
1

Mono-protic Acids and Mono-basic Bases

Acid is  a substance which increase [H3O+] in water.

Strong acids (SA) dissociate nearly completely in solutions, 
and SAs consumes basic groups nearly completely.

Base is  a substance which decrease [H3O+] in water.

Strong bases (SB) consume acidic hydrogens nearly 
completely.

Conjugate base of a strong acid is of negligible basicity.
Conjugate acid of a strong base is of negligible acidity.

Strong Acids and Bases:

Solute dissociation complete.
pH = - log aH+  - log cH+

for low  solutions and [SA]0 = [H+]=cH+ or [SB]0 = [OH-] ( 10-6M).

However if solutes concentrations (SA/SB)  10-6M,
requires systematic equilibrium calculations to calculate cH+

if solute (SA/SB); 10-8M - 10-6M.

What is the pH of 10-8 M KOH or HCl?

Behavior of a compound as an acid/base is generally 
dependent on the environment.
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[H ]+[K ] = [OH ]

[K ] =1×10

[H ][OH ] =K

Concentration of H = x

x(x +1×10 ) =K

x = 9.512×10   pH = 7.02

KOH         K+ + OH-

H2O = H+ + OH-

Setting up CBE, MBE and water dissociation equilibria;
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[H ] = [Cl ]+[OH ]

[Cl ] =1×10

[H ][OH ] =K

Concentration of H = x

x(x -1×10 ) =K

x =1.051×10 pH = 6.978

HCl H+ + Cl-

H2O = H+ + OH-

Setting up CBE, MBE and water dissociation equilibria;

Formal Concentration (Formality):

Molarity of a substance if it did not change its chemical 
form when dissolved.

Acetic acid; CH3COOH 1mol/L = 1F

In reality, fraction of the acetic acid in solution dissociates,

Thus the actual molarity of UNDISSOCIATED acetic acid is 
less that F mol/L.

- +
3 3CH COOH=CH COO +H

     F-x           x             x

Weak Acids and Bases:

Strengths of weak acids/bases shown by their K values. 
(few strong acids encountered)

acid dissociation Ka:

HA + H2O        A- + H3O+

F-x                   x        x

stronger WA HA ~ weaker A-

(acid)     (conj. Base)

- log Ka = pKa
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Base constant Kb;

A:- + H2O           HA + OH- hydrolysis

- log Kb = pKb , ,  


a HA wb A

a b w
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a HA wb A

a b w

K K K

K K K

For aqueous solutions;

2 H2O            OH- + H3O+

Kw = [OH-][H3O+]

Conjugate bases of WA are weak bases, the 
strength of which related to the acid strength of WA.
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F                                initial concentration

(F - x)           x      x    equilibrium concentration

[HA][OH ] x
K        solve for x; 

[A ] F x

Composition of A- (salt; NaA) solutions:
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a

HA H A

F                      initial concentration

(F - x) x      x    equilibrium concentration

[H ][A ] x
K        solve for x;

[HA] F x

Composition of fully protonated HA solutions:

Fractional dissociation of HA i:
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Fractional compositions

Note:  F = Total concentration of all species containing the 
moiety A.
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Although the use of the approximations greatly simplifies the 
algebra, care must be exercised in its use.  Approximations 
are valid if the approximation yields a value for 
x  0.05formal concentration. 

Fractional 
composition



3

Fractional
Dissociation,
of a weak acid HA
increases with dilution

Larger Ka

FHA
Dilution

1
a

A
HA

K

F
  

Fractional Association of Base B (or A- from NaA):
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Fractional compositions

 
2B + H O = BH  + OH

F-x             x          x

Buffers

A mixture of a (HA + A-) or (B + BH+) forms a (pH) buffer.

A buffer solution is a solution which resists pH changes due 
to the addition of small amounts acids or bases.

Such small additions do change the pH of the buffer, but only 
by a very small amount.

Buffer action:

Mixture of (HA + A-) or (B + BH+) will consume any small
(foreign) amount of OH- or H+ added to it, thereby maintain the 
[H+]  nearly constantly.

