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INTRODUCTION

This guide has been compiled using candidates’ responses to the 2023 May/June CSEC Chemistry
examination.

The examination consisted of the following papers.

Paper 01 — Multiple Choice

Paper 02 — Structured Essay/Extended Response
Paper 031 — School-Based Assessment (SBA)

Paper 032 — Alternative to School-Based Assessment

In 2023, 65.75 per cent of candidates earned acceptable grades (Grades I-lll), compared with 59.70 per

cent of candidates in 2022. The percentage of candidates gaining Grade | was 15.41 per cent, compared
with 15.71 per cent of candidates in 2022.
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PAPER 01 — MULTIPLE CHOICE

This paper consisted of 60 compulsory multiple-choice items. Each item was worth one mark each. Fifty

items tested candidates’ knowledge and comprehension of the syllabus content while 10 items tested
candidates’ use of knowledge.

In 2023, the mean score was 37.07 out of 60 (61.78 per cent) and the standard deviation 12.98.
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PAPER 02 — STRUCTURED/EXTENDED ESSAY

Paper 02 was a structured/extended essay paper. The paper consisted of one compulsory data analysis
guestion, two structured questions and three extended response questions.

In 2023, the mean score was 36.87 of 100 (36.87 per cent) and the standard deviation 18.64.

Question 1

This question tested syllabus objectives from Section A: Principles of Chemistry — 6.2, 6.5, 10.1, 10.2, 10.3
and 10. 4.

Candidate’s Response to Part (a) (i)

(a) (i)  Define the term ‘rate of reaction’.

Q... & Rm\\m .. \%4« Nﬂﬂx’a\&'\'ﬁ\ &\9\\\3& mk@@e ......
@wﬁm&m\nm Yem.\;m\\- \1\% \\ ................................

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

Examiner’s Comments

This candidate was able to correctly define the term rate of reaction.
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Candidate’s Response to Part (a) (ii)

(ii)  Define the term ‘catalyst’.

\\:\:é CLX\.M\?&MM%’Z@} @%\-\%\5 ...............

@%\@ \9&\% P}n Wﬁ m\,\i\\"— ........... _

...m... LAY o U U PR

.........

Examiner’s Comments

This candidate was able to correctly define the term catalyst.
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Candidate’s Response to Part (b)

()  For EACH experiment shown on the stop clocks in Figure 1 on page 4, record, in
Table 1, the time taken for the hydrogen peroxide (H,0,) to decompose.
TABLE 1: THE EFFECT OF THE CONCENTRATION OF HYDROGEN
‘ PEROXIDE ON THE RATE OF REACTION

ancentraﬁog ?f Time Rate of l.leaction
Experiment Hy iog]?{l:(ieroxxde | ©) | (lfé‘fgze)
(mol/dm?®) ‘ > '
1. 010 | R S P 00N ...
2 - 015 | e VSO PR X525 W
3 020 . | FC Y 0L ...
4 | 0.25 R 2B s | e O
5 _ 030 Sou SRR DRRNN Y1\ . SO
(5 marks)

Examiner’s Comments

The candidate was able to correctly read and record the times displayed on the stop clocks provided in Figure
1.
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Candidate’s Response to Part (c)

TABLE 1: THE EFFECT OF THE CONCENTRATION OF HYDROGEN
PEROXIDE ON THE RATE OF REACTION

(©)

C(;ncentraﬁo_n ?f Time Rate of 1.1eaction
Experiment Hy iog];?cieronde | ) (ll'é‘g;ae)
(mol/dm®) >
1 010 | I SN D 00N ...
2 0.5 | Nt | 28
3 020 . |ow TN R OBL ...
4 025 | LSS DO 0N .
5 030 | Ko SR DU 1LY S
(5 marks)

for EACH of the experiments.

. . . 1
Complete Table 1 by calculating the rate of reaction (=), to three decimal places,

(5 marks)

Examiner’s Comments

The candidate correctly calculated the rate as 1/t, rounded to three decimal places.
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Candidate’s Response to Part (d)

(d) .Using the axes provided in Figure 2 on page 7, plot a graph of rate of reaction versus
concentration of hydrogen peroxide (H,0,), from the information in Table 1. Draw the

line of best fit through the points. . (5 marks)
r b 3 ’u E 4 A :}
A Yo b i“'--._ﬂx“irf&i ? e 0T p\{@. Moy \exdu S {J)‘{{F, .‘;:‘(("‘; 5 o "'\162
% e o, Gl 50 725 b ) G Pl : ik
7 22 g
ERE7l RER RS hukhe SARERRAE
/o Lekl g fiosloue
25 Engmvei b : zaany a:
i 35 ¢ et L7 vy hhsg
0.050}— hiincmni .//.’,\.}akm A0
; i Fo ot QT'LL\« = 0. pUS
i L : s e ‘"g‘..\' h el
gy it et s s et LELE, 2B
4
0.040}- +
: -/
=0 Fim
0.035 = o -
. i
= ot
= 0.030 7z
=
g . r’f
e SRk ha
"5902: g i
3 B
x 2 <A
23z 33 7
0.020}- o
: 4 s
o
4
0.015
lf{
skt p
“/
s anr
2! i35 SEER AT SEESEERERCISISIEEL RS T
I 4 (S £ LT T 3 45T 2 : R 2 i R
I/ | L .

