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Abstract In order to reveal the mechanism of hydrolysis and metal complexation of kaempferol, the UV-vis
spectra of kaempferol in hydrolysis process (pH from 2.01 to 13.00) and in Cu(II) complexation process (from 0.1
to 2710.9 umol/L) was obtained, and the characteristic spectra at various reaction stages was obtained by differ-
ential treatment. Combined with quantum chemical theoretical computation, a variety of possible deprotonation
structures, complexation structures and corresponding electron absorption spectra were calculated based on DFT
(Density Functional Theory) and TD-DFT (Time-Dependent Density Functional Theory). The experimental results
are compared with the calculated values and it indicates that the hydrolysis process is in the deprotonation order of
7, 4', 3, 5 phenolic group; at low concentrations of Cu(Il) (<67.9 umol/L), Cu(Il) chelated with 4,5 phenolic group
simultaneously; at high concentration of Cu(Il) (67.9-2710.9 pumol/L), Cu(Il) chelated with 3,4 phenolic group
simultaneously. The calculated spectra is consistent with experimental spectra in hydrolysis and Cu(Il) com-
plexation process of kaempferol. The appearance of characteristic peaks is due to the change of the electron
distribution of the active groups before and after hydrolysis and Cu(Il) complexation, resulting in the changes of
energy gap from HOMO (highest occupied molecular orbital) to LUMO (lowest unoccupied molecular orbital)
during photon irradiation. The mechanism of hydrolysis and metal complexation process of kaempferol was
revealed.

Key words differential absorbance spectra; quantum chemical computation; hydrolysis; complexation; molecular
orbital
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Fig. 2 Absorbance spectra of kaempferol at various pH values
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Fig. 3 Calculated UV-vis spectra of five deprotonated structures
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06 “ Cu* ¥R J&/(umol-L ")
, 0.0 oo 0.1
0.5 1 ! /f 03  —e-e- 0.5
| \ ——-00 — =18
— 044 (Ve - =25 41
R A & 106
Z 03 \ 29 679
= 107.9 170.9
= 02 = = 2709 430.9
680.9 1080.9
01 \ 1710.9 2710.9
0 T T |\\\-‘| - — — e —
200 250 300 350 400 450 500 550 600
PeK/nm

6 ANE Cu®'iR B i LL 2 O IR T e i
Fig. 6 Absorbance spectra of kaempferol at various
concentrations of Cu(Il)

AR Cu e 3 P, 6 8% A B S0 3 A AN [
WA X A BTl R . 5 g R ()3, SE ot
A 2 Kb A5 31 G B [/ Cu® v B IX ] 1 25 43 W2 Ui
T, A0 A A6 e JBE X ) R v Mk BE X E), PR B B
A4 H OGS AR LR E

N TGS 5 Cu™ 454 1 22 43 i e
FEAENLEL, TESTRTRER KA. LR T
TANRIL, BATRRABESBON I EEALE,
T 45 i AL T35 S5 W B Rl B, AR
W, Hitoa5mLFE S 5Ccu* s,
W= AEREL . Boh, MW S5’ %A,
T E S LA SR AT, Shicu® BHEFRE
FABE 2T S F kb, eI AR, Xl
R -Cu* " 25 A A5 M A i R AR B 75 AL Culd]
535 . 45 %4 (Cu-3-4); B. Culflit 545 5
S 4% 4 (Cu-4-5); C. Cu 53544 (Cu-3); D. Cu
H 545 %4 (Cu-4); E. CulHd 55544 (Cu-5); F.
CuH 575 %4 (Cu-7); G. Cul 545 %4 (Cu-
4", Hr, AFIBRCY 5HA AR F R4 A, C,

887



R RFFM(ARFIEIR) 28 548 S 4H 20184 7 ]

0.005
0.003 ¥
§
2 0.0014
Fu
=
~0.0014
R
e
~0.003 4 o
9
-0.005 : : : . . . —67.9
200 250 300 350 400 450 500 550 6
We/nm
0.02 T
il (©
R
~ 0014 ¢ \\
5 Loy ™
= 4 H
& ¥ Ly J— 107.9
Hd 0,01 v 170.9 270.9
: y — ——4309 —-—-6809
1080.9 1710.9
2710.9
-0.02

PeK/mm

200 250 300 350 400 450 500 550 600

(b) Cu-4-5

PE SR OB /(10°L-mol -em )

0

200 250 300 350 400 450 500 550 600
We/nm

(d) Cu-3-4

PE SRR /(10°L-mol -em )

O T T T T T T T
200 250 300 350 400 450 500 550 600

PeK/mm

(a) 67.9 pmol/L LR Cu® ¥ JE Y 9285 22 53115 (b) Cu-4-5 L84 5 T (c) 67.9~2710.9 umol/L Cu2 -+ ik JE 1 5256 2% 434

(d) Cu-3-4 2 & 45/ I H LS

B7 WEBS Co™HEERATIRNIEMITEHILE L

Fig. 7 Comparison of experimental and calculated spectra of kaempferol and its complexes with Cu(II)
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