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Studies on the Cd(II)-Flavonoid Chelation Reactions
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Abstract — The interaction of cadmium (IT) ion with quercetin, qurecitrin and (+)-catechin was investigated in aqueous
solution at various pH. The flavonoid/cadmium stochiometries for cadmium (II) binding to flavonoid have been determined
by UV-visible spectroscopy. 1: 1 Cd(I)-Flavonoid complex had a maximum absorbance and showed the bathochromic shift
of the long-wavelength band of the UV-vis spectra in the alkaline pH, that occurs upon complexation, is due to a ligand-to-
metal charge transfer. The optimal concentration of Cd(I)-flavonoid complexes showed that complexation reaction could be
classified in the following way: 55.27 uM catechin > 54.72 uM quercetin > 53.52 uM quercitrin at the chelating site level.
These results suggest that Cd(Il)-flavonoid complex has the optimal condition of chelation in 0.2 M NH, - 0.2 M NH,CI (pH
8.0) solution.

Keywords [] quercetin, quercitrin, (+)-catechin, bathochromic shift, Cd(Il)-complex, ligand-to-metal charge transfer, UV-
visible spectroscopy
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Fig. 2 — The proposed structures of 1:1 complex of cadmium (II)
and flavonoids in the presence of 0.2 M NH, - 0.2 M NH,Cl
(pH 8.0) solution at A = 328 nm, A = 267 nm and A = 281
nm. Cd(II)-quercetin complex (1), Cd(II)-quercitrin complex
(2), and Cd (IT)-(+)-catechin complex (3).
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Fig. 3 — Electronic absorption spectra of 50 uM quercetin. a) 0.2 M
NH; - 0.2M NH,CI (pH 8.0) in the presence of various
concentrations of cadmium (II) at A =328nm. b) R=
[cadmium]/[quercetin]; R = 0.0 (A), 0.6 (B), 0.8 (C), and
1.0 (D).
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Fig. 4 — Electronic absorption spectra of 50 uM quercetin. a) 0.2 M
NaOAc - 0.2M CH3;COOH (pH 4.0) in the presence of
various concentrations of cadmium (II) at A = 328 nm. b)

R = [cadmium]/[quercetin]; R = 0.0 (A), 0.6 (B), 0.8 (C),
and 1.0 (D).
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Table I - Spectral parameters of quercetin and its cadmium complex in aqueous of solution at various pH

