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INTRODUCTION

Unit 1: Chemical Principles and Applications | is divided into three modules. These modules are
e Module 1: Fundamentals in Chemistry
e Module 2: Kinetics and Equilibria
e Module 3: Chemistry of the Elements.

Candidates’ knowledge of this unit is examined through the following papers.
e Paper 01 — Multiple Choice
e Paper 02 — Structured Essay
e Paper 031 — School-Based Assessment (SBA)
e Paper 032 — Alternative to the School-Based Assessment

Paper 01 comprises 45 compulsory multiple-choice items, which consist of 15 items per module. The
paper is worth a total of 90 marks, representing 40 per cent of the total mark for the unit.

Paper 02 comprises three compulsory questions. Each module is the basis of one question. The paper is
worth a total of 90 marks, representing 40 per cent of the total mark for the unit.

For Paper 031, candidates must complete laboratory exercises. This component of the exam contributes
20 per cent of the total mark for the unit.

Paper 032 is taken by private candidates. It comprises three compulsory questions which assess
candidates’ experimental skills.

There was an improvement in the overall performance of candidates in 2021 when compared with 2019
and 2020. Ninety-one per cent of the 3930 candidates who wrote the examination earned Grades I-V.
There was also an increase by approximately ten per cent in candidates earning Grade 1.

It is encouraging to see an improvement in the performance of candidates on Paper 01 and Paper 02.

However, candidates are underperforming on certain topics and so we are encouraging teachers to teach
students about all topics in each unit in detail.
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PAPER 01 — MULTIPLE CHOICE

Paper 01 consisted of 45 multiple-choice items. The paper was designed to test the Unit 1 modules
extensively. Approximately 92 per cent of candidates earned acceptable grades. The mean score was 34

out of 45 marks.
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PAPER 02 — STRUCTURED ESSAY

Question 1

This question tested syllabus objectives 1.4-1.6, 3.3-3.9 and 4.1-4.4 from Module 1: Fundamentals in
Chemistry. The mean was 12.35 and the standard deviation 6.29.

Candidate’s Response to Part (a) (i)

(i) Define the term radioactive i'scitopé

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

...’;.mi\.c,... .e......@.n....mmg .................................................................................

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

[1 mark]

Examiner’s Comments

The candidate accurately defined the term radioactive isotope. In many cases, candidates did not
include the critical component of the definition which was the spontaneous breakdown of the nuclei.

Candidate’s Response to Part (a) (ii)

(i)  Give the names and symbols for TWO othex forms of radioactive emissions.

U Beta. gar‘r‘MMM) 5B (ymnl)

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

2. dammo Y ) "hor\ C"\dML) %‘ Y (¢ ""‘J'”’l)

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

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

Examiner’s Comments

The candidate was able to give the names and symbols of two other forms of radioactive emissions.

Many candidates were able to give the names for these types of emissions but they did not provide the
correct symbols.
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Candidate’s Response to Part (a) (iii)

(iii)  List THREE uses of radioactive isotopes.

- C-1y (Ca@bov\ .lh{.) aused b date ancdent

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

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

...................................................................................................................
............................................................................
PP PP PP PPy YT Wtsasssscanssanseir R L T L L T e A L e R L

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

Aekeeniing tharno!d  gland  problens. I3 marks]

Examiner’s Comments

Generally, candidates were able to list uses of radioactive isotopes. In addition to the uses provided by
the candidate in the exemplar, it must be noted that radioactive isotopes are also used for monitoring
and controlling sheet material in a rolling mill.

Candidate’s Response to Part (a) (iv)

(iv). Determine the value of A and Z in the following equation.
241 A 4 '
95 Am — ZNp + o He + energy

Az 2d1-4

- 237 «

a5 -

- 493 . J . ‘ [2 marks]

A

Examiner’s Comments
The candidate was able to determine the value of A and Z. Generally, candidates answered Part (a) (iv)
correctly.
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Candidate’s Response to Part (b)

() The element rhenium consists: of two isotopes '**Re and '¥’Re, in the atomic ratio of 2:3.
Caleulate the relative atomic mass of rhenium to three significant figures.

