Worked solutions to textbook questions
1

Chapter 14 Acids and bases
Q1.

What is the conjugate base of the following acids?

a
HCl

b
H2SO4
c
HPO42–
d
HCO3–
e
HNO3
A1.

a
Cl–
b
HSO4–
c
PO42–
d
CO32–
e
NO3–
Q2.

What is the conjugate acid of the following bases?

a
NH3
b
CH3COO–
c
HPO43–
d
CO32–
e
O2–
A2.

a
NH4+
b
CH3COO–
c
H2PO42–
d
HCO3–
e
OH–
Q3.

Show that the reaction between a solution of sodium hydroxide and a solution of hydrochloric acid is a Brønsted–Lowry acid–base reaction.

A3.

Brønsted–Lowry acid–base reactions are those involving the exchange of a proton (H+ ion). The acid donates the proton to the base. In the reaction below, the HCl loses a proton to the base. 

HCl(aq) + NaOH (aq) ( NaCl(aq) + H2O(l)

The ionic equation provides a clearer way (by eliminating spectator ions) of noting the reaction between the H+ and OH– ions neutralising to form water.

H+(aq) + OH–(aq) ( H2O(l)
Q4.

These equations show the three-stage ionisation of phosphoric acid. Identify all the amphiprotic substances.

(1) H3PO4(aq) + H2O(l) ( H2PO4–(aq) + H3O+(aq)

(2) H2PO4–(aq) + H2O(l) ( HPO42–(aq) + H3O+(aq)

(3) HPO4–(aq) + H2O(l) ( PO43–(aq) + H3O+(aq)

A4.

(1) H2PO4–(aq)
(2) HPO4–(aq)
(3) H2O(l) (although H3O+ is not shown here) 

Q5.

Write an equation to show each of the following acting as an acid and a base with water.
a
HCO3–
b
HPO42–
c
HSO4–
d
H2O


A5.

Acting as an acid, whereby the reactant donates one proton:

a
HCO3– + H2O(l) ( CO32–(aq) + H3O+(aq)

b
HPO42– + H2O(l) ( PO43–(aq) + H3O+(aq)

c
HSO4– + H2O(l) ( SO42–(aq) + H3O+(aq)

d
H2O + H2O(l) ( OH–(aq) + H3O+(aq)

Acting as a base, whereby the reactant accepts one proton:

a
HCO3– + H2O(l) ( H2CO3–(aq) + OH–(aq)

b
HPO42– + H2O(l) ( H2PO4–(aq) + OH–(aq)

c
HSO4– + H2O(l) ( H2SO4–(aq) + OH–(aq)

d
H2O + H2O(l) ( H3O+(aq) + OH–(aq) 

Q6.

Write balanced equations to show that, in water: 

a 
HClO4 is a strong acid
b 
HCN is a weak acid
c 
CH3NH2 is a weak base

A6.

a
HClO4(aq) + H2O(l) ( H3O+(aq) + ClO4–(aq)

b
HCN(aq) + H2O(l) [image: image48.png]Harcourt Education



 H3O+(aq) + CN–(aq)

c
NH3(aq) + H2O(l) [image: image2.jpg]


 NH4+(aq) + OH–(aq)

Q7.

Write balanced equations for the three ionisation stages of arsenic acid, H3AsO4.

A7.

(1) H3AsO4(aq) + H2O(l) ( H3O+(aq) + H2AsO4–(aq)

(2) H2AsO4–(aq) + H2O(l) ( H3O+(aq) + HAsO42–(aq)

(3) H2AsO42–(aq) + H2O(l) ( H3O+(aq) + AsO43–(aq)

Q8.

Consider the following solutions.
i
6 M hydrochloric acid

ii
0.1 M carbonic acid

iii
0.1 M nitric acid

iv
6 M ethanoic acid

Identify which solution represents:
a
a dilute strong acid

b
a concentrated strong acid

c
a dilute weak acid

d
a concentrated weak acid

A8.

