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Spectroscopy and Spectral Analysis
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Table 1 Sample mixing information
Sample Powder Pill weight Thickness Sample proportion
Sample
number /mg /mg /mm /%
glul 169. 8 168. 1 1.72 10
D-(+)-Glucose (glu) glu2 171 168. 8 1.75 10
glu3 170.5 168. 4 1.73 10
frul 170. 1 165. 8 1. 56 10
D-(—)-Fructose (fru) fru2 169. 2 158.2 1. 50 10
fru3 170. 8 143.8 1. 36 10

1.3 HiELE

%:T Dorney 55 Duvillaret $2 i i 6% S B8R OB RL, X
RN TFERMNSERFS Ea(OMERES Eum
o) 38 3o R A L v 2 46 3R A5 3 0 AR5 5 Evr (0) 5 E
(w) s DRI T n (o) AR a(w) .

n(w) =1+ -S4 (D
wd
_ 2 [|Ewm( | [n(a) + 17T
alw) = dln{ BT 2)

e o WIRPR; c HESHOLHE; d HHERRE; D(w)
NGRS 52 EFE SN2,

2 5RIE

2.1 FHik

I R %% B 3800 35 R 48 4 S0l 6F T R OB 28 54 iR D-
(- R D-(—)- B A Mt AT &, 20 ER3E
17 0. 3~1. 72 THz i [l N i W e . W gl 1 iR . D-(+)-
A BE (glw e 1. 41 THz 404 — NFRAE R Y%, D-(—)-2
BE(ro) 78 1. 66 THz AbA — AN FEAE U2 00 . 5 25 1 K 2% TR
WS Ve A7 AE ) 0 22 5, WA 25 ) 3 e R e e 6 % T R AT o
Pl
2.2 BHFHEIED

TR D-CH= )-8 2 B 52 0 Bk W 00 AT 4R A R
Gaussian 09W R PERF D- () -3 % B 28 3 144 B 3k 47 7 11k
2T SR SRS B 0 T D-(H) - A R T
FRL, SR Az R IRIe i) BILYP iZ o, 14 6-311G(d,
P AL, RO BRI DFT-3, Seilbfr &5t R5#4E
St L S AT E S TR, 4R

A BB, K 2 UGS 1S IR E B A R T R

141 THz 166 THz

164~~~ fru s
glu 7
14+
124
3
s 104
3
g o
5
8 64
<
4 -
24
0
T T T T T T T T T
02 04 06 08 10 12 14 16 18
Freq/THz
1 7 B8 BT Y OK 5 2% TR Wi
Fig. 1 THz absorption spectra of two simple substances
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Fig. 2 D-(+)-Glucose unimolecule configuration
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Fig. 3 Comparison of theoretical calculation spectrum and ex-
perimental spectrum of D-(+ )-glucose unimolecle con-
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Fig. 5 Comparison of glucose experimental spectrum and crys-

tal structure theoretical calculation absorption spectrum
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Table 2 The specific location of the weak interaction isosurface

sign(Q2) p(r) Corresponding color Location of RDG isosurface
—0.035~0.025 blue H37/076, H20/077, H31/083, H38/090, H45/090, H12/091
—0.01~0 H18/076, H22/078, H18/078, H25/079, H15/086, H17/086, H32/083,
: green H45/090, H24/092, H9/091, H32/084, H31/084, H23/077
Half red H14/082, H11/075, H2/075, H4/076, H9/076, H13/081, H16/081, H21/081,

0.005~0. 015 . H28/088, H36/088
all green H37/093, H22/092

, H26/087, H35/087, H47/094, H44/093, H40/093,
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Research on Information Extraction Method of Carbohydrate Isomers
Based on Terahertz Radiation

YAN Fang, ZHANG Jun-lin® , MAO Li-cheng. LIU Tong-hua, JIN Bo-yang

School of Information Engineering, Inner Mongolia University of Science and Technology, Baotou 014010, China

Abstract In this paper, the terahertz time-domain spectroscopy system (THz-TDS) was used to obtain the terahertz absorption
spectra of two isomers of sugars D-(+)-glucose and D-(—)-fructose, and found that D-(+)-glucose and D-(—)-fructose have
obvious differences in the terahertz absorption peak positions in the 0. 3~1. 72 THz {requency band. D-(+)-glucose and D-(—)-
fructose can be distinguished by the two absorption peak positions of 1.41 and 1.66 THz. In order to study the formation
mechanism of the absorption peak of D-(+)-glucose terahertz spectrum, the unimolecule configuration of D-(+)-glucose was
first constructed, and the B3LYP functional in density functional theory was used to complete the D- (+ )-Glucose unimolecule
configuration optimization and frequency calculation. It is found that the quantum chemistry calculation results based on the D-
(+)-glucose unimolecule configuration are quite different from the experimental spectrum. Then the D-(+)-glucose crystal
structure configuration was constructed, and the generalized gradient was used to approximate the PBE functional in GGA. The
structure optimization and frequency calculation of the D-(+)-glucose crystal structure configuration were completed using
CASTEP software. It is found that the quantum chemistry calculation results based on the D-(+ )-glucose crystal structure
configuration are more consistent with the experimental spectrum. In the quantum chemistry calculation of the D-(+)-glucose
crystal structure configuration. the hydrogen bond between the molecules and the effect of van der Waals forces are considered
comprehensively, indicating that the absorption peak of D-(+4 )-glucose at 1.41 THz is formed as a molecule Weak interaction
between. Secondly, the vibration mode of D-(+4)-glucose at 1. 41 THz absorption peak was identified by Materials Studio 2017
software, and it was found that the absorption peak of D-(-+ )-glucose at 1.41 THz was mainly the interaction between
molecules, which further explained The absorption peak of D-(+)-glucose at 1. 41 THz is mainly the weak interaction between
molecules. Based on the quantum chemistry calculation results, use Multiwfn software to perform RDG calculation on D-(+)-
glucose crystal structure, and use VMD software to determine the type, position and intensity of weak interaction between
molecules in D-(+)-glucose crystal structure Conduct visualization research. The research results show that terahertz time-
domain spectroscopy technology can keenly perceive the subtle changes in the structure of carbohydrates and correctly identify its

isomers.
Keywords Terahertz time-domain spectroscopy; D-(+)-glucose; D-(—)-fructose; Quantum chemistry
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