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Supplementary Table 1. Synthesis parameters of MPCCs. 

Name of phenolic compounds Metal salt 
Metal-phenolic 

compounds complexes 
Synthesis parameters 

Reference 

2,4-Dihydroxybenzoic acid TiF4 2,4DHBA-Ti 
Mixed in distilled water containing sodium acetate, 60 ℃, 

4h, the molar ratio of 2,4DHBA to TiF4 is 2:1 

[1] 

Gentisic acid (2,5-

Dihydroxybenzoic acid) 
LiOH 2,5DHBA-Li 

Mixed in distilled water containing CaCl2, a few days, the 

molar ratio of 2,5DHBA: Li is 1:1 

[2] 

2,6-Dihydroxybenzoic acid TiF4 2,6DHBA-Ti 
Mixed in distilled water, 2h, the ratio of 2,6DHBA to TiF4 is 

2:1 

[1] 

2,6-dihydroxybenzoic acid NiCl2, Co(NO3)2 
2,6DHBA-Ni, 

2,6DHBA-Co 

Mixed in distilled water containing a few drops of 2 M 

ammonia solution, pH 4, 60 ℃, 4h, the concentration ratio of 

2,6DHBA:Ni or Co is 1:1 

[3] 

Protocatechuic acid (3,4-

Dihydroxybenzoic acid) 
Po PCA-Po 

Mixed in water, DMSO, ethanol, acetone, THF, diethyl-

ether, gas 

[4] 

3,5-Dihydroxybenzoic acid TiF4 3,5DHBA-Ti 
Mixed in distilled water, 2h, the ratio of 3,5DHBA to TiF4 is 

2:1 

[1] 



Gallic acid Zn(CH3COO)2 GA-Zn 
Mixed in methanol, the molar ratio of GA: Zn(CH3COO)2 is 

2:1 

[5] 

Gallic acid 
CaCl2, CuCl2, CrCl3, 

ZnCl2 

GA-Ca, GA-Cu, GA-

Cr, GA-Zn 

Mixed in distilled water, 3h, the molar ratio of metal ions : 

GA is 1:1 

[6] 

Gallic acid and quercetin ZnSO4, MnCl2 
GA/QC-Zn, GA/QC-

Mn 

Mixed in methanol, 3h, room temperature, the mass ratio of 

GA:QC:metal ion is 1:1:2, 

[5] 

Caffeic acid EuCl3 GdCl3, DyCl3 
CFA-Eu, CFA-Gd, 

CFA-Dy 

Mixed in water, 50h, the stoichiometric ratio of NaCFA: 

metal ions is 3:1 

[7,8] 

Caffeic acid LiOH, NaOH, KOH 
CFA-Li, CFA-Na, CFA-

K 

Mixed in water, 70 ℃, 1h, the stoichiometric ratio of NaCFA: 

metal ions is 1:1 

[9] 

ρ-coumaric acid EuCl3, GdCl3, DyCl3 
ρ-CA-Eu, ρ-CA-Gd, ρ-

CA-Dy 

Mixed in water, 1h, the stoichiometric ratio of Naρ-CA: 

metal ion is 3:1 

[8] 

Homovanillic acid 
LiOH, NaOH, KOH, 

RbOH, CsOH 

HVA-Li, HVA-Na, 

HVA-K, HVA-Rb, 

HVA-Cs 

Mixed in water, condensed at 70 ℃, the molar ratio of HVA: 

metal ion is 1:1 

 

[10,11] 

Isoferulic acid MgCl2 IFA-Mg Mixed in water, 1h, the molar ratio of NaIFA: MgCl2 is 1:1 
[12] 

ο-Coumaric acid 
LiOH, NaOH, KOH, 

RbOH, CsOH 

ο-CA-Li, ο-CA-Na, ο-

CA-K, ο-CA-Rb, ο-CA-

Cs 

Mixed in water, condensed at 70 ℃, the molar ratio of ο-

CA:metal ion is 1:1 

[13] 

Ferulic acid 

CaCl2, CuCl2, CdCl2, 

ZnCl2, 

MnCl2 

FA-Ca, FA-Cu, FA-Cd, 

FA-Zn, FA-Mn 
Mixed in water, 1h, the molar ratio of NaFA: metal ion is 1:2 

[14] 

Mandelic acid 
LiOH, NaOH, KOH, 

RbOH, CsOH 

MA-Li, MA-Na, MA-K, 

MA-Rb, MA-Cs 

Mixed in water, 50 ℃, 1h, the molar ratio of MA:metal ion is 

1:1 

[15] 

Rosmarinic acid LiOH, NaOH, KOH RA-Li, RA-Na, RA-K 
Mixed in water, 70 ℃, 1h, the stoichiometric ratio of NaRA: 

metal ions is 1:1 

[9,16] 



