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1 FB 1 is a solution made by dissolving an unknown mass of a mixture of ethanedioic acid, (COOH)2,
and sodium ethanedioate, (COONa)2. ou ill carr  out t o titrations to find the percentage  
mass of ethanedioic acid in the mixture.

Titration 1

  In aqueous solution both ethanedioic acid and sodium ethanedioate release all their ethanedioate 
ions, (COO )2. These ions react with manganate(VII) ions as shown.

2MnO4 (aq)  +  16H+(aq)  +  5(COO )2(aq)   10CO2(g)  +  2Mn2+(aq)  +  8H2O(l)

FB 1 is an aqueous solution of the mixture containing ethanedioic acid and sodium ethanedioate.
FB 2 is 0.0200 mol dm–3 potassiu  anganate VII), KMnO4.
FB 3 is 1.00 mol dm–3 sulfuric acid, H2SO4.

(a) Method

   ill a urette ith FB 2.
   ipette .  c 3 of FB 1 into a conical flask.
   se the easuring c linder to add  c 3 of FB 3 to the same conical flask.
   lace the conical las  on the tripod and gau e and heat until the solution is at a te perature 

o  appro i atel   °C.
   Carefully re o e the las  ro  the tripod and place it under the urette, read  or the 

titration.
   Add FB 2 ro  the urette, slo l  at irst, until a per anent pale pin  colour is or ed. I  

the reaction i ture turns ro n, reheat it to a out  °C. I  the ro n colour disappears, 
continue with the titration. If the brown colour remains, discard the contents of the flask 
and begin a new titration.

   er or  a rough titration and record our urette readings in the space elo .

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

   Carr  out as an  accurate titrations as ou thin  necessar  to o tain consistent results.
   Ma e sure an  recorded results sho  the precision o  our practical or .
   ecord in a suita le or  elo  all o  our urette readings and the olu e o  FB 2 added 

in each accurate titration.

[6]
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(b)  ro  our accurate titration results, o tain a suita le alue or the olu e o  FB 2 to be used 
in your calculations.

  Show clearly how you obtained this value.

25.0 cm3 of FB 1 required ............................. cm3 of FB 2.  [1]

(c) Calculations

  ho  our or ing and appropriate significant figures in the final ans er to each step o  our 
calculations.

(i) Calculate the number of moles of manganate(VII) ions in the volume of FB 2 calculated 
in (b).

moles of MnO4
– = ............................. mol

(ii)  Calculate the total nu er o  oles o  ethanedioate ions present in .  c 3 of FB 1.

total moles of (COO–)2 = ............................. mol
[2]

PMTPMT
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Titration 2

  Ethanedioic acid reacts with aqueous sodium hydroxide. In this reaction both the H+ ions formed by 
the acid molecule react.

(d)  Co plete the e uation sho ing the reaction et een ethanedioic acid and sodiu  h dro ide 
including state symbols.

........(COOH)2(aq)  +  ........NaOH(aq)   ..........................  +  ..........................
[1]

FB 4 is 0.0400 mol dm–3 sodium hydroxide, NaOH.
  thymol blue indicator

(e) Method

   ill the second urette ith FB 4.
   ipette .  c 3 of FB 1 into a conical flask.
   Add a out  drops o  th ol lue indicator.
   Add FB 4 ro  the urette until the end point has een reached.
   er or  a rough titration and record our urette readings in the space elo .

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

   Carr  out as an  accurate titrations as ou thin  necessar  to o tain consistent results.
   Ma e sure an  recorded results sho  the precision o  our practical or .
   ecord in a suita le or  elo  all o  our urette readings and the olu e o  FB 4 added 

in each accurate titration.

[4]
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(f) Calculations

  ho  our or ing and appropriate significant figures in the final ans er to each step o  our 
calculations.

(i)  ro  our accurate titration results, o tain a suita le alue or the olu e o  FB 4 to be 
used in your calculations.

25.0 cm3 of FB 1 required ............................. cm3 of FB 4.

(ii) Calculate the number of moles of sodium hydroxide in the volume of FB 4 calculated in (i).

moles of NaOH = ............................. mol

(iii)  se our e uation ro  (d) to calculate the nu er o  oles o  ethanedioic acid present 
in 25.0 cm3 of FB 1.

moles of (COOH)2 = ............................. mol
[1]

 (g) (i)  se our ans ers to (c)(ii) and (f)(iii) to calculate the number of moles of sodium 
ethanedioate, (COONa)2, present in .  c 3 of FB 1.

moles of (COONa)2 = ............................. mol

(ii)  Calculate the ass o  sodiu  ethanedioate present in .  c 3 of FB 1.

mass of (COONa)2 = ............................. g

PMTPMT
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(iii)  se our ans er to (f)(iii) to calculate the ass o  ethanedioic acid present in .  c 3

of FB 1.

mass of (COOH)2 = ............................. g

(iv)  Calculate the percentage  ass o  ethanedioic acid in the solid i ture used to 
prepare FB 1.

percentage  ass o  C 2 = ............................. %
[5]

(h)  A student chec ed the or ula o  ethanedioic acid on the internet and ound it to e 
(COOH)2.2H2O. This differs from the formula (COOH)2 that you used in your calculations.