Ar :‘.('Qf;-‘ A tzaf)' T (‘lg"K l?—[)-

= 1Y + w2z

= ) 1,2.6 2, L ) ¢

-

o W86 Cho 3 significat figuere)

#
7 . [2 marks]

Examiner’s Comments
The candidate was able to calculate the relative atomic mass of rhenium to three significant figures.

There were some candidates who calculated the answer correctly but did not give the final answer as
three significant figures. Other candidates were unable to calculate the correct answer.

Candidate’s Response to Part (c) (i)

(6] List TWO chemicals and ONEpiecé of apparatus that the student may use to carry
out the investigation. ’ ) ‘

. 1o ~ Chlord ¢ ;
Chemicals ..... Cl“‘@"l) ......... C’ kar”\& ...... oo a}er ............................

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

-

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

Examiner’s Comments
The candidate was able to list the chemicals needed to conduct the investigation but failed to list one

correct piece of apparatus. Generally, many candidates were unable to list the reagents for this

investigation.
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Candidate’s Response to Part (c) (ii)

(i) Describe ONE physical change that the student may ‘observe while carrying out
the investigation.

The  wlonr 5§ the solutvon .w-l—i-([‘('_[@,p) ‘‘‘‘‘

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

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

e Cleeq 5 added [1 mark]

Examiner’s Comments
The candidate accurately described the colour transition that would occur during the investigation.

However, many candidates were unable to do so because they answered Part (c) (i) incorrectly.

Candidate’s Response to Part (c) (iii)

(i)  Identify the oxidizing agent that the student may use while conducting the

investigation.
~Aced = Cl . | J
Oyr A ing. A%@"\'} e @) i

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

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

Examiner’s Comments
The candidate’s response was correct. However, many candidates were unable to identify the

oxidizing agent that the student could use because they answered Part (c) (ii) incorrectly.

Candidate’s Response to Part (c) (iv)

(iv) . Write relevant half equations to illustrate the chemical changes that occur with
EACH element used to carry out the investigation.:

..............................................................................................
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Examiner’s Comments
The candidate provided the relevant half equations. However, many candidates were unable to do so

because they answered Part (c) (iii) incorrectly.

Candidate’s Response to Part (d)

(d) Define EACH of the following terms.

- ’(i) Molar Mass ...t rererresssesessnsesens eurenomeetarssssrareres { WU AR <5, U

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

(i)  Mole .. G T s
e | samt moeebes o olementary e MM“
a3 their are  afors in 1100 geame of CTy

‘ Aecresst i oxCco o [2 marks]
, Stk

Examiner’s Comments
The candidate was able to define both terms. Generally, most candidates were able to define molar

mass; however, some candidates were unable to define the term mole.
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Candidate’s Response to Part (e) (i)

(i) . Calculate the original number.of moles of NaOH in 100 cm? of 0.500 mol dm?
aqueous sodium hydroxide.

E contalal - I .
looe CM3 O s 5. 500 nwles
ef NaoO bt g
3 tontaiat - '
Lo > 0:22% ol
' (900
’ tontairs
U eocu TS 0500y tov neoley
. [oove
) - = 6-05 moles 4
[2 marks]

Candidate’s Response to Part (e) (ii)

(ii)  Calculate the number of moles of HCl in 27.3 cm? of 0.600 mol dm? hydrochloric

acid.

co,\-{-a,.,?h.\ ..
1%00 cmz — 0 600 s les ‘75
Co tF Clrngy

i ' ‘{wu"t&f’ ‘
e’ 275 0:600 nules oF
looo H'C( oo )

atan s
© 279 o’ S [o-6es « 9—””) aoler of
: WCl &gy 2
= &:01g3 B . ~moles

~ XYY
r~ 0- 0l (o 2 sig Figo)
[2 marks]

Examiner’s Comments

The candidate presented the steps required to calculate the answers for Part (e) (i) and Part (e) (ii)

clearly and logically.
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Candidate’s Response to Part (e) (iii)

(iii)  Deduce the-iumber of moles of the unreacted NaOH neutralized by the hydrochloric
acid.

