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Title:
Determination of Dissociation constants of weak acids by pH measurements

Aim:
To determine the dissociation constants of weak acids by pH measurements

Chemicals and Apparatus:
buffer solution of pH 4.0, ~50 cm3 0.10M ethanoic acid, ~50 cm3 0.10M chloroethanoic acid, ~50 cm3 0.10M dichloroethanoic acid, pipette, pipette filler, burette, phenolphthalein, ~100 cm3 0.10M of sodium hydroxide solution

Methods:
For a weak acid, HX, dissociating according to the equation,

HA(aq)
+
H2O(l)
[image: image1.wmf]

H3O+(aq)
+
A-(aq)
The dissociation constant, Ka, is given by,

	Ka =
	[H3O+(aq)][A-(aq)]

	
	[HA(aq)]


By adjusting the concentration of salt and acid to the same by netralization:

H3O+(aq)
+
OH-(aq)
(
2 H2O(l)
, we have

Ka 
= 
[H3O+(aq)]

And thus,

pH
=
pKa
Ka 
= 
10-pH
Procedures:

1. The pH meter was calibrated by using a buffer solution of pH 4.0.

2. 25 cm3 0.10M of ethanoic acid was pipetted into a conical flask.

3. A few drops of phenolphthalein was added into the solution.

4. The solution was titrated against 0.10M sodium hydroxide solution.

5. When the solution just turned pink, a further 25 cm3 of the same ethanoic solution was added to the conical flask and mixed thoroughly.

6. The pH of the solution was determined by the pH meter.

7. Steps 2~6 were repeated by substituting for chloroethanoic acid and dichloroethanoic acid.

Observation:


1. The solution turned from colorless to pink when the end point was reached.

2. Both the buffer solution, ethanoic acid, chloroethanoic acid, dichloroethanoic acid were colorless

Results:

	HX
	CH3COOH
	CH2ClCOOH
	CHCl2COOH

	pH of final mixture
	4.39
	2.95
	2.58


Discussions:
Assumption in the experiments
The neutralization process was assumed 100% goes into completion.

The further added acid has no or negligible dissociation.

With the assumption of all salts are completely dissociated in water and the ions contributed from dissociation of weak acids are negligible.

Ostwald’s Law and its Approximate Form

Weak acids

The acid dissociation constant for a weak acid, HA, is written as

	Ka=
	[H3O+(aq)] eqm [A-(aq)] eqm

	
	[HA(aq)] eqm


Suppose 1 mole of the acid HA is dissolved in water to produce V dm3 of an aqueous solution, and that at equilibrium a fraction α mole has reacted with the water. Then the initial and equilibrium concentration of each species in the above equation will be as follows:






HA(aq)
+
H2O(l)
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H3O+(aq)
+
A-(aq)
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We can now substitute these equilibrium concentrations into the equilibrium expression and obtain
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Ka = 

        





      1-α

        





       V

The above relationship is known as Ostwald’s Dilution Law.

For a weak acid which undergoes relatively little ionization in solution, α is small and so (1-α) approximates to 1, and the above equation may be simplified in the approximate form:

	Ka =
	α2

	
	V


Calculations, involving the above 2 equations, show that for weak acids such as ethanoic acid (Ka = 1.8 x 10-5 mol dm-3 at 298K), the approximate form of the Dilution Law introduces errors no greater than about 1~2% for aqueous solutions of dilution up to 0.01 M.

Weak bases

Ammonia is a typical weak base and reacts with water in the following way:

NH3(aq)
+
H2O(l)
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NH4+(aq)
+
OH-(aq)
Kb, the base dissociation constant can be written as

	Kb=
	[NH4+(aq)] eqm [OH-(aq)] eqm

	
	[NH3(aq)] eqm


Ostwald’s law applies equally to weak bases as it does to weak acids in aqueous solution and the approximate expression can also be applied up to 0.01 M.