The concentration is measured in Molar (M), with less than 1 M considered to be dilute and 6 M would be deemed to be concentrated. Nitric and hydrochloric acids are strong acids, whereas ethanoic and carbonic acids are weak.

a
0.1 M nitric acid

b
6 M hydrochloric acid

c
0.1 M carbonic acid

d
6 M ethanoic acid

Q9.

Calculate [OH–] at 25°C in aqueous solutions with [H3O+] equal to: 

a 
0.001 M
b
10–5 M
c 
5.7 × 10–9 M

d
3.4 × 10–12 M
e
6.5 × 10–2 M
f
2.23 × 10–13 M
A9.

At 25°C, [OH–] × [H3O+] = 1 × 10–14 M 

(Note: [ ] denotes concentration in Molar units.)

( [OH–] = 
[image: image3.wmf]]

M

´

+

-

O

[H

10

 

1

3

14


a
10–11 M
b 
10–9 M
c
1.8 × 10–6 M

d
2.9 × 10–3 M

e
1.5 × 10–13 M
f
4.5 × 10–2 M

Q10.

Calculate [H3O+] at 25°C in aqueous solutions with [OH–] equal to:

a
0.000 001 M

b
0.01 M

c
10–4 M
d
2.84 × 10–5 M

e
7.1 × 10–3 M

f
9.3 × 10–10 M
A10.

At 25°C, [OH–] × [H3O+] = 1 × 10–14 M

( [H3O+] = 
[image: image4.wmf]]
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a
10–8 M
b
10–12 M
c
10–10 M

d
3.5 × 10–10 M
e 
1.4 × 10–12 M
f 
1.1 × 10–5 M

Q11.

Give the pH of the following solutions in which:

a 
[H3O+] = 0.1 M

b 
[H3O+] = 0.001 M
c 
[H3O+] = 10–2 M

d 
[H3O+] = 10–7 M
e 
[OH–] = 0.1 M

f 
[OH–] = 0.001 M
g 
[OH–] = 10–10 M

h 
[OH–] = 10–7 M
A11.

a
pH
= –log10[H3O+]



= –log10(0.1)



= 1

b
3

c
2

d
7

For parts e–h, [H3O+] is first calculated as shown below.
[H3O+] = 
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Then the pH is calculated using the formula pH = –log10[H3O+]

e
[H3O+] = 
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= 1 × 10–13 M


pH
= –log10[H3O+]



= –log10(1 × 10–13 M)



= 13

f
11

g
4

h
7

Q12.

What is the concentration of: 
i hydronium ions; and

ii hydroxide ions 
in solutions with the following pH values?

a 
1
b
3
c
7
d
11.7
A12.

i
a
pH = –log10[H3O+], 


[H3O+] 
= 10–pH (or ten to the power of pH)



= 10–1


= 0.1 M

b
10–3 M

c
10–7 M

d
2 × 10–12 M

ii
a
At 25°C, [OH–] × [H3O+] = 1 × 10–14 M


( [OH–]
= 
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= 10–13 M

b
10–11 M

c
10–7 M

d
5 × 10–3 M

Q13.

For each of the solutions i–vii given below, calculate:

a 
the concentration of H3O+ ions
b
the concentration of OH– ions
c
the pH
i
0.0010 M HNO3(aq)
ii
0.030 M HCl(aq)
iii
0.010 M NaOH(aq)
iv
10–4.5 M HCl(aq)
v
0.0050 M Ba(OH)2(aq)
vi
200 mL solution that contains 0.35 g dissolved HCl

vii
500 mL solution that contains 0.50 g dissolved KOH 

A13.

i
a
The concentration of H3O+ ions equals the concentration of a monoprotic acid = 0.0010 M = 10–3 M.

b
[OH–] = 
[image: image10.wmf]]
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 = 10–11 M

c
pH = –log10[H3O+] = –log (10–3 M) = 3

ii
a
[H3O+] = 0.030 M

b
[OH–] = 
[image: image12.wmf]]
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 = 3.33 × 10–13 M

c
pH = –log10[H3O+] = –log (0.030 M) = 1.52

iii
b
Part b needs to be completed before part a.

