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1 Read through question 1 before starting any practical work. For
Examiner's

You are provided with the following reagents. Use

 FA 1, hydrated iron(II) sulfate

«  FA 2, aqueous iron(II) sulfate

*  FA 3, agueous potassium manganate(VII)
*  FA 4, sulfuric acid

The formula of hydrated iron(Il) sulfate is FeSO,.xH,O where x shows the number of
molecules of water of crystallisation present.

The value of x can be found by two different methods.

Method 1 involves heating to drive off water of crystallisation while Method 2 uses a titration
to determine the concentration of Fe2*(aq).

(@) Method 1

*  Weigh a crucible and record the mass.

¢ Add between 1.80g and 2.00g of FA 1 and record the new mass.

*  Place the crucible containing FA 1 on a pipe clay triangle and heat gently for about
four minutes with a Bunsen burner.

«  Allow the crucible to cool. You should continue with Method 2 while the crucible is
cooling.

*  Weigh the crucible and its contents.

Record all masses in the space below.

[3]

(b) Calculate the mass of water lost and the mass of iron(II) sulfate that remained after
heating.

mass of water lost = ............... g

mass of iron(II) sulfate remaining = ............... g
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4
(c) Use your answer to (b) to calculate how many moles of water were lost and the moles of For
iron(Il) sulfate, FeSO,, remaining after heating. Examiner's

Show all of your working. Use
[A, :Fe, 55.8; H,1.0; 0,16.0; S,32.1]

The hydrated iron(II) sulfate contained ......................coeeene . mol of water
and ... mol of FeSO,. [2]

(d) Use your answer to (c) to determine the value of x in the formula of hydrated iron(II)
sulfate, FeSO,.xH,0.

(e) Method 2

e Fill the burette with FA 3, aqueous potassium manganate(VII). i

«  Pipette 25.0cm?3 of FA 2 into a conical flask and use a measuring cylinder to add

approximately 20 cm?3 of FA 4.
«  Titrate this solution with FA 3 from the burette until the first permanent pink colour || jjj

remains in the solution.
. Perform sufficient further titrations to obtain accurate results. iv

« Record your titration results in the space below. Make certain that your recorded
results show the precision of your working.

Vi

Vii

viii

Xi

Summary
25.0cm3of FA 2 reacted With ............oeo..... cm? of FA 3.

Show which results you used to obtain the value of the volume of FA 3 by placing a tick (v)
under the readings used in your results. [11]

© UCLES 2009 9701/33/0/N/09



5

(f) All experimental methods contain errors, some of which are concerned with uncertainty For

of measurements. Examiner's
Use
Complete the table below to show the uncertainties in measuring the volume of
potassium manganate(VII) used in Method 2.

maximum uncertainty in a single reading
with a burette F o, cm?

volume of potassium manganate(VII),
FA 3, from the summaryin(e) | ... cm3

maximum percentage error in the volume of
potassium manganate(VII) used | ...l %

2]

(g) Method 1 is usually less accurate than Method 2 for finding the value of x in the formula
of hydrated iron(II) sulfate, FeSO,.xH,0.

A group of students carried out Method 1 correctly but calculated a value of 9 for x. The
true value for x is 7.

Suggest an error in the practical procedure of the experiment that could account for this
difference.

(h) Suggest a modification that could be made to the practical procedure in Method 1 to
reduce this error.
Explain why this modification should give an answer nearer to 7.

(oo [ iToT=11To ] o NPT TR

[Total: 24]

BEFORE STARTING QUESTION 2, heat a half-full 250cm3
beaker of water for use as a hot water-bath in question 3.
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The four solutions FA 5, FA 6, FA 7 and FA 8 each contain one of the following anions.

. chloride, Ci~
. iodide, I~

. nitrate, NO3
. nitrite, NO;

Use information from the Qualitative Analysis Notes on page 11 to answer the following
guestions.

(@)

(b)

Which single reagent could you use to identify the solution containing the nitrite ion?

Which single reagent could you use to identify the solutions containing the chloride and
the iodide ion?

Use the reagents selected in (a) to test each of the solutions.
Rinse and reuse test-tubes where possible.

Record in an appropriate form in the space below, the reagents used and the
observations made.

From your observations identify the solutions containing chloride, iodide and nitrite ions.
In each case give evidence to support your answer.

solution .................. contains the chloride ion.

S]] o] o T T aTo I =V, o (=T o [o - P
solution .................. contains the iodide ion.

K10 o] o T T T =V, o (=T oo = P
solution .................. contains the nitrite ion.

L 0] o] oTe gl aTo J=AV o (=T o Tot PP [7]
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(c) Do not carry out this test. For

Examiner's
State another test that you could use to confirm the presence of chloride and iodide ions. Use

[Total: 9]
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3 (a) You are to carry out the tests given in the table below on solutions FA 9 and FA 10.
You should record details of colour changes seen and the formation of any precipitate.

8

No additional tests should be attempted.

