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18.2.1 Acid & Base Dissociation Constants

Acid & Base Dissociation Constants

Weak acids

A weak acid is an acid that partially  (o r inco mpletely) disso ciates  in aqueo us so lutio ns

Fo r example, mo st carbo xylic acids (e.g. ethano ic acid), HCN (hydro cyanic acid), H S

(hydro gen sul�de) and H CO  (carbo nic acid)

In general, the fo llo wing equilibrium is established:

HA (aq) + H O (l) ⇌  A  (aq) + H O  (aq)

OR

HA (aq) ⇌  A  (aq) + H  (aq)

At equilibrium, the majo rity o f HA mo lecules remain unreacted

The po sitio n o f the equilibrium is mo re o ver to  the lef t  and an equilibrium is established

As this is an equilibrium, we can write an equilibrium co nstant expressio n fo r the reactio n

This co nstant is called the acid disso ciatio n co nstant , K , and has the units mo l dm

Acid dissociation constant expressions

Carbo xylic acids are weak acids

Fo r example, pro pano ic acid, CH CH COOH (aq), disso ciates acco rding to  the fo llo wing

equatio n which leads to  the K  expressio n fo r pro pano ic acid:

CH CH COOH (aq) + H O (l) ⇌ CH CH COO  (aq) + H O  (aq)

OR

CH CH COOH (aq) ⇌ CH CH COO  (aq) + H  (aq)
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Acid dissociation constant expressions for propanoic acid

Values o f K are very small

Fo r example, K  fo r pro pano ic acid = 1.34 x 10  mo l dm

When writing the equilibrium expressio n fo r weak acids, we assume that the co ncentratio n o f

H O (aq) due to  the io nisatio n o f water is negligible

Weak bases

A weak base will also  io nise in water and we can represent this with the base disso ciatio n

co nstant, K

In general the equilibrium established is:

B (aq) + H O (l) ⇌  BH  (aq) + OH  (aq)

Base dissociation constant expression

Amines are weak bases

Fo r example, 1−phenylmethanamine, C H CH NH  (aq), disso ciates acco rding to  the

fo llo wing equatio n which leads to  the K  expressio n fo r 1−phenylmethanamine:

C H CH NH  (aq) + H O (l) ⇌ C H CH NH  (aq) + OH  (aq)

Base dissociation constant expression for 1−phenylmethanamine

pK and pK

a 

a 
-5 -3 

3
+  

b

2
+ -

6 5 2 2

a

6 5 2 2 2 6 5 2 3
+ -

a b 

Page 2 of 12
For more help visit our website www.exampaperspractice.co.uk



The range o f values o f K and K is very wide and fo r weak acids, the values themselves are very

small numbers

Table o f  K values

Fo r this reaso n, it is easier to  wo rk with ano ther term called pK fo r acids o r pK fo r bases

In o rder to  co nvert the values we need to  apply the fo llo wing calculatio ns:

pK = -lo gK K = 10

pK = -lo gK K = 10

Table o f  pK values

The range o f pK values fo r mo st weak acids lies between 3 and 7

Relat ive St rengt hs of  Acids and Bases

The larger the K  value, the stro nger the acid

The larger the pK  value, the weaker the acid
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The larger the K  value, the stro nger the base

The larger the pK  value, the weaker the base

pK and pK tell us the relative strengths of acids and bases 
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Relating Kw to Ka

T he Ionic Product  of  Wat er and Temperat ure

In all aqueo us so lutio ns, an equilibrium exists in water where a few water mo lecules disso ciate

into  pro to ns and hydro xide io ns

We can derive an equilibrium co nstant fo r the reactio n:

2H O (l)⇌ H O (aq) + OH  (aq)

The co ncentratio n o f water is co nstant, so  the expressio n fo r K  is:

K  = [H O ][OH ]

This is a speci�c equilibrium co nstant called the io nic pro duct f o r water

The pro duct o f the two  io n co ncentratio ns is 1 x 10 mo l dm at 25 °C

Fo r co njugate acid-base pairs, K  and K  are related to  K

K K  = K

The co njugate base o f ethano ic acid is the ethano ate io n, CH COO (aq) 

CH COOH (aq) + H O (l) ⇌ CH COO  (aq) + H O  (aq)

acid    co njugate base

We can then put this in to  the K  expressio n

Acid dissociation constant for ethanoic acid

The ethano ate io n will react with water acco rding to  the fo llo wing equatio n

CH COO  (aq) + H O (l) ⇌ CH COOH (aq) + OH  (aq)

We can then put this in to  the K  expressio n
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Base dissociation constant for the ethanoate ion

No w, these two  expressio ns can be co mbined, which co rrespo nds to

K K  = K

K K  = 10

Or we co uld say that

pK  + pK  = pK

pK  + pK  = 14

This makes the numbers much mo re easy to  deal with as using K K  = 10 will give very small

numbers

Combining K  K expressions

Or rearranging these:

K  =  K  / K

K =  K  / K

T he ionic product  of  wat er, K

The io nisatio n o f water is an endo thermic  pro cess

2H O (l) ⇌ H O   aq) + OH  (aq) 

In acco rdance with Le Châtelier's principle, an increase in temperature will result in the fo rward

reactio n being favo ured

This causes an increase in the co ncentratio n o f the hydro gen and hydro xide io ns

This leads to  the magnitude o f  K  increasing

Therefo re, the pH will decrease

Increasing the temperature, decreases the pH o f water (beco mes mo re acidic)

Decreasing the temperature, increases the pH o f water (beco mes mo re basic)
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Relationship between K  and temperature w
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18.2.2 Acid & Base Problem Solving

