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Education, Department of Physics, Capital Normal University, Beijing 100048, China

Abstract: Biomolecules with different chirality have different or even opposite biological and pharmacological
activities. Since vibration and rotation energy levels of many biomolecules lie within the terahertz range, terahertz
spectroscopy has emerged as a useful tool for biomolecular identification. Nevertheless, linearly polarized light
sources are used in terahertz time-domain spectroscopy, which is ineffective for identifying chiral compounds. We
theoretically constructed a circularly polarized Jones matrix using a linearly polarized Jones matrix model. We also
calculated the transmission circular dichroism spectrum of the sample based on the difference in transmittance of
circularly polarized light, offering a useful technique for describing various chiral compounds. The spectra of (R)-(-)-
Ibuprofen and (S)-(+)-lbuprofen were investigated using a transmission terahertz time-domain spectroscopy
system, and the linear polarization biased transmittance and circular polarization transmittance of (R)-(-)-Ibuprofen
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and (S)-(+)-Ibuprofen were computed. Additionally, the transmittance circular dichroic spectra were calculated, and
the two chiral compounds' circular dichroic values reached 0.015, successfully achieving the (R)-(-)-Ibuprofen and
(S)-(+)-Ibuprofen recognition effect. This technique serves as a guide for chiral molecule identification and detection

using terahertz spectroscopy technology.

Keywords: Jones matrix; circular dichroism; terahertz; chiral recognition

1 3l

T RARF TR, RESH
B — PR AR BT BEERTRRE ok e 4
. TSI TEH T BA T O EEE A XS
P!, e 1B A IR A 25 3L, (H R A 25 A
T TR FUR ARG e T I AR, FRGE AR,
SUFR A HFBRAAR™ - T4 ok 14 o Bk LA A [ 7 2k
JCRMERER, RIEVTFZ AR Y= R, A
M, EAHEAY 2GRS AT e A AR EE 2 AR
bERE" . EBREY R AT, B, DNA SRk
B S TR TR I3 . TR0 A ek, it
IR PRy it R EE G, AT &9 (R-F D) 4]
WEAREN, MIHZREAL G (S-H5Y) W] Re S 2U1G LI
B BRI 2 00 A BE AL A T LU= A HUR IR
FHTHURBRATIAYT . WA e H AR B R A B A R i
BRUVERT . 76 H R AR TS v iz At P A LR 25 R 24y
i 98 25 45 1% 2% (ibuprofen, 4-5F T RE-2- K FAER,
CsH,0,) W& — P F1: 2+ (S)-(+)-Ibuprofen HA
PR MERVER, (R)- (-)- Ibuprofen JL-F-1%A BT RAE
A, bR e, Rk, X O AR i
WS — PR A AR A AT FR L ) = —

R RO T B eI PR B, AN
FAES 7 XV R IR o B 22 E . A BE IR R ROt
WEISCAN TR, AT 8 Bz 3k () AN TRTE [l 194 (B O D't P A1 it
A, AR AN, T R R TR
H AT T 25 il () 7 A7 e ASR N | A g
PRIIEFA . FHPLECHEE | SRR (g k5 .
AL TR R YCIR R B R B A S — Ay T
FEM BRI A L, A ImPROGCE S e B R 5h
e RAM . TSI Y B e ot . 76
PR ot BRI Z 5, HH AT A Bl A D B A A e g
PRICHIHRB 7 ) FERG FfRE . BECAOEBRERT ., 3@
JAYEGE, (A2 3NEZ R E R, aRiRsr
Wk DL RS B | IR, R IR B AR
P B R M A T X W A R A 2 IR AN ], AR

