Acid - Base Equilibrium 29

1.  (a) Explain what is meant by the terms:
1. Bronsted-Lowry acid,
ii.  Bronsted-Lowry base.

(b) Identify any Bronsted-Lowry acids and bases in the following systems:
1. HCl(aq) + NaOH(aq) ---> NaCl(aq) + H,O(D)

ii. CH3COOH(ag) +  HyO() --> CH3COO0 (ag) + H30%(aq)

iii. CH3COOH(aq) + HCl(aq) > CH3COOH2+(aq) + Cl(aq)
iv.  2H,SO4(1) > H3S04™ (1) +  HSO4 ()
v. NHz(aq) + HyO() ---> NHy*(ag) + OH(aq)

2. The ionisation of phenol in water can be represented by the equation.

CeHsOH + Hy0 T= CgHsO + H30%

(a) Identify the Bronsted lowry acid and base in the above equilibrium.

(b) Name the H30% ion.
(c) Write an expression for the equilibrium constant for the above reaction.

3.  Foreach of the following equilibria identify the conjugate base and conjugate acid.

() NH3 + H,O — NHy* + OH"

() HCI + H)0 T H30% + CI
(c) HCOOH + H,0 T HCOO" + H30*

@) 2H,S04() == H3s0,t() + HSO4 ()

4.  Water has a small but measurable electrical conductivity, due to reversible self ionisation.
—

N + - -1
2H,0O H30™ + OH AH ( forward) = -57kJ mol

(a) Write an expression for the ionic product of water, Kw.

(b) What is the value of Kw at 25°C?
(c) What is the concentration of hydroxonium ions in water at 25°C?
(d) What effect does increasing the temperature of water have on the hydroxonium ion

concentration?
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Hydrogen 1on concentration & pH 2.10

1.  Calculate the concentration of hydrogen ions in the following solutions. In each case
assume that the acid is fully ionised.

(@) 0-1 mol I"! hydrochloric acid (HCI ) (b) 0-02 mol I"! sulphuric acid (H,SOy )
(¢) 0-3 mol i=! nitric acid (HNO3) (d) 0-05 mol -1 phosphoric acid ( H3POy4 )

2. Calculate (1) the hydrogen ion concentration and (ii) the pH , of the following solutions.

(a) 0-5 mol -1 hydrochloric acid (b) 0-05 mol -1 sulphuric acid
(c) 0-8 mol 1"} sodium hydroxide (d) 2 mol I-1 nitric acid
(e) 0-05 mol I"! calcium hydroxide (H2x 1073 mol I"! potassium hydroxide

3. Comparing solutions of sulphuric and sulphurous acid of cqual concentrations.

(«) Which has the higher conductivity? Explain your answer.
(b) Which has the higher pH? Explain your answer.
(¢) Which gives the slower reaction with metals? Explain your answer.

4. Nitrous acid ( HNO, ) acid is a weak acid, while nitric acid ( HNO3 ) is a strong acid. In
each case the equilibria in aqueous solution are

Nitrous acid HN02 —— Ht + NO,~
Nitric acid HNO3 —— H' + NOy

(a) In the case of nitric acid does the equlibrium lie towards the right or left?

(b) Use the equilibrium for nitrous acid to explain why 100 cm? of 0-1 mol I"! nitrous acid
requires the same amount of acid for neutralisation as 100 cm3 of 0-1 mol 1! nitric
acid, although the nitrous acid solution contains many fewer hydrogen ions.

5. Foreach of the following solutions calculate the concentration of

(i) hydrogen ions (11) hydroxide ions
(a) hydrochloric acid pH 4-5 (b) sulphuric acid pH 3-6
(¢) sodium hydroxide solution pH 10-7 (d) ammonia solution pH 9-8

Advanced Higher Chemistry Principles of Chemical Reactions
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