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ABSTRACT: Metal detoxification found to be as a medical treatment of heavy metal toxicity causing fatigue, brain 

fog, headaches, digestive issues, anxiety and tingling by using chelation method with suitable chelator which binded 

metal ions accumulated in body fluids forming complexes and excreted them through the renal route or hepatic route 

while the kinetics and mechanism of the process can be learn the ropes with potentiometry and some computer software 

programmes.  
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I. INTRODUCTION 

 

Metal detoxification is said to be as extracting process towards health hazardous heavy metal ions  accumulated with 

environmental exposure and food and water causes oxidative stress and damage of various body organs. It is important 

to know the kinetics and mechanism of chelation which refers to the rate and mechanism through which chelators grab 

or bind and performing removal reaction process of metal ions present in body fluids with the chelation efficacy of 

chelators. Chelation kinetics involved with stability constant related how tightly bind with metal and its selectivity 

while the kinetic constants how fast chelator bind depending upon the number of binding sites, solubility, pH and 

temperature with four phases such as distribution, complex formation, mobilization and excretion. The present paper is 

a valuable study of kinetics and mechanism of metal detoxification of heavy metal ions Hg and Cd with 2-Amino-3-(4-

hydroxyphenyl) propanoic acid (2-AHPPA) as primary chelater (A) while the 2, 4-dihydroxypyrimidine (2,4-DHP) as a 

secondary chelator (B) using potentiometric analytical technique with various concentration ratios assisted by SCOGS 

and ORIGIN 6.0 software programmes.  

 

II. MATERIALS AND METHODS 

 

Present work is a study of kinetics and mechanism of some binary ternary and quaternary complex compounds formed 

during metal detoxification. For this study we prepared following sets of solutions: 

Acid Solution: 5mL NaNO3 (1.0M) + 5mL HNO3 (0.02M) + H2O 

Ligand (A) Solution: -5mL NaNO3 (1.0M) + 5mL HNO3 (0.02M) + 5mL 2-AHPPA (A) (0.01M) + H2O 

Ligand (B) solution: 5mL NaNO3 (1.0M) + 5mL HNO3 (0.02M) + 5mL 2,4-DHP (B) (0.01M) + H2O  

 

Binary Solution: I - 5mL NaNO3 (1.0M) + 5mL HNO3 (0.02M) + 5mL 2,4-DHP (B) (0.01M) + 5mL Hg (II) (0.01M) + H2O 

Binary Solution: II - 5mL NaNO3 (1.0M) + 5mL HNO3 (0.02M) + 5mL 2,4-DHP (B) (0.01M)  + 5mL Cd (II) (0.01M) + H2O 

Binary Solution: III - 5mL NaNO3 (1.0M) + 5mL HNO3 (0.02M) + 5mL2-AHPPA (A) (0.01M) + 5mL Hg (II) (0.01M) + H2O  

Binary Solution: IV- 5mL NaNO3 (1.0M) + 5mL HNO3 (0.02M) + 5mL 2-AHPPA (A) (0.01M) + 5mL Cd (II) (0.01M) + H2O 

 

Ternary Solution: I- (1:1:1):  5mL NaNO3 (1.0M) + 5mL HNO3 (0.02M)  + 5mL2-AHPPA (A) (0.01M) + 5mL Hg 

(II) (0.01M) + 5mL 2,4-DHP (B) (0.01M) + H2O 

Ternary Solution: II- (1:2:1): 5mL NaNO3 (1.0M) + 5mL HNO3 (0.02M) + 10 mL 2-AHPPA (A) (0.01M) + 5mL Cd 

(II) (0.01M) + 5mL 2,4-DHP (B) (0.01M) + H2O 

 

Quaternary Solution: (1:2:2:1): 5mL NaNO3 (1.0M) + 5mL HNO3 (0.02M)  + 10mL 2-AHPPA (A) (0.01M) + 5 mL 

Hg (II) (0.01M) + 10 mL 2,4-DHP (B) (0.01M) + 5 mL Cd (II) (0.01M)   + H2O 

The heavy metal nitrate solutions of Hg and Cd were standardized through the EDTA titrations1 method and pH 

titration profile of different binary, ternary and quaternary sets of above solution were find out with the using Eutech 
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501 digital pH meter having a reproducibility of ±0.01 with the help of Bjerrum’s2   and Irving &Rossoti3,4 methods for 

better understanding of kinetics and mechanism of detoxification.  

