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	Acid–base volumetric analysis
	



Questions
1
a
HNO3(aq) + H2O(l) ( H3O+(aq) + NO3–(aq)
b
Ba(OH)2(s) 
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Ba2+(aq) + 2OH–(aq)

c
HCl(aq) + KOH(aq) ( KCl(aq) + H2O(l)

d
H2SO4(aq) + H2O(l) ( H3O+(aq) + HSO4–(aq)
HSO4–(aq) + H2O(l) ( H3O+(aq) + SO42–(aq)
2
a
n(Ba(OH)2) = c × V = 0.159 × 25.00 × 10–3 mol

n(HCl) = 2 × n(Ba(OH)2)

V(HCl) = 
[image: image2.wmf]c
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 = 0.0795 L = 79.5 mL

b
n(HCl) = n(NH3) = c × V = 0.0519 × 20.00 × 10–3
V(HCl) = 
[image: image4.wmf]c
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c 
n(Na2CO3) = 
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n(HCl) = 2 × n(Na2CO3)

V(HCl) = 
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3
a
H2CO3/HCO3– and H2O/OH–
b 
H2C2O4/HC2O4– and H3O+/H2O

c 
HCrO4–/CrO42– and NH4+/NH3
4
a
i
ZnO(s) + 2HCl(aq) ( ZnCl2(aq) + H2O(l)
ii
Conjugate pairs HCl/Cl–, and O2– ( OH– ( H2O

b
i 
Zn(s) + 2HCl(aq) ( ZnCl2(aq) + H2(g)
ii
Protons are not transferred.
iii
Redox. Zn ( Zn2+, H+ ( H2
5 
KOH > NH3 > NaCl > CH3COOH > HCl > H2SO4
6 
Oven cleaner: 12.0

0.02 M HCl: 1.7

0.02 M NaOH: 12.3

Orange juice: 3.5

0.05 M Ba(OH)2: 13.0

Cloudy ammonia: 11.0

Gastric juice: 1.0

7
a
i
[H3O+] = 0.020 M, [OH–] = 5.0 × 10–13 M,  pH = 1.7
ii
[OH–] = 0.20 M, [H3O+] = 5.0 × 10–14 M,  pH = 13.3
iii
[OH–] = 0.04 M, [H3O+] = 2.5 × 10–13 M,  pH = 12.6

b
i
[H3O+] = 10–2.3 = 0.0050 M


[OH–] = 10–11.7 = 2.0 × 10–12 M
ii
[H3O+] = 10–11 M, [OH–] = 10–3 M
iii
[H3O+] = 10–7.4 = 3.9 × 10–8 M, [OH–] = 10–6.6 = 2.5 × 10–7 M

8
a
Aliquot: An accurately known fixed volume usually delivered by a pipette.

Titre: A accurately known variable volume usually delivered by a burette.

b
Standard solution: A solution of accurately known concentration.


Primary standard: A solid used to prepare a standard solution. The solid has properties such as stable, known formula etc.

9 
Water in the burette would dilute the solution and so alter its concentration. Water in the flask does not affect the analysis since the water does not alter the amount (in mol) of substance contained in the flask.

10 
The total volume of solution must be 1.0 L. Adding 1.0 L to a solid does not produce 1.0 L of solution.

11
a
The water content may change over time and so the composition of the sample is not fixed.

b
Dry in a desiccator.

12
a
n(H2C2O4.2H2O) = c × V = 0.100 × 0.2500 mol
m(H2C2O4.2H2O) = n × M = 0.100 × 0.2500 × 126 = 3.15 g

b
m(Na2CO3) = n × M = c × V × M = 0.200 × 0.5000 × 106 = 10.6 g

13 
Endpoint: The point at which the indicator changes colour to show that the reaction is complete.


Equivalence: The point at which stoichiometrically equal quantities of reactants have been reacted.

