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1 HA is an organic acid where A– is the anion. You will determine the relative formula mass, Mr, of 
HA by titration with sodium hydroxide of known concentration and so identify the anion, A–. The 
equation for the reaction is shown.

HA(aq)  +  NaOH(aq)   NaA(aq)  +  H2O(l)

FB 1 is a solution of organic acid, HA, containing 12.60 g dm–3.
FB 2 is 0.100 mol dm–3 sodium hydroxide, NaOH.

  thymol blue indicator

(a)  Method

   ill the urette ith FB 1.
   ipette .  c 3 of FB 2 into a conical flask.
   Add appro i atel   drops o  th ol lue indicator. his indicator is lue in al aline 

solutions and yellow in acidic solutions.
   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 certain that 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 1

added in each accurate titration.

[7]

(b)  ro  our accurate titration results, o tain a suita le alue or the olu e o  FB 1 to be used 
in your calculations. Show clearly how you obtained this value.

.  c 3 of FB 2 required ............................ cm3 of FB 1.
[1]
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(c) Calculations

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

(i)  Calculate the nu er o  oles o  sodiu  h dro ide present in .  c 3 of FB 2 pipetted 
into the conical flas .

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

(ii) Use your answers to (b) and (c)(i) to determine the concentration of the organic acid HA, 
in FB 1, in mol dm–3.

concentration of HA in FB 1 = ............................ mol dm–3

(iii)  Use your answer to (ii) and the in or ation gi en on page  to deter ine the relati e 
formula mass, Mr, of the organic acid, HA.

Mr of HA = ............................

(iv) The organic acid was known to have one of the following structural formulae.

C 3C         C 2Cl C         C Cl 2C         CCl 3C

 Use your answer to (iii) and the eriodic a le on page  to identi  the anion, A–.

anion, A– = ............................
[4]

PMTPMT
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(d)  A student carried out the sa e procedure accuratel  ut as supplied ith a solution o  less 
concentrated sodium hydroxide by mistake.

(i) What effect would this have on the calculated value of the relative formula mass, Mr?
plain our ans er.

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

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

(ii)  plain ho  this ould a ect the identification o  the acid.

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

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

[Total: 14]
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2  ou are to deter ine the enthalp  change o  neutralisation or a di erent acid ro  that used in 
Question 1. he acid is represented   here – represents the anion.

a     a a     a a     2O(l)

FB 3 is 2.00 mol dm–3 acid, .
FB 4 is 72.00 g dm–3 sodium hydroxide, NaOH.

(a) Method

  ead through the ethod e ore starting our practical or  and prepare a ta le elo  or 
recording your results.

Experiment 1

   lace the plastic cup in the  c 3 beaker.
   our  c 3 of FB 3 into the larger measuring cylinder.
   Measure and record the te perature o  FB 3.
   inse and dr  the ther o eter.
   se the s aller easuring c linder to trans er  c 3 of FB 4 into the plastic cup.
   Measure and record the te perature o  FB 4.
   Add the  c 3 of FB 3 to FB 4 in the plastic cup and stir the i ture. Measure and record 

the highest te perature reached.
   Calculate and record the a erage initial te perature o  the solutions.
   Calculate and record the te perature rise.
   pt  the plastic cup, rinse it ith ater and sha e it to re o e e cess ater.

Experiment 2

   epeat the ethod gi en or Experiment 1 using  c 3 of each solution.
   se the larger easuring c linder or FB 3 and the smaller measuring cylinder for FB 4.

  Results

[4]
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 (b) Calculations

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

(i) Show by calculation that in Experiment 1, the number of moles of acid was in excess of 
the number of moles of sodium hydroxide.

(ii)  Calculate the heat energ  e ol ed in Experiment 1.
 Assu e that .   o  heat energ  changes the te perature o  .  c 3 of solution by 
1.0 °C.

heat energy evolved = ............................ J

(iii)  Calculate the enthalp  change, in  ol–1, for Experiment 1.

enthalp  change  ......  ............................. kJmol–1

(sign) (value)

(iv)  Calculate the nu er o  oles o  sodiu  h dro ide neutralised in Experiment 2.