 

III. RESULTS AND DISCUSSION 

 

The term coined kinetics and mechanism in chemistry refers to rate of reaction and way of it completion. In case of 

coordination chemistry, it stands how and how fast any complex formed. As we know that the metal detoxification 

completed via various complex formation between ligand or chelator and metal ions. Here we studied various complex 

formation of above set of solutions by pH metric method and the end point of complexation process were noted and 

tabulated according to result display on the Eutech 501 digital pH meter. 

 

Table -1 Cd (II)- 2-AHPPA (A) - 2,4-DHP (B) (1:1:1) System 

 

Volume of NaOH 

(mL) 

Ph 

 A B C D 

0.0 2.52 2.74 2.88 3.03 

0.2 2.62 2.86 3.05 3.35 

0.4 2.73 3.04 3.32 5.64 

0.6 2.87 3.37 4.18 7.39 

0.8 3.11 5.84 7.79 7.87 

1.0 3.65 8.68 8.47 8.24 

1.2 9.70 9.20 8.93 8.37 

1.4 10.29 9.61 9.17 8.44 

1.6 10.53 9.95 9.38 8.51 

1.8 10.68 10.20 9.61 8.58 

2.0 10.79 10.39 9.84 8.65 

2.2 10.88 10.54 10.06 8.72 

2.4 10.95 10.66 10.27 8.80 

2.6 11.00 10.75 10.40 8.90 

2.8 11.05 10.83 10.57 9.13 

3.0 11.10 10.89 10.72 9.29 

3.2 11.14 10.95 10.85 9.38 

 

 

 

 

 

 

 

 

 

 

http://www.ijirset.com/


|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710| 

Volume 15, Issue 9, September 2026 

|DOI: 10.15680/IJIRSET.2026.1509027| 

IJIRSET©2026                                      |     An ISO 9001:2008 Certified Journal   |                                        12052 

Table -2 Cd (II)- 2-AHPPA (A) - 2,4-DHP (B) (1:2:1) System 

 

Volume of NaOH 

(mL) 

pH 

 A B C D 

0.0 2.52 2.61 2.67 3.36 

0.2 2.62 2.72 2.75 3.45 

0.4 2.73 2.85 2.87 3.87 

0.6 2.87 3.02 3.02 4.22 

0.8 3.11 3.26 3.24 4.41 

1.0 3.65 3.60 3.55 4.84 

1.2 9.70 4.20 4.07 4.93 

1.4 10.29 8.54 5.66 5.23 

1.6 10.53 9.40 6.77 5.49 

1.8 10.68 9.89 7.59 8.35 

2.0 10.79 10.24 8.00 8.95 

2.2 10.88 10.47 8.14 9.72 

2.4 10.95 10.63 8.46 9.89 

2.6 11.00 10.74 8.60 10.12 

2.8 11.05 10.83 8.72 10.35 

3.0 11.10 10.91 8.82 10.38 

3.2 11.14 10.97 8.86 10.44 

 

Table-3 Hg (II) - Cd (II) -2-AHPPA (A) -2,4-DHP (B) (1:2:2:1) system 

 