14
n(NaOH) = c × V = 2.00 × 22.45 × 10–3 mol

n(H2SO4) = 
[image: image10.wmf]2
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 × n(NaOH)

c(H2SO4) = 
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 = 4.49 M

15
n(NaOH) = c × V = 0.200 × 24.60 × 10–3 mol

n(CH3COOH) = n(NaOH)

n(CH3COOH) in 100.0 mL solution = n(CH3COOH) × 
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c(CH3COOH) in vinegar = 
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 = 1.23 M

16
a
n(HCl) = c × V = 1.12 × 21.03 × 10–3 mol

n(Na3PO4) = 
[image: image16.wmf]2

1

 × n(HCl)

c(Na3PO4) = 
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 = 2.36 M

b
m(Na3PO4) = n × M = 0.5 × 1.12 × 21.03 × 10–3 × 164 = 1.93 g

% Na3PO4 m/v = 
[image: image19.wmf]00
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17
n(NaOH) = c × V = 0.0832 × 19.62 × 10–3 mol

n(C6H8O6) = n(NaOH)

m(C6H8O6) = n × M = 0.0832 × 19.62 × 10–3 × 176 = 0.287 g

% C6H8O6 = 
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18
Mg(OH)2(s) + 2HCl(aq) ( MgCl2(aq) + 2H2O(l)

n(HCl) = c × V = 0.200 × 18.92 × 10–3 mol

n(Mg(OH)2) = 
[image: image23.wmf]2

1

 × n(HCl)

m(Mg(OH)2) = n × M = 0.5 × 0.200 × 18.92 × 10–3 × 58.3 = 0.110 g

% Mg(OH)2 = 
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19
a
NaNO3 and H2O, pH = 7, any from table 3.2.1
b
NaCl, CO2 and H2O, pH < 7, methyl red
c
CH3COOK and H2O, pH > 7, phenolphthalein
20
a
Y

b
HCl is a strong acid, CH3COOH is a weak acid, therefore the HCl solution contains more H3O+ ions.
c
At equivalence for HCl, only the Na+ and Cl– ions are present, so the solution is neutral. At equivalence for CH3COOH, Na+ and the weak base CH3COO– are present, so pH is greater than 7.
d
n(NaOH) = c × V = 0.100 × 20.0 × 10–3 mol

n(acid) = n(NaOH)

c(acid) = 
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21 
In direct titration the substance under analysis is directly reacted with the titrating agent.


In a back titration the substance under analysis is reacted with an excess of reagent. The remaining reagent is then reacted with the titrating agent.

22
n(HCl) = c × V = 0.10 × 40.0 × 10–3 = 4.0 × 10–3 mol

n(NaOH) = c × V = 0.15 × 30.0 × 10–3 = 4.5 × 10–3 mol

( NaOH is in excess by 0.50 × 10–3 mol

n(HNO3) to neutralise = n(NaOH) in excess

V(HNO3) = 
[image: image28.wmf]c
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23
Na2CO3(aq) + 2HCl(aq) ( 2NaCl(aq) + H2O(l) + CO2(g)

CaCO3(s) + 2HCl(aq) ( CaCl2(aq) + H2O(l) + CO2(g)

n(HCl) added = c × V = 0.101 × 0.1500 = 0.01515 mol

n(Na2CO3) = c × V = 0.200 × 0.01984 = 0.003968 mol

n(HCl) unreacted = 2 × n(Na2CO3) = 0.007936 mol

( n(HCl) reacting with CaCO3 = (0.01515 – 0.007936) = 0.007214 mol

n(CaCO3) = 
[image: image30.wmf]2
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 × n(HCl) reacting = 0.003607 mol

( m(CaCO3) = n × M = 0.003607 × 100.1 = 0.361 g

% CaCO3 = 
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24
n(NaOH) added = c × V = 0.120 × 25.00 × 10–3 = 3.000 × 10–3 mol

n(HCl) = c × V = 0.100 × 16.13 × 10–3 = 1.613 × 10–3 mol

n(NaOH) unreacted = n(HCl) = 1.613 × 10–3 mol

n(NaOH) reacting with fertiliser = (3.000 – 1.613) × 10–3 = 1.387 × 10–3 mol

n(NH4+) = n(NaOH) reacting = 1.387 × 10–3 mol
m(NH4+) = n × M = 1.387 × 10–3 × 18 = 0.02497 g

% NH4+ = 
[image: image33.wmf]104
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Review Questions

1
a
H2SO4(l) + H2O(l) ( HSO4–(aq) + H3O+(aq)

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

b
2HCl(aq) + Na2CO3(s) ( 2NaCl(aq) + H2O(l) + CO2(g)
c
H2SO4(aq) + MgO(s) ( MgSO4(aq) + H2O(l)
d
HCO3–(aq) + HSO4–(aq) ( SO42–(aq) + H2O(l) + CO2(g)

2
a
n(H2SO4) = c × V = 0.115 × 20.00 × 10–3 mol

n(NaOH) = 2 × n(H2SO4)