[l

PoAZ AR bR ) T2 (3 L % e T AR R S5 31
P, TR, R Z R hr Bl
FAA FSRR A R A TR S, A IIRE S
LA IR SIAR R, ARAF IR i HR 8Ok HEA T
FAES R, 2020 4F, IR RF 1 g 2 #7141
INCTE RN P Sl pNE SR = e auil NS IRE (BT Enl
FIH AR — R A A Tk e oh i
MR, S — XXt = 22 AR 2 U E S,
(DR A=D s oY LN irE 22 oy A0 R = 1
Mg R 2 Y R B ik, T
Peorbr s T T AT A, (HRZ R PR E AR
Pl R AR AR, 5 B Al B A e i PR A At
R, ArAAR AR R B, i H AR
Ki#%% (Terahertz, THz) & S VE b — B A BT & 19
YRR TR, EA k28 Tz,
KZE TS AT LA 7 43 1) = HEHES) AT AR W ks
PEC O RS R B RN A AR SRR A (G R T
SHAW MmO Huk, R B 2E 5
Al LA A A WG . Kii20GisH R S
oAty 2R A AR SRR,
Kihzz i e TR CH 2 B 1k, m/h T X4t
LRARATRERL, SHEYI A FIRA BB AR
W e, MG R ER, Y REINTZNE
SRR 2% AR FH i b 483 5 S S
FEJE A 2% Bk ol B i 37 AR, EANIRIG A4
S5 5 i h oA R A R Y 2020 4F, Zhao
S5 R R 25 OGS H R (THZ-TDS) % L-#8 £
F) A DL-#6 2 ml3H 64T 700 &, & 30 35 7 Kbk 2%
W BB AT RRAE IR g, H G B I s, nT L
DX 43 R4 TR BEMAR Y, 2021 4, Wang 5§
ARSI | i 25 A T AR 22 = ANy T 42
T2 0 R S R E AT R 2023 4F,
Liu 85 ) — 4 2 11 3 B R R i i/
LR A BRRE R, SCEL T X [ — S RE R A T o ok
PRSP 2023 4E, Shi 28 ANBEH T —Fh i A xR

240005-2



ZOBE, 4. S6HL TR, 2024, 51(5): 240005

https://doi.org/10.12086/0ee.2024.240005

ROT IR AR BURLAL B TR T, 4R 1A
RIEAEY 0 T ARG RS, S0 T H
W R A

SR, H AT KRR 2Z0C U™ AR R R IR LA, ]
FHWE I BEEAR TR ™ SRR & B iR ik o, 31X
TR B9 PRI R R T INME. ASSCR I T —Fl
AR 25 2 SR ORI T3k, iR i Tk
FEAR AR PN RS, RS TR TR OS2
A FHEX Ao 0T 4 YO, RIS TEL
Pt s 1A Y B A e, e BB HE S, R R 3 5]
PmPR=S 18], IR 15 (i IR 2 ) A B 0 AR e 20 A
AP B — @k (CD) il . AHZIT LI SE 8 1 4
WIS LR AT, XA IR 2% B ARG I TP
atn, S A E RS E T

2 ERHES
BOSAMEHE T RS AST R b 0
BRI TS IR, s
Mol AR R (R bR A

AT L1 e
r.=| @i M
P Ty RAGHIERE, 1. 1, 1, 1, MRATIEA
FHL B A R ASDER BRI, AT
SEBADICHI RO AT R A R A

Laser

PM2
J { -r Sample %
:L THz
HWP

Chopper ZnTe
PBS1 v ' ! BM1 & .
— ——
| Delay line L1 PM4
P
Probe beam 'i
| Z

ZnTe QWP

L3 PBS2

SERBEFHERIRIE 2t &2 iR A s Gl ok
S AR R o[BI 2 1] A B B A B T LA
2t as 1] 1 B A B A A 3,

T, = k|

1 [ tot ity +ity —1,)

1 Lo — by —1(ty + 1) 2
To| tu—tyFilty ) et hy =ity -ty |° )

Hob T AR 6. 60 oo o RBRRZS )
ST AR B T BRI R R i iR 2 6] —
X P TR, ZEER PRt (LCP) g
A i ot (RCP) MIMMCRAF R 2257, 22 S PEVR B A 5
TS T SRR TR T T AR 15 R
25, & SGEN A CD {8 (CDT) A