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
Concentration of hydrogen peroxide (H,0,) (mol/dm®)

Figure 2. Graph of rate of reaction versus concentration of hydrogen peroxide (H,0,)

Examiner’s Comments

The candidate correctly applied the Factor Theorem to demonstrate that x-3 is a factor of the given function.
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Candidate’s Response to Part (e) (i)

(e) Using your graph,

(i)  describe the relationship between the rate of reaction and the concentration of the
hydrogen peroxide (H,0,)

%“%\t%xm&‘%@ \oi w{mﬁa&ﬁs@b\\mcms\,

mtﬂoc‘rm\:\wa\so\\mmek .......................................................

@.Rﬂ@&?&\mﬁ\.@.ﬁmﬁ&.:% ........

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

Examiner’s Comments

The candidate was able to correctly describe the relationship between the rate of reaction and the
concentration of hydrogen peroxide as shown in the graph drawn.

Candidate’s Response to Part (e) (ii)

(i)  determine the concentration of the hydrogen peroxide (},0,) given that the rate
of reaction is 0.045 s

R L T L T L TR e

Examiner’s Comments

The candidate was able to correctly interpolate the concentration of hydrogen peroxide, given that the rate of
reaction was 0.045 s™.
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Candidate’s Response to Part (f)

63 Calculate the mass of the hydrogen peroxide (H,0,) present in the coricentration identified
in (e) (i1). [Molar mass, H,0, = 34.01 g/mol]

ﬁs\\@ls\o& ..... ﬁ]m' T R

X > =
m&'f\a_q’%.\‘ﬂ\kbﬂ\ ...... \é\ -1’%1- ..... B \)30\\‘{0.’5‘3 ..... 7 6\'%1333\.\\15

B L O L L L L L L L T T T y Ty Ty P T

Examiner’s Comments

The candidate was able to use the molar mass to correctly calculate the mass of hydrogen peroxide present at
a concentration corresponding to a reaction rate of 0.045 s™.

Candidate’s Response to Part (g)

(g Write a balanced chemical equation, including state symbols, to show the decomposition
of'hydrogen peroxide (H,0,).

“1\\10,103_@ e ();LB)*L\\&\@ ................................

R e T T T ¥ P PP R

Examiner’s Comments

The candidate was able to write a correct balanced chemical equation showing the products formed from the
decomposition of hydrogen peroxide.
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This question tested syllabus objectives from Section A: Principles of Chemistry — 1.2, 1.3. 5.5 and 6.5.

Candidate’s Response to Part (a) (i)

(a) At atmospheric pressure, water exists in three states of matter while carbon dioxide exists
in only two states.

(i) Listthe THREE states of matter in which water can exist.

e N TR T R o VA T SO = Yo S

Examiner’s Comments

The candidate was able to correctly identify the three states of matter in which water can exist.

Candidate’s Response to Part (a) (ii)

(i)  Describe the energy of the particles in EACH of the three states listed in (a) (i).
1n Solids Lhnese oo shrone, 1\'\’\‘%{}’.\?\&%‘\_:&\*.{ Yoreen

R e O I N O 4

- . Gz
L85 o menen bhelween Sorier | twus . There e

..................................
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Examiner’s Comments

The candidate was able to correctly describe the energy of particles in solids, liquids and gases.

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

(iify Name the process which occurs when carbon dioxide changes from one state to
another.

I N AN s A

Examiner’s Comments

The candidate was able to correctly describe the process that occurs when carbon dioxide changes state.

Candidate’s Response to Part (a) (iv)

(iv)  Describe how the arrangement of the carbon dioxide particles changes as carbon
dioxide undergoes the process named in (a) (iii).

SDaaong . seshanakxen, (O L%L%‘Ff‘vm ..... soME stele

NI N L e T s e N B e e e

S %&;&>ﬁ.‘€...\..._i.s.x..€n....\?..C.ﬁé.t..\&g ..... @m.’f.hfﬁ\;.\fa%...g};;.\qm...
Wi e Spuces. beleen RN 505 0.

St , MOVING Woowh {rtel, o sed—ti (2 marks)

Examiner’s Comments

The candidate was able to correctly describe how the arrangement of the carbon dioxide particles changed

when carbon dioxide underwent the process of sublimation.
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Candidate’s Response to Part (b)

(b) Using appropriate diagrams, illustrate the lattice structure of sodium chloride crystal and
the giant molecular structure of diamond.

