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QUESTION ONE
(a) Cleaned magnesium ribbon, Mg(s), reacts with a solution of hydrochloric acid, HCl(ag). The
reaction is represented by the equation:
Meg(s) + 2HCl(ag) — MgCl,(aq) + H,(g)
The reaction is menitored by measuring the volume of hydrogen gas produced over a given

period of time. This is shown in the graph below.
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Explain the changes in the rate of reaction between magnesium, Mg(s), and hydrochloric acid,
HCl{ag), in terms of collision theory.

Refer to parts A, B, and C of the graph in your answer.
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Compare and contrast the reactions of 0.5 g of magnesiur@; Mg
0.100 mol 1! hydrochloric acid, HCl{(aq), and 0.5 g of maghesi

50.0 mI. of 0.100 L1 hydrochloric acid, HCl(aq).
Refer to collision theory and rates of reaction in your answer.
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ASSESS0

The decomposition reaction of hydrogen peroxide solution, H,O,(ag), is a slow reaction, This ssEsso

(c)

reaction is represented by the equation:

2H,0,(aq) —2H,0(£) + Og)
The rate of the decomposition reaction can be changed by adding a small amount of
manganese dioxide, MnO,(s). The graph below shows the volume of oxygen gas formed in

the reaction with and without manganese dioxide, MnO,(s).
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£ 0,(g) / ml.
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N 2
é\g ¥ S}é? c reaction of the hydrogen peroxide, H,0,(ag).
I q? ‘ § ‘2’ In your answer you should refer to the activation energy and collision theory.
? QX0 You may also include diagrams in your answer.
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QUESTION TWO

(a) Water is an amphiprotic substance because it can accept or donate a proton, therefore acting as
an acid or a base.

Complete the equations for the reactions of water, H,0, with ammonia, NH,, and the
ammonium ion, NH,", in the box below.

H,O acting as | Equation

>
an acid H,0(£) + NH,(aq) = OR™  + NHy //j /

a base H,0(6) + NH,"(aq) = M0+ DR

Sodium carbonate, Na,CO4(s), is a salt. When dissolved in water, it dissociates into ions.

Explain whether a solution of sodium carbonate would be acidic or basic.

pH = “\032}130"3 e
pH = ,‘\%[@.-0%11 |
pH= JhA
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6
(ii) A solution of sodium hydroxide, NaOH(ag), has a pH 0

Calculate the concentrations of both hydronium ions, H,0", and hydrox1de ions, OH™, in
this solution.

[H,01]= 10 -
_ \O._\Q 0o |

[OF-].= ‘Om/ ol
[or]= 0-0280natl /o

(d) The table shows the pH of three acidic solutions, ammonium chioride, NH,CI, propanoi acid,
C,H,COOH, and hydrogen chloride, HCI.

| NH,Cl(aq) C,H.COOH(aq) HCl(aq)
Concentration/mol L1 0.1 0.1 0.1
pH 5.62 3.44 1.0

(i) Explain why each of the three solutions in the table above has the same concentration,
but a different pH.

Use equations to support your answer.
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(i) Explain why the solution of a:mmorﬁn chioride, NH,Cl(aq), is a good conductor of
electricity, while the solution of propanoic acid, C,H COOH(ag), is a poor conductor of

1 electricity.
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" -QUESTION THREE

(a) The equilibrium’ constant expression for a reaction is:
* © [CH,0H]

- [co][w,T

<

Write the equation for this reaction.

(O + 2, = Cron/

(b) The ionisation of water is represented by the equation:
2H,0(£) == H,;0%(ag) + OH (aq)

Give an account of the extent of ionisation of water, given K =1 10714,
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(¢) When acid is added to a yellow solution of chromate ions, CrO,*(aq), the following
equilibrium is established.

2Cr0,*(ag) + 2H"(ag) = Cr,0,* (ag) + H,0(0)
yellow A orange

Analyse this equilibrium using equilibrium principles to explain the effect on the colour of the
solution when:

(i) more dilute acid is added:
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(i) dilute base is added:
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() When ﬁydi'o/g:a; gas, H,(g), and iodine gas, 1,(g) are mixed, they react to form HI(g), and an
equﬂlbrlum is established.

Hy(g) + L,(g) = 2Hi(g) K, =64 at 445°C.

(i) Calculate the concentration of HI in an equilibrium mixture at 445°C when the

concentrations of H (g) and 1,(g) are both 0.312 mol L1,
. (pa7?
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Question Three continues
on the following page.
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(i) Explain the effect on the position of equilibrium if the overall pressure of the
equilibrium system is increased.
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(iii) When the temperature of the equilibrium system is increased to 510°C, the ( value
decreases to 46.

Justify, using equilibrium principles, whether the forward reaction is exothermic or
endothermic,
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Extra paper if required.
Write the question number(s) if applicable.
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Merit exemplar 2016

Subject:

Chemistry Standard: | 91166 Total score: | 17
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Grade
score

Annotation

M5

The candidate has: explained the rate of reaction for two sections of the graph
in terms of reactant ‘concentration’ and the frequency of collisions; linked the
increased surface area of the Mg powder to a higher frequency of collisions
(more collisions per unit time) and therefore a faster rate; and identified
manganese dioxide as a catalyst that provides an alternative pathway.

If the candidate had linked the alternative pathway to a lower activation
energy, this would have provided evidence towards M6. Alternatively, if the
candidate had explained that the same amount of product would be formed for
either the Mg ribbon or the Mg powder reaction, this would have provided
evidence towards E7.

E7

The candidate has: used appropriate formulae to calculate pH, [H30"], and
[OH] for strong acids and bases; linked the pH of strong and weak acids to the
degree of dissociation and [H30"] present in the solution, with support from
two correct chemical equations; and recognised that ions contribute to
electrical conductivity.

If the candidate had linked the relative amount of ions available to conduct
electricity to the degree of dissociation, this would have provided evidence
towards ES8.

M5

The candidate has: written an equilibrium equation from a K; expression;
analysed the direction the equilibrium will shift when the concentration of a
reactant is changed; calculated the correct [HI] by substituting into and
rearranging a K. expression; and recognised an increase temperature favours
the endothermic reaction.

If the candidate had linked the decrease in K; to an increase in [reactant], this
would have provided evidence towards M6. Alternatively, if the candidate had
linked the effect of pressure on the equilibrium to the number of gaseous
moles on each side, this would also have provided evidence towards M6.






