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Fig. 1 Geometries of Vitamin C
(a): Ascorbic acid (AA); (b): Dehydroascorbic acid (DHA)
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Table 1 Main bond distances and dihedral angles of Vitamin C

Ascorbic acid Calculated value

Dehydroascorbic acid Calculated value

Bond distances/A

Bond distances/;\

Cl—C2 1. 505 038 4 C1—C2 1.519 383 7
C2=C3 1.353 442 8 C2—C3 1.535 651 2
C3—C4 1.452 1155 C3—C4 1.533 890 7
C3—05 1.358 055 4 C3=05 1.195 070 6
C2—06 1. 346 495 4 C2=06 1.198 299 1
C4—07 1.382 030 9 C4—07 1.345 2850
C4=08 1.222 717 7 C4=08 1.197 030 5
Dihedral angles/ (") Dihedral angles/ (")

C1—C2=C3—C4
C1—C2=C3—05
C4—C1—C2—06
C2=C3—C4—07
C2=C3—C4—08

—0.641 605 3
179.908 349 9
—179.952 551 4
0.149 072 9
—179.377 339 9

C1—C2—C3—C4
C1—C2—C3=05
C4—C1—C2=06
C2—C3—C4—07
C2—C3—C4=08

—5.075 871 6
175.125 753 6
—177.028 595 0
—0.741 296 4
—178.374 471 6
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Fig. 2 Computational ultraviolet spectrum of AA
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Fig. 3 Computational ultraviolet spectrum of DHA
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Table 2 Excited states index of Vitamin C

Excited state D//\ Sr H//o\ T//o\
AA
S0—S1 2.009 0. 556 04 2.713 —0. 084
S0—S2 1.798 0.578 16 2.758 —0.318
S0—S3 0.51 0.552 16 2.658 —1.183
S0—>S4 2. 489 0.377 81 1.993 1. 323
S0—S13 2.379 0. 457 04 2.437 0. 790
S0—S14 2.612 0. 380 08 2. 897 0. 957
S0—S18 0. 689 0.563 29 2.720 —0.782
DHA
S0—S6 2.222 0. 383 37 2.023 0.943
S0—S9 3.07 0.275 91 1. 811 1. 868
S0—S12 0. 582 0.661 1 2.913 —1.403
S0—>S13 0. 827 0. 630 49 2. 989 —1.258
S0—>S15 1. 203 0. 487 48 3. 045 —1.161
S0—S16 1. 357 0.503 54 3.015 —0.952
S0—~S17 2. 848 0.476 73 2.239 1. 257
S0—S19 1. 409 0.429 55 3. 169 —0.469
S0—>S20 2.249 0.299 82 3.124 0. 370
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Fig. 4 Electron-hole, Chole-Cele distributions of AA

The first and third columns: hole-electron distributions;
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The second and fourth columns: Chole-Cele distributions
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Fig. 5 Electron-hole, Chole-Cele distributions of DHA

The first and third columns: hole-electron distributions;
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The second and fourth columns: Chole-Cele distributions
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Ultraviolet Spectrum and Excitation Properties Calculations of Vitamin C
Based on Density Functional Theory

LIN Yan', SU Jun-hong'* , TANG Yan-lin*, YANG Dan’

1. Department of Photoelectric Engineering, Xi’an Technological University, Xi’an 710021, China
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Abstract Vitamin C is an acidic hexose derivative, which has two isomers of L-type (ascorbic acid ( AA)) and D-type
(dehydroascorbic acid (DHA)). DHA is the first stable oxidation product of AA and is the reversible oxidized form of AA.
Therefore, any discussion of the nature and measurement of AA will involve the nature of DHA in the same system. The
ultraviolet spectrum is a visual representation of how easy and difficult the electron transition is. Unreasonable theoretical
calculation method and molecular model construction will lead to misjudgment of the maximum absorption peak of vitamin C, and
thus can not accurately characterize the excitation properties of vitamin C. In order to accurately explore the antioxidant
mechanism of vitamin C, based on density functional theory (DFT) and time-dependent density functional theory (TD-DFT),
the molecular structure, ultraviolet spectrum and electron excitation characteristics of ascorbic acid (AA) and dehydroascorbic
acid (DHA) of vitamin C were calculated and analyzed at the level of pbepbe/6-311+ +g(2d,2p) and B3LYP/6-311+ +g(2d,
2p) in liquid phase environment in this paper. The results showed that the pbepbe/6-311+ + g(2d, 2p) method is the more
accurate method to calculate the ultraviolet absorption spectrum of AA. Compared with AA, the ring structure of DHA has a
significant plane distortion than AA. According to the analysis of the spectral contribution shows that the ground state transition
to S1, S2, S3, S4, Sl4, S18 excited state is the main reason for AA ultraviolet spectrum, the absorption peak of AA at
200. 171 5 nm contains the electronic excitations of n—>x" and n—>¢" electronic transitions, the absorption peak at 266. 924 8 nm
contains n~>7x" and w—>x" transitions. The reason for the ultraviolet spectrum of DHA is mainly due to the ground state
transition to S6, S9, S12, S13, S15, S16, S17, S19, S20 excited state, the strongest absorption peak of DHA is located at
181. 024 8 nm, which has the transition characteristics of n—>¢" and n—>x". The weak absorption peak at 231. 346 39 nm refers
to the n—>x" transition, and the absorption peak at 282. 466 8 nm mainly corresponds to the n—>x" transition. By analysing the
hole-electron distribution and its derivatives, it is possible to qualitatively identify the characteristics of the 7 excited states that
play a major role in the AA absorption peak and the 9 excited states that make major contributions in the DHA absorption peak.

Among them, the S4, S13, S14 excited states that make major contributions to the AA ultraviolet spectrum and the S6, S9,
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S17, S20 excited states that make major contributions to the DHA ultraviolet spectrum have obvious charge transfer, the
centroid center of the hole and the center of the electron centroid are separated, which can be referred to as the charge transfer
excitation, the separation of electrons and holes in other excited states is very small, which can be referred to as local excitation.
Keywords Ascorbic acid; Dehydroascorbic acid; Density functional theory; Ultraviolet spectrum

(Received Dec. 27, 2020; accepted Mar. 30, 2021)

* Corresponding author





