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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 
t e asses o  one ele ent t at co ine it  a ed ass o  t e ot er ele ent are si ple ole 
numbers.’

   student used t e apparatus s o n to nd out i  Dalton s a  is true or t ree o ides o  lead. 
et ane gas reduced t e eated 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 o  lead are ar ul  in alation and i  s allo ed. e  are er  to ic to a uatic 
organis s and a  cause long ter  da age in t e a uatic en iron ent.

(a)  State two a ards associated it  e peri enting it  lead o ides.

  or eac  a ard, state a precaution ot er t an e e protection  t at t e student could ta e to 
a e sure t at t e e peri ent is carried out sa el .

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

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

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

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

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

  ....................................................................................................................................................
[2]
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  e student used t e ollo ing procedure or t e e peri ent.

   ree clean, dr  porcelain oats ere eig ed en e pt .
   ac  oat as lled it  a di erent lead o ide, la elled A, B or C and reweighed.
   e oats ere placed in t e apparatus and et ane gas passed t roug .
   ll t ree sa ples ere eated strongl  until t e  ere reduced to lead.
   e oats ere allo ed to cool co pletel  it  t e et ane gas still passing o er t e  e ore 

t e  ere re eig ed.
   e results are s o n in t e ta le.

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
it  .  g o gen

in t e 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)  o plete t e ta le. ecord t e ass o  lead t at as co ined it  .  g o  o gen in t e 
lead o ide to one decimal place.

  se t e space elo  or an  necessar  calculations.

[2]
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(c) (i)  se t e alues o  ass o  lead t at as co ined it  .  g o gen in t e 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 eac  co pound co ined it  a ed ass o  o gen.

 se our ans er to (i) to state and e plain et er t e student s e peri ental results 
support Dalton’s Law.

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

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

(d)  n t is e peri ent, identi

  t e independent aria le,

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

  t e dependent aria le.

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

(e) (i)  not er sa ple o  lead o ide B as ound to contain .  g lead and .  g o gen.

 Calculate the empirical formula of B. o  our or ing.
 [Ar: Pb, 207.2;  O, 16.0]

empirical formula of B = ..............................  [1]
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(ii)  at additional piece o  in or ation is re uired to calculate t e olecular or ula o  B?

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

(f)  e ore t e porcelain oats containing t e lead ere eig ed, t e  ere allo ed to cool 
co pletel  it  t e et ane gas still passing o er t e .

  part ro  t e a ards associated it  andling ot apparatus, e plain  t is procedure is 
essential to ensure that the results are reliable.

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

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

(g)  e student t oug t t at not all o  t e lead o ide C had been reduced.

  at s ould t e student do to a e sure all t e lead o ide C had been reduced?

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

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

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

otal  
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2  en lig t passes t roug  solutions o  c e ical co pounds so e o  t e lig t a  e a sor ed. 
e uantit  o  lig t a sor ed is called t e a sor ance and it is easured  a spectrop oto eter. 

 si pli ed diagra  o  a spectrop oto eter is s o n.  glass cu ette is a rectangular essel.

glass cuvette

sample of solution

light detector

light of one
wavelength

(a) (i)   c e ist placed distilled ater in t e glass cu ette. is as t en put into t e 
spectrop oto eter and a reading ta en.

 plain  t is reading as ta en.

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

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

(ii)  ig t passes t roug  opposite sides o  t e cu ette. ese t o sides ust e iped it  a 
clot  to ensure t e  are clean and dr .

 plain  t is procedure a es t e readings ore accurate.

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

 .......................................................................................................................................  [1]
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  anganese is added to steel to increase its strengt .  spectrop oto eter can e used to anal se 
t e anganese content o  steel. is is done  co paring t e a sor ance o  a solution o  
MnO4

– a  prepared ro  a sa ple o  steel, it  t e a sor ance o  solutions o  no n concentrations 
of MnO4

– a .

(b) 1.0 dm3 of a standard solution of 0.0300 mol dm–3 MnO4
– as prepared  a c e ist using solid 

potassium manganate(VII , n 4, measured using a two decimal place balance.

(i)  alculate t e ass o  n 4 re uired to prepare t is standard solution.
 [Ar  , .   n, .   , .

ass o  n 4 = .............................. g  [1]

(ii)  Descri e o  t e c e ist s ould accuratel  prepare t is standard solution using a sa ple 
o  n 4 of mass calculated in (i). ere is a .  d 3 olu etric flas  a aila le.

