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Optimum Concentration of the Cd (II)-Protocatechuic Acid Complex
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Abstract — The interaction of cadmium (II) ion with protocatechuic acid (H;PA) and ethylenediaminetetraacetic acid
(EDTA) were investigated in aqueous solution at different pH. The protocatechuic acid and EDTA/cadmium stochiometries
for cadmium (II) binding have been determined by UV-vis spectrophotometric method. The complexation of Cd (II) ion with
protocatechuic acid was formed in solution. Among the two potential sites of chelation present in the protocatechuic acid
structure, the carboxylic function presents higher complexation power toward Cd (I). 1 : 1 Cd (II)-complex had a maximum
absorbance and showed the bathochromic shift of the long-wavelength band of the UV-vis spectra in the alkaline pH when
interacted with protocatechuic acid in 0.2 M NH; - 0.2 M NH,CI (pH 8.0) buffer. These results suggest that Cd (HZPA)Jr
complex has the optimal condition of chelation in buffer solution at 64.22 uM protocatechuic acid (A=1.01455).
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Fig. 1 — Representation and atomic numbering adopted for proto-
catechuic acid TUPAC nomenclature). The arrows indicates
the potential chelating sites.
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NaOAc-3H,0, CH4;COOH, HCI, protocatechuic acid EDTA
(ethylenediamine tetraacetic acid) 52 3}3H&S Aldrich Co.
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CdCl, 1.833 mgs 1.0x10°M NaOH(pH 8.0) & (1 mi)°]l
0] 1.0x10%M CdCl, &¥0] %= A5t 3, thA] 1.0x10%M
CdCl, €1 ml)ell 1.0x10°M NaOH(pH 8.0) &<%(9 m)E 3
7Fslo], 1.0x10°M CdCl, #4& 314319] CdCl, §94& 5%
HE AR

919 W3} o] 1.0x10%M NH,(pH 10.6) &, 02M
NH; - 02M NH,CIpH 8.0) &, 02M NaOAc - 02M
CH,COOH(pH 4.0) €91, 1.0x10*M CH,COOH(pH 4.5) &
ol 1.0x10*M HCI(pH 4.0) £9& 3]4{5}0] CdCl, 94 &
TR A8

Protocatechuic acid 24

Protocatechuic acid 1.541 mge 1.0x10°M NaOH(pH 8.0)
g 1mlell 0] 1.0x102M protocatechuic acid’} HE= =
Ast 3 thA] 1.0x10*M protocatechuic acid 57} HE=
1.0x10°M NaOH(pH 8.0) o2 3]43}o] gol] pHE
AA ) 919k e W o R 1,0x10%M NH,(pH 10.6) €1,
0.2M NH, - 0.2 M NH,CI(pH 8.0) £, 0.2M NaOAc - 02M
CH,COOH(H 4.0) &%, 1.0x10*M CH,;COOH(pH 4.5) &,
1.0x10*M HCI(pH 40) S0 = 1.0x10*M protocatechuic
acid &8 ZAEATH

EDTA 2%

EDTA 3.362 mg< 1.0x10°M NaOH(pH 8.0) €<% 1 m/e]l
o] 1.0x10%M 552 EDTA £9o] Hv= 243k 5, thA|
1.0x10*M EDTA?] 557} ¥%= 1.0x10°M NaOH(pH 8.0)
GHNoT 3|4 FAsto] oo pHE FAIAIZTE 219k 22
Mo R 1.0x10°M NHypH 10.6) €, 02M NH, - 02M
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Protocatechuic acid, EDTAS} 7FE=8-Del tjst, 7182 2
%745 UV-visspectrophoto-meters ©]850] 743}t o
2] 71A]2] pH 78] z3asfellA Al=s) 7h=Fe] s5E W
3A)71EA, F3ES 190~700 nm 38 W)l A5, 7}
TR 220 sl dAshs 20N A FEEE 9
1, Mole ratio=[cadmium}/[sample]FHCZ A58} 7J=F2
AtaAA 9} F=ol 3t ligand-to-cadmium charge transfere]]
71918 AdEe}e] Wz st 830