_ (tlr + tll) - (trl + trr)

CDT = .
(e +ty) + (g + 1)

€)

K, o LR AL SeY THz-TDS #E47 F- PR 5
418 — PR AL

3 ZWHER

3.1 ZHER

SR FH 5 B R AR 2 B0 R gt A& 1(a)
Fw, CERBOGHORES = A2 1 800 nm £10B48 5 43 o
BEwE o OO, e — BB 2R s 25 00 IR T SR AR
Frer ik ZnTe b, DB 7 207 A Kbk 2458
55, S B B AR S AT, AT R 2%
AR5 A IR A8 R R, HE I E

CH,

CH,
= o = ;Yo
D |
> OH /E e OH
H3C CH3

H,C”~CH,

(R)-(-)-lbuprofen (S)-(+)-lbuprofen

Detecter

e

11

11

B1 (@) EHXAMZHBALEAATER. £+ HWP A TF % A, PBS AThiks titits, LATiEL, PM AT
4, QWP A 7w —3h, PATRIEHR. (b) FHERFRALSTX
Fig. 1 (a) Schematic diagram of transmissive terahertz time-domain spectroscopy. HWP: half-wave plate, PBS: polarization splitting prism, L:
lens, PM: parabolic mirror, QWP: quarter wave plate, and P: polarizer; (b) Experimental tablet sample and corresponding molecular formula

240005-3



AN, . 6HL T, 2024, 51(5): 240005

https://doi.org/10.12086/0ee.2024.240005

TRR2E Al o Gl it B RO 22 0GR R 28 =il
Pgi W sE , I R O 4 T SR A TE AR DU AR A
ZnTe o 53 —HOCAERHRMDG, 2 il B S 56 20 h
PP G IR, 5 RS — B R AR AR |
FKMRZL RS 2 AR K ZnTe BYHTHT RER & A
b, BT S A K = Az T — AR R
WAt o B PRI AR TR e 5 4 s PR oA Ak A T
B, IFRAZSGERBERE S . fE/ME 5
N 731U 3 o D = s = o B v i S TR U
4% L 3 (R B AN R B et T b B
MEEAE 3% LITT .

S T AR 22 25 5 (R)-(-)-Tbuprofen F1 (S)-(+)-
Ibuprofen & [ [ i 22 s kA= AL B B 40y A FR A #]
iR T 98%, fli AT ALt if— L alifbab 3, 52
5 B S A P R T A A IR o B R B R L 4: 11
B T LA T 38 o S IR 5 4450, 10 Mpa 9 &
FIRFEE I 4 4340 A B AR 13 mm, JE N 1.0~1.2 mm
M R R A Y 43 3K RS 3 e e &l 1(b) s,
(R)~(-)-Ibuprofen 43 "5 I I CH,—3E E 1A 7] 4F,
(S)-(+)-Ibuprofen 73 H i) CH,—H& H . 1] 1N

3.2 KWHR
HCTHBOCHREE . BOLIK TR R G IL B e hf
PR o R AN TR TR A AT 38 S5 ol e Ao i A
KA 2E W R A, T8 A DA I ] HE S 2 JEE A0 A
BTG . R G A BB G AR N x ik, S
it H e B B AR O 25 I ) IR A AR B 3 T AN T
fPRICAYEE RIS, FHLMIRRE T AEE R &
Bea AR R B AROL T S R R A%
SRREABEARIC, BEAT AR AR ) R RAR S T
(1 1, B R IRIFRERE S IERS 90°E AT ¢, i1
AR, BRI = X T AR AR B AN

6 x1077

I

Signal amplitude/(a.u.)