Acid & Base Calculations

pH

The acidity o f an aqueo us so lutio n depends o n the number o f H O io ns in so lutio n

pH is de�ned as:

pH = -lo g [H O ]

Where [H O ] is the co ncentratio n o f H O  io ns in mo l dm

Similarly, the co ncentratio n o f H o f a so lutio n can be calculated if the pH is kno wn by rearranging

the abo ve equatio n to :

[H O ] = 10

The pH scale is a lo garithmic scale with base 10

This means that each value is 10 times the value belo w it

Fo r example, pH 5 is 10 times mo re acidic than pH 6

pH values are usually given to  2 decimal places

pOH

The basicity o f an aqueo us so lutio n depends o n the number o f hydro xide io ns, OH , in so lutio n

pOH is de�ned as:

pOH = -lo g [OH ]

Where [OH ] is the co ncentratio n o f hydro xide io ns in mo l dm

Similarly, the co ncentratio n o f OH o f a so lutio n can be calculated if the pH is kno wn by

rearranging the abo ve equatio n to :

[OH ] = 10

If yo u are given the co ncentratio n o f a basic so lutio n and need to  �nd the pH, this can be do ne by:

[H O ] = K  / [OH ]

Alternatively, if yo u are given the [OH ] and calculate the pOH, the pH can be fo und by:

pH = 14  - pOH
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Worked example

pH and H O calculatio ns

�. Find the pH when the hydro gen io n co ncentratio n is 1.60 x 10  mo l dm

�. Find the hydro gen io n co ncentratio n when the pH is 3.10

Answers

Answer 1:

The pH o f the so lutio n is:

pH = -lo g [H O ]

pH = -lo g 1.6 x 10

pH = 3.80

Answer 2:

The hydro gen co ncentratio n can be calculated by rearranging the equatio n fo r pH

pH = -lo g [H O ]

[H O ] = 10

[H O ] = 10

[H O ] = 7.94  x 10  mo l dm

Worked example

pH calculatio ns o f  a stro ng alkali

�. Calculate the pH o f 0.15 mo l dm so dium hydro xide, NaOH

�. Calculate the hydro xide co ncentratio n o f a so lutio n o f so dium hydro xide when the pH is

10.50

Answers

So dium hydro xide is a stro ng base which io nises as fo llo ws:

NaOH (aq) → Na  (aq) + OH  (aq) 

Answer 1:

The pH o f the so lutio n is:
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[H ] = K ÷ [OH ]

[H ] = (1 x 10 ) ÷ 0.15 = 6.66 x 10

pH = -lo g[H ]

pH = -lo g 6.66 x 10 = 13.17

Answer 2

Step 1: Calculate hydro gen co ncentratio n by rearranging the equatio n fo r pH

pH = -lo g[H ]

[H ] = 10

[H ] = 10

[H ] = 3.16 x 10  mo l dm

Step 2: Rearrange the io nic pro duct o f  water  to  �nd the co ncentratio n o f hydro xide io ns

K  = [H ] [OH ]

[OH ] = K ÷  [H ]

Step 3: Substitute the values into  the expressio n to  �nd the co ncentratio n o f hydro xide io ns

Since K  is 1 x 10  mo l  dm

[OH ] = (1 x 10 ) ÷  (3.16 x 10 )

[OH ] = 3.16 x 10 mo l dm

K , pK , K  and pK

In reactio ns o f weak acids and bases, we canno t make the same assumptio ns as fo r the

io nisatio n o f stro ng acids and bases

Fo r a weak acid and its co njugate base, we can use the equatio n:

K = K K

By �nding the -lo g o f these, we can use:

pK = pK  + pK

Remember, to  co nvert these terms yo u need to  use:

pK = -lo gK K = 10

pK = -lo gK K = 10

The assumptio ns we must make when calculating values fo r K , pK , K  and pK are:

The initial co ncentratio n o f acid ≈ the equilibrium co ncentratio n o f acid
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[A ] = [H O ]

There is negligible io nisatio n o f the water, so  [H O ] is no t a�ected

The temperature is 25 °C

Worked example

Calculate the acid disso ciatio n co nstant, K , at 298 K fo r a 0.20 mo l dm  so lutio n o f pro pano ic

acid with a pH o f 4.88.

Answer

Step 1: Calculate [H O ] using

[H O ] = 10

[H O ] = 10

[H O ] = 1.3182 x 10

Step 2: Substitute values into  K  expressio n 

K  = [H O ]  / [CH CH COOH]

K  = (1.3182 x 10 )  / 0.2

K  = 8.7 0 × 10 mo l dm

Worked example

A 0.035 mo l dm  sample o f methylamine (CH NH ) has pK  value o f 3.35 at 298 K. Calculate the

pH o f methylamine.

Answer

Step 1: Calculate the value fo r K  using

K = 10

K = 10

K = 4.4668 x 10

Step 2: Substitute values into  K  expressio n to  calculate [OH ]

K = [OH ]  / [CH NH ]

4.4668 x 10  = [OH ]  / 0.035
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[OH ] = √(4.4668 x 10  x 0.035)

[OH ] = 3.9539 x 10

Step 3: Calculate the pH

[H ] = K ÷ [OH ]

[H ] = (1 x 10 ) ÷ 3.9539 x 10

[H ] = 2.5290 x 10

pH = -lo g [H ]

pH = 2.5290 x 10

pH = 11.60 to  2 decimal places 

OR

Step 3: Calculate pOH and therefore pH 

pOH = -lo g [OH ]

pOH = -lo g 3.9539 x 10

pOH = 2.4029

pH = 14 - pOH

pH = 14 - 2.4029

pH = 11.60 to  2 decimal places 
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