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Terahertz absorption spectra and chiral spectra of saccharides
at low temperature
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Abstract: Saccharides are typical chiral substances, and their chiral spectra in the terahertz band
have not been fully studied. The refractive index and absorption spectra of lactose, galactose, and glucose
at low temperature and normal temperature are studied respectively, and the chiral spectra of these
samples are obtained through terahertz time—domain polarization spectroscopy. The experimental resulis
show that the absorption of saccharides will decrease as the temperature decreases, which is conducive to
obtain the chiral characteristics of the sample at low temperature. At 80 K, glucose exhibits strong
Circular Dichroism(CD) in 1.3-1.5 THz; the CD peak value reaches 44.97% at 1.39 THz. All three
saccharides have specific chiral characteristic peaks, and the CD values all exceed 20% in 1.6-1.8 THz.
The research results can provide important reference for further understanding of the chiral spectra of
chiral biochemical samples in terahertz band and their internal mechanisms.
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Fig.1 (a) Schematic diagram of saccharide sample solid shape and measured phase and polarization;
(b) Schematic diagram of system optical path of THz-TDS; (c) Picture of experimental device
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Fig.2 (a) Time domain signals of air reference and different saccharides at 80 K; The refractive index changes with temperature of
(b) Lactose; (c¢) Galactose; (d) Glucose
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Fig.3 Amplitude transmittance of saccharides at different temperatures
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Fig.4 Absorption coefficient of saccharides at different temperatures
Pl 4 AT R R s R A
HE— 25 3 A B 2R A AR T 9 TR N, Ol T AR AR X LCPOY
FIRCPE i W i R A7 4838 E 925 5, 850 CDRLN R B A, 4LCP (@
MRCPYEIE L dh i, LCPYE A LB A fh, RCPILARE. Kl 6(a)~(c)
SUFUBE . R FUBE . ATATH 00 (6 A SR HL 9 B B SLBEAI o

FLBEAE1.3~1.5 THZN LCPYG FIRCPYGIE i RAF E R K £ 5, 3Fh bl
HAE1.6~1.8 THZIE BY W LCPYE MIRCPYG B i R KB 2 57, 1K
B 2 FE . BRI TR 3R R ER0 KR CDi, I8 A 3P A2
OATE . 1.3~1.5 THzI By, A4 bR IR B — k., JF R
R BB B A BN, 7E1.39 THzAL CDWE A 35 $144.97% 5 117 7L B (1
S TP A TR A R ES — 2, 7E1.41 THzARCDIEH k5] 16.1%;
PFLBETE X — M B NI AL T FE1.6~1.8 TH2M B I, 3FPFEE

LCP

’M\x

Fig.5 Schematic diagram of the CD effect
of saccharides

5 MIEZERAT CD &R A

IR B B SR 62 Tk, 7E1.67 THzA L FLBELCPOYL i = S M, CDUE{E 1K 3 21%, 1M i % ¥ CDI&{H A
28.7%, FLMETE1.77 THzAL CDIEEEE i35% . OATE S fbila# 5 CDIG A —5, 7£1.3~1.5 THzM1.6~1.8 THzH >
B AR B R 1 2R IS R, FUMEAE 1.43 THz, B ZLBETE1.68 THz . i %5 5 7£ 1.40 THzAb , OAWE(E 43 )l ik 3]
10°,20°5139.7°, B ILATR T FHAT R 5 5 00 I 5 400 e 1 RN Ot 22 16

0 0
o 4
) a2) g m
4 o B _ -
E 3 10 /r SRR
17} = o
.2 2 Ju ‘B
£ E ¥ 2 1
3 g R | g .
g g 20f o Z 20t "f‘..#
& = | g |k
—a—LCP = LCP » —=—LCP hﬁpﬁ
—*—RCP +~RCP —RCP
230 1 A A 230 " " N -45 M M M
1.0 1.2 1.4 1.6 1.8 1.0 1.2 1.4 1.6 1.8 1.0 1.2 1.4 1.6 1.8
fITHz fITHz fITHz
(b) lactose (c) galactose (d) glucose

