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Abstract: To explore the characteristics and mechanism of ultraviolet (UV) irradiation-induced photodegradation
of 5-hydroxymethylfurfural (5-HMF), an aqueous simulation system of 5-HMF was constructed, and the effects of UV
irradiation time, light intensity, initial mass concentration of 5S-HMF and photosensitizers (FeSO,, TiO, and VB,) on the
degradation of 5-HMF were analyzed. The UV photodegradation reactivity of 5-HMF was analyzed by the density functional
theory (DFT), and its UV degradation products were identified by an ultra-high performance liquid chromatography
quadrupole time-of-flight tandem mass spectrometer. The results showed that the longer the UV irradiation time, the higher
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light intensity, the smaller the initial mass concentration of 5-HMF, and the higher the degradation rate. The degradation rate

was the highest (83.64%) when the UV irradiation intensity was 400 uW/cm’, the radiation time was 240 min and the initial

mass concentration was 31.5 mg/L. Both FeSO, and TiO, promoted the UV-induced degradation of 5-HMF , whilst VB,

inhibited the degradation of 5-HMF. The degradation rates of 5S-HMF were the highest when the added concentrations and

mass fractions of FeSO, and TiO, were 1.0 mmol/L and 0.025%: 100.00% (irradiation time 40 min, light intensity 400 pW/cm®) and

76.68% (irradiation time 80 min, light intensity 400 pW/cm?), respectively. The results of DFT analysis showed that the C=0

bond of 5-HMF was more susceptible to attack and degradation, and the chemical bonds between C4-C11 and C1-C8 were

easily broken. One, two and five degradation products of S-HMF were identified in the UV, UV/FeSO, and UV/TiO, systems,

respectively. The results of DFT analysis were consistent with the results of mass spectrometry identification. This study

provides a theoretical and applied research basis for the reduction of 5-HMF in foods.
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Fig.4 Chemical structure and Fukui index of S-HMF
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% 1 5-HMFRYFEFIEEL

Table 1 Fukui index of 5-HMF

RF¥A5 f f f
1C 0.094 7 0.1162 0.103 5
2C 0.0554 0.1019 0.078 7
3C 0.1117 0.082 3 0.097 0
4C 0.052 4 0.1290 0.090 7
50 0.060 7 0.045 6 0.0532
6H 0.040 8 0.048 7 0.044 7
7TH 0.050 0 0.044 8 0.047 4
8C 0.024 6 0.033 6 0.029 1
9H 0.0314 0.048 3 0.0399
10H 0.0359 0.050 5 0.043 2
11C 0.158 5 0.0510 0.104 7
12H 0.070 8 0.042 2 0.056 5
130 0.168 2 0.136 6 0.152 4
140 0.0180 0.038 7 0.028 3
15H 0.0270 0.030 7 0.028 9

% 2 DFT/B3LYP/6-31G (d,p) 7k _E5-HMFAIEI<

Table 2 Bond lengths of S-HMF at the DFT/B3LYP/
6-31G(d, p) level

fedl sERK (A)  fedd 4K (A)
Cl-C2 1.3459 C4-C11 1.5400
C1-05 1.4556 C8-H9 1.0700
CI1-C8 1.540 0 C8-H10 1.0700
C2-C3 1.507 2 C8-014 1.4300
C2-H6 1.070 0 CIl1-H12 1.0700
C3-C4 1.3459 C11-013 1.258 4
C3-H7 1.0700  Ol14-H15 0.960 0

C4-05 1.4556
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% 3 UV. UV/FeSO,FIUV/TiO /A T5-HMF I B AR 7= 1
Table 3 Degradation products of S-HMF under UV, UV/FeSO, and UV/TiO,

wE s H REHE/min ST BFRAL (m)  5FX 2k

Q

uv Pl 2.470 99.044 2 CsH,0, HOAD
Q

Pl 2.446 99.008 0 CsHO, HO/\O

X

UV/FeSO, P o
P2 0.986 97.028 5 C;H,0, 0 \ )
________________________ ;
HO
P1 2.486 99.044 2 C,HO, /\E)
0 OH
P3 1.434 145.049 7 CH;0, HOM
OH
0 (6]
. P4 11.382 143.958 9 CHoO, HO \
UV/TiO, / ou
[0}
O
PS5 0.776 141.958 6 cHO, O )
OH
(6]
o O
P6 8.410 158.153 3 CHOs 1 \
/ on
a 0. O,
HO G&4%1)
TUON—"1) ")
mlz 127 miz 99
5-HMF P1
b o) o)
S\ S Pr=g
/ / / (&f#2) /
mlz 127 mlz 99 m/z 97
5-HMF Pl
C
Y —" ),
/ (&4&1) mlz 127 0 G4 m/zl44
5-HMF
) (Ué3>
-OHEiO'-
(6]
0L
m/15199 m/z 145 w
X)Hﬁzoz'- /
“OH
[0}
[0}
(0]
HO
L/ o
mi/z 158

P6

B5UV (a). UV/FeSO, (b) . UVTIO, (c) 1EAT 5-HMF ByB&fRERZ
Fig.5 Degradation pathway of S-HMF under UV (a), UV/FeSO, (b) and UV/TiQO, (¢)
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L8 3 AN & P S-HMF [ B4 & 42 T A1, 78
Fph UV AR R, 5-HMF BRI T F T
By, PEfREAL R — T UV/FeSO, Al UV/TIO,
WRF, BT HETEES, 5-HMF 1R R iE =
F| - SO, \ - OH 1 O, - & 1 et HE: A/ FH T & A= 0 e
AR BL, XHF T3 S-HMF R ARSE

KL RGTT T AR 5-HMF (1) 52 X
B, FE BRSSO 1 0 A= A v 5 THI o A L B A
LB, fHHUTF 48 BRI AT 8 A K AR
WA R 5-HMF. fEARRFREMETT, Lo 55
IFA], SEAPGBRAE . 5-HMF W45 5 &k B 24 25 5
5-HMF [f) p& i (P<0.05), %EK 585 Ta], 389K
LANEERE . FRK S-HMF W46 S 9 FE vl 3 s HLpF
% . LI FeSO, #1 TiO, X 5-HMF [1]45 41 6 %
R R BEVE L, T VB, X 5-HMF )48 41 % B iR
HINHIAEH. DFT 4345 R KW, 5-HMF ] C=0
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] Ak 224 Sy Wi 24, 7F UV, UV/FeSO,. UV/TiO,
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