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Formation Mechanism of Terahertz Absorption Peaks of
Carbohydrate Isomers
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Abstract This paper takes two isomers of sugars [D-(+)-glucose and D-( — )-fructose] as the research object.
Firstly, the terahertz time domain spectroscopy system was used to obtain the characteristic absorption spectra of
the two isomers in the band of 0.4—1.9 THz. The two different absorption peaks at 1.43 THz and 1.64 THz can be
used for qualitative identification. Secondly, in order to further explore the formation mechanism of absorption
peaks, the density functional theory was used to optimize the cell structure and identify the vibration modes.
Finally, the types, locations, and intensities of the weak intermolecular interactions between glucose and fructose
cells were visualized by the reduced density gradient and independent gradient model. The research results show that
the characteristic absorption peaks of the two substances in the terahertz band are mainly derived from the collective
vibration mode caused by the hydrogen bond interaction between the functional groups of the two molecules. This
study provides valuable experimental and theoretical references for the qualitative detection of the isomers of sugars
and precise quantitative analysis, as well as the formation mechanism of terahertz absorption peaks of D-(+ )-
glucose and D-(— )-fructose.
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Table 1 Mixing sample information

Sample Mass /mg Thickness /mm  Proportion /%

glul 169, 0 1.55 20
D-(+)-

gz 170.3 1.57 20
Glucose

glu3  170.5 1.52 20

frul 168. 6 1.55 20
D-(—)-

fru2 168. 4 1.52 20
Fructose

fru3  168.4 1.52 20
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Fig. 1 THz absorbance spectra of D-(+ )-glucose
and D-(—)-fructose
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Fig. 2 Cell structures. (a) D-(+)-glucose; (b) D-(—)-fructose
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Fig. 3 Comparison of experimental spectra and theoretical simulation spectra of cells.

(a) D-(+)-glucose; (b) D-(—)-fructose
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B4 R3EE. () D-(H)-HAMAE 1. 48 THz AR 3180 D-(—)-RAEAE(b) 1.39 THz M () 1. 60 THz &b ARSI
Fig. 4 Vibrational modes. (a) Vibration mode of D-(+ )-glucose at 1.48 THz; vibration modes of
D-(—)-fructose at (b) 1.39 THz and (¢) 1.60 THz
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Table 2 PED analysis of cell vibration frequency of glucose and fructose

Sample Experimental frequency /THz Calculation frequency /THz PED analysis
D-(+)-glucose 1.43 1.48 BEND:58C/830/31H(11)
TORS:23H1004C3C(12)
1.46 1.39
TORS:6019H56050C(24)
D-(—)-fructose
BEND:2C1C96H(10)
1.64 1. 60

TORS:70H95H82076C(12)
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Fig. 5 RDG analysis. (a) Coloring scatter plot of RDG for D-(+)-glucose; (b) coloring RDG isosurface of D-(+)-glucose
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Table 3 Location of weak interaction position of D-(+)-glucose cell

sign(A,)p(r) Color Location of RDG isosurface
—0.06——0.025 Blue 820+-30H,890---37H,910---23H
940-68C-69C-70C-66C-67C,850-62C-63C-64C-65C-61C,
0.015-0.06 Red
820-57C-56C-55C-54C-58C,730-49C-50C-51C-52C-53C
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—0.025-0.015 Half red, half green 37H---62C,23H+--870,31H+--21H,31H---910,46H+--930,

59C--+62C,59C--+900,59C-+-66C,22H---810,62C---910
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Fig. 6 IGM analysis. (a) Coloring IGM scatter plot of D-(—)-fructose; (b) coloring IGM isosurface of D-(— )-fructose
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Table 4 Location of weak interaction of D-(—)-fructose cells
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