Fig.6 Transmission spectra of saccharides solids LCP and RCP

& 6 BE2[E {& RCP #1 LCP 1B 51



ro Tl 2l = B R s 5
824 XKFZBESBRFEEFR %19 %
50 45.0
25 A 225
ES >
a 0 s
© . S
—a—lactose 'u' lactose
25F o galactose 251 . galactose
—a—glucose —a—glucose
-50 L L s -45.0 L .
1.0 1.2 1.4 1.6 1.8 1.0 1.2 1.4 1.6
fITHz fITHz
Fig.7 CD spectra of three saccharides Fig.8 OA spectra of three saccharides
A7 =FEEE CD i Kl 8 =il OA il
3 HHig

TESEI T LA 73RO [FIRE 2R (FLBE . 2RI . AW 7E AN [ BE A 4 5 3 L i S ik A e R B, IR B
TEMRIR T AICDIEFIOATR . 55 M EELIL T . 1E80~140 KUa FEVE B N, 3MBEE a4 5 RILA L2k YR
BTN B 140 KLA L, 47 569 258 B L B2 T oo T 3 0 7 S R B IR B T R B SRR AR, FLMEAE0.54 THzAb AT JURR 1Y
W WSO AE U, >F LB RS 29 0 7E 1.41 THZzA11.66 THzAN #4778 WOSCREAE 06, (B WIS 55 47 i 22 5] . FE8O KT, 4
ZHETE1.3~1.5 THZM B 2 B0 AR SR 9 1 — (1, 7£1.39 THzAL CDUEAH 35 ) 44.97%, T 2F FLBE7E 3% — W B N A
T 7E1.6~1.8 THZW BN, 3R B A — b Tk, CDEBBET20%. X —WFR 4 Xt — Ik
TUTF P A AR A A 2% U0 B 1 T 1 LN e 4 T8l 12 WL LA R S N A

S E Xk

[1]

[2]

[31

[4]

[5]

[6]

[8]
[91]
[10]
[11]
[12]

[13]

[14]

COOPER K B,DENGLER R J,LLOMBART N,et al. THz imaging radar for standoff personnel screening[J]. IEEE Transactions
on Terahertz Science and Technology, 2011,1(1):169-182.

LIU Y,WU Z,KOLLIPARA P S,et al. Label-free ultrasensitive detection of abnormal chiral metabolites in diabetes[J].
ACS Nano, 2021,15(4):6448-6456.

FEDERICI J F,SCHULKIN B,HUANG F.et al. THz imaging and sensing for security applications—explosives,weapons and
drugs[J]. Semiconductor Science and Technology, 2005,20(7):5266.

MARKELZ A,ROITBERG A,HEILWEIL E J. Pulsed terahertz spectroscopy of DNA,bovine serum albumin and collagen
between 0.1 and 2.0 THz[J]. Chemical Physics Letters, 2000,320(1-2):42-48.

YAMAGUCHI M,MIYAMARU F,YAMAMOTO K,et al. Terahertz absorption spectra of L—,D—,and DL-alanine and their
application to determination of enantiometric composition[J]. Applied Physics Letters, 2005,86(5):053903.

WANG W N,LI H Q,ZHANG Y,et al. Correlations between terahertz spectra and molecular structures of 20 standard «a —
amino acids[J]. Acta Physico—Chimica Sinica, 2009,25(10):2074-2079.

OPPENHEIM K C,KORTER T M,MELINGER J S,et al. Solid-state density functional theory investigation of the terahertz
spectra of the structural isomers 1,2—dicyanobenzene and 1,3-dicyanobenzene[J]. The Journal of Physical Chemisiry A,
2010,114(47):12513-12521.

UENO Y,AJITO K. Analytical terahertz spectroscopy[J]. Analytical Sciences, 2008,24(2):185-192.

BAXTER J B,GUGLIETTA G W. Terahertz spectroscopy[J]. Analytical Chemistry, 2011,83(12):4342-4368.

CHEN J,CHEN Y,ZHAO H,et al. Absorption coefficients of selected explosives and related compounds in the range of
0.1-2.8 THz[J]. Optics Express, 2007,15(19):12060-12067.

WILK R,VIEWEG N,KOPSCHINSKI O,et al. THz spectroscopy of liquid crystals from the CB family[J]. Journal of Infrared,
Millimeter,and Terahertz Waves, 2009,30(11):1139-1147.

SOMMER S,RAIDT T,FISCHER B M,et al. THz—spectroscopy on high density polyethylene with different crystallinity[J].
Journal of Infrared,Millimeter,and Terahertz Waves, 2016,37(2):189-197.