0 5 10 15 20
Time/ps

(EREERN W N Eispvis e 1115 P { Al o s At - S i M
TR SRR 90°, ARG Y i bR 25 % A ke
MRS SR T SRR, R LRSI A ROt
TCSTAE b AR BRI SR

4 HIFESH

4 THz-TDS & &I 2] () Bl $u 335 47 (e B o AR 46
AT AR B AR . R GE Il S A an
K2 iz, BRGEAAE 73 3 el I 2 11 90 B 110 (314
HRLAE, SEUE I A s TR] 7 T 20 ps, XA Y AT 43
BEAH 50 GHz. RGEMI{E ME LU SR 5 I (E R
DA P I, SE00 RGTAE R LA 1050, R4
(A R0 6 0.1~2.6 THz.

RS RSO 5 25 (5 S R AR RS
PSR E LR R, WE 3 s, 7EFZ
PR T, R-Ibuprofen AR BT R RE 1, 8 1, =,
1M S-Ibuprofen Y4l S R4 ¢, 8 ¢ AL, W EB
SANTRI A R A, (ERR A2 S i R S e vy 7 8 0 I8 1k
XA TR o RN [R TR S ) 2 PR 25 1oF
B, M) ALeES, (HEPENX G EN, %
Gy ORE i A AR PE R R G TC 1k S 1) S s
W IR R IR, DR i 4k I i85 1o 3 B ek 3]
AT I A HRAE

20 PR S 37 o R R B R (2) TS
FNFERE T BE R R, WA 4 s, 5ZmRR
ATAF, [FFERIRRES T MR TP Z g
FAHZARAN, 0 Fl o, JLFEA, JOER; mifEsc X
TPRRET BT PA T 38 Ui 9 375 10 4L
ER /N, 225V IH B K P . R-Ibuprofen fY ¢,
B R BB KREUE, M S-Ibuprofen 1Y ¢, 151 K H
AERVBUE, PRI I A2 5

4 X10°

N
T

-
T

Signal amplitude/(a.u.)

0 1 2 3
Frequency/THz

B2 KA Ok £ %49 (a) BB 54 (b) SR

Fig. 2 (a) Time domain signal and (b) frequency domain spectrum of the THz-TDS

240005-4



ZOBE, 4. S6HL TR, 2024, 51(5): 240005

https://doi.org/10.12086/0ee.2024.240005

n 0.95

0.90
0.85

0.80

Transmission/(a.u.)

0.70

0.95

Transmission/(a.u.) H

0.70

0.75 }

0.90 ¢

0.85

0.80 b

0.75 ¢

0.5 1.0 1.5 2.0
Frequency/THz

0.5 1.0 1.5 2.0
Frequency/THz

Transmission/(a.u.)

0.025

0.020

Transmission/(a.u.) H

0.015

0.010 ¢+

0.005

0.5 1.0 1.5 2.0
Frequency/THz

0.5 1.0 1.5 2.0
Frequency/THz

B 3 (R)-(-)-Ibuprofen #= (S)-(+)-Ibuprofen #) & aki&ZiL %, (a) (R)-(-)-Ibuprofen &) F L imiZiL%; (b) (R)-(-)-Ibuprofen
Y XX & MRELE; (c) (S)-(+)-Ibuprofen #)F &imi&iT &, (d) (S)-(+)-lbuprofen #9 X X & ik it %
Fig. 3 Transmittances of (R)-(-)-ibuprofen and (S)-(+) -ibuprofen for linear polarized terahertz wave. (a) Transmittances of (R)-(-)-Ibuprofen for

same linear polarization; (b) Transmittances of (R)-(-)-Ibuprofen for cross linear polarization; (c) Transmittances of (S)-(+)-Ibuprofen for same
linear polarization; (d) Transmittance of (S)-(+)-Ibuprofen for cross linear polarization

H 0.95

Transmission/(a.u.)

0.70

H

o
©

Transmission/(a.u.)

e
3

0.90

0.85}

0.80

0.75

o
)

0.5 1.0 1.5 2.0
Frequency/THz

0.5 1.0 1.5 2.0
Frequency/THz

n 0.08

Transmission/(a.u.)

0.12

0.10

0.08

0.06

Transmission/(a.u.)