[OH–] = 0.010 M 

a
[H3O+] = 
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 = 10–12 M

c
pH = –log10[H3O+] = –log10(10–12 M) = 12

iv
a
10–4.5 M HCl = [H3O+] = 3.16 × 10–5 M 

b
[OH–] = 
[image: image15.wmf]]
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 = 3.16 × 10–10 M

c
pH = –log10(3.16 × 10–5 M) = 4.5

v
Part b needs to be completed before part a.
b
[OH–] = 2 × [Ba(OH)2] = 2 × 0.0050 M = 0.010 M. 

a
[H3O+] = 
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c
pH = –log10(1 × 10–2 M) = 12

vi
a
n(HCl) = 
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[H3O+] = [HCl] =
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b
[OH–] = 
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 = 2.08 × 10–14 M

c
pH = –log10(0.48 M) = 0.32

vii
Part b needs to be completed before part a.
b
n(KOH) = 
[image: image25.wmf]mass
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 = 
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[KOH] = 
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 = 0.0178 M

a
[H3O+] = 
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 = 5.6 × 10–13 M

c
pH = –log10(0.0178 M) = 1.75
Q14.

Calculate the pH of each of the following mixtures:
a
10 mL of 0.20 M HCl is diluted to 20 mL of solution.
b
10 mL of 0.10 M NaOH is diluted to 100 mL of solution.
A14.

Dilution questions are best answered using the formula c1V1 = c2V2, where c is the concentration in mol/L and V is the volume of the solution. Each of the volume units needs to be the same, although not necessarily litres.

a
c(HCl) = 
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pH = –log10(0.10 M) = 1
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c(NaOH) = 
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Chapter review

Q15.

Identify the reactant that acts as an acid in each of the following reactions:
a 
NH4+(aq) + H2O(l) ( NH3(aq) + H3O+(aq)
b 
NH3(g) + HCl(g) ( NH4+ + Cl–(s)
c 
HCO3–(aq) + OH–(aq) ( H2O(l) + CO32–(aq)
d 
SO42–(aq) + H3O+(aq) ( HSO4–(aq) + H2O(l)
e 
CO32–(aq) + CH3COOH(aq) ( HCO3–(aq) + CH3COO–(aq)
A15.

a
NH4+
b
HCl

c
HCO3–
d
H3O+
e
CH3COOH

Q16.

Write balanced equations to show that, in water:

a 
PO43– acts as a base
b 
H2PO4– acts as an amphiprotic substance
c
H2S acts as an acid
A16.

Remember that if a chemical acts as a base, it will accept a proton. In this question, the proton comes from a water molecule, but this is not always the case. If a chemical acts as an acid, it must be able to donate one or more protons.

a
PO43–(aq) + H2O(l) ( HPO42–(aq) + OH–(aq)

b
The H2PO4– accepts a proton from water, and acts as a base:


H2PO4–(aq) + H2O(l) ( H3PO4(aq) + OH–(aq)


The H2PO4– donates a proton to the water, and acts as an acid:


H2PO4–(aq) + H2O(l) ( HPO42–(aq) + H3O+(aq)

c
H2S(aq) + H2O(l) ( HS–(aq) + H3O+(aq)

Q17.

Write the formula for the conjugate of:
a
the acid HCl
b
the base OH–
c
the base O2–
d
HSO4– when it acts as an acid
A17.

a
Cl–
b
H3O+
c
OH–

d
SO42–
Q18.