Approximate calculation of buffer pH:

Consider acid dissociation, expressed as;

HA refers to the weak acid, it can be BH+.

w b,B +

[B]
pH = pK - pK + log        

[BH ]
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Henderson-Hasselbach
Equation
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[A]
pH = pK + log  

[HA]

        p HA K  of a

a HA
Buffer capacity :

The ability of a buffer solution to resist 'foreign' acids/bases: 
depends on the number of molecules of HA and A- or B and
BH+ in the mixture and the ratio [A-]/[HA] or [B]/[BH+].  

 highest at [HA]=[A-]

 Increases as the above ratio(s) reaches unity.
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Buffer capacity :

The ability of a buffer solution to resist ‘additional' acids/bases: 
depends on the number of molecules of HA and A- or B and
BH+ in the mixture and the ratio [A-]/[HA] or [B]/[BH+].  

 Increases as the above ratio(s) reaches unity.

Buffer capacity - Definition: The number of mmol of a strong 
acid/base required to cause a unit change in pH per mL of buffer 
solution.

 highest at [HA]=[A-]

OH H
dC dC

dpH dpH
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For an HA/A- buffer system;  Example for pKa=5.00
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For an HA/A- buffer system;  Example for pKa=5.00

The variation of pH of a buffer @ pH ~ pK is the lowest.
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For an HA/A- system;  pKa=5.00
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For an HA/A- system;  pKa=5.00 pH

OH
dC

dpH
 



Useful (rule of thumb) buffer range of a 
buffer of WA is  pKa  1.

Buffer capacity is highest at pH = pK and at that point 
[HA]=[A] and are large.

When pH = pK for a mixture of a conjugate pair concentrations 
are equal.

To make a high capacity buffer of pH  X, pick a system where
pK  pH desired of the buffer and the conjugate pair 
concentrations are high and equal.

Buffer Preparation:

Buffers can be prepared by (a) adding a 
strong base (OH-) to a weak acid (HA) or by 
(b) adding a strong acid (H+) to a  weak base.

Either procedure will produce mixture of a 
weak acid and it’s conjugate base mixture.

See text.

HA

OH-

,

[A]
pH = pK + log  

[HA]

        p HA K  of a

a HA
Note:

approximation !!

and Ka = f(T)

To prepare a buffer of desired pH choose a WA with pKa

close to the desired buffer pH and adjust the pH adding strong 
acid/base as needed.

Useful (rule of thumb) buffer range of a buffer of WA is  pKa  1.

amounts to            0.1 <  [A]/[HA]  < 10 ; @ [A]/[HA]  1, best

For 0.1 >  [A]/[HA]  > 10 ‘the resistance to’ would be only to base 
and acid additions, respectively – not a ‘buffer’ !!.

Note: Buffer pH depends on temperature and ionic strength .

At high concentrations of acids and bases or extreme pH values
the analytical concentrations of species are significantly different 
from formal concentrations. Thus HHE loses it’s validity in 
such regions.

For an HA/A- system;  pKa=5.00
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strong acid !

‘Buffers’ against
bases !
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Calculation of HA and A of a HA/A equilibrium system

In any aqueous solution containing HA, the ion A- has 
to be present, and vice versa. The concentration and therefore 
the fractional composition is dependent on the [H+] in the 
solution.  In general, calculation of concentrations and fractions
require the solution of a set of equations that relate the
concentrations. 

a
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             K

        K

HA H A

H O H OH

 

 

 

 

In general use the expressions for K’s above, with mass 
balance and charge balance equations to solve for actual 
[H+], [OH-], [HA] and [A-], with FHA calculate  values.
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Fractional composition
variation with pH of 
HA, A equilibrium 
system

αi plots shows the fraction of any given protic species in 
solution.

For a buffer of pH 8, from HA/A- system; pKa= 5, the species 
represented by the fractional composition curve is present 
predominantly the A¯ protic form.

If a buffer has a pH=4, then the species represented by the 
curves is present as ~10 % A¯ and ~90% HA.

No matter which form of HA we add, so long as the buffer 
controls the pH, the composition is dictated by the pH and 
the αi plots.

Fractional composition
of HA, A equal at pH 
=pKa

For an HA/A- system;  pKa=5.00

pH at end
point of HA vs
SB titration

More “acidic”                       More “basic”

[HA]=[A-]

pH at half end
point of a HA vs
SB titration

0HA 


