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1  Aqueous bromine reacts with methanoic acid to form hydrogen bromide and carbon dioxide gas.
Bry(aq) + HCO,H(ag) — 2HBr(aqg) + CO,(q)

The table shows the oxidation numbers of bromine and carbon in the species involved in this
reaction.

BrinBr, CinHCO,H Brin HBr CinCO,

oxidation number 0 +2 -1 +4

(c) This reaction can be followed by measuring the concentration of bromine present in the mixture
at regular time intervals.

The graph shows the change in concentration of bromine against time in a reaction carried out
at 20°C.
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(i) Use the graph to calculate the average rate of reaction at 20°C during the first 600 s. State
the units of this rate of reaction.

average rate of reaction ..........ccoeeiiiiiiicii UNIES oo

The experiment is repeated at a temperature of 40°C. This relatively small increase in
temperature produces a large increase in reaction rate.

(ii) Sketch a graph, on the same axes, to show the expected results when repeating the
experiment at 40°C. [1]

(iii) The rate of reaction increases when the frequency of successful collisions between
reactant particles increases.

Explain why an increase in temperature produces this effect.
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2 A large excess of 2-bromo-2-methylpropane is added to 0.0010 mol of NaOH(aq), which contains
a few drops of phenolphthalein indicator. A stopwatch is started as soon as the substances are
mixed. The time taken for the pink colour to disappear is recorded.

The experiment is repeated at different temperatures, keeping all concentrations and volumes of
reagents constant.

temperature time taken for
/°C pink colour to disappear/s
20 300
25 65
35 20

(b) The graph shows the energy distribution of molecules in a sample of 2-bromo-2-methylpropane
at 25°C.

E, represents the activation energy for the reaction.
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(i) Label the graph to show the proportion of 2-bromo-2-methylpropane molecules which
have sufficient energy to react. [1

(ii) Use the same axes to sketch the distribution of energies of molecules in a sample of
2-bromo-2-methylpropane at 50°C. [2]

(iii) State the effect of an increase in temperature on E, for this reaction.
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3 Nitric acid, HNO,, can be made by reacting nitrogen dioxide with water.

The enthalpy change for the reaction can be measured indirectly using a Hess’ cycle.
AH,
3NO,(g) + H,O(l) —— ZHNO,(I) + NO(9)

(c) Nitrogen and oxygen do not react at normal atmospheric temperatures.
Explain why.



