2  Chlorine dioxide, ClO,, is aliquid at room temperature and pressure.
in an aqueous solution it is used as a bleach. :

4

(a) Inaqueous solution, chlorine dioxide, ClO,, reacts with hydroxide ions, OH™.

This reaction.is carried out three times using different concentrations of the two reactants.
The initial rate of each reaction is determined and the results are shown below.

cooimon | 00M9) | Rl |GG
i 0.010 ~ 0.030 6.00 x 107
2 0.010 0.075 1.50%x 1072
3 0.030 0.030 5.40 x 1073

(i) For each reactant, deduce the order of reaction. Show your reasoning.

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

.....................................................................................................................................
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(i) Deduce the rate equation for the reaction. ~

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

(ilf) Calculate the rate constant, k, for this reaction. State the units, if any.
' Give your answer to an appropriate number of significant figures,

rate constant, K: o,




i

A

2 Nitrous oxide, N,O, is a colourless gas with a mild, pleasant odour and sweet taste. It is widely

usedas a pr_opellant in aerosol cans of whipped cream.
(a) When heated strongly, nitrous oxide decomposes into its elements.

2N,0(g) —> 2Ny(g) + O(0)

This reaction is first order with respect to NZO.This can be confirmed from the graph below

using half-lives.

1.000 T n
N aEAnguaRNEERNEENNREEERE N EaEENNNNENNERNLEEE
0000 TR PR e e
0.800 I_Q::_:—:_:f:::""1::::;:::::::
0700 F FNFEEEE F EF e PP R e
EEEEEESEEEEL-“_EEEEEEEEEEEEEEEE T
0.600 :E:::j‘?---—- EAEEN  EAEENENENNEENEENE
[NzO(g))/ mol dm™ 0.500 P EE AN e H A
Y 1::::::::::Sr-“:i::: 1 E::::::::
0.400 R ""I“_f_______:___,::::i::
0.300-H :EE::::EEEEEE_"_"”_J":
[ ] NENNNERENRERE S0 o B
i E EEEEAREENESENN B
0.200 ______4__7______4_"__:; e aAREERAREEN
:::::::::::::::::::::::::’::‘;;::::::t::::::::::
0400 HEE T A S
PEEMEENEENENNENNNENEEN R mRaENEAANENERENNRCCSNSE
0,000 i P H TR
0

50 100 150 200 250

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

(i) Use this graph to show that this reaction is first order with respect to N,O.

State the hali-life.

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

....................................................................................................................................
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(it)) What would be the effecton the half-life of this reaction of doubling the initial concentration

of N,O?
.................................................................................................................................... [1]
(b) () Write down the rate equation for this reaction.
.................................................................................................................................... (11
(il) Use the graph to work out the rate of reaction, in moldm-3s~!, at 70 seconds.
Show your working on the graph.
A0 = wiueeeriereeenies ceerreneeneaes moldm-3s~1 [2]
(ili) Calculate the rate constant for this reaction. State the units.
K= i (11311 £ >R [2]

(c) What evidence is there that the mechanism of this reaction takes place in more than a single
step?

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

©CCR 2010 - Turn over
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Answer all the questions.

1 The decompositio'n of gaseous hydrogen iodide to form hydrogen and iodine gases is & reversible

reaction.
2HI(g) = Hy(@) + 1x(9)

on for K, for an equilibrium mixture of these three gases.

(a) Write the expressi
[1]

dded 0.50mol HI(g) to & 1.0dm?2 container. The container was sea!ed and the

(b) A student a
contents were allowed to reach equilibrium at constant temperature.
present.

The student then analysed the equilibrium mixture and found that 0.11 mol 1,(g) was

as in the equilibrium mixture.
1(9)

0.00 0.00

]

L’/’L—/d {21

icant figures. State the units, if any.

(i) Complete ihe table below to show the amount of each ¢

initial amount / mol

equilibrium amount / mol

(i) Calculate K toan appropriate number of signif

UNILS, I ANY oooirerseeeesmrsene e

Kc PR
uced. The

(c) The student compressed the equilibrium mixiure SO that its volume was red

temperature was kept constant.