Relationship between the Kw, Ka, and Kb
When an acid HA dissolves in water, the following equilibrium is established,

HA(aq)
+
H2O(l)
[image: image4.wmf]

H3O+(aq)
+
A-(aq)
And the position of equilibrium is an indication of the strength of the acid. For a strong acid, such as hydrochloric acid, the reaction goes virtually to completion:

HCl(aq)
+
H2O(l)
(
H3O+(aq)
+
Cl-(aq)
While in the case of a weak acid, such as ethanoic acid, the position of equilibrium favours the reactants:

CH3COOH(aq)

+
H2O(l)
[image: image5.wmf] 
H3O+(aq)
+
CH3COO-(aq)
A precise indication of the position of this equilibrium is provided by an equilibrium constant:

	K=
	[H3O+(aq)] eqm [A-(aq)] eqm

	
	[HA(aq)] eqm [H2O(l)]eqm


Since [H2O(l)]eqm is virtually constant we can define a new equilibrium constant, Ka = K[H2O(l)]eqm which gives the expression

	Ka=
	[H3O+(aq)] eqm [A-(aq)] eqm

	
	[HA(aq)] eqm


where Ka is called the acid dissociation constant, and has units of mol dm-3. In order to avoid the inconvenience of negative indices, it is often convenient to refer to pKa where

pKa

=
- log Ka
and values of pKa are generally quoted at 298 K.

The more positive the value of pKa, the smaller the value of Ka and the weaker is the acid.

Similarly, we can express the equilibrium for the reaction of a base with water

B(aq)
+
H2O(l)
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BH+(aq)
+
OH-(aq)
and so

	Kb=
	[BH+(aq)] eqm [OH-(aq)] eqm

	
	[B(aq)] eqm


and pKb is called the base dissociation constant, and we define a pKb scale where

pKb

=
- log Kb
If we now consider the case of a particular acid, ethanoic acid, , whose conjugate base is the ethanoate ion, , we can write

	Ka=
	[H3O+(aq)] eqm [CH3COO -(aq)] eqm

	
	[CH3COOH(aq)] eqm


	Kb=
	[CH3COO H (aq)] eqm [OH-(aq)] eqm

	
	[CH3COO -(aq)] eqm


Multiplying these 2 expressions together we have

Ka 
x
Kb
=
[H3O+(aq)] eqm [OH-(aq)] eqm
=
Kw
And

pKw

= 
pKa
+
pKb
= 
14 
(at 298)

Provided the acid dissociation constant for a particular acid is known, the base

dissociation constant of its conjugate base can be determined. Hence the stronger 

the acid, the weaker its conjugate base.

Factors affecting the acid and base strength

The nature of hydroxide

Oxyacids and alkalis arehydroxides, i.e. they contain an –OH group. In aqueous solution an hydroxide may behave as an acid:

EO—H(aq)
+
H2O(l)
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EO-(aq)
+
H3O+(aq)
Or as a base:

E—OH(aq)
+
H2O(l)
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OH-(aq)
+
E—OH2+(aq)
Behavior as an acid will be encouraged by the electronegativity element E with a tendency to accept electrons and thus facilitate the loss of a proton. In an acid, the element E is therefore generally a non-metal and oxyacids of the type EOx(OH)y are particularly common, although they are often written in the form which conceals the presence of the hydroxyl group:

Sulphuric acid

H2SO4
or
SO2(OH)2
Chloric(VII) acid
HClO4
or
ClO3(OH)

Nitric acid

HNO3
or
NO2(OH)

The larger the number of electronegative oxygen atoms attached to the central non-metal, the easier the release of a photon and the stronger the acid. Thus we observe the following order of acid strength:

HClO4
> 
HClO3
> 
HClO2
>
 HClO

and

HNO3
>
HNO2

If the hydroxyl group is attached to an electropositive element, e.g. metals in Groups 1A and 2A, the hydroxide will behave as a base in aqueous solution; indeed, these hydroxides are predominantly ionic and the OH- ions already exist in the solid compounds.

Organic acids

The strength of an organic carboxylic acid RCOOH depends again on the ability of the RCOO—group to attract electrons away from the hydrogen atom and thus allow its release as a proton:

This depends particularly on the nature of the group R—. The following table gives the pKa values at 298K for ethanoic acid and the chloroethanoic acids, from which it is clear that the pKa values decrease (and hence the strengths of the acids increase with increasing chlorine substitution.

	Acid
	Formula
	R— group
	pKa

	Ethanoic 
	CH3COOH
	CH3—
	4.76

	Chloroethanoic
	CH2ClCOOH
	ClCH2—
	2.86

	Dichloroethanoic
	CHCl2COOH
	Cl2CH—
	1.29

	Trichloroethanoic
	CCl3COOH
	Cl3C—
	0.65


An explanation to this is because the chlorine atom is powerfully electron-attracting

by comparison with the hydrogen atom, and this results in the –OH oxygen atom in

the acid being more δ+ than in the parent compound, ethanoic acid. This will tend

to facilitate the removal of a proton and hence lead to an increase in acid strength.

The net result of introducing three chlorine atoms into the molecule is to make a –I

inductive effect by comparison with the hydrogen atom.
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