0.04

0.02

0.06

0.04 +

0.02 ¢

- R't\r

- R-tr\
0.5 1.0 1.5 2.0
Frequency/THz
L I s'tlr
— S-t,
0.5 1.0 1.5 2.0
Frequency/THz

A 4 (R)-(-)-lbuprofen #= (S)-(+)-lbuprofen # B mi#ki&it %, (a) (R)-(-)-lbuprofen &) Fl Bl 1mi&id &; (b) (R)-(-)-Ibuprofen
o X LB Rizid £, (c) (S)-(+)-Ibuprofen & F E kit %; (d) (S)-(+)-Ibuprofen ) x X B faik i 5
Fig. 4 Transmittances of (R)-(-)-Ibuprofen and (S)-(+) -ibuprofen for circular polarized wave. (a) Transmittances of (R)-(-)-Ibuprofen for same

circular polarization; (b) Transmittance of (R)-(-)-Ibuprofen for cross circular polarization; (c) Transmittance of (S)-(+)-Ibuprofen for same circular
polarization; (d) Transmittance of (S)-(+)-Ibuprofen for cross circular polarization

240005-5



ANBYE, %5 G T2, 2024, 51(5): 240005

https://doi.org/10.12086/0ee.2024.240005

KA A 8] i iR 2 328 1 AR (3), wh T AR
FURES AR — kG2, WiE s foR, PR T
TRYE kLR LD 0 ZIBELA J3TT ok, T AT I Ml
PUINATIE IS 07Tk RERE R B R A s SR i 1L
Wk A AR, TR R B i SRR 2 R R AR IR A2
TEHE CDT {EI i T AR A R, f)nfs
PR CDT {EAE . EJZANARAEE S LE BB/, SETE
AR LR R, SRR R BT, SIRY
HE YR, EREMRL.

0.02
—— R-lbuprofen
—— S-Ibuprofen
0.01}
3
©
= 0
o)
@)
-0.01
-0.02
0.5 1.0 1.5

Frequency/THz

B 5 (R)-(-)-lbuprofen #= (S)-(+)-lbuprofen #4

Kohzk B = &4 k3%
Fig. 5 Terahertz CD spectra of (R)-(-)-Ibuprofen and
(S)-(+)-ibuprofen

S v T B AR AR R AR SRS AR TR iR
TROGIBGER, Sk —eiR 2, B TR RRS o
RGN Z U 7 oI MR 2SS, BV LA &
MR, P2 T S 56 A PR el w0 T i
ARG ACSRE  bg 2 T T L3 ab i A R A e i
ST RIRAI L, SRS T e, Tt
HoEHE e 5 F a2 MM EEH . BHirFEiR
SIFE T WLRILT A B B A —SE A R, Chen %
NAE T W Be g | AT — A8 Je P A A 28 ok 5
RPN ILIRS Z 8PS SRS, T
T —FhEE RIS AR A, T AR K58 ] — ek
M5 5, Ali Asif 55 AL T 0UR 7 Sms S fi 1k
METFHEYCRFRI, DS RIT L X B R TR
B2, FEKHRH T CD e, 75 Kbhas i Bt T L
F R R AT A, al o v o R R A
W SRR A R, ORI B Y R R
B, PRSI 0RS B R AU, AN, T LI
FHRBA R A IR P T RE, SCBLAEERA L i) 40 B
ARSI T, B RS

5 & &

FIFAR R 2GS RS ER TR T (R)-(-)-
Tbuprofen F1 (S)-(+)-Ibuprofen [ ik 25 F A K k2%
B, RIS TR A A T R R T Y
BT, RSB T PR RE AR MR AR T R S R
FEC TP T WIS B Mo, SRt Rk
B, 7E 26 IR S T 345 (R)-(-)-Ibuprofen £l (S)-(+)-
Ibuprofen 935 Hf 3% X 7 BERAK, AFTFHE & TFHE
TR, TIRE 1 B e i 2 AT AR A X 43
AU A TR X 5y o X — 57 R K 2%
HF SO G AR AR TP o T T 5%

A Y v

S22 3ER

[11 Wagniere G H. On Chirality and the Universal Asymmetry:
Reflections on Image and Mirror Image[M]. Zirich: Verlag
Helvetica Chimica Acta, 2007: 1-247.

