A B L AE T A, L-LA. D-LA i [8 — % (4 ) i
{78 43 M 0.355 7 THz # £ 0.354 6 THz., 0.354 8 THz, 4100 & 25 M 0.445 2 THz % 5 0.442 6 THz, 0.443 3
THz, WK 6(c)~«(d)fin. TR TE O E RO TERD, HRAHEHNRAGE —RE X, K30K
o R B A SRS i SR AR AR Z B HAE, B : S=ATCD/Ac, TEUEVENIE, (5 RA% X P Fp =1 2L R )
WA 0 R A% 2 9 K . 1.1 GHz/(mg/mL) . 0.9 GHz/(mg/mL), TEJANIE /35N 2.6 GHz/(mg/mL). 1.9 GHz/(mg/
mL). Z5IFRB, % T 2 1 AL TR B e g ) Ik 04 R A AR T T T LR A ARSI, SR APRR I BR B2 TT 3K 0.01
mg/mL. LA, [A—¥&EEAS R F IR A IR S5 G A A A 4 R AF, SSEARFHARYME & AF. &7



10s6 ABEH PSR TFERSRE 52 %

S TN A3 R ) e B8 ) 2L TR X AR e W R L O, A SRR O A B B RS R AR O, T RLE ], L-LA MR AL T D-
LA R0, RUIBEE W R34 I, MR i A2 L IR 4% L-LA>D-LA, JE/R T8 3R 10 0 43 TP 09 45 55 4 o 7
Xk T o JEE A AN [ LR 7 1 VA L, T AR A0 RS A A A R /N S B T LR X AR A DX O3 o TP BT L
A Il L OOR R k= ko (n £ ), A TR S M e RALRE 7 710 37 2 6] 19 28 SORB 5 98 JBE 04T, T2 o It R o 7/
AT 15 B AL B RS AN ), R ITE A5 A 7 R R 5 8 JEE A A 22 e, SR AR AU LR RO AR e A, AT S B AR
AR R o SC A RS UE T T BT A T THz B 3R T [R) I 3RO S RAUE SR e, Sy TR B )
Pt T — BB B BRIk

0.52F
0.50 F
_048F ~
8 g8
T 046 -
’ — - 0.0l mg/mL .
— = 0.1 mg/mL \V
044k =« | mg/mL
!/
. 1 1 1 1 P L 1 1 L 1 1
0340 0345 0350 0355 0360 0365 0340 0345 0350 0355 0360 0365
fITHz JfITHz
(a) the peak of TCD for D-LA (b) the peak of TCD for L-LA
044 F7 -0.44 F
046 -0.46 |
~ 048t ~ 048}
8 8
= -0.50 = 050 F
-0.52 -0.52
-0.54 > -0.54 |
L L 1 1 1 L L 1 1
0.42 0.43 0.44 045 0.46 0.47 0.42 043 0.44 0.45 0.46 0.47
fITHz fITHz
(c) the peak of TCD for D-LA (d) the peak of TCD for L-LA

Fig.6 TCD of the chiral metamaterial coated with different concentrations of lactic acid enantiomer
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