     

Complexometric Reactions and Titrations

Many metal ions form slightly dissociated with various ligand (complexing agents). Complexometric titration is useful for determining a large number of metals. Selectivity can be achieved by appropriate use of masking agents (addition of other complexing agents that react with interfering metal ions) and by pH control.
Complexes and formation constant:-
Complexes play an important role in many chemical and biochemical processes, for example, the heme molecule in blood holds the iron atom tightly because the nitrogen atoms of the heme form strong ligand or complexing bonds, which means nitrogen is a good complexer.
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      For a given species like ML, we can calculate an alpha value, which is the fraction of the total metal concentration existing in that form. Thus,  M is the fraction of the total metal present at equilibrium as the free metal,  ML is the fraction present as ML, and so on. the alpha values are given by:
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Now αM can be found as:
[image: C:\Users\Elia\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\صورة جديدة (13).bmp]
From above Equations. We can find αML from
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  Many cations will form complexes in solution with a variety of substances have a pair of unshared electron (e.g. on N, O, S atoms in molecule) capable of satisfying the coordination number of the metal. The metal ion is a Lewis acid (electron pair
 acceptor), and the complexer is a Lewis base (electron pair donor). The number of molecules of the complexing agent, called the ligand, will depend on the coordination number of the metal and on the number of complexing group on the ligand molecules.



Formation constant (Kf):- the formation constant is also called the stability constant Ks or Ksp.


Example:- A divalent metal M+2 reacts with a ligand L to form 1:1 complex.

Calculate the conc. of M+2 in a solution prepared by mixing equal volume of 0.2M (M+2) and 0.2M (L), Kf=1.0×108.


Example:- Silver ion forms a stable 1:1 complex with triethylene tetramine (trien) [NH2(CH2)2NH(CH2)2NH(CH2)2NH2]. Calculate the silver ion conc. at equilibrium when 25mL of 0.01M silver nitrate is added to 50mL of 0.015M trien, Kf=5.0×107 ?

[Ag+] unreacted = x






   Chelates:-EDTA (the ultimate titrating agent for metals): An organic agent that has two or more groups capable of complexing with a metal ion is called a chelating agent, the complex formed is called a chelate. The chelating agent is called the ligand. Titration with a chelating agent is called a chelometric titration.
The term chelate is derived from the Greek term meaning (claw like) chelating agents literally wrap themselves around a metal ion.
   EDTA equilibrium:-The protons in EDTA Ethylene Diamine Tetra Acetic acid are displaced upon complexing with a metal ion. Negatively charged chelate results
[image: C:\Users\Elia\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\صورة جديدة (4).bmp]
Tetraprotic acid (H4Y): six complexing groups (hexadentate) multidentate

[image: Image result for EDTA]
   
Formation constant:-Lets EDTA = Y                    
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    Effect of pH on EDTA equilibria:-
[image: C:\Users\Elia\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\صورة جديدة (7).bmp]
Composition of EDTA solutions as a function of pH
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   Example:- Calculate the fraction of EDTA that exists as Y-4 at pH 10, and from this calculate pCa in 100mL of solution of 0.1M Ca+2 at pH 10 ( α=0.35) after adding 100mL of 0.1M EDTA.


We have formed 10.0mmol CaY-4 in 200mL, or 0.050M



Conditional formation constant (used for a fixed pH):

The conditional formation constant value holds for only a specified pH.
   Example:- The formation constant for CaY2- is 1.8×1010 at pH10. Calculate pCa in 100mL of a solution of 0.10M Ca+2 at pH10 after addition of a 0mL, 50mL, 100mL and 150mL of 0.1M EDTA?
(1) At 0mL: (0.10M Ca+2 alone)
(2) At 50mL: before equivalence point




(3) At 100mL: equivalence point



(3) At 150mL: after equivalence point







  Example: - Calculate the equilibrium concentration of Ni2+ in a solution with an analytical Niy2- concentration of 0.0150 M at pH (a) 3.0 and (b) 8.0. (α4 is 2.5×10-11 at pH 3 and  5.4×10-3 at pH 8). Kf = 4.2 × 1018
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a) At pH 3
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(b) At pH 8
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Spreadsheet for the titration of 50.00 mL of 0.00500 M Ca2+ with 0.0100 M EDTA in a solution buffered at pH 10

    Metal-EDTA titration curves:-Only some metal chelates are stable enough to allow titration in acid solution, others require alkaline solution.  Titration curves for 100mL 0.1M Ca+2 versus 0.1M Na2EDTA at pH7 and pH10.
[image: ]   Detection of the endpoint (indicators: they are chelating agents indicators used for chelometric titrations are themselves chelating agents. They are usually dyes of the o,o’-dihydroxyazo type. Eriochrome Black T (EBT): is a typical indicator it contains three ionisable protons, so we will represent it by H3In. This indicator can be used for the titration of Mg+2 with EDTA. A small amount of indicator is added to the sample solution, and its forms a red complex with part of the Mg+2, the colour of the uncomplexed indicator is blue, as soon as all the Mg+2 is titrated, the EDTA displaces the indicator from the magnesium, causing a change in the colour from red to blue.
[image: ]   This will occur over a pMg range, and the change will be sharper if the indicator is kept as dilute as possible and will still give a good colour.
   Figure below shows the minimum pH at which different metals can be titrated with EDTA. The points on the curve represent the pH at which the conditional formation constant Kf for each metal is 106 (log Kf = 6), which was arbitrarily chosen as the minimum needed for a sharp end point. Note that the smaller the Kf , the more alkaline the solution must be to obtain a Kf of 106 (i.e., the larger α4 must be). Thus, Ca2+ with Kf only about 1010 requires a pH of ∼≥ 8. The dashed lines in the figure divide the metals into separate groups according to their formation constants. One group is titrated in a highly acidic (pH < ∼3) solution, a second group at pH ∼3 to 7, and a third group at pH > 7. At the highest pH range, all the metals will react, but not all can be titrated directly due to precipitation of hydroxides. For example, titration of Fe3+ or Th4+ is not possible without the use of back-titration or auxiliary complexing agents to prevent hydrolysis. At the intermediate pH range, the third group will not titrate, and the second group of metals can be titrated in the presence of the third group. And finally, in the most acidic pH range, only the first group will titrate and can be determined in the presence of the others. Note that a moderately acidic environment is satisfactory for many divalent heavy-metal cations and that a strongly acidic medium can be tolerated in the titration of such ions as iron (Ill) and indium(Ill).
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Minimum pH needed for satisfactory titration of various cations with EDTA.
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Since the complex is the only source of both Ni>* and the EDTA species,

[NiZ*] = [Y*"] + [HY?"] + [HY?7] + [H3Y 7] + [HyY] = cr
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Cu/glycine complex
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Calculation of Alpha Values for Metal Complexes

‘The alpha values for metal-ligand complexes can be derived in the same way
that we derived values for polyfunctional acids in Section ISH. The alphas are
defined as
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‘The total metal concentration cy can be written
&4 = [M] + [ML] + [ML,] + - + [ML,]

From the overall formation constants (see Equations 17-5 through 17-8). the
concentrations of the complexes can be expressed in terms of the free metal con-
centration [M], to give

ey = [M] + Bi[M][L] + B,[M][L]* + - + B,IM][L]"
M){1 + Bi[L] + B[LT + = + B,[L1}