K, and the composition of the equilibrium mixture under these new

Comment on the.value of
conditions.

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

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

..............................................................................................................................................
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(d) The student repeated the experiment at g higher temperature and found that more L,(g) was
- present at equilibrium. . -

Comment on the value of K. and explain what additional information this tells you about the
reaction. . - ' : '

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




il
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12

Ammonia is one of our most important chemicals, produced in enormous quantities because of its
role in the production of fertilisers. :

“Much of this ammonia is manufactured from nitrogen and hydrogen gases using the Haber proce'ss.
The equilibrium s shown below.

N,(g) + 3H,(9) = 2NH4(9) AH = —92kJmol™

(a) () Write an expression for K_ for this equilibrium.

(b) A research chemist was Investigating methods to improve the synthesis of ammonia from
nitrogen and hydrogen at 500°C.

+  The chemist mixed together nitrogen and hydrogen and pressurised the gases so that
their total gas volume was 6.0dm>.

« The mixture was aflowed to reach equilibrium at constant temperature and without
changing the iotal gas volume.

«  The equilibrium mixiure contained 7.2mol Ny and 12.0mol H,.
« AL500°C, the numerical value of K, for this equilibrium is 8.00x 1072

Calculate the amount, in mol, of ammonia present in the equilibrium mixture at 500°C.

equilibrium amount of NHg = .ooveienommmenmanmees mol [4]

©OCR 2010
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t doubled the pressure of the equilibrium mixture whilst keeping all other

(¢) The research chemls
As expected the equilibrium yield of ammonia increased.

conditions the same.

(i} Explain in terms: of le Chatelier's principle why the equilibrium yield qf ammonia
increased.
(i) Explain in terms of K; why the equilibrium yield of ammonia increased.
e eeesieeesesssaesssiesssfereEsiEedisERsSIERSLSEALERILER AT [3]




16

3

6

Benzoic acid, CgHsCOOH, is a weak acid, used for preserving fruit juices.
The acid dissociation constant, Ky of benzoic acid is 6.30 x 1072 mol dm= at 25°C.

(a) Write the equation for the dissociation of benzoic acid when dissolved in water.

(b) Write the expression for the acid dissociation constant, K, of benzoic acid.

(c) The solubility of benzoic acid in water is 3.40 g dm= at 25°C,

Calculate the pH of a saturated solution of benzoic acid in water at 25°C.

© 0GR 2009
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(d) In this question, one mark is available for the quality of use and organisation of scientific
terms.

A buffer solution i$ needed for présefving fruit juice.

A chemist at the fruit juice company prepared a benzoic acid/scdium benzoate buffer with
concentrations of 0.105 mol dm~3 GzH;COOH and 0.125 mol dm™ G;H;COONa.

«  State what a buffer solution is and explain how this solution acts as a buffer solution.
Include equations in your answer.

o Calculate the pH of this benzoic acid/sodium benzoate buffer at 25 °C. Show all your
working. :

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

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

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

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

Tesrerrerr PP YT TP P TP TR LT AR R EE LI LA L Lt
..........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................

Quality of Written Communication [1]

[Total: 16]
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8
4  Nitric acid, HNO,, is a strong acid which can also behave as an oxidising agent.
(a) Nitric acid reacts with bases, such as agueous ammonia, NH,(aq), to form salts.
A 25.0 cm® sample of HNO,(aq) was placed in a conical flask.

NH,(aq) was added from a burette untll the pH showed little further change.
The NH, concentration was the same as the HNO, concentratlon

The pH curve for this titration is shown below.

14
13
12
11 -H e

104 ‘ LT

pH

O=MNWAOIODNOWO

0 5 10 15 20 25 30 35 40 45 50

volume NHy(aq) added / cm?®

(i) Deduce the concentration of the nitric acid.