Volume of NaOH 

(mL) 

pH 

 A B C D E 

0.0 2.52 2.74 2.92 3.34 3.11 

0.2 2.62 2.86 3.14 3.84 3.24 

0.4 2.73 3.04 3.59 4.53 4.39 

0.6 2.87 3.37 4.69 5.12 4.48 

0.8 3.11 5.84 5.77 5.63 5.29 

1.0 3.65 8.68 6.50 6.13 5.78 

1.2 9.70 9.20 7.16 6.67 6.48 

1.4 10.29 9.61 8.04 7.87 7.18 

1.6 10.53 9.95 8.79 8.90 7.96 

1.8 10.68 10.20 9.38 9.37 8.12 

2.0 10.79 10.39 9.86 9.74 8.18 

2.2 10.88 10.54 10.15 10.05 8.27 

2.4 10.95 10.66 10.34 10.30 8.64 

2.6 11.00 10.75 10.47 10.51 8.48 

2.8 11.05 10.83 10.58 10.66 9.50 

3.0 11.10 10.89 10.67 10.78 9.65 

3.2 11.14 10.95 10.74 10.88 9.79 

 

Study of Species Distribution Curve 

The species distribution curves were plotted by taking percent (%) concentration of the species against pH and the 

stability constant have been studied through SCOGS55-7 (Stability constant of generalized species) computer 
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programme and ORIGIN 6.0 was used for graphical representation of all investigated species as our few research 

article8-15 published earlier.                                   

 

The titration curves were plotted by taking pH value of acid, ligand, binary ternary and quaternary complexes vs. 

volume of NaOH. 

 

Cd (II)- 2-AHPPA (A) -  2, 4- DHP(B) (1:1:1)  Ternary Complex Species 

 

From the distribution curves it is clear that binary complex of Cd B shows its maximum concentration ~ 97% at start of 

the titration which gradually decreases at the pH raised. Protonated ligand species H3A, H2A, HA and BH exist in good 

concentration. H2A shows its maximum concentration ~ 89% at start of titration and shows gradual decline trend with 

raise in pH value.  In this system ternary complex of Cd AB attain maximum concentration of ~ 90% at higher pH 

range ~ 9.7. 

 

Cd (II)- 2-AHPPA (A) -2, 4-DHP(B) (1:2:1) )  Ternary Complex Species : 

 

From the distribution curves it is clear that binary complex of Cd B shows its maximum concentration ~ 98% at start of 

the titration which gradually decreases at the pH raised. Protonated ligand species H3A, H2A, HA and BH exist in good 

concentration. H2A shows its maximum concentration ~ 78% at start of titration and shows gradual decline trend with 

raise in pH value. Existence of HA is found to be maximum concentration ~ 92% at pH range ~ 5.2. In this system 

ternary complex of Cd AB attain maximum concentration of ~ 84% at higher pH range ~ 9.8. 

 

Hg (II)-Cd (II)-2-AHPPA (A)- 2,4-DHP (B)  (1:2:2:1) Quaternary Complex Species: 

 

It is evident from the distribution diagram that all the protonated ligand species H3A, H2A, HA and BH were existed in 

this system. Hydroxo species Hg (OH)2 , Cd (OH)+ Cd (OH)2 also observed. Binary complex of Hg with ligand A have 

the maximum existence ~20% at the very start of titration which is gradually decreases with increases in pH value. 

while another binary complex Hg B is not observed in this system. Cd- A complex have maximum concentration 

~5.0% at the start of titration shows decline trend with increase in pH while the Cd B complex attain the maximum 

concentration ~38% at the ~ 8.0 pH. Hg AB existed with low amount attaining maximum concentration ~5.0% at the ~ 

8.5 pH value and ternary complex of Cd AB existed with maximum concentration ~50% at the ~ 8.5 pH. The major 

species which is quaternary complex of Hg Cd AB attain the maximum concentration ~80% at the ~ 5.3pH.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig .1-Distribution Curves of (1:1:1) Cd (II)-2-AHPPA (A)- 2,4-DHP (B)System 

(1) Cd2+ (2) H3A (3) H2A (4) HA (5) BH (6) Cd (OH)2 (7)Cd B (8) Cd AB 
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Fig .2- Distribution Curves of (1:2:1) Cd (II)-2-AHPPA (A) - 2,4-DHP (B)    System 

(1) Cd2+ (2) H3A (3) H2A (4) HA (5) BH (6)Cd(OH)2 (7) CdB (8) CdAB 

 

 
 

Fig 3- Distribution Curves of (1:2:2:1) Hg(II)–Cd(II)–2-AHPP(A)- 2,4-DHP (B) System 

