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Answer all the questions,

In an experiment, maltose, C,,H,,0,,, was hydrolysed to form glucose, CgH,,04. The
hydrochloric acid behaves as a catalyst for this reaction.

H* catalyst
C,,Hp0044(80) + HO0) ———> 2C4H,,04(aq)

maltose glucose

This reaction was carried out several times using different concentrations of maltose and of
hydrochloric acid. The initial rate of each experimental run was calculated and the results are
shown below. In each case, initial concentrations are shown.

womiret [C37g5000] PS0L | ig
1 0.10 0.10 0.024
2 0.20 0.10 0.048
3 0.10 0.15 0.036

(a) (i) Suggest what is meant by the inifial rate of reaction.

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

(i) The initial rates measured in each experimental run are for the rate of
disappearance of maltose.

For experiment 1, deduce the initial rate of appearance of glucose, in moldm=3s~1,

......................................................................................................... moldm—3s~1 [1]
(b) (i) Foreach reactant, deduce the order of reaction. Show your reasoning.

C,H044(aq) -.... eeeseeieemsesesseseaseressseesesfeeeesieeiereeesaneressirrieivedtiatEteiaretaaane sty iraryaen

3 [T ) IO OO OSSOSO PO PRI

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

...................................................................................................................................
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(i) What is the overall order of this reaction? Use

............................................................................................................................... [1]
(ili) Deduce the rate equation for this reaction.
............................................................................................................................... [2]
(c) The experiment was repeated at a higher temperature.
State whether the rate constanf would increase, decrease or stay the same.
...................................................................................................................................... [1]

(d) Experiment 1 was repeated and the concentration of maltose was measured continuously
until the reaction was complete.

The half-life of this reaction with respect to maltose was measured as 3 seconds.

() What is meant by the half-life of a reaction?

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

(i) Determine the concentrations of maltose and hydrochloric acid in experiment 1
after 3 seconds. In each case, explain how you have arrived at your answer.

[CHpp 01 (ON] ereremmerersvessessnermeneeseseseseseesessscsssesesssessessssssesseesssassesssssessssessssssssssasenes

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

[Total: 14]
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Equilibrium 1, shown below, exists between N,(g), O,(g) and NO(g).
N,(g) + O,(g) = 2NO(g) equilibrium 1
The equilibrium constant K_, for this reaction is 4.8 x 107! at 25°C.

(@) (i) Write the expression for the equilibrium constant, K, for equilibrium 1.

(2]

(i) What does the value of K, tell you about the equilibrium position in equilibrium 1
at 25 °C? Explain your reasoning.

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

(i) An equilibrium mixture of these three gases had the following equilibrium
concentrations: 1.1 moldm=N,(g) and 4.0 x 1076 mol dm3NO(g).

Calculate the equilibrium concentration of O,(g}.

ANSWEN ..eeveeeevirreereesesesaeneas moldm=2 [3]

(b) In a car, nitrogen and oxygen gases in the air are drawn into the engine. The high
temperature inside a working car engine increases the value of K_ for equilibrium 1.

(i) Deduce the sign of the enthalpy change for the forward reaction in equilibrium 1.
Explain your reasoning.

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

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

(i) Compare the proportion of NO gas inside a working car engine to that at 25 °C.
Explain your answer.

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

...................................................................................................................................
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(li) In the absence of a catalytic converter, the NO gas emerges from a car exhaust
and then reacts with oxygen in the air. The oxidation number of the nitrogen
increases to +4.

Suggest an equation for this reaction

(c) In this question, one mark is available for the quality of written communication.

In industry, NO(qg) is used in the manufacture of nitric acid. The production of NO(g)
involves the oxidation of ammonia.

4NH,(g) + 50,(g) = 4NO(g) + 6H,0(g) AH = ~ 900 kJ mot!

The actual industrial conditions used are a temperature of about 1000 °C, a pressure of
10 atmospheres and a platinum-rhodium catalyst.

