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Section A
1.
The pH of a 0.001 M NaOH at 25oC is


A
13


B
11


C
9


D
3

	
	
	
	
	
	
	
	
	Answer:
	


2.
Which one of the following could be true in an aqueous solution of sodium hydroxide?


A
[H+]=-[OH-]


B
pH=-log10[OH-]


C
pH=1.2


D
pH=12.8

	
	
	
	
	
	
	
	
	Answer:
	


3.
This question refers to ethanedioic acid, (COOH)2.
This is a diprotic acid with Ka values of 5.9 × 10–2 mol dm–3 and 5.3 × 10–5 mol dm–3.


The minimum volume of a 0.150 mol dm–3 solution of sodium hydroxide required to neutralise 0.00500 mol of ethanedioic acid completely is

A
33.3 cm3
B
50.0 cm3
C
66.7 cm3
D
300 cm3
	
	
	
	
	
	
	
	
	Answer:
	


4.
This question refers to ethanedioic acid, (COOH)2.
This is a diprotic acid with Ka values of 5.9 × 10–2 mol dm–3 and 5.3 × 10–5 mol dm–3.


Which one of the following reactions would not lead to the formation of ethanedioic acid?

A
oxidation of HOCH2CH2OH

B
oxidation of HOOCCHO

C
hydrolysis of NCCH2CH2CN

D
hydrolysis of CH3OOCCOOCH3
	
	
	
	
	
	
	
	
	Answer:
	


5.
This question refers to ethanedioic acid, (COOH)2.
This is a diprotic acid with Ka values of 5.9 × 10–2 mol dm–3 and 5.3 × 10–5 mol dm–3.


Which one of the following is not correct?

A
Ethanedioic acid produces bubbles of gas when treated with aqueous sodium hydrogencarbonate.

B
The ethanedioate ion can form octahedral complex ions with transition metal ions.

C
A buffer solution is formed when a 0.1 mol dm–3 aqueous solution of the acid is mixed with an equal volume of a 0.05 mol dm–3 solution of sodium hydroxide.

D
When an aqueous solution of ethanedioic acid is titrated with sodium hydroxide, a suitable indicator for the first equivalence point is phenolphthalein.

	
	
	
	
	
	
	
	
	Answer:
	


6.
Use the information below to answer this question.


A saturated solution of magnesium hydroxide, Mg(OH)2, contains 0.1166 g of Mg(OH)2 in 10.00 dm3 of solution. In this solution the magnesium hydroxide is fully dissociated into ions.


Which one of the following is the pH of a solution of magnesium hydroxide containing 4.0 × 10–5 mol dm–3 of hydroxide ions at 298 K?
(Kw = 1.0 × 10–14 mol2 dm–6 at 298 K)

A
9.6

B
9.5

C
8.6

D
8.3

	
	
	
	
	
	
	
	
	Answer:
	


7.
For this question one or more of the options given may be correct. Select your answer by means of the following code

	Directions summarised

	A
	B
	C
	D

	1, 2 and 3
only correct
	1 and 3
only correct
	2 and 4
only correct
	4 only
correct



Solutions with a pH of 1.0 include

1
0.1 mol dm–3 hydrochloric acid

2
0.1 mol dm–3 ethanoic acid

3
0.05 mol dm–3 sulphuric acid

4
0.2 mol dm–3 nitric acid

	
	
	
	
	
	
	
	
	Answer:
	


Section B

8.
(a)
At 50°C, the ionic product of water, Kw, has the value 5.48 × 10–14 mol2 dm–6.

(i)
Define the term Kw
........................................................................................................................

(ii)
Define the term pH

........................................................................................................................

(iii)
Calculate the pH of pure water at 50 °C. Explain why pure water at 50 °C is still neutral even though its pH is not 7.

Calculation .....................................................................................................
........................................................................................................................

........................................................................................................................

Explanation ....................................................................................................
........................................................................................................................

(5)

(b)
At 25°C, Kw has the value 1.00 × 10–14 mol2 dm–6. Calculate the pH at 25 °C of

(i)
a 0.150 mol dm–3 solution of sodium hydroxide,

........................................................................................................................

........................................................................................................................

........................................................................................................................

(ii)
the solution formed when 35.0 cm3 of this solution of sodium hydroxide is mixed with 40.0 cm3 of a 0.120 mol dm–3 solution of hydrochloric acid.

........................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

(6)

(c)
In a 0.150 mol dm–3 solution of a weak acid HX at 25 °C, 1.80% of the acid molecules are dissociated into ions.

(i)
Write an expression for Ka for the acid HX.

........................................................................................................................

........................................................................................................................

(ii)
Calculate the value of Ka for the acid HX at this temperature and state its units.

........................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

(5)

(Total 16 marks)

9.
The value of the acid dissociation constant, Ka, for the weak acid HA, at 298 K, is
1.45 × 10–4 mol dm–3.

(a)
Write an expression for the term Ka for the weak acid HA.

.....................………………………………………………………………………….

.....................………………………………………………………………………….