Moles of unreacted NaQH ....... @o\gggmo[as ..... a:? NaOV

Examiner’s Comments
Candidates were required to deduce the mole ratio between the NaOH and HCl to provide the correct
answer. However, several candidates were unable to do so.

Candidate’s Response to Part (e) (iv)

(iv)  Calculdte the nuinber of molés of NaOH swhich reacted withthe ammonium sulfate.

= imctol no- . excess no-
. ooles reacted = inct ‘
he 34; v’?w&» a«? r~les

- (0,05 - o .9[63%) N\el&}

o0 236 Ah.»?u[.o,s 003 aoles

)\

Moles.of NaoH 0-03 Lf woles

.......................................................................................................
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Candidate’s Response to Part (e) (v)

(v) ~ Use your answer in (g) (iv) to calculate the number of moles and the mass of
ammonium sulfate in the sample.

) Lor naofs
(NHesog @ Naot [ oo ot
ST (), 505
. - — 209 + 80 + 321 ¢
. L 02382 —
: ?_-_‘51_3.5’3_5’: . © 4 (18)
._0.0162[ :'J..;%"“% ,[.'S‘L-I-F{‘[
- ‘ o 13 G-
Moles o'faxéimorﬁum sulfate ®°[€%l ....... A [’C’5 ....... J ..............
. _ 3.
Mass of ammonium sulfate COOLGR{K‘ ........ . n .............................
' - = 9.27 ‘gramns [3 marks]

Examiner’s Comments
The candidate calculated the answers to Part (e) (iv) and Part (e) (v) in a clear and logical manner.

Candidate’s Response to Part (e) (vi)

(vi)  Write the ionic equation, including physical states, for the reaction between
ammonium sulfate and aqueous sodium hydroxide,

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

) [1 mark]

Examiner’s Comments
Many candidates were unable to provide the correct equation.
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This question tested syllabus objectives 1.4-1.8, 4.1-4.4 and 2.3-2.7 from Module 2: Kinetics and
Equilibria. The mean was 11.65 and the standard deviation 7.52.

Candidate’s Response to Part (a) (i)

(i)  Using the data from Experiment 1, calculate a value for the rate constant, k, and

state its units. . Y u”“‘a g;crm‘-‘— it
rate = kEO”‘IER”L K= (-2 Tha!
< k = T'aj_e . (o.ow) % (0.0\/’-’)1

Examiner’s Comments
The candidate calculated the correct value for the rate constant, k, and stated its units.
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Candidate’s Response to Part (a) (ii)

. . Initial [Q]/mol Initial-[R]/mol Initial Rate/mol
Experiment dm= dm= duic? st

1 0.020 0.020 1.2x10%

2 0.040 0.040 2.6 x0T

3 8-0\o 0.040 2410

4 0.060 0.030 81 x1071

) ’ ©.03% -

0.040 X o.0f 4o 2 7.2x10
$°g « Cigp -

Examiner’s Comments
The candidate completed the table accurately.

Candidate’s Response to Part (a) (iii)

(iii)  The oider of the réaction with respect to R is 2. State the meaning of the term
‘order of reaction’ with respect to R.

Thb%»b*\\%veﬁ\cec\mnea\h\%?b‘;:\‘ﬂe_&n ..... o

oL A [1 mark]

Examiner’s Comments
The candidate’s definition of the term order of reaction with respect to R is incorrect. The candidate should

have stated that the order of reaction is the power to which the concentration of a particular reactant is
raised in the rate equation.
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Candidate’s Response to Part (a) (iv)

(iv)  Deduce the overall order of the reaction between Q and R.