Using suitable examples, distinguish between:

a 
a diprotic and an amphiprotic substance
b 
a strong acid and a concentrated acid
A18.

a
Sulfuric acid (H2SO4) is a diprotic acid because each molecule can donate two protons to a base


i.e.

H2SO4(aq) + H2O(l) ( H3O+(aq) + HSO4–(aq)




HSO4–(aq) + H2O(l) ( H3O+(aq) + SO42–(aq)


The HSO4– ion, however, is amphiprotic because it can act as either an acid or a base, depending on the environ​ment. In water it will undergo both acid and base reactions. For example,

As an acid:


HSO4–(aq) + H2O(l) ( H3O+(aq) + SO42–(aq)


As a base: 


HSO4–(aq) + H2O(l) ( OH–(aq) + H2SO4(aq)

b
A strong acid is one which ionises completely in solution (e.g. HCl). A concentrated acid is one in which there is a large amount of acid dissolved in a given volume of solution; for example, 5 M HCl and 5 M CH3COOH are concentrated acids.

Q19.

Draw a structural diagram of the monoprotic ethanoic acid molecule. Identify which proton is the one that is donated in an acid–base reaction. 

A19.

Include a diagram such as:
[image: image33.emf]


Q20.

Although the hydrogen carbonate ion (HCO3–) is an amphiprotic substance, solutions containing this ion from the dissociation of NaHCO3 in water are slightly basic. Explain. 

A20.

The HCO3– ion will act as both an acid and a base in water:

Acid reaction: HCO3–(aq) + H2O(l) ( H3O+(aq) + CO32–(aq)

Base reaction: HCO3–(aq) + H2O(l) ( OH–(aq) + H2CO3(aq)

Although both reactions occur, because the measured pH of the solution is greater than 7, we can assume that at any one time more ions are acting as a base than as an acid.

Q21.

Write equations for each of these reactions and identify those that are Brønsted–Lowry acid–base reactions.

a
A solution of sulfuric acid is added to a solution of potassium hydroxide.
b
Nitric acid solution is mixed with sodium hydroxide solution.
c
Hydrochloric acid solution is poured on to some solid magnesium oxide.
d
Black copper(II) oxide powder is added to dilute sulfuric acid.
e
Dilute hydrochloric acid is mixed with a solution of potassium hydrogen carbonate.
f
Dilute nitric acid is added to a spoon coated with solid zinc.
g
Hydrochloric acid solution is added to some marble chips (calcium carbonate).
h
Solid bicarbonate of soda (sodium hydrogen carbonate) is mixed with vinegar (a dilute solution of ethanoic acid).

A21.

The first step, as in the development of any equation, is to write the correct chemical formulas for each of the chemicals involved. 
a
2KOH(aq) + H2SO4(aq) ( K2SO4(aq) + 2H2O(l)


OH–(aq) + H+(aq) ( H2O(1)

b
NaOH(aq) + HNO3(aq) ( NaNO3(aq) + H2O(l)


OH–(aq) + H+(aq) ( H2O(1)

c
MgO(s) + 2HCl(aq) ( MgCl2(aq) + H2O(l)


MgO(s) + 2H+(aq) ( Mg2+(aq) + H2O(l)

d
CuO(s) + H2SO4(aq) ( CuSO4(aq) + H2O(l)


CuO(s) + 2H+(aq) ( Cu2+(aq) + H2O(l)

e
KHCO3(s) + HCl(aq) ( KCl(aq) + H2O(l) + CO2(g)


HCO3–(s) + H+(aq) ( H2O(l) + CO2(g)

f
Not an acid–base reaction.
g
CaCO3(s) + 2HCl(aq) ( CaCl2(aq) + H2O(l) + CO2(g)


CaCO3(s) + 2H+(aq) ( Ca2+(aq) + H2O(l) + CO2(g)

h
NaHCO3(s) + CH3COOH(aq) ( CH3COONa(aq) + H2O(l) + CO2(g)


NaHCO3(s) + H+(aq) ( Na+(aq) + H2O(l) + CO2(g)

Q22.

