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CHELATING AGENTS
• Chelating agents complex metal ions

• Metal ions act as Lewis acids and can accept a pair 
of electrons from a donor ligand

• Chelating agents form more than one bond with a 
metal ion

• Bonds are typically between N or O and the metal

• Can prevent the metal from undergoing other 
reactions

EDTA-Metal 
complex



COMPLEXATION 
TITRATIONS

• Because chelating agents can react with 
metal cations, they can be used to quantify 
the amount of a metal free in a solution.

• A common example is the titration of 
calcium with ethylenediaminetetraacetic 
(EDTA).

• The indicator is a second chelator that 
undergoes a color change as it loses the 
metal ion to the stronger EDTA chelator.

Titrant used:
EDTA 

Indicator used:
Eriochrome Black T



COMPLEXATION
• The reaction between a metal ion (Mn+) 

and EDTA (Y4-) always occurs in a 1:1 
ratio.

• Only the fully deprotonated form of EDTA 
(Y4-) is capable of chelating the metal ions.

• The complexes are very stable and the 
formation constants (Kf) values are listed as 
the log Kf values.

Mn+ +  Y4- ⇌ MYn-4 
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Cyanide
CN– log K1 log K2 log K3 log K4 log K5 log K6

Fe2+ 35.4 (b6)
Fe3+ 43.6 (b6)
Ag+ 20.48 b2 0.92
Zn2+ 11.07 b2 4.98 3.57
Cd2+ 6.01 5.11 4.53 2.27
Hg2+ 17.00 15.75 3.56 2.66
Ni2+ 30.22 (b4)

Ethylenediamine
H2N

NH2 log K1 log K2 log K3 log K4 log K5 log K6
Ni2+ 7.38 6.18 4.11
Cu2+ 10.48 9.07
Ag+ (T = 20 oC, m = 0.1 M) 4.700 3.00
Zn2+ 5.66 4.98 3.25
Cd2+ 5.41 4.50 2.78

EDTA

N
N

COO

COO

OOC

OOC
log K1 log K2 log K3 log K4 log K5 log K6

Mg2+ (T = 20 oC, m = 0.1 M) 8.79

Ca2+ (T = 20 oC, m = 0.1 M) 10.69

Ba2+ (T = 20 oC, m = 0.1 M) 7.86

Bi3+ (T = 20 oC, m = 0.1 M) 27.8

Co2++ (T = 20 oC, m = 0.1 M) 16.31

Ni2+ (T = 20 oC, m = 0.1 M) 18.62

Cu2+ (T = 20 oC, m = 0.1 M) 18.80

Cr3+ (T = 20 oC, m = 0.1 M) [23.4]

Fe3+ (T = 20 oC, m = 0.1 M) 25.1

Ag+ (T = 20 oC, m = 0.1 M) 7.32

Zn2+ (T = 20 oC, m = 0.1 M) 16.50

Cd2+ (T = 20 oC, m = 0.1 M) 16.46

Hg2+ (T = 20 oC, m = 0.1 M) 21.7

Pb2+ (T = 20 oC, m = 0.1 M) 18.04



SOLUTION CONSIDERATIONS
• The pH of the solution has a significant impact 

on the formation constant.

• Only the fully deprotonated EDTA is capable of 
complexing metal cations.

• The proportion of EDTA that is fully 
deprotonated is denoted by (αY4-).

• In knowing the formal concentration of EDTA 
and the pH we can use the conditional 
formation constant (Kf’) in our calculations.
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Table 9.10 provides values of aY4– for selected pH levels. Solving equation 
9.11 for [Y4–] and substituting into equation 9.10 for the CdY2– formation 
constant
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where Kf´ is a pH-dependent CONDITIONAL FORMATION CONSTANT. As 
shown in Table 9.11, the conditional formation constant for CdY2– be-
comes smaller and the complex becomes less stable at more acidic pHs.

