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Answer all the questions.

In the UK, almost all sulphuric acid, H,SO,, is manufactured by the Contact process.
One stage in the Contact process involves the reaction between sulphur dioxide and oxygen.

280,(9) + O,(9) = 2S04(g)

The table below shows values of Kp for this equilibrium at different temperatures.

temperature / °C K,/ kPa™
25 4.0 x 10?2
200 2.5x 108
800 1.3x 1078

(@) (i) Write the expression for the equilibrium constant, Kp, for this equilibrium.

]

(ii) What does this value of K, suggest about the position of equilibrium at 25°C and the
relative equilibrium proportions of the reactants and products?

(b) Predict how the equilibrium position of this equilibrium is affected by the following changes.
Explain your answers.
(i) The temperature is increased whilst keeping the pressure constant.

effect on eqQuUIlIDIIUM POSIHION .............uuei i aa s eaasaaaeeasssnssnassannsrnnes
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(ii) The pressure is increased whilst keeping the temperature constant.

effect on eqQUIlIDIIUM POSIHION .............uuieiieciie i aas e aasaaaseasssnssnnsssansrnnes
.................................................................................................................................... [1]
effect on partial pressure of SO 4(Q) ....eoveviiniiiniiii e
.................................................................................................................................... [1]
(¢) An equilibrium is set up for the SO,, O,, SO, system at 400 °C.

At this temperature,

* the equilibrium partial pressure of SO, is 25 kPa;

» the equilibrium partial pressure of O, is 125 kPa;

. Kp = 3.0 x 102 kPa™".

Calculate the equilibrium partial pressure of SO, at 400 °C.

Hence determine the molar percentage of SO, in the equilibrium mixture at 400 °C.

BNSWEL = it e e % [3]

(d) In the UK, almost all the sulphuric acid manufactured uses sulphur as a starting material for
SO, production. In some countries, metal ores such as zinc sulphide, ZnS, are used instead
of sulphur to form SO,, by heating in air.

(i) Construct a balanced equation to show the reaction that takes place when zinc sulphide
is heated in air.

(ii) Suggest why countries may find it more economic to manufacture sulphuric acid from
zinc sulphide instead of from sulphur.

[Total: 13]
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Solutions of hydrogen peroxide, H,O,, are colourless and widely used as oxidising agents,
antiseptic and bleaches for hair and cloth.

Hydrogen peroxide reacts with iodide ions, I~, in the presence of acid, H*(aq), forming iodine, L,.

(a) Suggest a balanced equation for the overall reaction between H,0,(aq), I"(aq) and H*(aq) to
form aqueous iodine.

(b) Three experiments were carried out using different initial concentrations of H,0,(aq),
I"(aq) and H*(aq). The initial rate of formation of I, was measured for each experiment.

The experimental results are shown below.

experiment o ol A3 /ET;(S‘%)—]S mol a3 s
1 0.050 0.010 0.005 5.75 x 1070
2 0.050 0.020 0.005 115 x 10°5
3 0.050 0.040 0.010 2.30 x 1075

(i) Showing all your reasoning, determine the orders of reaction for I_ and H*.

(ii) This reaction is first order with respect to H,0.,.

Use this information and your answers to (i) to write the rate equation for this reaction.

(iii) Calculate the rate constant, k, for this reaction. State the units for k.

rate constant, K: .......ccccceeeieeeiiiiiieeens UNIES: v [3]
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(c) Hydrogen peroxide readily decomposes to give water and oxygen.

Hydrogen peroxide is sold by volume strength. For example, 40 volume hydrogen peroxide is
used to bleach hair, fur and bones.

40 volume H,O, produces 40 volumes of oxygen gas, measured at room temperature and
pressure, r.t.p., for each volume of aqueous H,0O, solution.

(i) Construct an equation for the decomposition of hydrogen peroxide.

.................................................................................................................................... [1]
(i) Determine the concentration, in mol dm=3, of 40 volume hydrogen peroxide.
1 mol of O,(g) occupies 24.0 dm?3 at r.t.p.
Show all your working clearly.
ANSWET = ..t mol dm™ [3]

[Total: 14]
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This question looks at several acids.

(a) Hydroiodic acid, HI(aq), is a strong acid that is an aqueous solution of hydrogen iodide gas. In

the laboratory, hydroiodic acid is prepared by the method below.

