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1 In this experiment you will determine the oxidation number of iodine in one of its compounds by 
titration.

FA 1 is a 0.0197 mol dm–3 solution of the iodine-containing compound.
FA 2 is dilute sulfuric acid, H2SO4.
FA 3 is aqueous potassium iodide, KI.
FA 4 is 0.105 mol dm–3 sodium thiosulfate, Na2S2O3.

  starch indicator

FA 1 reacts Zith e[cess acidified potassiuP iodide to produce iodine, I2. This iodine is then titrated 
with aqueous sodium thiosulfate using starch indicator.

(a) Method

 Ɣ  )ill the Eurette Zith FA 4.
 Ɣ  3ipette ��.� cP3 of FA 1 into a conical flask.
 Ɣ  8sing the Peasuring c\linder, add �� cP3 of FA 2 to the same conical flask.
 Ɣ  8sing the saPe Peasuring c\linder, add �� cP3 of FA 3 to the mixture in the conical flask. 

The mixture will now be a red-brown colour, due to iodine produced.
 Ɣ  Carr\ out a rough titration E\ adding FA 4 from the burette until the mixture becomes light 

brown.
 Ɣ  7hen add �� drops oI starch indicator. 7he Pi[ture Zill change to a darN Elue colour.
 Ɣ  Continue titrating until the Pi[ture EecoPes colourless. 7his is the end�point.

The rough titre is ............................. cm3.

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

in each accurate titration.

[7]

(b)  )roP \our accurate titration results, oEtain a suitaEle Yalue Ior the YoluPe oI FA 4 to be used 
in \our calculations. 6hoZ clearl\ hoZ \ou oEtained this Yalue.

The iodine produced required ............................. cm3 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 in the YoluPe oI FA 4 calculated 
in (b).

moles of Na2S2O3 = ............................ mol

(ii) The equation for the reaction of iodine with sodium thiosulfate is shown.

I2(aq)  +  2Na2S2O3(aq)   Na2S4O6(aq)  +  2NaI(aq)

 Calculate the nuPEer oI Poles oI iodine that reacted Zith the sodiuP thiosulIate calculated 
in (i).

moles of I2 = ............................ mol

(iii)  8se the inIorPation on page � to calculate the nuPEer oI Poles oI iodine�containing 
compound in the 25 cm3 of FA 1 used in each titration.

moles of iodine-containing compound in 25 cm3 FA 1 = ............................ mol 

(iv)  8se \our ansZers to (ii) and (iii) to calculate the number of moles of iodine produced 
when 1 mole of the iodine-containing compound in FA 1 reacts with excess FA 3. *iYe 
your answer as an integer.

moles of I2 = ............................ mol

(v) The anion in FA 1 is IOx
– where x is the number of oxygen atoms present in the formula.

 8se \our ansZer to (iv) to balance the ionic equation for the reaction between FA 1 and 
FA 3 under acidic conditions.
 +ence deduce the Yalue oI x in the formula IOx

–.

IO...
–  +  ......I–  +  ......H+   ......I2  +  ......H2O

x = ............................

(vi)  Calculate the o[idation state oI iodine in FA 1.
 (If you were unable to calculate x in part (v), assume that x = 4.)

oxidation state of iodine = ............................
[6]

[Total: 14]
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2 Zinc carbonate occurs in a basic form, which means that zinc hydroxide is also present. The 
chePical IorPula oI Easic ]inc carEonate can Ee Zritten as =nC23.yZn(OH)2, where y may not 
be an integer. In this experiment you will heat basic zinc carbonate to decompose it and use your 
results to deterPine the Yalue oI y.

  When basic zinc carbonate is heated, it decomposes as shown.

=nC23.yZn(OH)2(s)   (1 + y�=n2�s�  �  C22(g)  + yH2O(g)

FA 5 is Easic ]inc carEonate, =nC23.yZn(OH)2.

(a) Method

  5ead through the Pethod EeIore starting an\ practical ZorN.
  3repare a taEle Ior all \our results IroP ([periPents � and � in the space on page �.

Experiment 1

 Ɣ  :eigh a cruciEle Zith its lid and record the Pass.
 Ɣ  Add �.�±�.� g oI FA 5 to the crucible. Weigh the crucible and lid with FA 5 and record the 

mass.
 Ɣ  3lace the cruciEle in the pipe�cla\ triangle on top oI the tripod.
 Ɣ  +eat the cruciEle and contents gentl\ Ior � Pinute Zith the lid on.
 Ɣ  5ePoYe the lid. +eat the cruciEle and contents strongl\, Zith the lid oII, Ior appro[iPatel\ 

4 minutes.
 Ɣ  5eplace the lid and leaYe the cruciEle and residue to cool Ior at least � Pinutes, EeIore 

re�Zeighing it Zith the lid on. 5ecord the Pass.
 Ɣ  While the crucible is cooling, you may wish to begin work on Question 3.
 Ɣ  Calculate, and record in \our taEle, the Pass oI FA 5 used and the mass of residue 

obtained.

(i)  6tate the oEserYation�s� \ou Pade Zhile \ou Zere heating FA 5.

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

(ii)  6tate the oEserYation�s� \ou Pade once the residue had cooled doZn.

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

Experiment 2

 Ɣ  5epeat the procedure used in Experiment 1, using 1.5–1.9g of FA 5 and using the other 
crucible and lid.

 Ɣ  5ecord the three Ealance readings Pade during the e[periPent.
 Ɣ  Calculate and record the Pass oI FA 5 used and the mass of residue obtained.