Protocatechuic acid

o] T3V oA xol|A He]st quercitring ©]-83ko], 0.2 M
NH;-0.2 M NH,Cl pH 8.0 2ol quercitrin®} 7H=H-(I)7+]
1:1 7F=EEE9 455 5352 uMYS <71 %, NIH 3T3
AFEAIRE] FF=FEA O tig Al A&7} 53.52 uM
quercitrin®lX] MTT 5357t SAIZ & Fold%= 8= 4
Aaapt BEE A o= M) FEjEHAR] Aol e M
o] Az Ajgo] FEghks vERTh o]y § AAdE vhe
© = protocatechuic acid(3.4-di-hydroxybenzoic acid)*} 7}=&
£ o830, 1.0x10°M NaOH(pH 8.0) §-Hox+= 226 nm$}
270 nmel S533do] YeRkor, 228 nm ©]%<lx mole ratio
7} Z71ste) whet, E4%7} hyperchromic effectZ7} #2510
W, 271 nm ©]§-¢]| 4= hypochromic effect® YEFSTE &4
spectrume A, =291 nme} A,=251 nmoj|A] F=)7F YERe.
H, o]F ¥R oA vERd 7 TEERe SdAle] €4
s} 2= A7) 253 nm o] FoM= EH7F SRS &
F%=F hyperchromic effect &’Jo] YEFSITE. 254 nmollA] LER
AR F5 AEEHS O] 89 204 FEEIT}

protocatechuic acid’} 1: 1% ZEo] FAE = 215 o 4 U

om A& FHL EFYATE 0831, protocatechuic
acid®} 7F=HEe] 1: 12 2HEo] 34949 ule] %7} 64.41 uM
ole oF = AATHY 1.0x102M NH,(pH 10.6) & o] 4=
254 nmelA] 64.29 pMe] F%2 F=F )} protocatechuic acid
o] 1:1% #F&o] A= o, 1.0x10°M NaOH(pH 8.0) &
Aof|A] Fzkel g} F ZJolRlo], 227 nme} 271 nmellA -
Frlo] #AE Y 254 nm ©]F-oll4 mole ratio”} SV
F =+ hyperchromic effects YEFTHE, 292 nm 0504
+ mole ratio’} 57185 &3 %=+ hypochromic effect® L}
ERtor, ;=293 nm&} A,=255 nmellA M2-g Fhrt vE
Wt 02M NH; - 0.2M NH,CI(pH 8.0) ¢H&-&olA = 206
nm ©]$-¢] mole ratio’} 7}&5 53 %7} hyperchromic
effect® YEFSEIL, A =293 nm%} 2A,=253 nmol|A] A= S5
oi7F el 3wt 227 nm$t 272 nmellA] 535337 0]
2 218 o] Wl vt S31dA|e] &3t Aol
2} AT}, 253 nmellA] 64.22 uM protocatechuic acidellA 7+
SR 1: 12 2E0] #4%93Ich 0.2M NH, - 02 M NH,CI
(pH 8.0) ¢5-842 thE 714 8-ellA] B} vk 55 (64.22
uMelA FH=g F5e PEE A 0w WA ATHFg. 2)°Y
0.2 M NaOAc - 0.2 M CH;COOH(pH 4.0) §-ollA:= 228 nm
¢} 270 nmellA S-33le] ¥ 1AL, 253 nmellA 7=
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Fig. 2 - Electronic absorption spectra of 50 uM protocatechuic acid
in 0.2 M NH; - 0.2M NH,CI (pH 8.0) in the presence of
various concentrations of cadmium (II) at 253 nm. R=
[cadmium]/[protocatechuic acid]; R=0.0 (A), 0.6 (B), 0.8
(C), and 1.0 (D).
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3} protocatechuic acid’} 1:1% 2HEo] A ¥ = A& Azd
T o, A& FFEe BES5FATE 0|85, oju g