A mixture of iodine and water is put into a flask. The mixture is stirred and hydrogen sulphide
gas, H,S(9), is bubbled through the mixture for several hours. The mixture becomes yellow as
sulphur separates out.

The sulphur is filtered off and the solution is purified by fractional distillation.
A 225¢cm?3 sample of hydroiodic acid is collected containing 47.2¢g of HI.

(i) Construct a balanced equation, with state symbols, for the preparation of hydroiodic acid
from iodine and hydrogen sulphide.

.................................................................................................................................... [2]
(ii) Calculate the pH of the hydroiodic acid sample that is collected.
PH = o [2]
(b) Ethanoic acid, CH,COOH, is a weak acid with a K value of 1.70 x 10~° mol dm=3.
(i) Write an equation for the dissociation of ethanoic acid.
.................................................................................................................................... [1]
(ii) The concentration of ethanoic acid in a solution X was 2.74 x 10~ mol dm=3.
Calculate the pH of solution X.
PH = e [3]

© OCR 2010
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(ili) When ethanoic acid is mixed with hydroiodic acid, an acid—base reaction takes place.
Complete the acid—base equilibrium that is set up and identify the acid—base pairs.

¢ label one conjugate acid—base pair as acid 1 and base 1,

* label the other conjugate acid—base pair as acid 2 and base 2.

(c) Methanoic acid, HCOOH, is an ant’s main defence mechanism, squirted at potential intruders
and injected in ‘ant bites’.

(i) The recommended treatment for an ant bite is ‘bicarbonate of soda’, which contains
NaHCO,.

Suggest, with an equation, how NaHCO, helps to relieve the effect of an ant bite.

(ii) Wasp stings are treated with vinegar. What does this suggest about the nature of the
active ingredient in a wasp sting? Explain your answer.

(iii) Methanoic acid can be used in buffer solutions.

Calculate the pH of a buffer solution containing equal volumes of 0.75 mol dm~2 methanoic
acid and 1.92 mol dm=2 sodium methanoate.

For HCOOH, K, = 1.60 x 10~* mol dm™3,

[Total: 16]
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4 (a) A student analysed an unsaturated branched carboxylic acid, A, using a titration procedure.
The student dissolved 1.368g of the compound in water and made the solution up to
100.0 cm?®. The student titrated 25.0cm? of this solution with 0.152 mol dm=3 NaOH. The
volume of NaOH(aq) required to reach the end-point was 19.80cm3.

Each molecule of A has one acidic hydrogen atom and it behaves as a monoprotic (monobasic)
acid.

e  Calculate the molar mass of the unsaturated branched carboxylic acid A.

e Determine the molecular formula and show two possible structural isomers of the
unsaturated branched carboxylic acid A.

[8]
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(b) In this question, one mark is available for the quality of use and organisation of scientific
terms.

This question considers different graphs used in chemistry.

e Explain how the shapes of rate—concentration graphs can be used to deduce the orders
with respect to reactants.

*  Explain how acid—base titration pH curves can be used to suggest suitable indicators for
titrations of strong and weak acids with strong bases.

In your answer, include sketch graphs with labelled axes.

©OCR 2010 Turn over
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[Total: 17]

END OF QUESTION PAPER

© OCR 2010



11
BLANK PAGE

PLEASE DO NOT WRITE ON THIS PAGE

© OCR 2010



12

PLEASE DO NOT WRITE ON THIS PAGE

OCRY

RECOGNISING ACHIEVEMENT

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment materials. OCR has attempted to identify and contact all copyright holders
whose work is used in this paper. To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced in the OCR Copyright
Acknowledgements Booklet. This is produced for each series of examinations, is given to all schools that receive assessment material and is freely available to download from our public
website (www.ocr.org.uk) after the live examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, OCR will be happy to correct its mistake at the earliest possible
opportunity.

For queries or further information please contact the Copyright Team, First Floor, 9 Hills Road, Cambridge CB2 1GE.
OCR is part of the Cambridge Assessment Group; Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES), which is itself a

department of the University of Cambridge.

© OCR 2010




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (ColorMatch RGB)
  /CalCMYKProfile (U.S. Sheetfed Uncoated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


