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1 In 1804 the chemist John Dalton put forward the following idea. It is sometimes called ‘Dalton’s 
Law’.

  ‘When two elements combine with each other to form more than one compound, the ratios of 
tKe Passes oI one elePent tKat coPEine ZitK a ¿[ed Pass oI tKe otKer elePent are siPple ZKole 
numbers.’

  $ student used tKe apparatus sKoZn to ¿nd out iI Dalton¶s /aZ is true Ior tKree o[ides oI lead. 
0etKane gas reduced tKe Keated lead o[ides to lead.

methane
gas

heat heat heat

porcelain boat
containing

lead oxide A

porcelain boat
containing

lead oxide B

porcelain boat
containing

lead oxide C

excess methane
burning

  /ead and o[ides oI lead are KarPIul E\ inKalation and iI sZalloZed. 7Ke\ are Yer\ to[ic to aTuatic 
organisPs and Pa\ cause long�terP daPage in tKe aTuatic enYironPent.

(a)  State two Ka]ards associated ZitK e[periPenting ZitK lead o[ides.

  )or eacK Ka]ard, state a precaution �otKer tKan e\e protection� tKat tKe student could taNe to 
PaNe sure tKat tKe e[periPent is carried out saIel\.

 hazard 1  .....................................................................................................................................

 precaution  ..................................................................................................................................

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

 hazard 2  .....................................................................................................................................

 precaution  ..................................................................................................................................

  ....................................................................................................................................................
[2]
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  7Ke student used tKe IolloZing procedure Ior tKe e[periPent.

 Ɣ  7Kree clean, dr\ porcelain Eoats Zere ZeigKed ZKen ePpt\.
 Ɣ  (acK Eoat Zas ¿lled ZitK a diIIerent lead o[ide, laEelled A, B or C and reweighed.
 Ɣ  7Ke Eoats Zere placed in tKe apparatus and PetKane gas passed tKrougK.
 Ɣ  $ll tKree saPples Zere Keated strongl\ until tKe\ Zere reduced to lead.
 Ɣ  7Ke Eoats Zere alloZed to cool coPpletel\ ZitK tKe PetKane gas still passing oYer tKeP EeIore 

tKe\ Zere re�ZeigKed.
 Ɣ  7Ke results are sKoZn in tKe taEle.

lead o[ide
mass of 

porcelain
boat / g

mass of 
boat + lead 

o[ide � g

mass of boat 
+ lead after 
heating / g

mass of 
lead / g

mass of 
o[\gen � g

mass of lead that
was combined

ZitK �.� g o[\gen
in tKe lead o[ide � g

A 5.26 9.31 9.04

B 5.12 8.96 8.48

C 5.23 10.52 10.06

(b)  &oPplete tKe taEle. 5ecord tKe Pass oI lead tKat Zas coPEined ZitK �.� g oI o[\gen in tKe 
lead o[ide to one decimal place.

  8se tKe space EeloZ Ior an\ necessar\ calculations.

[2]
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(c) (i)  8se tKe Yalues oI Pass oI lead tKat Zas coPEined ZitK �.� g o[\gen in tKe lead o[ide to 
calculate the ratio of mass of lead in each compound.

mass of lead in A  :  mass of lead in B  :  mass of lead in C

............................ : ............................ : ............................
[1]

(ii) If Dalton’s Law is true there should be a simple whole number ratio of the masses of 
lead in eacK coPpound coPEined ZitK a ¿[ed Pass oI o[\gen.

 8se \our ansZer to (i) to state and e[plain ZKetKer tKe student¶s e[periPental results 
support Dalton’s Law.

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

 .......................................................................................................................................  [1]

(d)  ,n tKis e[periPent, identiI\

  tKe independent YariaEle,

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

  tKe dependent YariaEle.

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

(e) (i)  $notKer saPple oI lead o[ide B Zas Iound to contain �.��� g lead and �.��� g o[\gen.

 Calculate the empirical formula of B. 6KoZ \our ZorNing.
 [Ar: Pb, 207.2;  O, 16.0]

empirical formula of B = ..............................  [1]
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(ii)  :Kat additional piece oI inIorPation is reTuired to calculate tKe Polecular IorPula oI B?

 .......................................................................................................................................  [1]

(f)  %eIore tKe porcelain Eoats containing tKe lead Zere ZeigKed, tKe\ Zere alloZed to cool 
coPpletel\ ZitK tKe PetKane gas still passing oYer tKeP.

