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Learning Objectives

● To calculate formation constants for EDTA 
equilibrium

● To explain the principles of indicators used in 
complexometric titrations

● To disctibe the effect of pH on the stability of 
complexes

● To calculate titration curve for complexometric
titrations

● To calculate the concentration of metal analytes
using EDTA volumetric methods
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Complexometric Titrations

Key Concepts

➢ The technique involves titrating metal ions with a complexing agent or chelating agent

(Ligand)

➢ Ligands (or complexing agents or chelating agents) can be any electron donating entity,

which has the ability to bind to the metal ion and produce a complex ion, Ex: H2O, NH3, Cl-,

Br-, I-…….
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➢ Ethylenediaminetetraacetic acid (EDTA or H4Y) is an

aminocarboxylic acid. In its fully deprotonated form (Y4−), it has six

binding sites—four negatively charged carboxylate groups and two

tertiary amino groups—that can donate six pairs of electrons to a

metal ion. The resulting metal–ligand complex, in which EDTA

forms a cage-like structure around the metal ion, is very stable.

The actual number of coordination sites depends on the size of

the metal ion, however, all metal–EDTA complexes have a 1:1

stoichiometry.



Factors influencing EDTA reactions: 

➢ The nature and activity of metal ion. 

➢ The pH at which the titration is carried out. 

➢ The presence of interfering ions such as CN-, Citrate, Tartrate, F- and other complex 
forming agents. 

➢ Organic solvents also increase the stability of complex. 

Effect of pH: 
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EDTA Titrations
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➢ The basic form of EDTA (Y4-) reacts with most 
metal ions to form a 1:1 complex.

➢ Fraction (a) of the most basic form of EDTA 
(Y4-) is defined by the H+ concentration and 
acid-base equilibrium constants
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where [EDTA] is the total concentration of all free EDTA species in solution

aY4- is depended on the pH of the solution
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The concentration of Y4- and the total concentration of 
EDTA is solution [EDTA] are related as follows:

⇨ The formation constant will be

at fixed pH conditional formation constant (K’f) could 
be calculated as following

  EDTAα] [Y 4Y

4
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EDTA Titrations
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Example:
Calculate the molar Y4- concentration in a 0.0200M EDTA solution buffered to a pH of 10.00

 

0.0060M 0.0200 x 0.3           

 EDTAα] [Y 4Y

4
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Example

Calculate the equilibrium concentration of Ni2+ in a solution 
with an analytical NiY2- concentration of 0.0150M at pH 8.0 
(Kf=4.2x1018) .

K’f=4.2x1018 x 4.2x10-3 = 1.76x1015 = 0.015/x2

x = [Ni2+] = √(0.015/1.76x1015)=2.9x10-9M

EDTA Titrations
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Question:
What is the concentration of free Fe3+ in a solution of 0.10 M FeY- at (a) pH 

2.0, (b) pH 8.0? (Kf=1.3x1025, aY4-(pH 2)=2.6x10-14, aY4-(pH 8)=4.2x10-3).

Answer: [Fe3+] = 5.4x10-7 at pH 2.0 and [Fe3+] = 1.4x10-12 at pH 8.0

➢ Note that the metal –EDTA complex becomes less 
stable as pH decreases (K’f decreases).

➢ In order to get a “complete” titration (K’f ≥106), EDTA 
requires a certain minimum pH for the titration of 
each metal ion.

➢ By adjusting the pH of an EDTA titration: metal ion 
(e.g. Fe3+) can be titrated without interference from 
others (e.g. Ca2+)

Minimum pH for Effective 
Titration of Metal Ions 

EDTA Titrations
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Complexometric EDTA 

Titration Curves

➢ Complexation titration curve shows the change in pM, where M is the metal ion,     

as a function of the volume of EDTA.

➢ Calculating the Titration Curve

Step 1: Calculate the conditional formation constant for the metal–EDTA complex.

Step 2: Calculate the volume of EDTA needed to reach the equivalence point.

Step 3: Calculate pM values before the equivalence point by determining the 

concentration of remaining unreacted metal ions.

Step 4: Calculate pM at the equivalence point using the conditional formation 

constant and Complex concentration.

Step 5: Calculate pM after the equivalence point using the conditional formation 

constant, excess concentration of EDTA and Complex concentration.
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Complexometric EDTA 

Titration Curves

Let’s calculate the titration curve for 50.0 mL of 5.00×10–3 M Cd2+ using a titrant 
of 0.0100 M EDTA at pH 10.0 (assume Kf is 2.9x1015  and aY4-(pH 10) is 0.3)

Step 1: Calculate the conditional formation constant for the metal–EDTA complex.