E57F 6327 pMR! 215 & = A%l 234 nm o] FolM= R
7} F7YerE &35 hyperchromic effect TANS LFERE O,
273nm ©|F-o|X= FE7t S7FEE 59 S5 hypochromic
effect® YEFSEAL, 4;=295nm&} A,=254 nm ©]F-o|A] A=
7 YeRdtE 1.0x10*M CH,COOH(pH 4.5) -g-<lofx]=
248 nmoJ|A] protocatechuic acid?} 7F=HD)o] 1: 12 &-E0|
A== A & 7 ANeH, e FEes) 25T E
o]g-ate], olw 9] %7} 59.32 M) A& & U, 220
nme} 270 nmelA] S537lo] TEE T 249 nm o] FolA =
FE7t S7VEE S35 % hyperchromic effect® YERE O™,
271 nm °]%°] 557} 715 $3 %= hypochromic effect
s HERATE 1,=290 nme} A,=245 nm o] FelA AHZE- F
Tk el ke 24 Rt 5 dgiek el 1.0x10*M HCI
(pH 4.0) €9l 220 nm} 268 nmelM 55-3750] W]
1o, 245 nmellA 7F=H @)} protocatechuic acid’} 1: 132
Aol AU, A0 FHES) 2FATE o83t
olw| 9] 17} 5836 uMgl & & = AATEY X, =285 nms}
Ao=244 nm o} FolA] A2 FFh7F YT Protocatechuic
acidell ZIERIDS S EEE FAriehd, A9Egy) Haleh= &
A2 FV=H-(¥ protocatechuic acid®] &z Adof| o3t 710
2 A=Y, pH7} $7185E &< 2~ E -] bathochromic
effect=]i= FAFo] LRI 74191 1.0x10*M HCI(pH 4.0) €
Nl A9, 7hEH =2 HAF (5836 uM)= A -&-of| A

S oI, A 9719) FRAE T1E R BER 5
AHgom, b e FREt e e A P,

FF=E-D)3} protocatechuic acide] e PAE

g gR=E Z8= carboxylic®] deprotonationy-3-S
o7 Y7heti(Table 1, Figs. 29} 3).2%%% Fig, 4= pH #3}o]
w2}, 50 uM protocatechuic acid¥} 7F=ED 1: 12 2HE9]
A EE= FB T2 mole ratio method® TAJ8E Ao, 7l=H
(I} protocatechuic acid®] mole ratio”} 1.0°] =3, &35
s} Ao} H= As & 7 . 2Pd-g-dllell A AlDZh
protocatechuic acid % caffeic acid®] ¢Fv]F )&
catechol function®] FA12] B]{F=24] five-membered ring® =
carboxylic function®] four-membered®.t} & ol =] w3}
ES] W& oix|gho e SnEIDRES A
(ID)-caffeic acid 2H=°ll4] carboxylate “155°] catechol 135Xt}
O & 294 ee Zka glow, [PhADY[H,CATe] 1:1 %
25 FAar Rasleltk® Boilet 529 Aol ost
W, FFERBI) 222 protocatechuic acid®] carboxylic function
o 9J&lo] FAte] #)7F=E hemidirected distribution® 2 4
9 1:1 AR S sk ZloR e, 1k A
A7) ¥ VR AL, 2ddlE FERES S, A8REE-S YR
F+=HD) ©]=>} protocatechuic acid®] carboxylic function®]
Ak 2)7FE (bidentate ligand)o} HITHE 1125 BAstod, <
et 7hEH 2HE[CA(H,PA) 1 B/dsiscelet Azkert,
Cadmium(II)-protocatechuic acid 2= thdt 384l A+
=A% Aert gloet Al e rk(Table D527