Which of the following substances is amphiprotic?
a 
H3PO4
b
HPO42–
c
PO43–
d
SO42–
A22.

b, HPO42– is amphiprotic, since it can donate a proton to become PO42– or accept a proton to form H3PO4.
Q23.

Human blood has a pH of 7.4. Is blood acidic, basic or neutral? What assumption have you made?

A23.

A solution with a pH of 7.4 is basic.

[H3O+] ( [OH–] = 10–14 at 25(C and pH = –log10[H3O+]

The assumption made is that at body temperature (approximately 38(C), the ionisation of water is not significantly different from that at 25(C.

Q24.

A solution of hydrochloric acid has a pH of 2.

a
What is the molar concentration of hydrogen ions in the solution?

b
What amount of hydrogen ions (in mol) would be present in 500 mL of this solution?

A24.

Remember to use [H3O+] ( [OH–] = 10–14 at 25(C and pH = –log10[H3O+].

a
pH = 2


( [H3O+] = 10–2 or 0.01 M

b
The formula for amounts of substance in solution is n = c ( V 


(where n is the amount in mole, c the concentration in mol/L and V the volume of the solution in litres).


n
= 0.01 ( 0.500



= 0.005 mol

Q25.

The pH of a cola drink is 3 and of black coffee 5. How many more times acidic is the cola than black coffee?

A25.

Remember: pH = –log10[H3O+].

pH = 3

( [H3O+] = 10–3 M

pH = 5

( [H3O+] = 10–5 M

( the difference is a factor of 100.
Q26.

Calculate the pH of the following aqueous solutions with [H3O+] equal to: 

a 
0.001 M
b
10–5 M
c 
5.7 × 10–9 M

d
3.4 × 10–12 M
e
6.5 × 10–2 M
f
2.23 × 10–13 M
A26.

a
pH = –log10[H3O+] = –log10(0.001 M) = 3

b
5

c
8.2

d
11.5

e
1.2

f
12.7

Q27.

Calculate the pH of the following aqueous solutions with the [OH–] equal to the following values:
a
0.000 001 M
b
0.01 M
c
10–4 M

d
2.84 × 10–5 M
e
7.1 × 10–3 M
f
9.3 × 10–10 M
A27.

a
[H3O+] = 
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pH = –log10(1.0 × 10–8 M) = 8

b
12 

c
10 

d
9.45 

e
11.9 

f
4.97

Q28.

Calculate the concentration of H+ and OH– ions in solutions with the following pH values:

a
3
b
10
c
8.5

d
5.8
e
9.6
f
13.5
A28.

a
[H+]
= 10–pH 



= 10–3


= 0.001 M


[OH–] = 
[image: image36.wmf]]
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b
10–10 M H+, 10–4 M OH–
c
3.16 ( 10–9 M H+, 3.16 ( 10–6 M OH–
d
1.58 ( 10–6 M H+, 6.3 ( 10–9 M OH–
e
2.5 ( 10–10 M H+, 4.0 ( 10–5 M OH–
f 
3.16 ( 10–14 M H+, 0.316 M OH–
Q29.

Copy and complete the following table.
	pH
	[H+]
	[OH–]

	1.0
	
	

	2.6
	
	

	5.5
	
	

	
	1.0 × 10–3 M
	

	
	
	1.0 × 10–5 M

	
	
	3.9 × 10–6 M

	
	1.88 × 10–4 M
	

	
	
	5.7 × 10–1 M

	8.5
	
	

	
	7.7 × 10–7 M
	1.29 × 10–8 M

	
	
	2.8 × 10–5 M


A29.
	pH
	[H+]
	[OH–]