1
(i) How can you tell from this pH curve that aqueous ammonia is a weak base?
...................................................................................................................................... [1]
{iiy What is the formula for the sait formed in this reaction?
...................................................................................................................................... [11

©OQCR 2009
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The pH ranges for four indicators are shown below.

indicator - pH range
malachite green 0.2-1.8
resazurin 3.8-6.4
metacresol purple - 7.4-9.0

alizarin yellow R 10.1-12.0

Which of these fbur indicators Is most suitable for this titration?

The titration was repeated but using NH4(aq) with twice the concentration of the original
ammonia solution.

. What two differences would there be between this titration curve and the one shown in

part (a)?

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

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

(b) When nitric acid reacts with magnesium metal, different gases are formed, depending on the
concentration of the nitric acld. Each reaction producing a gas is a redox reaction.

(0

(i)

© OCRA 2003

With very dilute nitric acid, H, gas is evolved..
With concentrated nitric acid, NO, gas Is evolved.

Write a full equation and an ionic equation for the reaction of magnesium with very dilute
nitric acid.

full equatlon ...................................
TONIC QOUALION 1.eceesrecs crsninc st s essasss e s T e [21

Use oxidation numbers to show the reduction that takes place when magnesium reacts
with dilute and with concentrated nitric acid.

dilute HNO coueereeaernrrrers s s reerenst s ..

concentrated HNOg ....uersericrsssseesnaee .......... eteereteteeeaen e baesaneraeaens 12
[Total: 10]
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(c)
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In this question, one mark is available for the quality of use and organisation of scientif
terms.

A glycolic acid skin-care product has a buffered pH of 4.4.
The buifer contains a solution of glycolic acid and its sodium salt, sodium glycolate.

* Explain what a buffer is and how this buffer system works. include equations in yot
answer. , '
*  Calculats the proportions of glycolic acid and sodium glycolate in this skin-care produc

Glycolic acid has a K, value of 1.48 x 10 mol dm™.

..................................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
..................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
...................................................................................................................................................
e R T
...................................................................................................................................................
..................................................................................................................................................

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

............................ [9]

buality of Written Communication [1]

TURN OVER FOR QUESTION 4(d)
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Answer all the questions.

1 The Born-Haber cycle below can be used to calculate the |lattice enthalpy for barium oxide.

A
first and second
electron affinities = +650 kd mol™!
of oxygen
- I Ba2*(g) + 2e~ + O(g)
enthalpy change
of atomisation = +248kJmol™1
f oxygen
oroxyge i Ba?*{g) + 20 + %Og(g)
second ionisation
enthalpy of = +965KJ mol™
barium lattice
enthalpy of
‘ 'y Ba*(g) + e~ + %Oz(g) barium
oxide
AHy = +503kJ mol™
1 Ba(g) + $0x(g)
AH, = +180kJ moi™! -
Ba(s) + 302(g)
AH, = -554kJmol™!
y BaO(s) 1

(@ ()

(i)

©0OCR 2010

Write down the name for each of the following enthalpy changes in the Born-Haber cycle
above. ‘

Write down the missing formulae in the box at the top of the Born-Haber cycle.

Include state symbols. ' [11




3
(b) (i) Use the Born-Haber cycle to calculate the lattice enthalpy of barium oxide.

ANISWET = uvevererececerceresseteisse et et seeseeens kdmol~ [2]
(i) The lattice enthalpy of barium oxide is different from that of magnesium oxide.

Explain why these lattice enthalpies differ.

...........................................................................................................................................
...........................................................................................................................................
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(e) In the industrial production of ammonia, a temperature in the range 400-500°C is used.

No(g) + 8H,(g) == 2NHy(g)

Standard entropies of N,(g), H,(9) and NH,(g) are given in the table below.

AH= —92kJmol™!

substance

N,(9)

H,(g)

NH,(@)

S/JK- i mol™

191

131

192

() Show that the formation of ammonia from nitrogen and hydrogen gases should be
feasible at room temperature (25 °C).

1]

() Explain, in terms of entropy, why this reaction is not feasible at very high temperatures.

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

(i) Suggest why a temperature of 400-500°C is used for ammonia production, despite the

reaction being feasible at room temperature.

©0CA 2010

[Total: 22]