[2] Lan X, Deng Q R, Zhang W T, et al. Efficient chiral absorber
based on twisted catenary structure[J]. Opto-Electron Eng,
2022, 49(10): 220157.

WEH, XBERER, skiscler, S5, BT B R 2k 4544 1 e T I I
#R[J]. CH T FE, 2022, 49(10): 220157.

[31 Mason S F. Optical Activity and Chiral Discrimination[M]. Berlin:
Springer, 2013: 1-372. .

[4] Blakemore C, Jennett S. The Oxford Companion to the
Body[M]. Oxford: Oxford University Press, 2001: 76—78.

[5] Shi W N, Fan F, Zhang Z Y, et al. Terahertz sensing for r/s
chiral ibuprofen via all-dielectric metasurface with higher-order
resonance[J]. Appl/ Sci, 2021, 11(19): 8892.

[6] ZhangL Q, Li Y, Yang X H. Comparision of specifical rotation
detection of chiral medicine between circular dichroism
spectrometer and polarimeter[J]. Anal Instrument, 2014, (6):
64-68.

TR, 2280, BHLLIE. 18 — OGRS AT F 125 Le e
W Y L), 20 B, 2014, (6): 64-68.

[71  Kumar P, Simon A, Kotov N A. Enantiomeric discrimination by
chiral electromagnetic resonance enhancement[J]. Chirality,
2023, 35(10): 732-738.

[8] Fan M K, Andrade G F S, Brolo A G. A review on the
fabrication of substrates for surface enhanced Raman
spectroscopy and their applications in analytical chemistry[J].
Anal Chim Acta, 2011, 693(1-2): 7-25.

[9] Kong H J, Sun X P, Yang L, et al. Chirality detection by
Raman spectroscopy: the case of enantioselective interactions
between amino acids and polymer-modified chiral silica[J].
Anal Chem, 2020, 92(21): 14292-14296.

[10] Lv C G, Zhou Z Q. Chiral HPLC separation and absolute
configuration assignment of a series of new triazole
compounds[J]. J Sep Scince, 2011, 34(4): 363-370.

[11] Yang X, Zhao X, Yang K, et al. Biomedical applications of
terahertz spectroscopy and imaging[J]. Trends Biotechnol,
2016, 34(10): 810-824.

[12] Chen Y X, Zhang F Y, Dang Z B, et al. Chiral detection of
biomolecules based on reinforcement learning[J]. Opto-
Electron Sci, 2023, 2(1): 220019.

240005-6


https://doi.org/10.12086/oee.2022.220157
https://doi.org/10.12086/oee.2022.220157
https://doi.org/10.3390/app11198892
https://doi.org/10.3969/j.issn.1001-232x.2014.06.014
https://doi.org/10.3969/j.issn.1001-232x.2014.06.014
https://doi.org/10.1002/chir.23578
https://doi.org/10.1016/j.aca.2011.03.002
https://doi.org/10.1021/acs.analchem.0c03286
https://doi.org/10.1002/jssc.201000762
https://doi.org/10.1016/j.tibtech.2016.04.008
https://doi.org/10.29026/oes.2023.220019
https://doi.org/10.29026/oes.2023.220019

AN, . 6HL T, 2024, 51(5): 240005

https://doi.org/10.12086/0ee.2024.240005

[13]

[14]

[19]

[16]

[17]

[18]

[19]

[20]

[21]

Xu W T, Xie L J, Ying Y B. Mechanisms and applications of
terahertz metamaterial sensing: a review[J]. Nanoscale, 2017,
9(37): 13864-13878.

Seo M, Park H R. Terahertz biochemical molecule-specific
sensors[J]. Adv Opt Mater, 2020, 8(3): 1900662.

