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QUESTION ONE

(a) Propanoic acid, C,H,COOIL, is dissolved in water and the resulting solution has a pH of 4.2.

(i} Complete the equation by writing the formulae of the two products.

CQHSCOOH(QQ) + Hzo(f) = ( 3 i'%- {i(f}(_}ﬂ + t'!\(fj ////

(1) Explain the proton, H, transfer in this reaction, and identify the two conjugate acid-
base pairs.
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(b) Sodium ethanoate, CH,COONa(s), is a salt. When dissolved in water, it dissociates into ions.

Explain, including TWO relevant equations, whether a solution of sodivmn ethanoate is acidic
ot basic.
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(1) A solution of sodium hydroxide, NaOH(agq), has a pH of 11.6. ASSEBSORTS
Calculate the hydronium ion concentration {H,0"], and the hydroxide ion concentration,
[OI17], in the solution.
K,=1x10"1"
H,0= U~ Fi e
o Dhe?)= BT
T 225 A M0 (e Ay
[OH]= low) = t“'"l':b; %
. Low]e
(ii) Calculate the pH of a 2. 96 x 10~ mol L‘1 solution of potassium hydroxide, KOH(aq)f.{
pH = [Oj (2 qé fif«ﬁ_“’ L
U AT S =
gl pH=14-357% - o5 (ﬁi’) e
Solutions of ammonia, NH,(ag), and sodium carbonate, Na,CO,(ag), are both basic.
Compare and contrast the electrical conductivity of these two solutions.
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QUESTION TWO

The addition of a small amount of iron to a mixture of nitrogen and hydrogen gases helps to speed
up the production of ammonia gas.

N,(g) + 3H,(g) — 2NH,(g)

(a) Identify and explain the role of iron in this reaction.
- In your answer, you should refer to activation energy and collision theory.

You may include a dlagram or di agrams 111 your answer.
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The reaction W an equilibrium reaction, as represented by the following cquation;
N,(g) + 3H,(g) = 2NH,(g)

(b) (i) Write the equilibrium constant expression for this reaction.

I~ .. M=

ST ) Dl :

Chemistry 91166, 2017

ASSESSOR'S
USE OHLY




5
(i) The value of the equilibrium constant, K, is 640 at 25°C.

Show, by calculation, using the concentrations of the gases given in the table below,
whether or not the reaction is at equilibrium.

Explain your answer.

Gas N, H, NH,
Concentration (mol L) © 0 0.0821 0.0583 0.105

Is the mixture at equilibrium?

(Circle) Yes
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(c) As the temperature increases, the value of the equilibrium constant, X , decreases from 640 at
25°C to 0.440 at 200°C.

Justify whether the fOI‘J.;[latLOII of ammonia, NH,{(g), is an endothermw or exothermic reaction.
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QUESTION THREE
(a) Consider the reaction between calcium carbonate powder, CaCQO,(s), and a solution of
hydrochloric acid, HCl(ag).

As the reaction proceeds, the mass of the reaction mixture decreases as carbon dioxide gas,
CO,(g). escapes.

This is represented on the graph below.

Line A represents the reaction oceurring at 20°C and line B represents the reaction occurring
at 40°C.

ey

mass of reaction mixture/g
-

G

time /s

Compare and contrast the reaction between calcium carbonate powder, CaCO4(s), and a
solution of hydrochloric acid, HCl(ag) at two temperatures: 20°C and 40°C, assuming all
other conditions are kept the same.

Your answi er should refer to collision theory and rates of reaction.
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(b)  Two different cobalt(ll) complex ions, {CO(HZO)G]2+ and [C0C14]2‘, exist togetherina
solution in equilibrium with chloride ions, Cl{ag).

The forward reaction is endothermic; AH is positive. The equation for this equilibrium is
shown below.

[Co(H 0)5]2+(aq) +4Cl(aq) = [CoCl 4]2‘(3(:;') +6H,0(£)
pink blue

Explain using equilibrium principles, the cffect on the colour of the solution if:

(i) more water is added to the reaction mixture
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Brown nitrogen dioxide gas, NO,(g), exists in equilibrium with the colourless gas, dinitrogen
tetroxide, N,O,(g).

ZNO,(g) = N,0,(g)

brown colourless

Explain using equilibrium principles, the effect of decreasing the volume of the container
(therefore increasing the pressure) on the observations of this equilibrium mixture.
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Extra paper if required.
Write the question number(s) if applicable.

QUESTION
NUMBER

Chemistry 91166, 2017

ASSESSOR'S
USE ONLY



11

Extra paper if required. ASSESSOR'S

auesTion Write the question number(s) if applicable. " USEONLY
HUM

Chemistry 91166, 2017



91166

12

Extra paper if required. o ASSESSOR'S

auesTon Write the question number(s} if applicable. _/"

" USE ONLY

h ]

Chemistry 91166, 2017



Excellence exemplar for 91166 2017 Total score 23

Grade

Q score

Annotation

The candidate has: completed the equation for propanoic acid reacting with
water; identified the correct conjugate acid-base pairs, including an
explanation of proton transfer; explained why sodium ethanoate is basic with
the relevant equation; calculated [Hs0™], [OH, and the pH of a strong base;
and compared and contrasted the electrical conductivity of solutions of
ammonia and sodium carbonate.

The candidate has: explained that a catalyst provides an alternative pathway
with a lower activation energy, so more collisions have sufficient energy to
overcome the activation energy; written the correct equilibrium constant
expression; calculated the correct K; and explained why the reaction is not at
equilibrium; and justified why the formation of ammonia is exothermic.

If the candidate had explained that the equilibrium shifts in the endothermic
direction when the temperature is increased to ‘absorb’ heat energy rather
than ‘use up’ heat energy, this would have provided evidence towards ES8.

The candidate has: explained that at a higher temperature more particles will
have sufficient kinetic energy to overcome the activation energy and therefore
there will be more effective collisions per second, although the same total
mass of carbon dioxide is produced at each temperature; and fully explained
the effect of changing the concentration of a product, the temperature, and the
pressure on the position of an equilibrium, including expected colour changes.