Overad srdec = ordes wrt ® &+ ords werf R

S T P Y At LR R LR R L R R R e R L R et b

Examiner’s Comments
The candidate’s deduction was correct.

Candidate’s Response to Part (b)

(b) A fixed mass of marble lumps is reacted with dilute hydrochloric acid at a constant
temperature. Outline why the rate of the reaction would increase if the lumps of marble
are reduced in size.

he ¢Guriate onrea ‘o volume  ratvo would increase
....... /

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

C P Ukliheed L of &Muuwumnglww
b wore peodud Homed por uatt  Hne @ute rle) 2 marks]

Examiner’s Comments

The candidate accurately outlined why the rate of the reaction would increase if the size of the lumps of
marble is reduced.
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Candidate’s Response to Part (c) (i)

()  Calculate the number of moles of iodine and the number of moles of hydrogen
iodide in the equilibrium mixture. -

2T g, _— W~e + Tr (o

jnatral -,

'Q M[z:a ' o- Xi% ) o °.
" 8 +x

chawngs i~ aoi e 2

r\\o- r~oles - )

'
]

0023 rvbes
T~ [1 mark]
S R T s

0-212 -~ = (0027)

Number of moles of iodine

—
-

— &1 roles

Number of moles of hydrogen iodide ....c.ciiseevamircrsmccinn e e
[2 marks}]

Examiner’s Comments
The candidate calculated the number of moles of iodine correctly. However, the candidate made an error
when calculating of the number of moles of hydrogen iodide and hence arrived at 0.172 instead of 0.195.

The correct calculation is 0.218 mol — 0.023 mol = 0.195 mol.

Candidate’s Response to Part (c) (ii)

(ii)  Write-an expression for K_for the equilibrium.

Examiner’s Comments
The candidate wrote an accurate expression for K. for the equilibrium.
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Candidate’s Response to Part (c) (iii)

(iii)  Calculate the value of K _at 700 K.
ke = (o 023)(0-027)

@ )™

- 6-0171T%3

¥

5 0.01% é—o 3 piami—(:y‘CM'f chw“%)

e " [2 marks]

Examiner’s Comments

The candidate’s answer was incorrect because of the error brought forward from the calculation for Part (c)
(i). However, the formula and the resulting calculation were correct. Hence, the candidate received two
marks.

Candidate’s Response to Part (c) (iv)

(iv)  Calculate the value of K at 700 K for the equilibrium of the reaction.

H,(g) + L(g) = 2HI(g) ]
IKe = L ‘ Ee = {
o- 0t¥ 0-cht1 33
= 55.5¢
. - X a Cevpre e
N.55.6 [

[1 mark]

Examiner’s Comments
The candidate used the correct method to calculate the answer. However, the answer was incorrect because
of the error brought forward from the previous parts.
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Candidate’s Response to Part (d) (i)
(i) State the meaning of the term ‘buffer solution’.

A bw@Fef‘S?{lMHoh i3 o solwitvon  Lohach

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

cresfsts chanaes i oM wpon the adifion of

6 H.u.%)) R | C . " [2 marks]

Examiner’s Comments
The candidate provided a clear and concise definition of the term buffer solution.

Candidate’s Response to Part (d) (ii)

(i)  Identify areagent which could be added to a solution of ammeonia in order to form
a buffer solution.

NEUClegy =2 satt of wikck  buge

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

) [1 mark]

-

Examiner’s Comments
The candidate was able to correctly identify a reagent which could be added to a solution of ammonia to
form a buffer solution. The candidate demonstrated good experimental skills in providing the answer.
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Candidate’s Response to Part (d) (iii)

(ifi)  Consider the following equation which represents a buffer solution consisting of a
weak acid and its conjugate base in water. oon ] u&a_fe_
HA, +HO0, <>HO0" +A£'/ Pt
o TH0, ST HO YAy

Explain the effect-on the.buffer solution.if the 6oncent1.rations of hydrogen ions
[H*] and hydroxide ions [OH]-are increased separately.