A3

Table I - Spectral parameters of protocatechuic acid and its cadmium complex in aqueous of solution at different pH

pH Solvent 0.0 (A) 0.2 0.4 06 B) 08 (C) 1.0 D) 12 14 16 1.8 2.0
1.0x10°M A 0.78601 0.83115 0.87680 0.92132 0.96701 1.01251 0.98013 0.94683 0.91236 0.87856 0.84483
NaOH A (nm) 254 253 253 253 253 253 253 253 253 253 253
pH 8.0 C (uM) 52.87 55.78 58.61 61.51 64.41 62.35 60.23 58.04 55.89 53.74
1.0x10*M A 0.78796 0.83234 0.87789 0.92202 0.96701 1.01315 0.98003 0.94732 0.91315 0.87958 0.84496
NH; A (nm) 254 253 253 253 253 253 253 253 253 253 253
pH 10.6 C (uM) 52.82 55.71 58.51 61.36 64.29 62.19 60.11 57.94 55.81 53.62
02M NH; - A 0.78995 0.83451 0.87965 0.92667 0.97045 1.01455 0.98283 0.94825 0.91502 0.88068 0.84696
0.2M NH,CI A (nm) 253 254 254 254 254 254 254 254 254 254 254
pH 8.0 C (uM) 52.82 55.68 58.65 61.43 64.22 62.21 60.02 57.92 55.74 53.61
0.2M NaOAc - A 0.79654 0.83845 0.88172 0.91999 0.96302 1.00800 0.97800 0.94678 0.91426 0.88389 0.85362
0.2M CH;COOH A (nm) 253 254 254 254 254 254 254 254 254 254 254
pH 4.0 C (uM) 52.63 55.35 57.75 60.45 63.27 61.39 59.43 57.39 55.48 53.58
1.0x10*M A 0.82920 0.86115 0.89241 0.92236 0.95289 0.98368 0.96539 0.94659 0.92785 0.90892 0.89011
CH;COOH A (nm) 248 248 248 248 248 248 248 248 248 248 248
pH 4.5 C (uM) 51.93 53.81 55.62 57.46 59.32 58.21 57.08 55.95 54.81 53.67
1.0x10"M A 0.83894 0.86756 0.89432 0.92535 0.95150 0.97915 0.96160 0.94585 0.93157 0.91582 0.90011
HCI A (nm) 245 245 245 245 245 245 245 245 245 245 245
pH 4.0 C (uM) 51.71 53.30 55.15 56.71 58.36 5731 56.37 55.52 54.28 53.65

A: Absorbance; A: Wavelength; C: Micromolar concentration.

R=[CdJ/[protocatechuic acid]; 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. 3 — Mole-ratio plots at various wavelengths for 1: 1 complex of
cadmium (II) and protocatechuic acid. 254 nm ([J: 1.0 X
10" M NaOH, pH 8.0). 254 nm (O: 1.0 x 102 M NH,, pH
10.6). 253 nm (A: 0.2M NH; - 0.2M NH,CI, pH 8.0).
253nm (V: 02M NaOAc - 0.2M CH,;COOH, pH 4.0).

248 nm (<: 1.0x10*M CH;COOH pH 4.5). 245 nm (<:
1.0x10*M HCl, pH 4.0).
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Fig. 4 — The proposed structure of 1 : 1 complex of cadmium (II) and
protocatechuic acid in the presence of 0.2 M NH; - 0.2 M
NH,CI (pH 8.0) at 253 nm.

EDTA
10x10°M NaOH= ZA|3HpH 8.0) &M= 197 nme}
203 nmelA] 5&470] LERLOH, 204 nm o] 5ollx] En)7} Z
7)ol wkel, F-4%3= hypochromic effect 33 ®ich &4
=7} 202 nmelld FF=H-()3 EDTA} 1: 12 ZHEo] AIE9)
om, Zz9) FEs} 55 AE o83l EDTAS} 7k=F1)
o] 1:1% 2HEo] FAds= HAEErE 50.07 pMR! A& &
Atk 1.0x10%M NH,(pH 10.6) &A= 202 nmol| 4]
EDTAS} ZF=E@)e] 1: 12 #HEo] A= 2 &4 5 3
o, ZE2] FLo BEFGATE o435, EDTAS} 7I1=F
e 1:1% &S FAEE 5571 50.07 uMIS & 5= A
17, 200 nme} 203 nmellA] F37le] #EE I 02 M NH; -
0.2M NH,CI(pH 8.0) &°lA+= F35=7} 198 nms} 204 nm
oA TFF7o] vk e, 205 nm ©]F-ol|4:= mole ratio”}
Z7Vsto| whel, &35 = hypochromic effect® UERsth &3
%7} 202 nmel 7F=E-(ID¥} EDTA} 1: 12 ZE0] 4w