YI W,YU J,XU Y, et al. Broadband terahertz spectroscopy of amino acids[J]. Instrumentation Science & Technology, 2017,
45(4):423-439.

WA, N[E)R B 0 2R 103 8 0 Rk 226 R 0], D6iE 4 5O6iE 40 #7, 2018,38(11):3374-3378. (TAN Hongying.
Investigation of bovine serum albumin at different temperatures by Terahertz Time—Domain Spectroscopy[J]. Spectroscopy

and Spectral Analysis, 2018,38(11):3374-3378.)



%5 KRG (KR T FIHERESE R KR 2% IR A F S 825

[15] ZHENG Z P,FAN W H,LIANG Y Q,et al. Application of terahertz spectroscopy and molecular modeling in isomers investigation:
glucose and fructose[J]. Optics Communications, 2012,285(7):1868-1871.

[16]  F3CE XV4E 476,55, JCoK %00 K6 2% i 0GIE Re b)), O, 2016,43(11):241-248. (WANG Wenai, LIU
Wei,YANG Xi,et al. Terahertz Time—Domain Spectroscopy of anhydrous glucose[J]. Chinese Journal of Lasers, 2016,
43(11):241-248.)

[17] sk 8. 480 5K A7 bR, A 20 W VA0 10 RO 22001 LR D, Rk 22 )2 5 8 115 B 2 4l, 2015,13(5):707-711. (ZHANG
Leiwei,ZUO Jian,ZHANG Cunlin. Observation of terahertz spectra of glucose solution[J]. Journal of Terahertz Science and
Electronic Information Technology, 2015,13(5):707-711.)

(18] =R SR AT, T R 24 T AR 1M 2588 S L R] o0 A AT SE D). ROBR 22 12 5 115 B A4, 2021,19(1):11-17.
(LI Zhenglong,ZHANG Dehai. Discrimination of glucose and its isomers based on terahertz technology[J]. Journal of
Terahertz Science and Electronic Information Technology, 2021,19(1):11-17.)

[19] ENGHETA N,JAGGARD D L. Electromagnetic chirality and its applications[J]. IEEE Antennas and Propagation Society
Newsletter, 1988,30(5):6-12.

[20] LAPLANTE S R,FADER L D,FANDRICK K R,et al. Assessing atropisomer axial chirality in drug discovery and development|[]].
Journal of Medicinal Chemistry, 2011,54(20):7005-7022.

[21] FASEL R,PARSCHAU M,ERNST K H. Amplification of chirality in two—dimensional enantiomorphous lattices[J]. Nature,
2006,439(7075):449-452.

[22] MARTIN S R,SCHILSTRA M J. Circular dichroism and its application to the study of biomolecules[]J]. Methods in Cell
Biology, 2008(84):263-293.

[23] KELLY S M,JESS T J,PRICE N C. How to study proteins by circular dichroism[J]. Biochimica et Biophysica Acta(BBA)-
Proteins and Proteomics, 2005,1751(2):119-139.

[24] KYPR JLKEJNOVSKA I,RENCIUK D,et al. Circular dichroism and conformational polymorphism of DNA[J]. Nucleic Acids
Research, 2009,37(6):1713-1725.

[25] GANESAN A,BRUNGER M J,WANG F. A study of aliphatic amino acids using simulated vibrational circular dichroism
and Raman optical activity spectra[J]. The European Physical Journal D, 2013,67(11):1-12.

[26] GEKKO K. Synchrotron-radiation vacuum—ultraviolet circular dichroism spectroscopy in structural biology:an overview[]].
Biophysics and Physicobiology, 2019(1):41-58.

[27] JI'Y Y,FAN F,ZHANG X,et al. Terahertz birefringence anisotropy and relaxation effects in polymer—dispersed liquid crystal
doped with gold nanoparticles[J]. Optics Express, 2020,28(12):17253-17265.

EZE®E T
HREEL(1998-), F, TR LOF L, EEMR WFH1993-), F, LA, FEMN

TR OK Ok 2% T v O g A% R 5 1% N ] email: A AR B8 RO 2% D 4R D' 35 -5 A% T 5.

2120200259@mail.nankai.edu.cn.

- BRI (1966-), W, ¥4, KM K%
Ok (1986-), T, IR, EEMGITNK Bl B R 2 I O R DR A TR 2 R 4

T 2% S ) I R i 1 5 K 25 06 1 R BT 2 R o e R T



