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Answer all the questions.

A group of students investigated the effect of concentration on the rate of a reaction. They used
the reaction between magnesium carbonate and dilute hydrochloric acid and measured the rate at
which the gas was collected.

(a) () An incomplete equation for this reaction is given below. Complete the equation by
balancing it and inserting state symboaols.

MgCOg(.)  + HCl(....) —> MgCly(....) + Rl b H,0(.....)

(i) Write the ionic equation for this reaction.

(1]

(b) The students added dilute hydrochloric acid to some magnesium carbonate. The students
collected the gas and measured the volume, at regular intervals, until after the reaction was
complete. They then plotted a graph of their results.

A

volume of
gas/cm?®

0 -
0 fime/s

Use collision theory to explain the changes in the rate of the reaction as it proceeds.
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(c) The students repeated the experiment using a weak acid instead of hydrochloric acid.
Assume the concentration of both acids and all other conditions are the same.
(i) On the axes in (b), sketch the graph the students obtained from this experiment. [2]

(i) State and explain what effect changing the acid has on the rate of the reaction.

...........................................................
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2 Propane, C;H,, is a gas at room temperature and pressure. It is used in blow torches to melt the
bitumen needed to apply the felt to flat roofs.

{a) Write the equation for the complete combustion of propane.

[2]
(b) Define the term standard enthalpy change of combustion.
llllllllllllllllllllllllllllllllll L e R R R R N R R R R R R [3]

(c) A blow torch was used to determine the enthalpy change of combustion of propane. The
apparatus is shown below.

thermometer
— water
~flame
. blow torch
propane~
and oxygen

In the experiment, 2009 of water were used. The temperature of the water changed from
18.0°C to 68.3°C when 1.00g of propane was burnt.

(i) Calculate the energy produced in kJ. The specific heat capacity of water is 418 Jg' K.

energy =............ kd [2]
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(ii) Calculate the number of moles of C;H, burnt during the experiment.

(iii) Deduce the enthalpy change of combustion, in kJ mel™', of C.H..
30

enthalpy change of combustion = ............ kJ mol~! [2]

(d) Values of enthalpy changes of combustion can be used to calculate enthalpy changes of
formation.

The enthalpy change for the reaction in equation 2.1 is the enthalpy change of formation of
propane.

3C(s) + 4H,(g) — C,Hg(g) equation 2.1

The table below shows the enthalpy changes of combustion of carbon, hydrogen and

propane.
enthalpy change of combustion / kJ mol™
carbon -394
hydrogen —286
propane -2219

(i) Use these data to calculate the enthalpy change of formation of propane.

enthalpy change of formation = ............ kdmol™! [3]

(i) Suggest why the enthalpy change of formation of propane cannot be measured directly.

-------------------------------------------------------------------------------------------------------------------------------------------
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3 Esters are used as flavourings. They are made by a reversible reaction between a carboxylic acid
and an alcohol.

carboxylic acid + alcohol — ester + water

(a) Give two features of a reversible reaction, when a dynamic equilibrium has been set up.
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(b) The production of esters is catalysed homogeneously by the presence of acids.

() What is meant by a catalyst?

R . S . NP gy Aol DA [1]
(i) What is meant by homogeneous?
S S R R AR R SR s O L/ Sy S s g e [11

(ili) Using the fact that acids are needed to catalyse this reaction, deduce the formula of the
ion that acts as the catalyst.

(iv) Catalysts do not affect the position of an equilibrium. Explain why not.
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(c) (i) On the axes below, draw and label the Boltzmann distribution to show the energies of
molecules in a gas at a fixed temperature.

'

|l
2]
(ii) Use the graph to explain the effect of a catalyst on the rate of a reaction.
....... R B e e L s O
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4  Ammonia, NH,, is made industrially by the Haber process. This is an equilibrium reaction.
No(g) + 3H,(g) = 2NHg(g) AH = =92 kJ mol™!
(a) State the pressure and temperature that are used in the Haber process.
Prossure ... R T o e AT e e R T A A LS A e B A e A TR R U M
Boerperabling i Gk i o 3 A i s i e e [2]
(b) Describe and explain why these conditions are a compromise between rate and equilibrium.
............................................................................................................................................... [9]
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