V(NaOH) = 
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b
n(CH3COOH) = c × V = 0.203 × 20.00 × 10–3 mol

n(NaOH) = n(CH3COOH)

V(NaOH) = 
[image: image37.wmf]c
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3 
H2SO4 < H3PO4 < H2PO4– < NaNO3 < KOH < Ba(OH)2
4 
a
pH = –log100.010 = 2.0

b
[OH–] = 2 × [Ba(OH)2] = 0.40 M

[H3O+] = 
[image: image39.wmf]]
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pH = –log10[H3O+] = –log10(2.5 × 10–14) = 13.6
c
n(HNO3) = c × V = 0.20 × 20.00 × 10–3 = 4.0 × 10–3 mol

n(KOH) = c × V = 0.10 × 25.00 × 10–3 = 2.5 × 10–3 mol

2.5 × 10–3 mol of KOH reacts with 2.5 × 10–3 mol of HNO3, 
( HNO3 is in excess by 1.5 × 10–3 mol

[H3O+] = [HNO3 in excess] = 
[image: image41.wmf]V
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 = 0.033 M
pH = –log100.033 = 1.5
d
n(H2SO4) = c × V = 0.10 × 20.00 × 10–3 = 2.0 × 10–3 mol

n(NaOH) = c × V = 0.10 × 20.00 × 10–3 = 2.0 × 10–3 mol


2.0 × 10–3 mol of NaOH reacts with 1.0 × 10–3 mol of H2SO4, 

( H2SO4 is in excess by 1.0 × 10–3 mol

( H+ is in excess by 2.0 × 10–3 mol (assuming complete ionisation)

[H3O+] = [H+ in excess] = 
[image: image43.wmf]V
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pH = –log100.050 = 1.3


Note that complete ionisation does not occur, so the actual pH will fall between 1.3 and 1.6 (the value calculated if single ionisation occurs).

5
n(NaOH) = c × V = 
[image: image45.wmf]M
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6
Burette: Graduated glassware used to deliver a variable volume.

Aliquot: Volume delivered from a pipette.

Standard solution: A solution of accurately known concentration.

Titre: Volume delivered from a burette.

Equivalence point: The point where stoichiometrically equivalent amounts of reactants have reacted.

Pipette: Graduated glassware used to deliver a fixed volume.

Primary standard: Solid used to prepare a solution of known concentration.

Endpoint: The point at which an indicator changes colour.

7
A standard solution is one of accurately known concentration, usually prepared by dissolving a known mass of a primary standard in a known volume of solution.
A standardised solution is one of accurately known concentration for which the concentration has been determined by titration.

8
a
Add a weak base such as Na2CO3 to neutralise the spilled acid before washing away with cold water.

b
No. The neutralisation reaction is exothermic and this would cause further damage to the skin. The spill should be washed with copious quantities of cold water.

9 
See the flowchart on page 55 and table 3.2.2. 

The brick cleaner needs to be diluted approximately 20-fold, e.g.10 mL made up to a 200 mL volume.

10
a
n(NaOH) = c × V = 0.989 × 20.45 × 10–3 mol

n(CH3COOH) = n(NaOH)

c(CH3COOH) = 
[image: image47.wmf]V
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b
i 
NaOH(aq)
ii
Vinegar
iii
Distilled water

11 
a
c1V1 = c2V2, ( 15 × V1 = 2.5 × 500, ( V1 = 83 mL

b
n(NaOH) = c × V = 1.011 × 25.28 × 10–3 mol

n(HNO3) = n(NaOH)

c(HNO3) = 
[image: image49.wmf]V
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12
B. 41 g of NH4OH in 1 L, ( 41 × 
[image: image51.wmf]35
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 g of NH3 in 1 L, 

( 20 g L–1 NH3 (21 g L–1 for bottle B)
13
n(NaOH) = c × V = 0.0200 × 13.45 × 10–3 = 2.690 × 10–4 mol

n(C2O4H2) = 
[image: image52.wmf]2
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 × n(NaOH) = 1.345 × 10–4 mol

n(C2O4H2) in 500.0 mL solution = 1.345 × 10–4 × 
[image: image53.wmf]00
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m(C2O4H2) in 5.00 mL of remover = n × M = 0.006725 × 90.0 = 0.605 g

