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1 In this experiment you will determine the relative formula mass of a copper salt by titration.

  A solution oI the copper salt reacts Zith e[cess acidified potassiuP iodide, producing iodine. 7his 
iodine is then titrated Zith aTueous sodiuP thiosulIate, using starch indicator.

FA 1 is an aTueous solution oI the copper salt prepared E\ dissolYing ��.� g oI the salt to PaNe 
�.�� dP3 of solution.
FA 2 is dilute sulIuric acid, +�SO4.
FA 3 is aTueous potassiuP iodide, .I.
FA 4 is �.��� Pol dP–3 sodiuP thiosulIate, 1a�S�O3.

  starch indicator

(a) Method

• Fill the burette with FA 4.
•  3ipette ��.� cP3 of FA 1 into a conical IlasN.
•  8se the Peasuring c\linder to add appro[iPatel\ �� cP3 of FA 2 to the saPe conical IlasN.
•  8se the Peasuring c\linder to add appro[iPatel\ �� cP3 of FA 3 to the mixture in the conical 

IlasN. 7he Pi[ture Zill noZ Ee a EroZn colour, due to iodine produced in the reaction.
•  %egin \our rough titration E\ adding FA 4 IroP the Eurette until the Pi[ture EecoPes light 

brown.
•  Add �� drops oI starch indicator. 7he Pi[ture Zill EecoPe darNer.
•  Continue titrating until the Pi[ture EecoPes an oII�Zhite colour. 7his is the end�point.
• Add one drop oI starch indicator to checN that no traces oI darN colour are produced.

 II the Pi[ture sta\s oII�Zhite, the titration is finished. II soPe darN colour is produced, 
Eecause iodine is still present, continue the titration.

•  5ecord \our Eurette readings and the rough titre in the space EeloZ.

7he rough titre is ............................. cP3.

	 •  Carr\ out as Pan\ accurate titrations as \ou thinN necessar\ to oEtain consistent results.
	 •  MaNe sure an\ recorded results shoZ the precision oI \our practical ZorN.
	 •  5ecord in a suitaEle IorP EeloZ all oI \our Eurette readings and the YoluPe oI FA 4 added 

in each accurate titration.

 Keep FA 3 and starch indicator for use in Question 3.

[7]

(b)  )roP \our accurate titration results, oEtain a suitaEle Yalue Ior the YoluPe oI FA 4 to be used 
in your calculations.

  Show clearly how you obtained this value.

7he iodine produced reTuired ............................. cP3 of FA 4.  [1]
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(c) Calculations

  6hoZ \our ZorNing and appropriate significant figures in the final ansZer to each step of your 
calculations.

(i)  Calculate the nuPEer oI Poles oI sodiuP thiosulIate, 1a�S�O3, in the YoluPe oI FA 4
calculated in (b).

Poles oI 1a�S�O3 = ............................. mol

(ii) Balance the equation for the reaction of iodine with sodium thiosulfate. State symbols are 
not required.

......I�  �  ........1a�S�O3   ........1a�S4O�  �  ........1aI

(iii)  8sing \our ansZer to (ii), calculate the nuPEer oI Poles oI iodine that reacted Zith the 
nuPEer oI Poles oI 1a�S�O3 calculated in (i).

moles of I� = ............................. mol

(iv)  Iodine, I�, is produced in the reaction EetZeen FA 1 and FA 3. FA 3 is in excess.

�Cu��(aq)  +  4I–(aq)   �CuI(s)  + I�(aq)

 8sing \our ansZer to (iii), calculate the nuPEer oI Poles oI copper�II� ions in ��.� cP3 of 
FA 1.

moles of Cu�� ions = ............................. mol 

(v)  8sing \our ansZer to (iv) and the inIorPation on page �, calculate the relatiYe IorPula 
mass of the copper compound in FA 1.

Mr of copper compound = .............................
[4]

>7otal: ��@
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2 Malachite is a basic form of copper carbonate in which copper hydroxide is also present.
  7he accepted chePical IorPula oI Palachite is CuC23.Cu�2+��.+�O.

  :hen Palachite is heated, it decoPposes as shoZn.

CuCO3.Cu�2+��.+�O(s)   �Cu2�s�  �  C2��g�  �  �+�2�g�

  In this e[periPent, \ou Zill heat Palachite to decoPpose it and use \our results to oEtain eYidence 
about the accepted formula of malachite.

FA 5 is Palachite, CuC23.Cu�2+��.+�O.

(a) Method

  5ead through the Pethod EeIore starting an\ practical ZorN.
  In the space below prepare a single table for your results of Experiments 1 and 2.

