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Terahertz kinetic study of a—lactose monohydrate
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Abstract: a-lactose hydrate is an important hydrate, and the effect of its bound water on the structure of
lactose molecule has been one of the hot topics in the related fields. By setting the temperature step, the
terahertz kinetics of a-lactose monohydrate at low temperatures was investigated using terahertz time-
domain spectroscopy technique, and the temperature dependence of the two characteristic absorption
peaks of a-lactose monohydrate at 1.2 THz and 1.3 THz was found. In order to further investigate the

generation mechanism of the three absorption peaks of a-lactose monohydrate, the vibrational analysis of
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the absorption peaks was carried out based on density functional theory for single-molecule and unit cell
theory calculations, respectively. The results show that the absorption peaks of a-lactose hydrate originate
from intermolecular interactions between water molecules and lactose molecules and the vibrations of
lactose molecular skeleton, and it is also shown that unit cell calculations are more accurate in predicting
the vibrational modes than single-molecule calculations.
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Fig. 1  Terahertz absorption spectrum of a-lactose monohydrate at different temperature
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Table 1 Absorption peak frequency of a-lactose monohydrate at different temperature

Temperature/K 0.5 THz mode /THz 1.2 THz mode /THz 1.3 THz mode /THz
83 0.5278 1.2155 1.3964
123 0.5303 1.2132 1.3912

223 0.5307 1.1948 1.3703
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Continued
Temperature/K 0.5 THz mode /THz 1.2 THz mode /THz 1.3 THz mode /THz
273 0.5284 1.1897 1.3575
293 0.5272 1.1880 1.3513
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Table 2 Lorentz—fitting parameters of a—lactose monohydrate at different temperature

0.5 THz mode 1.3 THz mode
Temperature/K
wO’ ’y’ 800 w()’ ’Ys 800
83 0.52620, 0.00863, 2.64 1.3941, 0.02731, 2.64
123 0.52823, 0.01138, 2.64 1.3903, 0.02953, 2.64
223 0.52888, 0.01607, 2.59 1.3662, 0.03612, 2.59
273 0.52753, 0.01884, 2.59 1.3546, 0.04475, 2.59
293 0.52674, 0.02129, 2.51 1.3488, 0.04788, 2.51
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Table 3 FWHM of a-lactose monohydrate at different temperature

Temperature/K 0.5 THz mode/THz 1.3 THz mode/THz
83 0.013695 0.029058
123 0.020111 0.032604
223 0.022204 0.034705
273 0.021134 0.047273
293 0.021062 0.053817
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Fig. 6 Molecular structure of a-lactose monohydrate after structural optimization
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