	1.0
	1.0 × 10–1 M
	1.0 × 10–13 M

	2.6
	2.51 × 10–3 M
	4.0 × 10–12 M

	5.5
	3.16 × 10–6 M
	3.16 × 10–9 M

	3
	1.0 × 10–3 M
	1.0 × 10–11 M

	9
	1.0 × 10–9 M
	1.0 × 10–5 M

	8.6
	2.56 × 10–9 M
	3.9 × 10–6 M

	3.72
	1.88 × 10–4 M
	5.32 × 10–11 M

	13.7
	1.8 × 10–14 M
	5.7 × 10–1 M

	8.5
	3.16 × 10–9 M
	3.16 × 10–6 M

	6.1
	7.7 × 10–7 M
	1.29 × 10–8 M

	9.4
	3.8 × 10–10 M
	2.8 × 10–5 M


Q30.

For each of the following solutions, calculate:

a 
[H3O+]
b 
[OH–]
c 
pH
i
1.0 L of 0.10 M HCl
ii
0.10 L of 0.10 M HCl
iii
1.0 L of 0.1 M NaOH
iv
0.1 L of 0.10 M NaOH
v
0.0010 M HNO3
vi
0.0016 M KOH
vii
1.5 × 10–5 M HCl
viii
1.00 g Ca(OH)2 dissolved in water to make 400 mL solution (Assume complete dissociation.)
A30.

Remember: pH = –log10[H3O+] and [H3O+] ( [OH–] = 10–14 at 25(C. Assume that the temperature is 25(C, and that each of the chemicals dissociates completely.

i
0.10 M HCl

a
[H3O+] = 10–1 M

b
[OH–] = 10–13
c
pH= 1


(Note: the volume of the solution is irrelevant to this calculation.)

ii
0.10 M HCl

a
[H3O+] = 10–1 M

b
[OH–] = 10–13
c
pH = 1

iii
0.1 M NaOH

a
[H3O+]= 10–13 M

b
[OH–] = 10–1 M 
c
pH = 13

iv
0.10 M NaOH

a
[H3O+] = 10–13 M
b
[OH–] = 10–1 M
c
pH = 13

v
0.0010 M HNO3
a
[H3O+] = 10–3 M

b
[OH–] = 10–11
c
pH = 3

vi
0.0016 M KOH

a
[H3O+] = 6.25 × 10–12 M

b
 [OH–] = 1.6 × 10–3 M

c
pH = 11.2
vii
1.5 ( 10–5 M HCl

a
[H3O+] = 1.5 × 10–5 M

b
[OH–] = 6.7 × 10–10
c
pH = 4.8
viii
0.005 M Ca(OH)2


n(Ca(OH)2) = 
[image: image38.wmf]mass
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 = 
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 = 0.0135 mol


n(OH–) = 2 ( 0.0135 = 0.0270 mol


Part b needs to be done before part a.

b
[OH–]
= 
[image: image40.wmf]L
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= 0.0676 M

a
[H3O+] = 1.48 × 10–13 M

c
pH = 12.8

Q31.

Explain the following experimental observations:
a
The pH of a 0.10 M solution of hydrochloric acid is greater than the pH of a 0.10 M solution of sulfuric acid.

b
The pH of a 0.10 M solution of hydrochloric acid is less than the pH of a 0.10 M solution of ethanoic acid.

c
When a solution of sodium hydroxide is slowly added to a solution of ethanoic acid, the pH of the mixture gradually increases. 

A31.

a
H2SO4 is a strong diprotic acid, whereas HCl is a strong monoprotic acid. The 0.1 M HCl ionises completely in solution, giving a pH of 1. The first ionisation stage of the H2SO4 is complete and the second stage is partial. Overall, the concentration of H3O+ ions in the H2SO4 is greater than in HCl of equal molarity. Therefore, the H2SO4 has a lower pH.

b
Both acids are listed as having identical concentrations. Hydrochloric acid is a strong acid and is said to ionise completely in solution. Ethanoic acid is an example of a weak acid, and only partially ionises in solution. Therefore, HCl produces a much greater concentration of H+ ions and will result in a lower pH.

c
Acetic acid is neutralised as the OH– is added; this removal of H+(aq) ions from solution leads to an increase in pH. After all the acetic acid has been neutralised, the pH continues to rise as [OH–] increases.