  The FB 1 you used was made from (COOH)2.2H2O and sodium ethanedioate.

  tate and e plain the e ect this no ledge has on

(i) the volume of FB 4 needed for reaction in (e),

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

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

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

(ii)  the calculated percentage  ass o  C 2 in the solid i ture used to prepare FB 1.

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

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

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

(i)  Another student suggested that the in estigation could e i pro ed  a ing the titrations 
more accurate. He said that the concentrations of FB 2 and FB 4 should be reduced.

  tate and e plain hether or not this suggestion ould a e the titrations ore accurate.

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

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

[Total: 23]
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2 Qualitative Analysis

  At each stage o  an  test ou are to record details o  the ollo ing:

●  colour changes seen
●  the or ation o  an  precipitate
●  the solu ilit  o  such precipitates in an e cess o  the reagent added.

  Where reagents are selected for use in a test, the name or correct formula of the element or 
co pound ust e gi en.

  here gases are released the  should e identified  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.
  inse and reuse test tu es and oiling tu es here possi le.

PMTPMT
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FB 5, FB 6 and FB 7 are aqueous solutions that each have an ion containing one of the metals from 
those listed in the ualitati e Anal sis otes.

(a)  Carry out the following tests and record your observations.

test observations
(i)  o a  c  depth o  FB 5 in a

test tu e add a  c  depth o  
aqueous sodium hydroxide, then

  add se eral drops o  h drogen 
pero ide.

(ii)  o a  c  depth o  FB 6 in a
test-tube add aqueous sodium 
hydroxide.

(iii)  o a  c  depth o  FB 6 in a
test tu e add se eral drops o  
h drogen pero ide and then add 
aqueous sodium hydroxide.

(iv)  o a  c  depth o  FB 6 in a
test tu e add a  c  depth o  
dilute sulfuric acid and then add a 
e  drops o  FB 7.

(v)  o a  c  depth o  FB 6 in a
test tu e add a  c  depth o  
FB 7.

(vi)  o a  c  depth o  a ueous 
potassiu  iodide in a test tu e 
add a e  drops o  FB 7, then

  add a e  drops o  a ueous 
starch.

[8]

(b)  Identi  the etal present in FB 5, FB 6 and FB 7.

FB 5 contains ................................................

 FB 6 contains ................................................

FB 7 contains ................................................
[3]

PMTPMT
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(c)  What do your observations in (a)(vi) tell ou a out hat has happened to the iodide ions on 
addition of FB 7 to KI(aq)?

  You may give your answer in the form of an equation.

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

(d) (i) FB 8 is a solid sa ple o  the co pound present in a ueous solution FB 7.
Heat all of FB 8 in a hard-glass test-tube gently for about 10s and then strongly for 
about 20 s.

observations  .......................................................................................................................

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

(ii)  ea e the test tu e and contents to cool co pletel .

 o the cooled test tu e add a  c  depth o  a ueous sodiu  h dro ide. ser e the 
appearance o  the contents o  the test tu e.

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

(e)  FB 6 contains one of the anions Cl –, Br –, I–, SO4
2– or SO3

2–.

(i)  Construct a ta le to sho  reagents ou ould use to identi  hich anion is present in 
FB 6. Include in our ta le space to record our o ser ations and deductions.

(ii) Carry out your tests on FB 6 until ou ha e identified the anion. ecord our o ser ations 
and deductions in your table.

anion in FB 6 = ..............................  [3]

otal: 

PMTPMT
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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–

CO2 liberated by dilute acids

chloride,
Cl –(aq)

gi es hite ppt. ith Ag+(aq) (soluble in NH3(aq))

bromide,
Br –(aq)

gi es crea  ppt. ith Ag+ a  partiall  solu le in 3(aq))

iodide,
I –(aq)

gi es ello  ppt. ith Ag+(aq) (insoluble in NH3(aq))

nitrate,
NO3

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

nitrite,
NO2

–(aq)

NH3 liberated on heating with OH– a  and Al oil
NO liberated by dilute acids
(colourless NO  pale  ro n 2 in air)

sulfate,
SO4

2–(aq)
gi es hite ppt. ith a2+(aq) (insoluble in excess dilute strong acids)

sulfite,
SO3

2–(aq)
gi es hite ppt. ith a2+(aq) (soluble in excess dilute strong acids)

3 Tests for gases

gas test and test result

ammonia, NH3 turns da p red lit us paper lue

carbon dioxide, CO2 gi es a hite ppt. ith li e ater ppt. dissolves with excess CO2)

chlorine, Cl 2 leaches da p lit us paper

hydrogen, H2 pops  ith a lighted splint

oxygen, O2 relights a glo ing splint

PMTPMT
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