K’f =  Kf x  aY4- =  2.9x1015 x  0.3 = 8.7x1014

Step 2: Calculate the volume of EDTA needed to reach the equivalence point.

at the equivalence point            

moles EDTA = moles Cd2+

MEDTA×VEDTA = MCd×VCd

⇨ Veq = VEDTA = MCdVCd / MEDTA

= (5.00×10−3 M)(50.0 mL) / (0.0100 M) = 25.0 mL
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Complexometric EDTA 

Titration Curves

Step 3: Calculate pM values before the equivalence point by determining the 
concentration of unreacted metal ions.

1
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Before the equivalence point, Cd2+ is present in excess and pCd is determined 
by the concentration of unreacted Cd2+. 

For example, after adding 5.0 mL of EDTA, the concentration of Cd2+ is

CCd = (initial moles Cd2+ − moles EDTA added) / total volume 

= (MCdVCd − MEDTAVEDTA)/ (VCd + VEDTA)

= ((5.00×10−3 M)(50.0 mL) − (0.0100 M)(5.0 mL)) / (50.0mL + 5.0mL)

= 3.64×10−3 M

pCd = -Log(3.64×10−3) = 2.44



Complexometric EDTA 

Titration Curves
Step 4: Calculate pM at the equivalence point using the conditional formation  

constant.

at equivalence point all Cd2+ and EDTA converted to CdY2-, 

[CdY2−] = initial moles Cd2+ / total volume = MCdVCd / (VCd + VEDTA)

= (5.00×10−3 M)(50.0 mL) / (50.0 mL + 25.0 mL) = 3.33×10−3 M

Now calculate Ccd

CdY2− ⇌ Cd2+ +    Y4−

3.33×10−3 -x x x

K’f = 8.7x1014 = [CdY−2] / CCdCEDTA = (3.33×10−3 −x)/ (x.x)

⇨ CCd = x =√(3.33×10−3 / 8.7x1014)  = 1.95x10-9

pCd = -Log(1.95x10-9)= 8.7
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(volume of equivalence was calculated and found to be 25.0 mL)



Complexometric EDTA 

Titration Curves
Step 5: Calculate pM after the equivalence point using the conditional formation constant. 

At this stage CdY2− formed and excess of EDTA present, their concentrations 
should be calculated. For example when 30.0 mL of EDTA added:

[CdY2−] = initial moles Cd2+ / total volume = MCdVCd / (VCd + VEDTA)

= (5.00×10−3 M)(50.0 mL) / (50.0 mL + 30.0 mL) = 3.125×10−3 M

[EDTA] = (moles of EDTA added-initial moles Cd2+) / total volume 

= MEDTAVEDTA -MCdVCd / (VCd + VEDTA) 

= ((0.0100 M)(30.0 mL) − (5.00×10−3 M)(50.0mL)) / (50.0 mL + 30.0 mL)

= 6.25×10−4 M

Now calculate Ccd

CdY2− ⇌ Cd2+ +           Y4−

3.125×10−3 -x x 6.25×10−4 +x

K’f = 8.7x1014 = [CdY−2] / CCdCEDTA = (3.125×10−3 −x)/ (x)(6.25×10−4 +x)

⇨ CCd = x =3.125×10−3 / (8.7x1014 x 6.25×10−4)  = 5.75x10-15

pCd = -Log(5.75x10-15)= 14.2
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Complexometric EDTA 

Titration Curves

1
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Determination Of EDTA 

Titration End Point

➢ Metal Ion Indicator: a compound that changes color when it binds to a metal ion

- Similar to pH indicator, which changes color with pH or as the compound binds H+

➢ For an EDTA titration, the indicator must bind the metal ion less strongly than EDTA

- Needs to release metal ion to EDTA 

1
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End Point indicated by a color 
change from red to blue
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Determination Of EDTA 

Titration End Point

➢ Common Metal Ion Indicators
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Example: The concentration of a solution of EDTA was determined by standardizing against a 

solution of Ca2+ prepared using a primary standard of CaCO3. A 0.4071-g sample of 

CaCO3  was transferred to a 500-mL volumetric flask, dissolved using a minimum of 6 M 

HCl, and diluted to volume. After transferring a 50.00-mL portion of this solution to a 250-

mL Erlenmeyer flask, the pH was adjusted by adding 5 mL of a pH 10 NH3/NH4Cl buffer. 

After adding calmagite as an indicator, the solution was titrated with the EDTA, requiring 

42.63 mL to reach the end point. Report the molar concentration of EDTA in the titrant. 

(M.wt. of CaCO3 =100.09 g/mol)

Solution: 

* The primary standard of Ca2+ has a concentration of

[0.4071 g CaCO3 / 100.09 g CaCO3] / (0.500 L) = 8.135×10−3 M Ca2+

* The moles of Ca2+ in the titrant is

8.135×10−3 M Ca2+ × 0.050 L Ca2+ = 4.068×10−4 mol Ca2+

which means that 4.068×10–4 moles of EDTA are used in the titration. 

* The molarity of EDTA in the titrant is

4.068×10−4 mol EDTA / 0.04263 L EDTA = 9.543×10−3 M EDTA

1
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Complexometric EDTA 

Titration
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