[H *Cmp] *ncresse will cavse the egul b rnin

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

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

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

in ocordand - vt Le Chobelier’s  prniple jleadiag  [2 marks]
4o ke cdissoclation L HA @Y.

Examiner’s Comments
The candidate offered an adequate explanation for the effect that the increased concentration of each ion
would have on the buffer solution.

Candidate’s Response to Part (d) (iv)

(iv)  Explain how thé molecular structare of amino acids relates to their function as
buffers in human blood.

FAMWM%&M@W%W; ..........................................

A/
LmThes. D «M/é%e serpns...an. o len o e diadlud......
l‘o?%g A
sz% s;fhg,;@mﬁ ..... an meéanjh ..... a,f.JJ Ir’%’ﬁ??z/@
_\6””*’*\“" f[oo] ZL M [‘Fr LJ% ] .
Tijzzw i L AN

"mgwa%sm Lass. pes Bfﬁbf‘ijcdc rﬁ%%”ﬁwwy
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Examiner’s Comments
The candidate adequately explained how the molecular structure of amino acids relates to their function as

buffers in the human body.

Candidate’s Response to Part (e) (i)

(i) Identify TWO relevant pieces of apparatus and/or materials that may have been
used by the students to carry out the experiment.

@P[L ZM'E/.“ ..........................................
..... @ SVi’l/‘ée-CU

[2 marks]

Examiner’s Comments

The candidate was able to identify two relevant pieces of apparatus and/or materials that may have been
used by the students to carry out the experiment. In doing so, the candidate demonstrated good
experimental skills.

Candidate’s Response to Part (e) (ii)

(i)  Identify TWOrelevant experimental stepsthat may have been Il tudents
to determine the pH of the buffer. du‘ﬁ gj

= :,vl‘.-; -
G ==

(] . ot /zth/ﬁ"%qflccwﬂéarmd’m;ya ........
Heoipl.. Mf/)!‘é ead Ul valuer attardt

[2 mar ]

Examiner’s Comments
The candidate correctly identified two relevant experimental steps that may have been taken by the students
to determine the pH of the buffer.
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This question tested syllabus objectives 2.1-2.2, 2.4 and 5.7-5.10 from Module 3: Chemistry of the
Elements. The mean was 8.31 and the standard deviation 6.44.

Candidate’s Response to Part (a) (i)

Element |1stIE (kI mol')| AR (nm) - ES OS
Magnesiom | 763 0.160 - |, gl['é;i@ 2., 51¢ +2
Calcium 590 0.197 [Av] H 51¢ 42 9
Strontium 548 0.215 [K.Yj 5% J 42
Vanadium 650 0.122 [Av] Sdl be +9 ,+¢?_
Chromium 653 0.117 [Av] 30\5 He' +6, 3 ¢
Manganese 717 0.117 [Ar]3dsds? 3,44+ :LJ_
Tron 759 0.116 CA~] 34 - qsz “ +2,43
Cobalt 758 0.116 Cav] 347 1.,52% +2 43 f

Examiner’s Comments
The candidate completed the table accurately by inserting the electronic structure and the oxidation state

for each of the listed elements.
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Candidate’s Response to Part (a) (ii)

(i)  Explainthe difference between the trend of the first ionization energy for the Group
II elements and the first row transition elements.

(re).
M Brst vomrohon o

Examiner’s Comments
The candidate used four key points to explain the difference between the trend of the first ionization energy
for the Group Il elements and the first-row transition elements.
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Candidate’s Response to Part (b) (i)

(b) (1) Account for the difference in oxidation state bétween vanadium and calcium.

Examiner’s Comments
The candidate accurately accounted for the difference in oxidation state between the Group Il elements.