Aoz Yepgon H&9| Frsl BER4E o]gsle], o
o] 357} 50,07 uMS & = ASITHEFig. 5)2Y 0.2 M NaOAc -
0.2 M CH;COOH(pH 4.0) €-91°43= 201 nmel|d] EDTAS} 7}
SHO] 1: 12 =2 FYH= 0= vepgon, 29
FLo} 2FATE olgste] olwle] =) 50.06 MR A&
o 4= QAT 198 nm, 204 nmelA T3] BEE QIR
1.0x10*M CH,COOH(pH 4.5) &A= 196 nme} 202 nm
oA TFFdo] BAFHP oM, AES| Frsl EFATE o]
£319], 198 nmellA 50.04 WMS] F == EDTAS} 7F=F-(1D)°)
1:12 #FEo] A= Aow ekt 1.0x10*M HC
(pH 4.0) &NeM= 222 s}t E53A5= 198 nmollA]
50.03 uM2] F5%% EDTAS} 7F=H0] 1: 1% 2HEo] FAw =
Aoz YERFon | 196 nme} 201 nmellA] S537d0] A==
t}, 1.0x10°M NaOHEH 8.0) €¢12] A}e} 02M NH;, - 02 M
NH,CI(pH 8.0) §-<8¢] A7}E Hlwsrd, 02M NH; - 02 M
NH,CI(pH 8.0) €-<0] 1.0x10°M NaOH(pH 8.0) 8%} &
-374°] bathochromic effectdl 2-& & <= i1t EDTAe] 7}
ERIDS s5HE H71sPd, spectra7t Wsk= @42 7R
(D7} EDTAZES] Py st 2HE Aol o3t Zo® AYzhsm,
Nl pH7} L&z dolA AHd o R Wk, 5§37 0]
hypsochromic effecte:= 71 7I=EHIDY 22 JAE 5=
= oM7L} Fh2E20]29] protonation®l] 2|3l binding site”}
¥ 97) wiEo® AZkEvh(Table 11, Fig 5).%2 Fig. 6= pH
oo whE A e WskE EHYORE =S Flojth B
© A8 EH)7) 1.00] =W FEwe] We) Hopt Ha,
H7} =AY wom St WA JeRs d4S dsisich
AT E TR, W7k FEdelx= 7F=F-EDTA %
o] HAwEr M7t oo, A gdexs 17148
oA B} W Fiol FEdslyt BEE) o) ol
APdgdel ) FFEEIE A 5 s oy F1EEAY)
] AgA} el protonationel] &J3l w9157 FHAE ], v 7}
ERAES HAFE AR AR AR} FHEFS] =1
0] S7HR=0.0~1.0)3l°ll w2} hyperchromic effect $d-= ¥+
2k = Qlglom, Bnlgo] 1ool 7P eHst BAltxe] 7}
EF ZEo] YAES & 7 ATk pH7E TSIkl wi &5
2HAEZ O] hathochromic effect A4 3} S| F3w9) ZF71=
T3 5= QtH(Table D237 #H2o)) FF=F-EDTA 2H29] Q1
AEAAFE o] 43le], B Ql8doll ] SEE45S AAT 1A
7 920 S =g o)) FEE B4l uist AanE ekl
= SRS e Bl ShEE PokE Ala g
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Table II — Spectral parameters of EDTA and its cadmium complex in aqueous of solution at different pH