(1)

(b)
Calculate the pH of a 0.250 mol dm–3 solution of HA at 298 K.

.....................………………………………………………………………………….

.....................………………………………………………………………………….

.....................………………………………………………………………………….

.....................………………………………………………………………………….

.....................………………………………………………………………………….

(4)

(c)
A mixture of the acid HA and the sodium salt of this acid, NaA, can be used to prepare a buffer solution.

(i)
State and explain the effect on the pH of this buffer solution when a small amount of hydrochloric acid is added.

...........………………………………………………………………………….

...........………………………………………………………………………….

...........………………………………………………………………………….

(ii)
The concentration of HA in a buffer solution is 0.250 mol dm–3. Calculate the concentration of A– in this buffer solution when the pH is 3.59

...........………………………………………………………………………….

...........………………………………………………………………………….

...........………………………………………………………………………….

...........………………………………………………………………………….

...........………………………………………………………………………….

...........………………………………………………………………………….

(6)

(Total 11 marks)

10.
(a)
The pH of a 0.120 mol dm–3 solution of the weak monoprotic acid, HX, is 2.56 at 298 K.

(i)
Write an expression for the term pH.

........................................................................................................................

(ii)
Write an expression for the dissociation constant, Ka, for the weak acid HX and calculate its value at 298 K.

Expression for Ka ...........................................................................................
........................................................................................................................

Calculation .....................................................................................................
........................................................................................................................

........................................................................................................................

........................................................................................................................

(5)

(b)
(i)
Write an expression for the ionic product of water, Kw, and give its value at 298 K.

Expression for Kw ...........................................................................................
Value of Kw .....................................................................................................
(ii)
Hence, calculate the pH of a 0.0450 mol dm–3 solution of sodium hydroxide at 298 K.

........................................................................................................................

........................................................................................................................

........................................................................................................................

(4)

(c)
A titration curve is plotted showing the change in pH as a 0.0450 mol dm–3 solution of sodium hydroxide is added to 25.0 cm3 of a solution of ethanedioic acid, H2C2O4
The titration curve obtained has two equivalence points (end points).

(i)
Write an equation for the reaction which is completed at the first equivalence point.

........................................................................................................................

(ii)
When the second equivalence point is reached, a total of 41.6 cm3 of 0.0450 mol dm–3 sodium hydroxide has been added.
Calculate the concentration of the ethanedioic acid solution.

........................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

........................................................................................................................

(4)

(Total 13 marks)
11.
(a)
Explain the terms acid and conjugate base according to the Bronsted-Lowry 

theory

Acid ……………………………………………………………………………….
Conjugate Base …...………………………...……………………………………
(2)
(b)
For each of the following reactions, give the formula of the acid and of its conjugate base


(i)
NH3   +  HBr

→
NH4+   +  Br-


Acid ……………………..   Conjugate base  ……………………………

(ii)
H2SO4   + HNO3
→
HSO4-   +  H2NO3+



Acid ……………………..   Conjugate base  ……………………………
(2)

(c)
(i)
Write an equation to represent the dissociation of water




……………………………………………………………………………    (1)
(ii) Give the expression for the equilibrium constant KC, for the reaction in (c)(i) and use this expression to derive the expression for the ionic product of water, Kw.

…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………  (3)
(iii) The ionic product of water is 2.92 x 10-14 mol2dm-6 at 313K.  Calculate the pH of water at this temperature.

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(4)

(iv) Given the pH of water is 7.00 at 298 K, state whether the dissociation of water is endothermic or exothermic.  Give a reason for your answer

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
(2)

(TOTAL 14 marks)

12.
The sketch below shows the change in pH when a 0.200 moldm-3 solution of sodium hydroxide is added from a burette to 25cm3 of a 0.15 moldm-3 solution of a weak acid HA at 25oC.
[image: image1.wmf]p
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(a)
The volume of sodium hydroxide solution added at the equivalence point is x cm3.  Calculate the value of x.


………………………………………………………………………………………………………………………………………………………………………………...................
(2)

(b)
(i)
 Define the term pH




…………………………………………………………………………….



(ii)
The pH at the equivalence point is c.  Suggest a value for c.




…………………………………………………………………………….

(iii)
Identify a suitable indicator for detecting the equivalence point of the titration


…………………………………………………………………………….

(3)

(c)
The value of Ka for the weak acid at 25oC is 2.75 x 10-5 moldm-3.

(i) Explain the term weak as applied to the acid HA

…………………………………………………………………………….

(ii) Write an expression for Ka for the acid HA.

…………………………………………………………………………….

(iii) Calculate the pH of the 0.150 moldm​-3 solution of acid HA before any sodium hydroxide is added.  i.e. the pH at point a

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..........................................
(5)

(d)
Calculate the pH of the solution formed when x/2 cm3  of the 0.200 moldm-3 solution of sodium hydroxide are added to 25.0 cm3 of the 0.150 moldm-3 solution of HA. i.e the pH at point b.


……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………......................................................................
(3)

TOTAL 13 marks.
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