  $part IroP tKe Ka]ards associated ZitK Kandling Kot apparatus, e[plain ZK\ tKis procedure is 
essential to ensure that the results are reliable.

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

  ..............................................................................................................................................  [1]

(g)  7Ke student tKougKt tKat not all oI tKe lead o[ide C had been reduced.

  :Kat sKould tKe student do to PaNe sure all tKe lead o[ide C had been reduced?

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

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

  ..............................................................................................................................................  [1]

>7otal� ��@
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2  :Ken ligKt passes tKrougK solutions oI cKePical coPpounds soPe oI tKe ligKt Pa\ Ee aEsorEed. 
7Ke Tuantit\ oI ligKt aEsorEed is called tKe aEsorEance and it is Peasured E\ a spectropKotoPeter. 
$ siPpli¿ed diagraP oI a spectropKotoPeter is sKoZn. $ glass cuYette is a rectangular Yessel.

glass cuvette

sample of solution

light detector

light of one
wavelength

(a) (i)  $ cKePist placed distilled Zater in tKe glass cuYette. 7Kis Zas tKen put into tKe 
spectropKotoPeter and a reading taNen.

 ([plain ZK\ tKis reading Zas taNen.

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

 .......................................................................................................................................  [1]

(ii)  /igKt passes tKrougK opposite sides oI tKe cuYette. 7Kese tZo sides Pust Ee Ziped ZitK a 
clotK to ensure tKe\ are clean and dr\.

 ([plain ZK\ tKis procedure PaNes tKe readings Pore accurate.

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

 .......................................................................................................................................  [1]
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  0anganese is added to steel to increase its strengtK. $ spectropKotoPeter can Ee used to anal\se 
tKe Panganese content oI steel. 7Kis is done E\ coPparing tKe aEsorEance oI a solution oI 
MnO4

–�aT� prepared IroP a saPple oI steel, ZitK tKe aEsorEance oI solutions oI NnoZn concentrations 
of MnO4

–�aT�.

(b) 1.0 dm3 of a standard solution of 0.0300 mol dm–3 MnO4
– Zas prepared E\ a cKePist using solid 

potassium manganate(VII�, .0n24, measured using a two decimal place balance.

(i)  &alculate tKe Pass oI .0n24 reTuired to prepare tKis standard solution.
 [Ar� ., ��.��  0n, ��.��  2, ��.�@

Pass oI .0n24 = .............................. g  [1]

(ii)  DescriEe KoZ tKe cKePist sKould accuratel\ prepare tKis standard solution using a saPple 
oI .0n24 of mass calculated in (i). 7Kere is a �.� dP3 YoluPetric flasN aYailaEle.

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

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

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

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

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

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

(iii)  7Ke cKePist diluted tKis standard solution to �.� × 10–4 mol dm–3 Ior use in tKe e[periPents.

 ([plain ZK\ tKe cKePist did not prepare a solution oI tKis concentration directl\, E\ 
dissolYing tKe reTuired Pass oI .0n24 in 1.0 dm3 of water.

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

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

 .......................................................................................................................................  [1]
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(c)  7Ke cKePist needed to deterPine ZKicK ZaYelengtK oI ligKt Zas Post aEsorEed E\ a solution 
of MnO4

–�aT�. 7Ke clean, dr\ cuYette Zas ¿lled ZitK 3.0 × 10–4 mol dm–3 MnO4
– and different 

ZaYelengtKs oI ligKt Zere passed tKrougK tKe solution. $ grapK oI tKe results Zas plotted.

0.760

0.750

0.740

0.730

0.720

0.710

0.700

0.690

0.680

0.670

0.660

0.650

0.640

0.630

0.620

0.610

0.600
515510 520 525 530 535 540 545 550

ab
so

rb
an

ce

wavelength /nm

  8se tKe grapK to estiPate tKe ZaYelengtK oI ligKt tKat is Post aEsorEed E\ tKe 0n24
– solution.

ZaYelengtK oI ligKt Post aEsorEed   .............................. nP  >�@

PMTPMT



9

9701/52/M/J/17© UCLES 2017 [Turn over

Question 2 continues on the next page.
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(d)  7Ke spectropKotoPeter Zas tKen set to tKe ZaYelengtK tKat is Post aEsorEed E\ tKe 
MnO4

–�aT� solution.

  7Ke cKePist Peasured tKe aEsorEance oI solutions oI NnoZn concentrations oI 0n24
–�aT�. 