0.0 0.6 0.8 1.0
pH Solvent A) 0.2 0.4 B) ©) D) 1.2 14 1.6 1.8 2.0
1.0Xx10°M A 0.91656 0.93495 0.95234 0.97052 0.98891 1.00780 0.99971 0.99167 0.98282 0.97499 0.96680
NaOH A (nm) 328 326 326 326 326 326 326 326 326 326 326
pH 8.0 C (uM) 50.00 51.95 52.94 53.95 54.98 54.54 54.10 53.62 53.19 52.74
1.0x102 M A 0.91831 0.93597 0.95458 0.97212 0.98991 1.00788 0.99980 0.99171 0.98393 0.97564 0.96793
NH;,4 A (nm) 328 328 328 328 328 328 328 328 328 328 328
pH 10.6 C (uM) 50.96 51.98 52.93 53.90 54.88 54.44 54.00 53.57 53.12 52.70
02M NH; - A 0.92092 0.93814 0.95579 0.97298 0.99012 1.00793 0.99989 0.99207 0.98478 0.97640 0.96861
0.2M NH,CI A (nm) 328 328 328 328 328 328 328 328 328 328 328
pH 8.0 C (uM) 50.94 51.89 52.83 53.81 54.72 54.29 53.86 53.47 53.01 52.59
0.2M NaOAc - A 0.92414 0.93999 0.95659 0.97321 0.99103 1.00791 0.99999 0.99209 0.98487 0.97672 0.96872
02M CH;COOH X (nm) 326 328 328 328 328 328 328 328 328 328 328
pH 4.0 C (uM) 50.86 51.76 52.66 53.62 54.53 54.10 53.68 53.29 52.85 52.41
1.0x10*M A 0.93841 0.95030 0.96232 0.97400 0.98594 0.99761 0.99345 0.98894 0.98568 0.98137 0.97806
CH,;COOH A (nm) 324 324 324 324 324 324 324 324 324 324 324
pH 45 C (uM) 50.63 51.27 51.90 52.53 53.15 52.93 52.69 52.52 52.29 51.22
1.0x10*M A 0.94522 0.95511 0.96501 0.97459 0.98453 0.99413 0.99123 0.98838 0.98655 0.98348 0.98122
HCI A (nm) 323 323 323 323 323 323 323 323 323 323 323
pH 4.0 C (uM) 50.52 51.05 51.55 52.08 52.59 52.43 52.28 52.19 52.02 51.90
A: Absorbance; A: Wavelength; C: Micromolar concentration
R = [Cd}/[Quercetin]; 0.0 (A), 0.2, 0.4, 0.6 (B), 0.8 (C), 1.0 (D), 1.2, 1.4, 1.6, 1.8, 2.0.
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Fig. 5 — Absorption spectra of quercitrin (50 uM) at 0.2 M NH; -
0.2 M NH,CI (pH 8.0) in the presence of various concen-
trations of cadmium. R = [cadmium]/[quercitrin]; R = 0.0
(A), 0.6 (B), 0.8 (C), and 1.0 (D).
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Fig. 6 — Absorption spectra of quercitrin (50 uM) at 0.2 M NaOAc -
0.2M CH;COOH (pH 4.0) in the presence of various
concentrations of cadmium. R = [cadmium]/[quercitrin];
R=10.0 (A), 0.6 (B), 0.8 (C), and 1.0 (D).
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Table II - Spectral parameters of quercitrin and its cadmium complex in aqueous of solution at various pH

0.0 0.6 0.8 1.0

Ph solvent A) 0.2 0.4 (B) © D) 12 14 16 1.8 2.0
1.0x10°M A 1.17441 1.19118 1.20593 1.22178 1.23841 1.25432 1.24454 1.23482 1.22483 121219 1.19999
NaOH A (am) 268 267 267 267 267 267 267 267 267 267 267
pH 8.0 C (uM) 50.71 51.34 52.02 52.72 53.40 52.99 52.57 52.15 51.61 51.09
1.0x10*M A 1.17451 1.19153 1.20788 1.22414 1.24008 1.25651 1.24625 1.23511 1.22452 1.21334 1.20262
NH, A (am) 268 268 268 268 268 268 268 268 268 268 268
pH 10.6 C (uM) 50.73 51.42 52.11 52.79 53.49 53.05 52.58 52.13 51.65 51.20
0.2M NH; - A 1.17460 1.19190 1.20800 1.22490 1.24102 1.25719 1.24659 1.23536 1.22461 121546 1.20574
0.2M NH,CI A (nm) 267 268 268 268 268 268 268 268 268 268 268
pH 8.0 C (uM) 50.74 51.42 52.14 52.98 53.52 53.06 52.59 52.13 51.74 51.33
0.2M NaOAc - A 1.17950 1.19431 1.20788 1.22361 1.23768 1.25180 1.24358 1.23140 1.22686 1.21842 1.21008
02M CH;COOH A (nm) 266 267 267 267 267 267 267 267 267 267 267
pH 4.0 C (M) 50.63 51.20 51.87 52.47 53.07 52.72 52.20 52.01 50.20 51.30
1.0x10*M A 1.19252 120210 1.21215 1.22332 1.23109 1.24009 1.23720 1.23149 122781 122392 1.21929
CH;COOH A (nm) 264 264 264 264 264 264 264 264 264 264 264
pH 4.5 C (M) 50.40 50.82 51.29 51.62 52.00 51.87 51.63 51.48 51.32 51.12
1.0x10*M A 1.19992 1.20798 1.21568 1.22320 1.23094 1.23845 1.23564 1.23214 122930 1.22683 1.22379
HC1 A (nm) 261 261 261 261 261 261 261 261 261 261 261
pH 4.0 C (uM) 50.34 50.66 50.97 51.29 51.61 51.49 51.34 51.22 51.12 51.00