Experiment 1

•  :eigh a cruciEle Zith its lid and record the Pass.
•  Add EetZeen �.� g and �.� g oI FA 5 to the cruciEle. :eigh the cruciEle Zith FA 5 and lid 

and record the mass.
•  3lace the cruciEle on the pipe�cla\ triangle.
•  +eat the cruciEle and contents gentl\ Ior aEout tZo Pinutes, Zith the lid on.
•  5ePoYe the lid and continue heating gentl\ Ior aEout three Pinutes.
•  5eplace the lid and leaYe the cruciEle and residue to cool Ior at least IiYe Pinutes. 7hen 

reZeigh the cruciEle and contents Zith the lid on. 5ecord the Pass.
•  While the crucible is cooling, you may wish to begin work on Question 3.
• Calculate and record the mass of FA 5 used and the mass of residue obtained.
•  6tate the oEserYation�s� \ou Pade Zhile the reaction Zas taNing place.

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

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

Experiment 2

  Repeat the method used in Experiment 1, using EetZeen �.� g and �.� g oI FA 5 in the second 
crucible.

Results

>�@
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(b) Calculations

  6hoZ \our ZorNing and appropriate significant figures in the final ansZer to each step of your 
calculations.

(i) Use your results from Experiment 1 to calculate the nuPEer oI Poles oI copper o[ide, 
Cu2, oEtained as residue.
 8se the 3eriodic 7aEle on page �� Ior an\ data \ou Pa\ reTuire.

moles of CuO obtained in Experiment 1 = ............................. mol  

(ii) Use your answer to (i), the eTuation on page � and the Pass oI FA 5 you used in 
Experiment 1, to calculate the relatiYe IorPula Pass, Mr, oI Palachite.

Mr of malachite (from Experiment 1) = .............................

(iii)  Use your results from Experiment 2 to calculate another value for the relative formula 
Pass, Mr, oI Palachite.

Mr of malachite (from Experiment 2) = .............................

(iv)  8se data IroP the 3eriodic 7aEle to calculate the relatiYe IorPula Pass, Mr, oI Palachite 
IroP its accepted IorPula, CuC23.Cu�2+��.+�O.

Mr of malachite (from formula) = .............................

(v) If the relative formula mass of malachite obtained from either of your experiments 
is Zithin �.�� oI the ansZer in (iv), this is good eYidence that the accepted IorPula, 
CuCO3.Cu�2+��.+�2, is correct.

 Show by calculation whether either of your experiments supports the accepted formula.

>�@

PMTPMT



6

9701/31/M/J/17© UCLES 2017

(c) (i) State one Za\ oI iPproYing the accurac\ oI the e[periPental Pethod, using the saPe 
masses of FA 5.
 ([plain the Eenefit oI \our iPproYePent.

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

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

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

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

(ii) Explain why you would expect Experiment 1 to be more accurate than Experiment 2.

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

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

 .............................................................................................................................................
[3]

>7otal: ��@
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3 Qualitative Analysis

  At each stage oI an\ test \ou are to record details oI the IolloZing.

●  colour changes seen
● the formation of any precipitate
●  the soluEilit\ oI such precipitates in an e[cess oI the reagent added

  :here reagents are selected Ior use in a test, the name or correct formula of the element or 
coPpound Pust Ee giYen.

  :here gases are released the\ should Ee identified E\ a test, described in the appropriate place 
in your observations.

  <ou should indicate clearl\ at Zhat stage in a test a change occurs.
No additional tests for ions present should be attempted.

If any solution is warmed, a boiling tube MUST be used.
  5inse and reuse test�tuEes and Eoiling tuEes Zhere possiEle.

(a) FA 6 is another salt oI copper. 7he anion present is one oI those listed in the 4ualitatiYe 
Anal\sis 1otes.

(i)  7ransIer a small spatula measure of FA 6 into a hard�glass test�tuEe.
 +eat gentl\ at first, then heat strongl\, until no Iurther change occurs.

 Record all your observations below.

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

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

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

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

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

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

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

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

(ii)  6uggest the chePical IorPula oI FA 6.

 .............................................................................................................................................
[3]

PMTPMT
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(b) (i) Dissolve the remainder of FA 6 in an appro[iPatel\ �� cP depth oI distilled Zater in a 
Eoiling tuEe.

FA 7 is a solution oI a salt containing one anion IroP those listed in the 4ualitatiYe Anal\sis 
1otes.
 7Zo cations are also present.

 Carr\ out the tests descriEed EeloZ using separate portions oI solutions FA 6 and FA 7.
 Record your observations in the table.

test
observations

FA 6 FA 7
7o a � cP depth oI solution in a 
test�tuEe, add an eTual YoluPe 
of FA 3, aTueous potassiuP 
iodide, IolloZed E\ a IeZ drops 
of starch indicator.