Cichoric acid 
CuCl2, CoCl2, ZnCl2, 

NiCl2 

CA-Cu, CA-Co, CA-

Zn, CA-Ni 

Mixed in water, 25 ℃, 2h, the stoichiometric ratio of NaCA: 

metal ions is 1:2 

[17] 

Chlorogenic acid FeCl3, CuCl2 CQA-Fe, CQA-Cu 
Mixed in water, the malor ratio of NaCQA: FeCl3 and 

NaCQA: CuCl2 is 1:2 and 1:3, respectively 

[18] 

Rutin 
LiOH, NaOH, KOH, 

RbOH, CsOH 

RT-Li, RT-Na, RT-K, 

RT-Rb, RT-Cs 
Mixed in methanol, the malor ratio of RT: metal ions is 1:1 

[19] 

Chrysin CuCl2 CY-Cu 
Mixed in methanol aqueous solution, 4h, the malor ratio of 

CY: CuCl2 is 1:1 

[20] 

Quercetin CoCl2 QUE-Co 
Mixed in methanol aqueous solution, pH 7.4, the malor ratio 

of CY: CoCl2 is 1:2 

[21] 

Quercetin ZnCl2, MnCl2, NaCl 
QUE-Co, QUE-Co, 

QUE-Co 

Mixed in methanol aqueous solution, Zn and Mn: pH 10, 

1.5h, the malor ratio of QUE: ZnCl2 or MnCl2 is 1:2; Na: 1.5h, 

the malor ratio of QUE: NaCl is 1:1 

[22] 

Apigenin (API), 

chrysin (CHR), kaempferol 

(KAE) and quercetin (QUE) 

(CH3COO)2Pb 
API-Pb, CHR-Pb, KAE-

Pb, QUE-Pb 

Mixed in ethanol aqueous solution, 80 ℃, 4h, the malor ratio 

of ligand: (CH3COO)2Pb is 1:1 

[23] 

Hesperitin CuCl2 HSP-Cu Mixed in ethanol aqueous solution, 12h 
[24] 

 

 

 

 

  



Supplementary Table 2. FITR spectra of phenolic compound-metal complexes. 

Phenolic compound Metal Findings Reference 

P
h

en
o

lic acid
 

2,4-dihydroxybenzoic 

acid 
Ti ν(C=O) and ν(OH) shifted to lower frequencies 

[1] 

2,5-dihydroxybenzoic 

acid (gentistic) 
Ca 

ν(OH), ν(C-C), ν(C-O), β(C-H), and α(C-C-C) shifted to higher or lower wavenumber, appearance 

of the asymmetric and symmetric vibrations of the carboxylate anion. disappearance of ν(C=O) 

from carboxylic group.  

[2] 

2, 6- dihydroxybenzoic 

acid 
Ti ν(C=O) and ν(OH) shifted to lower frequencies 

[1] 

3,5-dihydroxybenzoic 

acid 
Ti ν(C=O) and ν(OH) shifted to lower frequencies 

[1] 

3,4,5-dihydroxybenzoic 

acid (Gallic acid) 

Ca 

Cu 

Zn 

Cr 

ν(C=O) and ν(OH) shifted to lower frequencies, appearance of carboxylate anion νas(COO-) and 

νs(COO-), 

[5,6] 

C
o

u
m

arin
 d

eriv
ativ

es 

ο-coumaric acid 
Li, Na and 

K 

disappearance of stretching vibrations ν(OH), ν(C=O), β (OH), ν(C=O) and deformation 

vibrations β(O–H); appearance of bands of the asymmetric and symmetric vibrations of the 

carboxylate anion and disappearance or changes in positions and intensities of some aromatic 

bands. 

[13] 

p-coumaric acids 
Eu, Gd 

and Dy 

disappearance of the bands assigned to the vibrations of the carbonyl group C=O and the 

hydroxyl group –OH. 

[8] 

Caffeic acid Eu 
stretching vibrations of the aromatic ring hydroxyl groups reduced. bending vibration of the 

hydroxyl groups disappeared or reduced 

[7] 

Caffeic acid 
Eu, Gd 

and Dy 

stretching vibrations of the C=O carbonyl group and the hydroxyl group -OH were not observed. 

strong bands derived from the stretches of the carboxylate anion appeared. 

[8] 



Rosmarinic acid 
Li, Na, K, 

Rb and Cs 

appearance of the asymmetric and symmetric vibrations of the carboxylate anion νas(COO-), 

νs(COO-), deformation of β(OH) and γ(C-O) of the carbonyl group, disappearance of ν(OH) and 

changes or disappearance in the intensities and positions of some aromatic bands. 