7Ke results are sKoZn in tKe taEle.

concentration of
MnO4

–�aT� � Pol dP–3 absorbance

3.00 × 10–4 0.748

2.70 × 10–4 0.680

2.40 × 10–4 0.610

2.10 × 10–4 0.530

1.80 × 10–4 0.440

1.50 × 10–4 0.378

1.20 × 10–4 0.315

0.90 × 10–4 0.230

0.60 × 10–4 0.150

(i) Plot a graph on the grid on page 11 to show the relationship between the absorbance and 
the concentration of MnO4

–�aT�.
 Use a cross (×� to plot eacK data point. DraZ a line oI Eest ¿t. >�@

(ii) State the relationship between absorbance and concentration of MnO4
–�aT�. ([plain \our 

answer with reference to particles.

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

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

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

(iii)  Do \ou consider tKe results oEtained to Ee reliaEle" ([plain \our ansZer.

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

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

 .......................................................................................................................................  [1]
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(e) (i)  7Ke cKePist used tKe 0n24
–�aT� solution oI concentration �.�� × 10–4 mol dm–3 to prepare 

the solutions in the table on page 10.

 &alculate tKe YoluPe oI �.�� × 10–4 mol dm–3 MnO4
–�aT� solution and tKe YoluPe oI distilled 

Zater reTuired to prepare a ��.�� cP3 solution of 2.70 × 10–4 mol dm–3 MnO4
–�aT�.

 *iYe \our ansZers to two decimal places.

YoluPe oI �.�� × 10–4 mol dm–3 MnO4
–�aT� solution   .............................. cP3

YoluPe oI distilled Zater   .............................. cP3

[1]

(ii)  7Ke YoluPes oI tKe tZo solutions giYen in (e)(i) could Ee Peasured using tKe saPe t\pe oI 
apparatus.

 1aPe a suitaEle piece oI apparatus ZKicK could Ee used to Peasure tKese YoluPes.

 .......................................................................................................................................  [1]

  7Ke cKePist dissolYed a NnoZn Pass oI steel, containing Panganese, in acid. 7Ke Panganese Zas 
tKen o[idised to Panganate�VII� ions, 0n24

–, using a Yer\ strong o[idising agent. 7Ke resulting 
solution was made up to 100.0 cm3 in a YoluPetric flasN.

(f) A small sample of the solution of MnO4
–�aT� prepared IroP tKe steel saPple Zas placed into a 

clean, dr\ cuYette and its aEsorEance Peasured using tKe spectropKotoPeter.

(i) 7Ke aEsorEance oI tKe 0n24
–�aT� solution Zas �.���.

 8se tKe grapK \ou KaYe draZn in (d)(i) to determine the concentration of MnO4
–�aT� in tKis 

solution.
 *iYe \our ansZer to three significant figures.

concentration of MnO4
–�aT�   .............................. Pol dP–3  [1]

(ii)  &alculate tKe Pass oI Panganese present in tKe steel saPple. 6KoZ \our ZorNing.
[Ar: Mn, 54.9]

mass of manganese = .............................. g  [1]
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(g)  7Ke steel saPple tKat tKe cKePist used Kad a Pass oI �.��� g.

  8se tKe Pass oI Panganese \ou calculated in (f)(ii) to calculate the percentage of manganese 
E\ Pass tKat Zas present in tKe steel saPple.

  �,I \ou Zere unaEle to calculate an ansZer to (f)(ii) \ou Pa\ use �.����� g as tKe Pass oI 
Panganese. 7Kis is not tKe correct ansZer.�

percentage of manganese in the steel sample = .............................. %  [1]

(h)  $notKer Za\ oI anal\sing tKe Panganese content oI tKe steel saPple is E\ titration. 7Ke steel 
saPple is prepared in tKe saPe Za\ as preYiousl\. ,t is dissolYed in acid and tKen o[idised 
using a Yer\ strong o[idising agent. 7Ke 0n24

–�aT� ions produced are titrated ZitK a solution 
of iron(II� ions. 7Ke eTuation Ior tKis reaction is sKoZn.

MnO4
–�aT�  �  �++�aT�  �  �)e2+�aT�    Mn2+�aT�  �  �)e3+�aT�  �  �+22�l�

  ([plain ZK\ it is essential to rePoYe tKe strong o[idising agent used to prepare tKe solution oI 
steel saPple EeIore carr\ing out tKe titration.

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

  ..............................................................................................................................................  [1]

>7otal� ��@
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