Giving reasons,
e predict the conditions required for an optimum equilibrium yield,

» suggest reasons why the actual conditions used may be different from the optimum
equilibrium conditions.

..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
T L L L T R R IR R LR PR EER
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

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

Quality of Written Communication [1)

[Total: 20]
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A student carried out some practical work on acids and alkalis.

(a) He measured the pH of aqueous solutions of two acids. His resuits are shown in

Table 3.1 below.

6

() Define pH.

acid concentration/mol dm=3 pH

HBr 0.0100 2.0

CH,COOH ' 0.0100 3.4
Table 3.1

............................................................................................................................... [1]
(ii) Compare the concentrations and pH values of the two acids in Table 3.1.
Explain what this tells you about the relative strengths of the two acids.
............................................................................................................................... [2]
(i} The student mixed together 10 cm? of 0.0100 mol dm™2 HBr with 90 cm? of water.
Determine the pH of the diluted acid. Show your working.
[2]
(b) The constant K, has a value of 1.0x10™'*mol? dm™®.
(i) Define K, by completing the expression below.
O U LY DT i1}
(ii) Calculate the pH of 0.020 mol dm~3 KOH(aq). Show your working.
(2]
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(¢} The student pipetted 20.0 cm? of 0.0100 moldm=3 CH,COOH(aq) into a conical flask.

He then slowly added an excess of 0.0100 mol dm—3KOH(aq) from a burette. In total,

50.00 c¢m?® of the alkali were added.

The pH of the resulting solution was measured throughout the experiment with a pH meter.

The equation for the reaction is shown below.
CH,COOH(aq) + KOH(aq) —> CH,COOK(aq) + H,O(l)

(i) Sketch the pH curve for this titration on the grid below.
14

0 10 20 30 40
volume of 0.0100 moldm™ KOH(aq) added/cm3

(ii) This titration could be carried out using an indicator. The pH ranges for the pH

changes of four indicators are shown below.

indicator pH range

clayton yellow 12.2-13.2

thymol blue 80-96

brilliant yellow 66-78

resazurin 3.8-6.4

Explain which of the four indicators is most suitable for this titration.

...............................................................................................................
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4 Phosphoric acid, H,PO,, is an important chemical used for the manufacture of fertilisers. e

The acid can be prepared from phosphorus, P,, and from ‘rock phosphate’ which contains
calcium phosphate.

(a) The flowchart below summarises the two routes used to make phosphoric acid.

phosphorus, rock phosphate
P, (contains calcium phosphate)
heat .
in air heat wut.h .
sulphuric acid
Y
oxide A reflux in water Y
\ phosphoric acid,
H;PO,

Compound A has the percentage composition by mass: P, 43.7%; O, 56.3%. M, = 284.

Showing all your reasoning,

o identify the molecular formula of compound A, [3]
» determine the formula of calcium phosphate, [1]
¢ write equations for the three reactions shown. {3]

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

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

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

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

...................................................................................................................................
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(b) in solution, phosphoric acid can donate its three protons in turn.

()

(i)

HsPO,(aq) = H*(aq) + H,PO(aq) K, =7.5x103mol dm™
H,PO;(ag) = H*(aq) + HPOZ(aqg) K, = 6.2x 108 mol dm3
HPOZ2 (agq) = H*(aq) + PO} (aq) K, =1.7x10"12moldm™3

Compare the relative acidic strengths of H,PO,, H,PO; and HPOZ", Explain how
you arrived at your answer.

Salts of phosphoric acid can be formed by replacing one, two or three protons from
H.PO,.
3t va

For exampie, two protons from H,PO, can be replaced to form Na,HPO,.
H4PO,(aq) + 2NaOH(aq) — Na,HPO,(aq) + 2H,0()

Calculate the volumes of 0.500 mol dm—3H,PO,(aq) and 0.500 mol dm—3NaOH(aq)
that you would need to prepare 4.26 g of the salt Na,HPO,.

[5]
[Total: 13]
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