(1) Hg2+(II) (2) Cd2+(II) (3) H3A (4) H2A (5) HA (6)BH (7)Hg (OH)2 (8) Cd (OH)2 (9) Cd (OH)+ (10)Hg A 

(11)Cd A (12)Cd B (13)Hg AB (14)Cd A B(15)Hg Cd AB 

 

 

 

 

 

 

4 5 6 7 8 9
0

20

40

60

80

100

8

7

65

4

3

2 1

%
 C

o
n
c
e
n
tr

a
ti
o
n

pH

http://www.ijirset.com/


|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710| 

Volume 15, Issue 9, September 2026 

|DOI: 10.15680/IJIRSET.2026.1509027| 

IJIRSET©2026                                      |     An ISO 9001:2008 Certified Journal   |                                        12055 

Kinetics and Mechanism of Complexation During Metal Detoxification 

According to rate law, the kinetics of complex formation explain the rate at which any complex formed which can be 

expressed as:  

Rate for binary complexation 1:1 stochiometric ratio:  

                                          

Rate = k [Metal][Chelator] 

 

Rate for ternary complexation 1:2:1 stochiometric ratio: 

 

Rate = k [Metal][Chelator1]2 [Chelator 2] 

 

Rate for ternary complexation 1:2:2:1 stochiometric ratio: 

 

Rate = k [Metal][Chelator1] 2 [Chelator2] 2 [Metal] 

 

If we see the overall order of reaction for above various stochiometric ratio we found second order reaction follows for 

1:1 species, forth order for 1:2:1 species and sixth order for 1:2:2:1 species generally but higher order is unlikely and 

complexation occur through various steps which favor’s lower order of reaction depending on the various facture and 

conditions.  

 

Mechanism of Metal- Chelator Complex formation: 

 Complex species formation takes place through one of three way associative, dissociative or interchange mechanism 

depending upon nature of metal ion and chelators. 

 

Mechanism of Binary Complexation: 

       Hg+++ 2-AHPPA (H2A)        [Hg-2-AHPPA] + 2H+ 

       Hg+++ 2,4-DHP (BH-)           [Hg-2,4-DHP + H+ 

      Cd+++ 2-AHPPA (H2A)         [Cd-2-AHPPA] + 2H+ 

      Cd+++2,4-DHP (BH-)         [Cd--2,4-DHP] + H+ 

 

Mechanism of Ternary Complexation: 

      [ Hg++-2-AHPPA] + 2,4-DHP (BH-)                             [Hg-2-AHPPA -2,4-DHP] + H+ 

      Hg+++ 2-AHPPA (H2A) + 2,4-DHP (BH-)        [Hg-2-AHPPA – 2,4-DHP] + 3H+ 

     [ Cd++-2-AHPPA] + 2,4-DHP BH-             [Cd-2-AHPPA-2,4-DHP] + H+ 

   Cd+++ 2-AHPPA(H2A) + 2,4-DHP (BH-)        [Cd-2-AHPPA – 2,4-DHP] + 3H+ 

 

Mechanism of Quaternary Complexation: 

[2-AHPPA(H2A)] + Hg+++2,4-DHP (BH-)  + Cd++           [Hg- Cd-2-AHPPA-2,4-DHP] + 3H+ 

[Hg-2-AHPPA] + Cd++ + 2,4-DHP (BH-)        [Hg - Cd-2-AHPPA – 2,4-DHP] + H+ 

 

Mechanism of Hydrolytic Species: 

Hg+++ H2O                     Hg (OH) + + H+ 

Hg+++ 2H2O                   Hg (OH) 2 + 2H+ 

Cd+++ H2O                     Cd (OH) + + H+ 

Cd+++ 2H2O                   Cd (OH) 2 + 2H+ 

 

Calculation of Kinetic and Affinity Constants of Complex Species: 

Affinity constants or log ß value (ßp/qrst) of the Cd – 2-AHPPA -2,4-DHP ternary species given as:  