Q32.

Explain why sparkling mineral water, through which carbon dioxide has been bubbled, has a slightly sour taste and a pH less than 7.

A32.

When carbon dioxide is bubbled though water, it partially dissolves to produce a weak acidic solution, according to the equation below.
CO2(aq) + H2O(l) [image: image41.jpg]


 H+(aq) + HCO3–(aq)

Acids have a sour taste, and a pH of less than 7. 

Q33.

Calculate the pH of each of the following mixtures:
a
10 mL of 0.025 M HCl is diluted to 50 mL of solution
b
20 mL of 0.0050 M KOH is diluted to 500 mL of solution
c
10 mL of 0.15 M HCl is diluted to 1.5 L of solution
A33.

These three questions have two steps.
Step 1
Dilution questions are best answered using the formula c1V1 = c2V2, where c is the concentration in mol/L and V is the volume of the solution. Each of the volume units needs to be the same, although not necessarily litres.

Step 2
Also remember, pH = –log10[H3O+].

a
c2
= 0.025 ( 
[image: image42.wmf]50
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= 0.005 M


( [H3O+]
= 0.005 M


pH = –log10(0.005 M) = 2.3

b
c2
= 0.0050 ( 
[image: image43.wmf]500
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= 2.0 × 10–4 M


( [OH–]
= 2.0 × 10–4 M


[H3O+] = 
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 = 5.0 × 10–11 M


pH = –log10 (5.0 × 10–11 M) = 10.3

c
c2
= 0.15 ( 
[image: image46.wmf]1500

10

 (1.5 L has been converted to mL to maintain identical units)



= 0.001 M


( [H3O+]
= 0.001 M 



= 10–3 M


(
pH = 3

Q34.

A laboratory assistant forgot to label 0.1 M solutions of sodium hydroxide (NaOH), hydrochloric acid (HCl), glucose (C6H12O6), ammonia (NH3) and ethanoic acid (CH3COOH). In order to identify them, temporary labels A–E were placed on the bottles and the electrical conductivity and pH of each solution was measured. The results are tabulated.

	Solution
	Electrical conductivity
	pH

	A
	poor
	11

	B
	zero
	7

	C
	good
	13

	D
	good
	1

	E
	poor
	3


Identify each solution and briefly explain your reasoning.

A34.

Solution A: weaker base, few freely moving charged particles—ammonia
Solution B: neutral, no freely moving charged particles—glucose
Solution C: strong base, many freely moving charged particles—sodium hydroxide
Solution D: strong acid, many freely moving charged particles—hydrochloric acid
Solution E: weaker acid, few freely moving charged particles—ethanoic acid
Q35.

a
Write concise definitions for the following terms:
i
Brønsted–Lowry acid

ii
strong base

iii
molarity

iv
conjugate acid

b
Explain, with the aid of equations, why HCO3– is classified as amphiprotic.

A35.

a
i
A Brønsted–Lowry acid is a proton donor.

ii
A strong base is a substance that ionises completely in water.

iii
Molarity is a measure of concentration of a solution expressed in mol L–1.

iv
The conjugate acid of a base contains one more hydrogen ion (proton) than the base.

b
An amphiprotic substance can act as an acid (proton donor) or a base (proton acceptor).


Acting as an acid: HCO3–(aq) + H2O(l) ( CO32–(aq) + H3O+(aq)


Acting as a base: HCO3–(aq) + H2O(l) ( H2CO3(aq) + OH–(aq)

Q36.

Construct a concept map that demonstrates your understanding of the links between the following terms: acid, base, proton, hydrogen ion, hydronium ion, conjugate.

A36.
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