Li K X, Li D, Zhang Y. Terahertz spectral properties of 5-
substituted uracils[J]. Sensors, 2021, 21(24): 8292.

Zhang Z Y, Zhong C Z, Fan F, et al. Terahertz polarization and
chirality sensing for amino acid solution based on chiral
metasurface sensor[J]. Sens Actuat B Chem, 2020, 330:
129315.

Wu Z P, Zhu Z J, Cheng C, et al. Terahertz spectroscopy of
enantiomeric and racemic pyroglutamic acid[J]. Spectrochim
Acta Part A Mol Biomol Spectrosc, 2020, 225: 117509.

Bian Y J, Zhu Z Q, Zhang X, et al. Terahertz spectroscopy for
quantitatively elucidating the crystal transformation of chiral
histidine enantiomers to racemic compounds[J]. Food Chem,
2023, 406: 135043.

Wang Z F, Peng Y, Shi C J, et al. Qualitative and quantitative
recognition of chiral drugs based on terahertz spectroscopy[J].
Analyst, 2021, 146(12): 3888—-3898.

Liu J Y, Zhang T R, Tan Z Y, et al. Chiral enantiomer
recognition of amino acids enhanced by terahertz spin beam
separation based on a Pancharatnam-Berry metasurface[J].
Opt Lett, 2023, 48(2): 440—-443.

Shi W N, Wang Y M, Fan F, et al. THz enantiomers of drugs
recognized by the polarization enhancement of gold
nanoparticles on an asymmetric metasurface[J]. Nanoscale,
2023, 15(34): 14146-14154.

(E=RER

BJBFE (2000-), W, WIEAFITAE, FEMEK
2L E AR RLS A
E-mail: jxy15630932309@]163.com

[22]

[23]

[24]

[25]

[26]

[27]

(28]

240005-7

Kim J, Yang Y, Badloe T, et al. Geometric and physical
configurations of meta-atoms for advanced metasurface
holography[J]. InfoMat, 2021, 3(7): 739-754.

Hou C H, Zhu Y D, Li L J, et al. Optical parameter extraction
and error analysis of terahertz time domain spectrum
detection[J]. Opto-Electron Eng, 2018, 45(2): 170534.

AR, RIBIR, ZEMIH, 55, IR I BOGTEROR (S U
HiREAHII]. Ot 174, 2018, 45(2): 170534.

Li J T, Wang G C, Yue Z, et al. Dynamic phase assembled
terahertz metalens for reversible conversion between linear
polarization and arbitrary circular polarization[J]. Opto-Electron
Adv, 2022, 5(1): 210062.

Shi Z L, He J L, Wang J J, et al. Design of tunable circular
dichroism extrinsic chiral metasurface based on phase change
material GST[J]. Opto-Electron Eng, 2022, 49(10): 220092.
SoeLHk, BURHE, EAA, & LT RIGSTRY R — M n] I
IESME AR R I HJ]. Ot TR, 2022, 49(10): 220092.
Chen Y, Chen W J, Kong X H, et al. Can weak chirality induce
strong coupling between resonant states?[J]. Phys Rev Lett,
2022, 128(14): 146102.

Ali A, Khalig H S, Asad A, et al. Dielectric chiral metasurfaces
for enhanced circular dichroism spectroscopy at near infrared
regime[J]. RSC Adv, 2023, 13(30): 20958-20965.

Hu W D, Du X, Liu S'Y, et al. Optofluidic refractometric sensor
based on quasi-bound states in the continuum in all-dielectric
metasurface[J]. Opto-Electron Eng, 2023, 50(9): 230124.
BIAEZR, AL, XUE K, 55, BT SR A S A B R 1 A6
TR St B AL B ST [J]. Dl TR, 2023, 50(9): 230124.