Candidate’s Response to Part (b) (ii)

Calcium carbonate is more thermally stable than magnesium ¢arbonate.

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

24| Page



Examiner’s Comments
The candidate demonstrated good knowledge of the Group Il carbonates by explaining why calcium
carbonate is more thermally stable than magnesium carbonate.

Candidate’s Response to Part (c) (i)

When concentrated HCI is added to a pink solution of .cobalt (II) chloride, the
solution turns blue.

Examiner’s Comments
The candidate demonstrated knowledge and understanding of the term stability constant.

Candidate’s Response to Part (c) (ii)

(i)  Write a balanced equation for the reaction in (c) (i).

2 ~ -
[gﬁlJZO%%yfch@@ ..(.o{(JJL,j&é..f.g..uﬁ.Q 5

B T T T R L R Tt e T )

Examiner’s Comments
The candidate wrote the correct equation for the reaction in Part (c) (i).
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Candidate’s Response to Part (d) (i)

Test Observation

« Afewcm® of SMNaOH is | Colour formed ....
added to a small amount of
solid NH,VO,, followed by
a few em® of 3SM H,SO,.

* Afew pieces of granulated | Colour changes to
zinc are then added to the ¢
solution above.

IS marks]

Examiner’s Comments

The candidate completed the table accurately by providing the correct colour changes which would be
observed after the given tests.
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Candidate’s Response to Part (d) (ii)

Colour Formula of Species

L T P Y Y Y T 'III.‘III.IIVVII.II’I..IAI ------ L N N N L L R T R N L )
L]

.t At r
OO 4.4e2 224 SO VO;MVOWM

a4

T Ty A e Y T T TP Y PP R TP P PRy o sk 8880 aa 80 has it oha st i st ai oA be i sthaestisesttissstansantnssns

2t

D Ry S L T P R LT E T P P PP T PR TP P T I Ty yoremy

ST B [S marks]

Examiner’s Comments
The candidate completed the table accurately by writing the correct formula of the species formed which
was responsible for each of the colours observed in Part (d) (i).

27 |Page



PAPER 032 — ALTERNATIVE TO THE SCHOOL-BASED ASSESSMENT

Paper 032, Alternative to the School-Based Assessment, tested candidates’ knowledge of syllabus
objectives 3.8 from Module 1: Fundamentals in Chemistry, 1.2—1.5 from Module 2: Kinetics and Equilibria,
and 6.2 from Module 3: Chemistry of Elements.

Overall, the performance of candidates was poor. The maximum mark was 45. The mean score was 15.45
and the standard deviation 7.80.

Question 1

Candidates were asked to carry out a titration experiment to determine the percentage purity of the
sample of contaminated sodium carbonate.

Candidate’s Response to Part (a) (i)

@ TABLE 1: DILUTION DATA

Volume of Solution P used for AB30. em?®
dilution =

Examiner’s Comments
The candidate measured a volume within the stipulated range. Generally, most candidates did not
express the volume used to two decimal points as required.
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Candidate’s Response to Part (a) (ii)

(i) TABLE 2: DATAFOR TITRATION
o Readings
Volume of 0.100 M HC1 — ——
. 1 2 3
Final burette reading 22.10cm? | YE. 10 e 21 ‘10(_!‘\(\3
Initial burette reading . O 00eh 2% .1 Dy 2 ‘-0"1 oM
Volyme of 0.100 M HCI 23. \g 2 | 22N 0G7 ’w e
[7 marks])
Examiner’s Comments
The candidate demonstrated the skills required to record titration data.
Candidate’s Response to Part (a) (iii)
(iii)  State the expected colour at the end-point of this titration.
emeesssessse st . *d’x .
[1 mark]

Examiner’s Comments
Some candidates were unable to state the colour expected at the end-point of the titration. The

expected colour was pale orange. Candidates were also awarded a mark for stating the colour pink.
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Candidate’s Response to Part (b) to Part (g)