0.0 0.6 0.8 1.0
pH solvent @A) 0.2 04 B) © D) 1.2 14 1.6 1.8 2.0
1.0x10%M A 2.82353 2.82435 2.82517 2.82590 2.82657 2.82736 2.82674 2.82606 2.82542 2.82477 2.82409
NaOH A (nm) 202 200 200 200 200 200 200 200 200 200 200
pH 8.0 C (uM) 50.00 50.02 50.04 50.05 50.07 50.06 50.05 50.04 50.02 50.01
1.0x10%2M A 2.82364 2.82437 2.82517 2.82590 2.82665 2.82740 2.82676 2.82612 2.82542 2.82482 2.82421
NH, A (nm) 202 202 202 202 202 202 202 202 202 202 202
pH 10.6 C (uM) 50.02 50.03 50.04 50.05 50.07 50.06 50.04 50.03 50.02 50.00
0.2M NH; - A 2.82375 2.82439 282518 2.82596 2.82668 2.82743 2.82680 2.82614 2.82549 2.82484 2.82423
0.2M NH,CI A (nm) 202 203 203 203 203 203 203 203 203 203 203
pH 8.0 C (uM) 50.01 50.03 50.04 50.05 50.07 50.05 50.04 50.03 50.02 50.01
0.2M NaOAc - A 2.82379 2.82446 282516 2.82585 2.82654 2.82724 2.82667 2.82611 2.82551 2.82492 2.82439
02M CH;COOH A (nm) 201 202 202 202 202 202 202 202 202 202 202
pH 4.0 C (uM) 50.01 50.02 50.04 50.05 50.06 50.05 50.04 50.03 50.02 50.01
1.0x10*M A 2.82472 2.82513 282560 2.82603 2.82650 2.82694 2.82676 2.82658 2.82643 2.82626 2.82604
CH;COOH A (nm) 198 198 198 198 198 198 198 198 198 198 198
pH 4.5 C (uM) 50.01 50.02 50.02 50.03 50.04 50.04 50.03 50.03 50.03 50.02
1.0x10*M A 2.82496 2.82536 2.82574 2.82613 2.82650 2.82690 2.82675 2.82660 2.82646 2.82631 2.82616
HC1 A (nm) 198 198 198 198 198 198 198 198 198 198 198
pH 4.0 C (uM) 50.01 50.01 50.02 50.03 50.03 50.03 50.03 50.03 50.02 50.02
A: Absorbance; A: Wavelength; C: Micromolar concentration.
R=[CdJ/[EDTAJ; 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.
3.0 2828
—0— NaOH
—0—NH,
A |—2—NH-NHO
55 28279 _g— NaOAG - OH.000H
7 —0— CH,000H N\ —~g_
—~—Ha \6§8
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2.0+ @ g v
2 s
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5 1.5+ 2824
@
el
<
28234 L
1. 04
O(mT T T T T I T T T T T T T
00 02 04 06 08 10 12 14 16 18 20
A R(mole-ratio)
0. 54
Fig. 6 — Mole-ratio plots at various pH for 1 : 1 complex of cadmium
D () and EDTA. 202 nm (I]: 1.0x10%M NaOH, pH 8.0).
202 nm (O: 1.0x10%M NH,, pH 10.6). 202 nm (A: 0.2 M
0.0 o ' NH, - 0.2 M NH,Cl, pH 8.0). 201 nm (¥: 0.2 M NaOAc -
220 240 260 02M CH,COOH, pH 4.0). 198nm (<: 1.0x10%M
Wavelength (nm) CH;COOH, pH 4.5). 198 nm ( <: 1.0x10*M HCI, pH 4.0).
Fig. 5 — Electronic absorption spectra of 50 pM EDTA in 0.2 M NH; -
0.2 M NH,CI (pH 8.0) in the presence of various concentra- LT . c16] 1.1 T EAJo] i
tions of cadmium (II) at 202 nm. R=[cadmium]/[EDTAJ; 7F=# (ID-protocatechuic acid®] 1:1 —_'?‘I 68S) Sis 6422
R=0.0 (A), 0.6 (B), 0.8 (C), and 1.0 (D). uM protocatechuic acid® 71¢ % F3 5 (A=1.01455)= ¥

ZE A A FaE S0 g A sAZ AFSE I Q=
protocatechuic acid®l]l $]*|3t carboxylate 1552 T2k 2]7t=  EDTAS] HZF % 50.07 uM EDTAA=2.82743)°14 7}1=#
2 FFEFID vt A o2 ZHE{Cd (HpPA)TJo] ol FefAn],  (D¥} 1:1 2HER Pdeh 62k8] wigiates] k=5 ) 2ol
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