PMTPMT
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Results

[6]

(b) Calculations

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

(i)  Calculate the relatiYe IorPula Pass, Mr, of zinc hydroxide, Zn(OH)2.

Mr of Zn(OH)2 = ............................

(ii)  8sing \our ansZer to (i), write down an expression, in terms of y, Ior the relatiYe IorPula 
mass, Mr, oI Easic ]inc carEonate, =nC23.yZn(OH)2.

Mr oI =nC23.yZn(OH)2 = .................................................................

(iii)  8sing the Pass oI =nC23.yZn(OH)2 from Experiment 1 and your answer to (ii), write 
down an expression, in terms of y, Ior the nuPEer oI Poles oI =nC23.yZn(OH)2 that you 
heated in Experiment 1.

Poles oI =nC23.yZn(OH)2 = ................................................................. mol
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(iv)  8sing \our ansZer to (iii) and the equation below, write an expression, in terms of y, for 
the number of moles of zinc oxide produced in Experiment 1.

=nC23.yZn(OH)2(s)   (1 + y�=n2�s�  �  C22(g)  + yH2O(g)

moles of ZnO produced = ................................................................. mol

(v)  8se \our results IroP Experiment 1 to calculate the number of moles of zinc oxide, ZnO, 
obtained in the residue. You may assume complete decomposition has occurred.

moles of ZnO = ............................ mol

(vi) 8sing \our ansZers to (iv) and (v), calculate the Yalue oI y to one decimal place.

y = ............................
[6]

(c) (i)  Apart IroP altering the Ealance or the Passes oI FA 5 used, state one iPproYePent \ou 
could PaNe to the e[periPental procedure to iPproYe its accurac\.

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

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

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

(ii) Which experiment should be more accurate, Experiment 1 or Experiment 2?
 ([plain \our ansZer.

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

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

 .............................................................................................................................................
[2]

[Total: 14]
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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 solubility of such precipitates in an excess of the reagent added.

  Where reagents are selected for 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.

  You should indicate clearly at what 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.

PMTPMT
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FA 6, FA 7 and FA 8 are solutions of salts.

Information about FA 6, FA 7 and FA 8

Ɣ  (ach salt contains one cation and one anion.
Ɣ  2ne oI the ions is sodiuP� the other IiYe ions are listed in the 4ualitatiYe 

Anal\sis 1otes.
Ɣ  (ach salt contains a diIIerent nitrogen�containing ion.
Ɣ  FA 7 or FA 8 contains a halide ion.

(a)  You will identify the cations present in FA 6, FA 7 and FA 8.

  To do this you will carry out six separate tests. You will use dilute sulfuric acid and aqueous 
sodium hydroxide separately with FA 6, FA 7 and FA 8.

  8se a � cP depth oI each salt solution in a suitaEle tuEe Ior each test \ou carr\ out.

  5ecord all oI \our oEserYations in a taEle in the space EeloZ.

[4]

PMTPMT
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(b) Name the reagents you would use to identify the halide ion present in either FA 7 or FA 8.
  Test FA 7 and FA 8 Zith these reagents and record \our oEserYations.

 reagents used  ............................................................................................................................

unknown oEserYations halide ion
present /

FA 7

FA 8

[2]

(c) (i)  1aPe the reagents \ou Zould use to confirP the presence oI the nitrogen�containing 
anions in the two solutions that do not contain a halide ion. Test both solutions with these 
reagents and record \our oEserYations.

reagents used  .....................................................................................................................

unknown oEserYations

FA ........

FA ........

(ii)  1aPe the reagent \ou Zould use to positiYel\ identiI\ one oI the nitrogen�containing 
anions in the two solutions tested in (i). 7est Eoth solutions Zith this reagent. 5ecord all 
\our oEserYations.

reagent used  .......................................................................................................................

unknown oEserYations

FA ........

FA ........

[4]

(d)  8se the inIorPation giYen in (a) and \our oEserYations in all tests to deduce the chePical 
formulae of the three salts.

FA 6 is ....................................   FA 7 is ................................... FA 8 is ...................................
[2]

[Total: 12]
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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

carbonate,
CO3

2–

C22 liberated by dilute acids

chloride,
Cl –(aq)

giYes Zhite ppt. Zith Ag+(aq) (soluble in NH3(aq))

bromide,
Br –(aq)

giYes creaP ppt. Zith Ag+(aq) (partially soluble in NH3(aq))

iodide,
I –(aq)

giYes \elloZ ppt. Zith Ag+(aq) (insoluble in NH3(aq))

nitrate,
NO3

–(aq)
NH3 liberated on heating with OH–�aT� and Al foil

nitrite,
NO2

–(aq)

NH3 liberated on heating with OH–�aT� and Al foil;
NO liberated by dilute acids
(colourless NO  (pale) brown NO2 in air)

sulfate,
SO4

2–(aq)
giYes Zhite ppt. Zith %a2+(aq) (insoluble in excess dilute strong acids)

sulfite,
SO3

2–(aq)
giYes Zhite ppt. Zith %a2+(aq) (soluble in excess dilute strong acids)

3 Tests for gases

gas test and test result

ammonia, NH3 turns damp red litmus paper blue

carEon dio[ide, C22 giYes a Zhite ppt. Zith liPeZater �ppt. dissolYes Zith e[cess C22)

chlorine, Cl 2 bleaches damp litmus paper

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint

PMTPMT
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