{b) The equation for the reaction is:
2HCl (aq) + Na,CO, (aq) — 2NaCl (ag) + H,0 (I) +CO, (g).
Determine the volume of 0.100 M HCI to be used in your calculations. .
oreagr Het( 159415 3 p1s3e-7) /3

2 18023 o 6

() Calculate the number of moles of 0.100 M HCl used in the titration. -

O. TN 660 ¢ ~>

LM BT sam .
x> ('Sjmo‘"‘” sasles )

[1 mark]
(d) ©  Calculate the number of moles of sodium carbonate, Na,CO,, present in 25 cm® of Q.

m.mM - f\}aw_C,O..5 = \og lzé-;—t—%:_____g[j
mele  catie
42\ "’

L- S"S:?,Qi-’aQ‘,

x= 7.6¢ t‘loﬁ; ~elad

[1 mark]
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(e) Calculate the concentration, in mol dm™, of sodium carbonate in Q.

7.66 %o ! =N 2Sen~

ey -_'_> (060 ard ?
x= 0,01 “""O’Cl‘h;s
{1 mark]"
4] Calculate the concentration, in mol dm?3, of soélium carbonate in P,

3

——

e T 7o ?S\A’YU-BM.‘,( HQ,LCO?'

‘ Z-TS i ﬁo? —_ Bé—{ﬁs
X -f‘-mt ""_'> 10.@6 <:J\.3

mark]

(2 Calculate the percentage purity by mass of the sodium carbonate in the contaminated
sample used to prepare Solution P.

| mal > [Deq
D28 AT Ty
&.S8X 10C=ClLECa
Ql-%@ Ne, COo

Lt eo g, e’
R

[1 mark]

Examiner’s Comments
The candidate showed an excellent progression of the calculations required to answer these subparts
correctly. Many candidates struggled to perform the calculations correctly.
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Question 2

Candidates were required to utilize the data analysis format to investigate the rate of reaction between
hydrogen peroxide solution with iodide ions in aqueous acid.

Candidate’s Response to Part (a)

(a) Construct a table in the space provided below to record the information above regarding
experiment number, initial concentration of reactants and initial rate of formation of L.

. . TRiva . Trved
TABLE SHOW|NG et (DN ENTRATIONS AND RATES FOR FORMATION OF T2(aq)

experiment | Tnitial [Ha02¢ap] | Tniol [7cag]|Tnitial Tuteaqy] {3nttal Bty
' 0 -01 moldm> a-0i moldﬁl 6 -i0 moidm® {1715 A107°

2z O 02moldm® | o.0imoidn® | . jomoldm? 215 x10-°

3 0:03 moldnmi? [ © oimadm™ | . .omotdm™ |5,25x10-t

% 0 -02 mold wi3 o -02moldwm?| ©'tomodn’ {.o3X 105

° ® 03 mldm™ | 9.0omo1dw®| o.2pmowde® |1:05A5°

Examiner’s Comments

The candidate was able to construct the table and provide the required information. Several
candidates were able to construct the table accurately. However, some candidates were unable to
determine the concentration values from the information provided.
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Candidate’s Response to Parts (b) to (d)

(b) Deduce the order of the reaction with respect to EACH of the reactants below, explaining
how you arrived at your answer.

@) IO, (aq YHNg <xp | and 2sine CHHE and eE<1 are wonstant

fnding ra¥io op [H2071 t© pate _

0-b? - 3,8X10° ~
Cho2l t 57072 Rote = 9% ) oo

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

so order wer G102 g one(| [2 marks]

uging exp 2 and 4 sine EH2021 and D are wonsfant _

)  To) . s 1075 .
1= —%—'—_0-5—1' Rote: c.9mx10~0 oo 13 202
= =2 sp @ i1 doubkles rgie

............................................. S

. [2 marks]

(i) H'ag ysing <xp 4 and 5 ag cones Por FHzO02 Gnad T- ave fhe

same
...... ranol . eeteeeeeeeeeseeeeme et eeee e e st erereren st et et sr sttt e
Ll - oz 0 Ratksr .93 xi10-8
................................ e N g

(© Write the rate equation for the reaction.
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(d) Using your rate equation from (¢) and values from your table; calculate the value of the
rate constant k. State the units.