 

p(Cd++)+  r(2-AHPPA) +s(2,4-DHP)+t (OH)                 ( Cd++)p ( 2-AHPPA)r (2,4-DHP)s (OH)t  

 

                    [(Cd++)p (2-AHPPA)r(2,4-DHP)s(OH)t]                            

  βp/qrst       =   

                    [Cd++)] p[2-AHPPA] r
 [2,4-DHP] s [OH] t 
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Affinity constants or log ß value (ßp/qrst) of the Hg – 2-AHPPA-2,4-DHP ternary species given as:  

 

p(Hg++)+  r(2-AHPPA) +s(2,4-DHP)+t (OH)          ( Hg++)p ( (2-AHPPA)r (2,4-DHP)s (OH)t  

 

                    [(Hg++)p (2-AHPPA)r(2,4-DHP)s(OH)t]                            

  βp/qrst       =     

                         [Hg++)] p[2-AHPPA] r
 [2,4-DHP] s [OH] t 

 

Affinity constants or log ß value (ßpqrst) for Hg-Cd- 2-AHPPA -2,4-DHP quaternary species were calculated as:  

p(Hg++)+  q(Cd++) + r(2-AHPPA) +s(2,4-DHP)+t (OH)               ( Hg++)p (Cd++)q  (2-AHPPA)r (2,4-DHP)s (OH)t     

   
                 [(Hg++)p (Cd++)q (2-AHPPA)r(2,4-DHP)s(OH)t]                            

  βp/qrst       =     

                        [Hg++)] p [Cd++)] q [2-AHPPA] r
 [2,4-DHP] s [OH] t 

 

Table-4 Affinity constants   for Hg (II)- Cd (II) - 2-AHPPA(A) – 2,4-DHP Complex Species 

 

Protonated Ligand Species Affinity Constant (log ฀ rt &log ฀ st)Value 

H3  -2-AHPPA 21.35 

H2  -2-AHPPA 19.18 

H-  2-AHPPA 10.14 

                  H- 2,4-DHP 9.94 

 

Hydrolytic Species Hydrolytic Constant (log ฀ pt & log ฀ qt) Value 

Hg(OH)+ -3.84 

Hg(OH)2 -6.38 

Cd(OH)+ -6.89 

Cd(OH)2 -14.35 

 

Binary Complex Species (1:1)   Affinity Constant (log  ฀ pr/ log  ฀ ps/log  ฀ qr/  log  ฀ qs) Value 

Hg-2-AHPPA 12.25 

Hg-2,4-DHP 13.05 

Cd-2-AHPPA 3.57 

Cd-2,4-DHP 11.45 

 

Ternary Complex Species  Affinity Constant (log  ฀  prs/ log ฀ qrs)Value 

Cd-2-AHPPA-2,4-DHP (1:1:1) 17.55 

Cd 2-AHPPA-2,4-DHP (1:2:1) 19.95 

 

Quaternary Complex Species (1:2:2:1) Affinity Constant (Log ฀  pqrst) Value 

Hg-Cd- 2-AHPPA-2,4-DHP 32.95 
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Solution Structures of Investigated Inorganic Complex: 

 

 
 

 
 

IV. CONCLUSION 

 

Accumulation of heavy metal affects various organs involving chronic health issues like neurological, renal and 

immune system dysfunction so an effective heavy metal detoxification is essential which covers clinical as well as 

supportive natural approaches. Present study provides a method of detoxification though complexation between heavy 

metal and chelators forming various stable complexes which can be extracted from body through the renal route from 

urine or hepatic route from biles which drain into the intestine from there they extracted in the feces depending upon 

the molecular weight and solubility. 
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Abbreviations 

 β = Affinity or stability constant 

p = M1(first metal Hg), 

q = M2(second metal Cd) for quaternary complex compound. 

r = primary ligand, s = secondary ligand 

t = hydroxo species 

2-AHPPA = 2-Amino-3-(4-hydroxyphenyl) propanoic acid (primary ligand -A) 

2,4-DHP = 2, 4-dihydroxypyrimidine (secondary ligand -B) 
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