[16] 

Cichoric acid 
Cu, Zn, Ni 

and Co  

disappearance of the carboxyl group of the tartaric acid moiety, appearance of the stretching 

vibrations of carboxylate anion νsym(COO-), νas(COO-), βas(COO-) and βs(COO-). changes in the 

intensity and location of the caffeic acid moiety, ν(C–C), β(C-H), γ(C-H), deformation of in-plane 

and out-of-plane vibrations of the aromatic ring, β (OH) shifted toward lower wavenumbers, 

γ(OH) shifted toward higher wavenumber or disappeared 

[17] 

Chlorogenic acid Cu and Fe 
appearance of carboxylate aion νas(COO-) and νs(COO-), disappearance of ν(C=O), catechol group 

shifted to lower wavenumber 

[18] 

Ferulic Acid 

Ca, Zn, 

Cu, Cd 

and Mn 

disappearance of ν(C=O), γ(OH)COOH, and γ(C=O) from carbonyl group, ν(OH)ar and ν(C=C)–C=C– 

shifted toward lower and higher wavenumber, respectively.  

[14] 

Isoferulic Acid 
Mg, and 

Mn/Na 

disappearance of stretching vibrations ν(O–H) and ν(C=O), different locations of bands assigned 

to the vibrations of the ring -OH group, aromatic ring shift towards higher wavenumbers. 

[12] 

homovanillic acid Na 

Disappearance of stretching vibrations of carboxyl group ν(OH) and ν(C=O) and deformations of 

β(C=O) and γ(C=O), appearance of carboxylate anion νas(COO-) and νs(COO-), deformation of 

β(COO-) and γ(COO-), and some changes of intensities and wavenumbers of the bands of 

aromatic system and methoxy, hydroxyl and CH2 groups. 

[11] 

homovanillic acid 
Li, Na, K, 

Rb and Cs 

disappearance of ν(OH) and deformation of β(OH), ν(C-O) and γ(C-O) of the carbonyl group are 

observed. appearance of bands of the asymmetric and symmetric vibrations of the carboxylate 

anion νas(COO-), νs(COO-) as well as βas(COO-), βs(COO-) and changes or disappearance in the 

intensities and positions of some aromatic bands  

[10] 

Mandelic acid 
Li, Na, K, 

Rb and Cs 

appearance of the asymmetric and symmetric vibrations of the carboxylate anion νas(COO-) and 

νs(COO-). deformation of βs(COO-), βas(COO-) and γs(COO-), changes in the number, position, 

and intensity of the bands of the aromatic system. 

[15] 

F
lav

o
n

o
id

s 

Chrysin Zn ν(C=O) stretching vibrations shifted to lower frequencies, ν(OH) stretching vibrations appear [25] 

Chrysin Ga 
ν(C=O) stretching vibrations shifted to lower frequencies, appearance of ν(Ga–O) vibrations, and 

ν(C-O) and δ(OH) shifted to higher frequencies. 

[26] 



Chrysin Pb appearance of ν(Metal-O) [23] 

Apigenin Pb appearance of ν(Metal-O) [23] 

Kaempferol Pb 
ν(C-OH) shifted towards a lower wavenumber, ν(C-C) showed hypochromic effect, appearance of 

ν(Metal-O). 

[23] 

Quercetin Pb 
ν(C-OH) shifted towards a lower wavenumber, ν(C-C) showed hypochromic effect, appearance 

of ν(Metal-O). 

[23] 

Quercetin Co 
C=O was slightly shifted towards a lower wavenumber, ν(OH) and ν(C=O) vibrations moved 

towards lower wavenumbers, appearance of the stretching vibrations of the C-O catechol group. 

[21] 

Quercetin Zn and Ni 

stretching ν(OH), ν(C=O) and deforming β(C–OH) vibrations were moved toward lower 

wavenumbers, decrease in the wavenumbers of the aromatic ring vibrations, increase in the 

wavenumbers of ν(C–O–C) and occurrence of the ν(C–O) of the catechol group and metal-O 

vibration. 

[22] 

Quercetin Cu C=O and δ(OH) downshifted, ν(C–O–C) upshifted [27] 

Quercetin Cu 
C=O downshifted, C=C upshifted, appearance of metal-O vibration and deformation C-H, 

disappearance of C-O-C and (OH)ar,  

[28] 

Quercetin Zn ν(C=O) stretching vibrations shifted to lower frequencies,  [25] 

Hesperitin Cu 

appearance of ν(Metal-O), ν(C=O) stretching vibrations shifted to lower frequencies, ν(OH)ar and 

ν(OH) shifted to higher wavenumber, C=C absorption peaks of the aromatic ring shifted to lower 

wavenumber, 

[24] 

Rutin 
Li, Na, K, 

Rb and Cs 

decrease in the wavenumbers ν(CH), ν(CC), and νas(C–C–O), the most visible movement ν(C = O), 

ν(C–OH), ν(C–O–C). shifted toward higher wavenumbers ν(CC), νas(O–C–C), ν(C–O–C). 