LEfsfEg ] fa (1972-), 5, EHROTE A%
WHLRHEL, WAETI, FEASET K
B2 TR L AL . LR B A,
1E Nature Photonics, Light:
Application ZET) 1 & FE3C 300 4355 -

E-mail: yzhang@cnu.edu.cn

Science &

MY, JREPDFE3C


https://doi.org/10.1039/C7NR03824K
https://doi.org/10.1002/adom.201900662
https://doi.org/10.3390/s21248292
https://doi.org/10.1016/j.snb.2020.129315
https://doi.org/10.1016/j.saa.2019.117509
https://doi.org/10.1016/j.saa.2019.117509
https://doi.org/10.1016/j.foodchem.2022.135043
https://doi.org/10.1039/D1AN00500F
https://doi.org/10.1364/OL.477839
https://doi.org/10.1039/D3NR01826A
https://doi.org/10.1002/inf2.12191
https://doi.org/10.12086/oee.2018.170534
https://doi.org/10.12086/oee.2018.170534
https://doi.org/10.29026/oea.2022.210062
https://doi.org/10.29026/oea.2022.210062
https://doi.org/10.12086/oee.2022.220092
https://doi.org/10.12086/oee.2022.220092
https://doi.org/10.1103/PhysRevLett.128.146102
https://doi.org/10.1039/D3RA02331A
https://doi.org/10.12086/oee.2023.230124
https://doi.org/10.12086/oee.2023.230124

2O, 45 SGHL T2, 2024, 51(5): 240005 https://doi.org/10.12086/0ee.2024.240005

Recognition of chiral substances by terahertz
circular dichroism

Ji Xuyang, Sun Shuang, Zhang Yan"
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Overview: Chiral molecules are defined as materials that have chiral centers, also referred to as asymmetric centers in
chemical structure. Biomolecules with different chirality exhibit distinct or even opposing biological and
pharmacological effects, even when their structural groups are the same. Chirality detection and recognition have long
been a significant issue in the realm of life sciences. Circular dichroism, a method of identifying chiral substances, is
produced when left- and right-handed circularly polarized light are absorbed differently by different chiral molecules.
This results in different amplitudes of circularly polarized light passing through different rotations. Currently, available
techniques for detecting chiral drugs include high performance liquid chromatography, chiral Raman spectroscopy,
nuclear magnetic resonance spectroscopy, and polarimeter detection; nevertheless, there are drawbacks, such as costly
and difficult-to-use procedures. The terahertz spectroscopy technique becomes an excellent way to identify biological
macromolecules since many of them have vibrational and rotational energy levels that fall in the terahertz range.
Currently, linearly polarized light sources are used in the terahertz time-domain spectroscopy system, which is unable to
detect chiral compounds. Theoretically, we can synthesize the Jones matrix under circular polarization using the Jones
matrix model of linear polarization. We can then determine the circular dichroism spectrum of the sample based on the
transmission difference of circular polarization light. This approach offers a useful way to characterize various chiral
molecules. By rotating the crystal and the experimental sample through four measurements, the time-domain spectra
under various polarization states are obtained based on the transmitted-terahertz time-domain spectroscopy system.
The Jones matrix of the sample online polarization space is obtained, which is then converted into the circular
polarization space. The circular polarization space's Jones matrix component is utilized to compute the sample's circular
dichroism (CD) spectrum. This study presents the measurement of the spectra of (R)-(-)-Ibuprofen and (S)-(+)-
Ibuprofen, together with the calculation of their linear and circular bias transmittances. The circular dichroism spectra
of the two chiral substances are calculated, and the circular dichroism values of the two chiral substances reach 0.015,
which effectively realizes the recognition effect of (R)-(-)-Ibuprofen and (S)-(+)-Ibuprofen. This work provides a
reference for the following chiral recognition in the terahertz band by using the superstructure surface and improving
the local intensity of the light field through high-quality resonance to improve the accuracy and sensitivity of chiral
recognition.

Ji XY, Sun S, Zhang Y. Recognition of chiral substances by terahertz circular dichroism[J]. Opto-Electron Eng, 2024,
51(5): 240005; DOI: 10.12086/0ee.2024.240005
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