( % m/v = 0.605 × 
[image: image54.wmf]00
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14
H2SO4(aq) + 2NaOH(aq) ( Na2SO4(aq) + 2H2O(l)

n(NaOH) = c × V = 0.0953 × 26.52 × 10–3 mol
n(H2SO4) = 
[image: image55.wmf]2
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 × n(NaOH)

n(S) = n(SO2) = n(H2SO4)

m(S) = n × M = 0.5 × 0.0953 × 26.52 × 10–3 × 32.1 = 0.0406 g

% S = 
[image: image56.wmf](coal)
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15
a
n(Na2CO3) = 
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c(Na2CO3) = 
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b
n(Na2CO3) = c × V = 0.05064 × 20.00 × 10–3 mol
Na2CO3(aq) + 2HCl(aq) ( 2NaCl(aq) + H2O(l)

n(HCl) = 2 × n(Na2CO3)

c(HCl) = 
[image: image64.wmf]V
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c
n(HCl) = c × V = 0.1006 × 19.26 × 10–3
n(NaOH) = n(HCl)

c(NaOH) = 
[image: image66.wmf]V
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16
a
H2SO4(aq) + Ba(OH)2(aq) ( BaSO4(s) + 2H2O(l)

b
H+ and SO42– ions react with Ba2+ and OH– ions to produce insoluble BaSO4 and H2O molecules. The number of ions in solution decreases, thus conductivity decreases.
c
V(H2SO4) = 15 mL (from the graph)
d
n(Ba(OH)2) = c × V = 0.0500 × 20.00 × 10–3 mol

n(H2SO4) = n(Ba(OH)2)

c(H2SO4) = 
[image: image68.wmf]V
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17
a
n(HCl) = c × V = 0.100 × 26.23 × 10–3 mol

n(KOH) = n(HCl)

m(KOH) = n × M = 0.100 × 26.23 × 10–3 × 56.1 = 0.147 g

% KOH = 
[image: image70.wmf]166
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b
The only basic component of the sample is KOH.

18
a
n(NaOH) = 
[image: image72.wmf]M
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n(HCl) = n(NaOH)

V(HCl) = 
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b
The titre required is higher than expected.
i
No. NaOH would react with CO2, leaving less NaOH in solution, ( less HCl required.
ii
No. The 0.0802 g would contain less NaOH ( less HCl required.
iii
Yes. This would dilute the HCl so more would be required for neutralisation.
iv
No. Water in the flask would not affect the amount (in mol) of NaOH present.

19 
For a weak base–strong acid titration the products at equivalence point include the weak acid conjugate of the base. This produces a pH < 7 at the equivalence point. Methyl red would therefore be suitable.

20 
n(HCl) = c × V = 0.250 × 22.23 × 10–3 = 5.558 × 10–3 mol
n(NaOH) unreacted = n(HCl) = 5.558 × 10–3 mol
n(NaOH) initially = c × V = 0.243 × 40.00 × 10–3 = 9.720 × 10–3 mol

n(NaOH) reacting with aspirin = (9.720 – 5.558) × 10–3 = 4.162 × 10–3 mol

n(aspirin) = 
[image: image76.wmf]2
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 × n(NaOH)

m(aspirin) = n × M = 0.5 × 4.162 × 10–3 × 180 = 0.3746 g

% aspirin = 
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Examination questions

Multiple choice

1
D
2
C

Extended response

1
a
CH3COOH(aq) + NaOH(aq) → H2O(l) + CH3COONa(aq)

b
n(NaOH) = c × V = 0.102 × 19.82 × 10–3 mol

n(CH3COOH) = n(NaOH)

n(CH3COOH) in 250.0 mL solution = n(CH3COOH) × 
[image: image79.wmf]00
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( c(CH3COOH) in 20.00 mL of vinegar = 
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c
CH3COO– (a weak base) at the equivalence point makes the solution basic. 

( Use an indicator which changes at pH > 7, ( phenolphthalein is suitable.
d
NaOH is not a primary standard. The concentration of the NaOH solution was found by titration.

2
a
n(HCl) = c × V = 0.187 × 24.35 × 10–3 mol

n(NH3) = n(HCl)

n(NH3) in 20.0 mL of cleaner = n(NH3) × 
[image: image83.wmf]00
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c(NH3) = 
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b
i 
Yes. This would dilute the cleaner.
ii
No. This would dilute the acid, hence a larger titre would be needed, giving a larger calculated NH3 content value.
iii
No. Flasks should be rinsed with water.
iv
Yes. This indicator would change colour before the equivalence point, giving a lower titre and so a lower calculated NH3 content.
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