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

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

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

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

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

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

(iii)  e c e ist diluted t is standard solution to .  × 10–4 mol dm–3 or use in t e e peri ents.

 plain  t e c e ist did not prepare a solution o  t is concentration directl ,  
dissol ing t e re uired ass o  n 4 in 1.0 dm3 of water.

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

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

 .......................................................................................................................................  [1]
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(c)  e c e ist needed to deter ine ic  a elengt  o  lig t as ost a sor ed  a solution 
of MnO4

– a . e clean, dr  cu ette as lled it  3.0 × 10–4 mol dm–3 MnO4
– and different 

a elengt s o  lig t ere passed t roug  t e solution.  grap  o  t e results as plotted.
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  se t e grap  to esti ate t e a elengt  o  lig t t at is ost a sor ed  t e n 4
– solution.

a elengt  o  lig t ost a sor ed  .............................. n   

PMTPMT



9

9701/52/M/J/17© UCLES 2017 [Turn over

Question 2 continues on the next page.
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(d)  e spectrop oto eter as t en set to t e a elengt  t at is ost a sor ed  t e 
MnO4

– a  solution.

  e c e ist easured t e a sor ance o  solutions o  no n concentrations o  n 4
– a . 

e results are s o n in t e ta le.

concentration of
MnO4

– a   ol d –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

– a .
 Use a cross (×  to plot eac  data point. Dra  a line o  est t. 

(ii) State the relationship between absorbance and concentration of MnO4
– a . plain our 

answer with reference to particles.

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

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

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

(iii)  Do ou consider t e results o tained to e relia le  plain our ans er.

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

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

 .......................................................................................................................................  [1]
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(e) (i)  e c e ist used t e n 4
– a  solution o  concentration .  × 10–4 mol dm–3 to prepare 

the solutions in the table on page 10.

 alculate t e olu e o  .  × 10–4 mol dm–3 MnO4
– a  solution and t e olu e o  distilled 

ater re uired to prepare a .  c 3 solution of 2.70 × 10–4 mol dm–3 MnO4
– a .

 i e our ans ers to two decimal places.

olu e o  .  × 10–4 mol dm–3 MnO4
– a  solution  .............................. c 3

olu e o  distilled ater  .............................. c 3

[1]

(ii)  e olu es o  t e t o solutions gi en in (e)(i) could e easured using t e sa e t pe o  
apparatus.

 a e a suita le piece o  apparatus ic  could e used to easure t ese olu es.

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

  e c e ist dissol ed a no n ass o  steel, containing anganese, in acid. e anganese as 
t en o idised to anganate VII  ions, n 4

–, using a er  strong o idising agent. e resulting 
solution was made up to 100.0 cm3 in a olu etric flas .

(f) A small sample of the solution of MnO4
– a  prepared ro  t e steel sa ple as placed into a 

clean, dr  cu ette and its a sor ance easured using t e spectrop oto eter.

(i) e a sor ance o  t e n 4
– a  solution as . .

 se t e grap  ou a e dra n in (d)(i) to determine the concentration of MnO4
– a  in t is 

solution.
 i e our ans er to three significant figures.

concentration of MnO4
– a   .............................. ol d –3  [1]

(ii)  alculate t e ass o  anganese present in t e steel sa ple. o  our or ing.
[Ar: Mn, 54.9]

mass of manganese = .............................. g  [1]
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(g)  e steel sa ple t at t e c e ist used ad a ass o  .  g.

  se t e ass o  anganese ou calculated in (f)(ii) to calculate the percentage of manganese 
 ass t at as present in t e steel sa ple.

   ou ere una le to calculate an ans er to (f)(ii) ou a  use .  g as t e ass o  
anganese. is is not t e correct ans er.

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

(h)  not er a  o  anal sing t e anganese content o  t e steel sa ple is  titration. e steel 
sa ple is prepared in t e sa e a  as pre iousl . t is dissol ed in acid and t en o idised 
using a er  strong o idising agent. e n 4

– a  ions produced are titrated it  a solution 
of iron(II  ions. e e uation or t is reaction is s o n.

MnO4
– a     + a     e2+ a     Mn2+ a     e3+ a     2 l

  plain  it is essential to re o e t e strong o idising agent used to prepare t e solution o  
steel sa ple e ore carr ing out t e titration.

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

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