7o a � cP depth oI solution in 
a Eoiling tuEe, add aTueous 
sodiuP h\dro[ide, then

heat gently and carefully.

7o a � cP depth oI solution in 
a test�tuEe, add a IeZ drops oI 
aqueous silver nitrate.

7o a � cP depth oI solution 
in a test�tuEe, add aTueous 
ammonia.

7o a � cP depth oI solution in 
a test�tuEe, add a Iolded � cP 
length oI PagnesiuP riEEon.

(ii) What can you deduce about solution FA 7 IroP its reaction Zith PagnesiuP"
 Explain your answer.

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

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

PMTPMT
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(iii)  Give the ionic equation for the reaction of the metal cation in FA 7 with aqueous sodium 
hydroxide. Include state symbols.

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

(iv) What type oI reaction tooN place Zhen aTueous potassiuP iodide Zas added to FA 7"
 Use your observations to help you explain your answer.

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

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

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

(v)  7he oEserYation \ou Pade Zhen aTueous silYer nitrate Zas added to FA 7 does not allow 
the anion in FA 7 to Ee identified Zith certaint\.

 Explain why you cannot be certain about the identity of the anion.

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

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

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

(vi)  A student suggested that the anion in FA 7 could Ee identified Zith Pore certaint\ iI e[cess 
ammonia solution was added after the aqueous silver nitrate.

 ([plain Zh\ this suggestion is not correct.

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

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

 .............................................................................................................................................
[11]

>7otal: ��@
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Qualitative Analysis Notes

1 Reactions of aqueous cations

ion
reaction with

NaOH(aq) NH3(aq)

aluminium,
Al 3+(aq)

white ppt.
soluble in excess

white ppt.
insoluble in excess

ammonium,
NH4

+(aq)
no ppt.
ammonia produced on heating –

barium,
Ba2+(aq)

faint white ppt. is nearly always
observed unless reagents are pure no ppt.

calcium,
Ca2+(aq) white ppt. with high [Ca2+(aq)] no ppt.

chromium(III),
Cr3+(aq)

grey-green ppt.
soluble in excess

grey-green ppt.
insoluble in excess

copper(II),
Cu2+(aq)

pale blue ppt.
insoluble in excess

blue ppt. soluble in excess
giving dark blue solution

iron(II),
Fe2+(aq)

green ppt. turning brown on contact 
with air
insoluble in excess

green ppt. turning brown on contact 
with air
insoluble in excess

iron(III),
Fe3+(aq)

red-brown ppt.
insoluble in excess

red-brown ppt.
insoluble in excess

magnesium,
Mg2+(aq)

white ppt.
insoluble in excess

white ppt.
insoluble in excess

manganese(II),
Mn2+(aq)

off-white ppt. rapidly turning brown
on contact with air
insoluble in excess

off-white ppt. rapidly turning brown
on contact with air
insoluble in excess

zinc,
Zn2+(aq)

white ppt.
soluble in excess

white ppt.
soluble in excess

PMTPMT
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2 Reactions of anions

ion reaction

carEonate,
CO3

�±

CO� liberated by dilute acids

chloride,
Cl –(aq)

giYes Zhite ppt. Zith Ag+�aT� �soluEle in 1+3(aq))

EroPide,
Br –(aq)

giYes creaP ppt. Zith Ag+�aT� �partiall\ soluEle in 1+3(aq))

iodide,
I –(aq)

giYes \elloZ ppt. Zith Ag+�aT� �insoluEle in 1+3(aq))

nitrate,
1O3

–(aq)
1+3 liEerated on heating Zith 2+–(aq) and Al foil

nitrite,
1O�

–(aq)

1+3 liEerated on heating Zith 2+–(aq) and Al foil;
1O liberated by dilute acids
�colourless 12  �pale� EroZn 12� in air)

sulIate,
SO4

�±(aq)
giYes Zhite ppt. Zith %a���aT� �insoluEle in e[cess dilute strong acids�

sulfite,
SO3

�±(aq)
gives white ppt. with Ba���aT� �soluEle in e[cess dilute strong acids�

3 Tests for gases

gas test and test result

aPPonia, 1+3 turns damp red litmus paper blue

carEon dio[ide, C2� giYes a Zhite ppt. Zith liPeZater �ppt. dissolves with excess CO�)

chlorine, Cl � bleaches damp litmus paper

h\drogen, +� µpops¶ Zith a lighted splint

o[\gen, 2� relights a gloZing splint

PMTPMT
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