A: Absorbance; A: Wavelength; C: Micromolar concentration
R = [Cd]}/[quercitrin]; 0.0 (A), 0.2, 0.4, 0.6 (B), 0.8 (C), 1.0 (D), 1.2, 1.4, 1.6, 1.8, 2.0.
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Fig. 7 - Absorption spectra of 50 pM (+)-catechin. a) 0.2 M NHj; -
0.2 M NH,CI (pH 8.0) in the presence of various concen-
trations of cadmium (II) at A = 281 nm. b) R = [cadmium]/
[catechin]; R = 0.0 (A), 0.6 (B), 0.8 (C), and 1.0 (D).
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Fig. 8 — Absorption spectra of 50 uM (+)-catechin. a) 0.2 M NaOAc -
0.2 M CH;COOH (pH 4.0) in the presence of various con-
centrations of cadmium (IT) at A = 280 nm. b) R = [cadmium}/
[catechin]; R =0.0 (A), 0.6 (B), 0.8 (C), and 1.0 (D).
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Table III - Spectral parameters of (+)-catechin and its cadmium complex in aqueous of solution at various pH

0.0 0.6 0.8 1.0
pH Solvent @A) 0.2 0.4 (B) © ) 1.2 14 1.6 1.8 2.0
1.0x10°M A 1.19391 1.21983 1.24653 1.27001 1.29509 1.32076 1.30248 1.28477 1.26729 1.25100 1.23283
NaOH A (nm) 281 280 280 280 280 280 280 280 280 280 280
pH 8.0 C (uM) 51.09 52.20 53.18 54.24 55.31 54.55 53.81 53.07 52.39 51.63
1.0x102M A 1.19486 1.22002 1.24673 1.27021 1.29734 1.32126 1.30325 1.28583 1.26864 1.25146 1.23553
NH;,4 A (nm) 280 280 280 280 280 280 280 280 280 280 280
pH 10.6 C (uM) 51.05 52.17 53.15 54.29 55.29 54.54 53.81 53.09 52.37 51.70
02M NH; - A 1.19602 1.22009 1.24695 1.27070 1.29997 1.32217 1.30451 1.28786 1.27070 1.25430 1.23813
0.2M NH,Cl A (nm) 280 281 281 281 281 281 281 281 281 281 281
pH 8.0 C (uM) 50.01 52.13 53.12 54.35 55.27 54.54 53.84 53.12 52.44 51.76
0.2M NaOAc - A 1.19894 1.22199 1.24584 1.27001 1.29324 1.31722 1.30214 1.28655 1.27124 1.25695 1.24215
02M CH;COOH A (nm) 280 280 280 280 280 280 280 280 280 280 280
pH 4.0 C (uM) 50.96 51.96 52.96 53.93 54.93 54.30 53.65 53.02 52.42 51.80
1.0x10*M A 1.21618 1.23543 1.25367 1.27458 1.29295 1.31421 1.30213 1.28558 1.27447 1.26532 1.25251
CH,;COOH A (nm) 278 278 278 278 278 278 278 278 278 278 278
pH 45 C (uM) 50.79 51.54 52.40 53.16 54.03 53.53 52.85 52.40 52.02 51.49
1.0x10*M A 1.22132 1.23874 1.25412 1.26971 1.28639 1.30379 1.29458 1.28548 1.27683 1.26755 1.25841
HCI A (nm) 277 277 277 277 277 277 277 279 277 277 279
pH 4.0 C (uM) 50.71 51.34 51.98 52.66 53.38 53.00 52.63 52.27 51.89 52.51
A: Absorbance; A: Wavelength; C: Micromolar concentration
= [CdV/[(+)-catechin]; 0.0 (A), 0.2, 0.4, 0.6 (B), 0.8 (C), 1.0 (D), 1.2, 1.4, 1.6, 1.8, 2.0.
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