Reheat your water bath until the water boils. Turn off the Bunsen burner.

test

observations

(i)

Tolcmdepthof FAQina
test-tube, add 1cm depth of
dilute hydrochloric acid.

(i)

To lcm depth of FAQin a
test-tube, add 1 cm depth of
dilute sulfuric acid.

(iii)

To 1cm depth of FA 10 in a
boiling-tube, add dilute sulfuric
acid until no further change
occurs.

Use this solution for test (iv).

(iv)

To the solution left after test (iii)
add 1 cm depth of ethanol.

Place the mixture in your
hot water bath and leave for
approximately 3 minutes.

(v)

To 1cm depth of FA 9in a

test-tube add 1 cm depth of FA 10.
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(b) From your observations in (a) identify the cation present in FA 9. Give evidence to

For
support your answer. Examiner's
Use
Solution FA 9 contains the .................. ion.
ES10 o] o] 1T =37 T L= o o =

(c) What chemical change, involving ethanol, takes place in reaction (iv)? Give evidence to
support your answer.

ChEMICAI CNANGE ...t e e e e et e e e e e e anes

1] o] oJo ] T aTo I =V o (=T o [o - P

[Total: 7]
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Qualitative Analysis Notes

Key: [ ppt. = precipitate. ]

1 Reactions of aqueous cations

reaction with

NaOH(aq) NH,(aq)
aluminium, white ppt. white ppt.
Al%*(aq) soluble in excess insoluble in excess
ammonium, no ppt.
NH4+(aq) ammonia produced on heating
barium, no ppt. (if reagents are pure) no ppt
Ba2*(aq) ppt. g p ppt.
calcium
’ white ppt. with high [Ca?*(a no ppt.

Ca?*(aq) PP gh [Ca*(aq)] PP
chromium(III), grey-green ppt. soluble in excess grey-green ppt.
Cr¥*(aq) giving dark green solution insoluble in excess
copper(Il), pale blue ppt. blue ppt. soluble in excess
Cu?*(aq) insoluble in excess giving dark blue solution
. green ppt. turning brown on contact | green ppt. turning brown on contact
iron(II), . N

with air with air
Fe2*(aq) . . . .

insoluble in excess insoluble in excess
iron(III), red-brown ppt. red-brown ppt.
Fe3*(aq) insoluble in excess insoluble in excess
lead(I), white ppt. white ppt.
Pb2*(aq) soluble in excess insoluble in excess
magnesium, white ppt. white ppt.
Mg2*(aq) insoluble in excess insoluble in excess
manganese(II), off-white ppt._ rapl_dly turning brown off-white ppt._ rapl_dly turning brown

on contact with air on contact with air
Mn2*(aq) . : . .

insoluble in excess insoluble in excess
zinc, white ppt. white ppt.
Zn%*(aq) soluble in excess soluble in excess

[Lead(II) ions can be distinguished from aluminium ions by the insolubility of lead(II) chloride.]
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2 Reactions of anions

11

ion reaction
carbonate,
CO, liberated by dilute acids
CO§‘
yellow soln turns orange with H*(aq);
chromate(VI), _ ' i Ba*
Cr 0421_ (aq) gives yellow ppt. with Ba<*(aq);
gives bright yellow ppt. with Pb%*(aq)
chloride, gives white ppt. with Ag*(aq) (soluble in NH,(aq));
Cl (aq) gives white ppt. with Pb2*(aq)
bromide, gives cream ppt. with Ag*(aq) (partially soluble in NH,(aq));
Br~ (aq) gives white ppt. with Pb2*(aq)
iodide, gives yellow ppt. with Ag*(aq) (insoluble In NH,(aq));
I" (aq) gives yellow ppt. with Pb2*(aq)
nitrate, ) ) ) )
a NHj liberated on heating with OH™(aq) and Al foil
NO; (aq)
nitrite, NH, liberated on heating with OH™(aq) and Al foll,
NO; (aq) NO liberated by dilute acids
21@q (colourless NO — (pale) brown NO,, in air)
sulfate, gives white ppt. with Ba2*(aq) (insoluble in excess dilute strong acid);
S0O7™ (aq) gives white ppt. with Pb2*(aq)
sulfite, SO, liberated with dilute acids;
8032,‘ (aq) gives white ppt. with Ba2*(aq) (soluble in excess dilute strong acid)

3 Tests for gases

gas

test and test result

ammonia, NH3

turns damp red litmus paper blue

carbon dioxide, CO,,

gives a white ppt. with limewater
(ppt. dissolves with excess CO,)

chlorine, CL,

bleaches damp litmus paper

hydrogen, H,

“pops” with a lighted splint

oxygen, O,

relights a glowing splint

sulfur dioxide, SO,

turns acidified aqueous potassium dichromate(VI) from orange to green

© UCLES 2009

9701/33/0/N/09




12

BLANK PAGE

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every reasonable
effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the publisher will
be pleased to make amends at the earliest possible opportunity.

University of Cambridge International Examinations 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.

9701/33/0/N/09




<<
  /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