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

(v)  Calculate the enthalp  change, in  ol–1, for Experiment 2.

enthalp  change  ......  ............................. kJmol–1

(sign) (value)

PMTPMT
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 (c) (i)  he accurac  o  the larger easuring c linder is  .  c 3.
 he accurac  o  the s aller easuring c linder is  .  c 3.

 Calculate the a i u  percentage error in the easure ent o  the olu e o  FB 3 used 
in Experiment 2 and the measurement of the volume of FB 4 used in Experiment 2.

 Show your working.

maximum % error in volume of FB 3 ............................

maximum % error in volume of FB 4 ............................

(ii) Suggest a change to the method used in (a) that ould i pro e the accurac  o  our 
results.

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

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

[Total: 12]

PMTPMT



8

9701/32/M/J/17© UCLES 2017

3 Qualitative Analysis

  At each stage of any test you are to record details of the following.

● 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.

(a)  FB 5 and FB 6 are solutions of acids of equal concentration in mol dm–3. One solution is a weak 
acid and the other is a strong acid.

(i)  De ise and carr  out a che ical test to find out hich o  FB 5 and FB 6 is the weak acid. 
ecord our test, o ser ations and conclusion in the space elo .

PMTPMT
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(ii) Another acid, FB 7, is a dilute solution of one of hydrochloric, nitric or sulfuric acids.

 Carr  out the tests in the order gi en in the ta le elo  until ou are a le to identi  FB 7.
ecord our o ser ations. I  an  test is unnecessar  rite not needed .

test observations
o a  c  depth o  FB 7 in a test tu e 

add aqueous silver nitrate.

o a .  c  depth o  FB 7 in a 
oiling tu e add a  c  depth o  

aqueous sodium hydroxide and a small 
piece o  alu iniu  oil and ar .

o a  c  depth o  FB 7 in a test tu e 
add aqueous barium chloride or 
aqueous barium nitrate.

FB 7 is ............................................... acid.
[6]

PMTPMT
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(b) FB 8 contains a cation listed in the Qualitative Analysis Notes. FB 9 is a solution of an organic 
salt. Carr  out the ollo ing tests and record our o ser ations.

test observations
(i)  o a  c  depth o  FB 8 in a 

test tu e add a ueous sodiu  
carbonate.

(ii)  o a  c  depth o  FB 8 in a
test tu e add a  c  depth o  
a ueous potassiu  iodide, then

  add aqueous sodium thiosulfate 
until in excess.

(iii)  o a  c  depth o  FB 8 in a 
test tu e add a  c  depth o  
concentrated hydrochloric acid 
(CARE). eep this solution or test 
(iv).

(iv)  o a  c  depth o  distilled ater in 
a boiling tube add all the contents 
o  the test tu e ro  test (iii). eep 
this solution for tests (v) and (vi).

  our a  c  depth o  the contents 
of the boiling tube into three 
separate test tu es or use in tests 
(v) and (vi). One tube is to be 
used for comparing colours in 
your observations.

(v)  o one o  the test tu es add 
aqueous ammonia until in excess.

(vi)  o a second test tu e add FB 9
until in excess.

PMTPMT
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 (vii)  Identi  the cation in FB 8.

cation ...............................................

(viii) Write an ionic e uation or a precipitation reaction ou o ser ed during our e peri ents 
with this cation.
 Include state s ols.

 .............................................................................................................................................
[8]

[Total: 14]
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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–

C 2 liberated by dilute acids

chloride,
Cl –(aq)

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

bromide,
r –(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–(aq) and Al foil

nitrite,
NO2

–(aq)

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

car on dio ide, C 2 gi es a hite ppt. ith li e ater ppt. dissol es ith e cess C 2)

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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