[19] 

 

 

 

 



Supplementary Table 3. Changes in antioxidant and antimicrobial activities of the complexes. 

Phenolic 

compounds 
Metal Findings Reference 

Antioxidant activity 

2,6-

dihydroxybenzoic 
Ni, Co Increasing the DPPH radical scavenging activity of the complexes [3]  

Gallic acid Zn Enhancing the ABST radical scavenging activity of the complexes [5]  

Gallic acid 
Cr, Cu, Ca 

and Zn 

Reducing the ABTS and ORAC radical scavenging activities of the complexes, expect for Zn-gallic acid 

complexes; Declining the DPPH radical scavenging activity of all complexes 
[6] 

Isoferulic acid 
Mg, 

Mn/Na 

Increasing the DPPH, ABTS, CUPRAC, and OH radical scavenging activities, lipid peroxidation inhibitory 

capacity and pro-oxidant of the Mg-isoferulic acid. Enhancing the biological activities of the Mn/Na-

isoferulic acid complexes, except for ABTS radical scavenging activity and lipid peroxidation inhibitory 

capacity 

[12] 

Caffeic acid Eu Reducing the ABTS and DPPH radical scavenging activities, CUPRAC and FRAP of the complexes [7] 

Caffeic acid 
Li, Na and 

K 
Enhancing the DPPH radical scavenging activity of the complexes [9] 

Chlorogenic acid Cu, Fe Declining the DPPH, ABTS and OH radical scavenging activities of the complexes [18] 

Rosmarinic acid 
Li, Na and 

K 
Improving the DPPH radical scavenging activity and FRAP of the complexes [16] 

Rosmarinic acid 
Li, Na and 

K 
Improving the DPPH radical scavenging activity of the complexes [16] 

Hesperitin Cu Reducing the DPPH and O2- radical scavenging activity of the complexes [24] 

Quercetin Cu Enhancing the DPPH radical scavenging activity of the complexes [27] 

Quercetin Zn No Change in the DPPH radical scavenging activity of the complexes [25] 

Quercetin Co Increasing the DPPH radical scavenging activity of the complexes [21] 

Chrysin Zn Increasing the DPPH radical scavenging activity of the complexes [25] 

Rutin Li, Na, K, Declining the DPPH radical scavenging activity of Li-, Na- and K-rutin complexes, whereas improving the [19] 



Rb, Cs DPPH radical scavenging activity of Rb- and Cs-rutin complexes; Reducing the FRAP of all complexes, 

except for Rb-rutin complexes 

Antimicrobial activity 

Mandelic acid 
Li, Na and 

K 

Activating the inhibition effect on the L. monocytogenes, S. aureus, E. coli, S. typhimurium, B. subtilis, L. backii, 

C. albicans, K. mucilaginose activities 
[15] 

ο-coumaric acid 
Li, Na, K, 

Rb and Cs 

Increasing the degree of growth inhibition of all complexes for Bacillus subtilis, Proteus vulgaris, 

Pseudomonas aeruginosa and Staphylococcus aureus; Reducing the inhibition capacity of the complexes for 

Escherichia coli  

[13] 

Ferulic acid 
Na, Cu, Zn 

and Cd 
Enhancing the effect of growth inhibition for Escherichia coli and Staphylococcus aureus in the complexes [14] 

Caffeic acid Eu Increasing the antimicrobial activity of the complexes [7] 

Homovanillic acid 
Li, Na, K, 

Rb and Cs 

Reducing the growth inhibition of Escherichia coli (except for the Na-homovanillic acid complex and 

Pseudomonas aeruginosa in the complexes; Enhancing the degree of growth inhibition for Baccillus subtilis, 

Candida albicans, and Proteus vulgaris in the complexes 

[10] 

Chrysin Cu Increasing the antimicrobial activity of Cu-chrysin complexes [20] 

Rutin Na 
Declining the degree of growth inhibition for Pseudomonas aeruginosa, Escherichia coli and Klebsiella oxytoca 

in the complexes; Improving the effect of growth inhibition for Bacillus subtilis in the complexes  
[19] 

2,6-

dihydroxybenzoic 

acid 

Ni and Co Enhancing the inhibition effect on the growth of Escherichia coli and Staphylococcus aureus in the complexes [3] 
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