EDTA COMPETES WITH OTHER LIGANDS

To maintain a constant pH during a complexation titration we usually add 
a buffering agent. If one of the buffer’s components is a ligand that binds 
Cd2+, then EDTA must compete with the ligand for Cd2+. For example, an 

Table 9.10 Values of aY4– for Selected pH Levels
pH aY4– pH aY4–

1 1.9 � 10–18 8 5.6� 10–3

2 3.4 � 10–14 9 5.4 � 10–2

3 2.6 � 10–11 10 0.37
4 3.8 � 10–9 11 0.85
5 3.7 � 10–7 12 0.98
6 2.4 � 10–5 13 1.00
7 5.0� 10–4 14 1.00

Problem 9.42 from the end of chapter 
problems asks you to verify the values in 
Table 9.10 by deriving an equation for 
aY4-.

Table 9.11 Conditional Formation Constants for CdY2–

pH Kf´ pH Kf´
1 5.5� 10–2 8 1.6 � 1014

2 1.0 � 103 9 1.6 � 1015

3 7.7 � 105 10 1.1� 1016

4 1.1 � 108 11 2.5 � 1016

5 1.1 � 1010 12 2.9 � 1016

6 6.8� 1011 13 2.9 � 1016

7 1.5 � 1013 14 2.9 � 1016



SOLUTION CONSIDERATIONS
• A further consideration of the solution conditions comes from the 

choice of buffers for the titration.

• Some of the buffers (required to maintain a stable pH) can 
complex with metal cations.

• These complexes influence the amount of free metal [Mn+] in the 
equilibria, further altering the conditional formation constant (Kf”).
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NH4
+/NH3 buffer includes NH3, which forms several stable Cd2+–NH3 

complexes. Because EDTA forms a stronger complex with Cd2+ it will dis-
place NH3, but the stability of the Cd2+–EDTA complex decreases.

We can account for the effect of an AUXILIARY COMPLEXING AGENT, such 
as NH3, in the same way we accounted for the effect of pH. Before adding 
EDTA, the mass balance on Cd2+, CCd, is
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and the fraction of uncomplexed Cd2+, aCd2+, is
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Solving equation 9.13 for [Cd2+] and substituting into equation 9.12 
gives
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Because the concentration of NH3 in a buffer is essentially constant, we 
can rewrite this equation
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to give a conditional formation constant, Kf´́ , that accounts for both pH 
and the auxiliary complexing agent’s concentration. Table 9.12 provides 
values of aM2+ for several metal ion when NH3 is the complexing agent.

9C.2 Complexometric EDTA Titration Curves

Now that we know something about EDTA’s chemical properties, we are 
ready to evaluate its usefulness as a titrant. To do so we need to know the 

Table 9.12 Values of aM2+ for Selected Concentrations of Ammonia
[NH3] (M) aCa2+ aCd2+ aCo2+ aCu2+ aMg2+ aNi2+ aZn2+

1 5.50 � 10–1 6.09 � 10–8 1.00 � 10–6 3.79 � 10–14 1.76 � 10–1 9.20 � 10–10 3.95 � 10–10

0.5 7.36 � 10–1 1.05 � 10–6 2.22 � 10–5 6.86 � 10–13 4.13 � 10–1 3.44 � 10–8 6.27 � 10–9

0.1 9.39 � 10–1 3.51 � 10–4 6.64 � 10–3 4.63 � 10–10 8.48 � 10–1 5.12 � 10–5 3.68 � 10–6

0.05 9.69 � 10–1 2.72 � 10–3 3.54 � 10–2 7.17 � 10–9 9.22 � 10–1 6.37 � 10–4 5.45 � 10–5

0.01 9.94 � 10–1 8.81 � 10–2 3.55 � 10–1 3.22 � 10–6 9.84 � 10–1 4.32 � 10–2 1.82 � 10–2

0.005 9.97 � 10–1 2.27 � 10–1 5.68 � 10–1 3.62 � 10–5 9.92 � 10–1 1.36 � 10–1 1.27 � 10–1

0.001 9.99 � 10–1 6.09 � 10–1 8.84 � 10–1 4.15 � 10–3 9.98 � 10–1 5.76 � 10–1 7.48 � 10–1

The value of aCd2+ depends on the con-
centration of NH3. Contrast this with 
aY4-, which depends on pH.