'Experiment numiber used D e et sttt R et e
Calculations ' | e
Rove = KTH2021017] |
% -
¢-08 X 1075 = K (o -03)(e 02) rryblelvi 9_
K = .08 x{0~"> mold dm ¥
(0 -0%)0o-02] mol~ ' adm>s ™"

0 ®115 motldms?

Rate constantk = ........7.. e ereeeeerrrsaaaes Units ....

Examiner’s Comments
The candidate answered all parts in an exemplary manner, giving observations and inferences where
required. The candidate’s calculations were clear and correct, and the units were properly retained.
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Candidate’s Response to Parts (e) (i) and (e) (ii)

(e) Sketch in the space below the shapes of the graph expected for the plots of EACH of the
following. (Do NOT use actual values).

(i) [ I~ ] versus time

N

[r]

N

P

Time
[1 mark]
(ii) Rate of reaction vs [H']
N
Rate

>

= e
[1 mark]

Examiner’s Comments
The candidate did not sketch the expected shapes of the graphs. Only a few candidates were able
to do so correctly.
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Question 3

This question assessed candidates’ level of competence in the skills associated with the planning and
design of practical investigations.

Overall, the performance of candidates was very weak.

Candidate’s Response to Part (a)

3. A horheowner receritly purchased a home and suspects that the pipes in the home contain lead.

Plan and design an experiment that would help the homeowner to determine whether the water
flowing through the existing pipes in the home contain lead.

Your answer should include the following:

(@) Hypothesis

Examiner’s Comments
Generally, candidates were able to provide a hypothesis for the experiment.
Candidate’s Response to Part (b)
') Aim
Ao derermine ig Pu2Trag) fons are present [n wodersample .
BT pipgs USINO TTCAG) NOAS s
[1-mark]

Examiner’s Comments
Generally, candidates were able to provide an aim for the experiment.
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Candidate’s Response to Part (c)

() Apparatus and materials -

other souveg ; white i

Examiner’s Comments
The candidate provided an appropriate list of apparatus and materials needed to conduct the

experiment.

Generally, many candidates were unable to provide the required information. Some of the lists
provided by candidates were unsuitable or irrelevant for conducting the experiment based on the aim

they stated in Part (b).

Candidate’s Response to Part (d)

d) Procedure

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

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

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

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

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

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

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

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

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

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

Examiner’s Comments
The candidate provided an acceptable experimental procedure. Generally, many candidates struggled

to provide an appropriate procedure.
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Candidate’s Response to Part (e)

(e)  Variables
s Manipulated
+4pe of watev ysed

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

* Responding

LR R R L LT O L L T T Ty T T T T T

*  Controlled

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

Examiner’s Comments
The candidate provided variables which were appropriate for the experiment. Generally, candidates
did not answer this part well.

Candidate’s Response to Part (f)

63) Expected results

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

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

[2 marks]

Examiner’s Comments
The expected results provided by the candidate were suitable for the experiment. Generally,
candidates were unable to determine the correct expected results.
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Candidate’s Response to Part (g)

{g) ONE possible source of error

.........

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

dipfer frowy whad 19 -e_xpeu-gi' [1 mark]

Examiner’s Comments
The candidate provided an acceptable source of error. Many candidates could not provide a
reasonable source of error.

Candidate’s Response to Part (h)

(h) ONE precaution

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

sheet of poper 4o qujn MRt orcourote (1 mark]
reading Total 15 marks

Examiner’s Comments
The candidate did not provide an appropriate precaution. Generally, candidates were able to provide
acceptable precautions to take when carrying out the investigation.
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