Sodium chloride Diamond

Examiner’s Comments

The candidate was able to correctly draw the lattice structure of sodium chloride and the giant molecular
structure of diamond.
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Candidate’s Response to Part (c)

(c) Iri solution, two metals, A and B, form A* and B** ions respectively. Metal A displaces Fe
+ from a solution containing Fe** jons but Metal B does not. .

Write a balanced ionic equation to 'show the reaction between Metal A and F&** ions.

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

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

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

Fea_,\. " g__e,_ — "_——_e S, Total 15 _marks

LT _
s ey Te )

Examiner’s Comments

The candidate was able to correctly write a balanced equation for the reaction between Metal A and Fe?* ions,
using the information provided.
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This question tested syllabus objectives from Section B: Organic Chemistry — 2.2, 2.5, 3.6 and 3.7.

Candidate’s Response to Part (a)

3. Figure 3:shows the fully displayed structures of three compounds, A, B and.C, which-dre from

different homologous series. ‘ca.,) Ch, Cod €Yy mi’ M0
H H H H H H H H H
[ N | 0 [
H—C~C—C—C—C~——H H—C—C—C H—C—C—OH
I 1 1 1 [ | Nom [ ]
H H H H H H H H H
Compound A Compound B Compound C

Figure 3. Fully displayed structures of Compound A, Compound B and Compound C

(a) State the homologous series to which Compounds A and B belong.

(2 marks)

Examiner’s Comments

The candidate was able to correctly state the homologous series of compound A and B, given their fully
displayed structures.
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Candidate’s Response to Part (b)

{b) Compound C burns with a blue flame in oxygen. Write a balanced equation for this

reaction. 5 3
W o) +3 0 2 © +T4 o
L Ty T P WITITIT 1O It (L} ................. 'J:"("(?)"') ........................... 1.7 erTaa ...G.J...........I. A C )

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

L T R L L Ll L LR T T S L L T L T T D L L L L T T Tr T T P T R P

(2 marks)

Examiner’s Comments

This candidate was able to write a balanced equation for the reaction when Compound C (ethanol) is burnt in

oxygen.

Candidate’s Response to Part (c)

() State which of the two compounds, A or C, is more soluble in water. Give a réason for
your answer. "

More soluble compound ............... C .................................................................................
Reason CWM’@HLW%\WM
: lrm‘d{t@ ...... Ry vy :AI)W\JFVOLC)

Examiner’s Comments

The candidate was able to correctly identify that alcohol (Compound C) is more soluble than alkane (Compound
A) due to the presence of a polar hydroxyl group.
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Candidate’s Response to Part (d) — Sample 1

(@ State whether Compound B or Compound C would react more vigorously with sodium
metal and give a reason for your choice.

B

More reactive COMPOUNA: ... cccitrcrreertrnetecereressecsrtessrsassemmesssrnssssssonsavassssassnsnnnse
Reason: ......... D**L‘/tﬂ’d'
0
My LS WRVPUON SOOI ONNORNURRRRORTN WO 1252 A

R amaccd
Candidate’s Response to Part (d) — Sample 2

(d) State whether Compound B or Compound C would react more vigorously with sodium
metal and give a reason for your choice.

More reactive compotind: g(ﬂ[’ anva’ﬂ,{/fa) .........................................................
Reason! Sﬂd‘M E q !,W‘/'q(/ﬁ\}e delaM‘Mgse‘f’ PﬁOFmWh[&

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

rﬁatfthslwaﬁ%ﬂsGvﬁngvl«ntlﬁﬁcwwmm’fh“qnc .......

Examiner’s Comments

(Compound C) due to its greater acidity or the presence of the carboxylic acid (COOH) group.

The candidate was able to correctly identify that propanoic acid (Compound B) is more reactive than ethanol
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Candidate’s Response to Part (e)

(e) Write a balanced equation for the reaction of Compound C with sodium.metal.

L L. B - L'l.\./.g,.{.g...). ..... L ....H.g.@.fm..q,.’f.......r. ...... i

x (do},) > [3)
w I :
- S T OO ,S*Q;LWM .............................. H‘}!Jl"-ﬂ-gm
i) et Aetn
..................................................................................... prersesss et ess b rsa s e es b bera s b a e e baes
{2 marks)

Examiner’s Comments

The candidate was able to write a balanced chemical equation for the reaction between ethanol (Compound

C) and sodium metal.

Candidate’s Response to Part (f)

® Describe ONE test that could be used to identify the gas that is produced in the reaction
of Compound C with sodium metal.

Examiner’s Comments

The candidate was able to correctly describe the test and expected observations for hydrogen gas produced
from the reaction between metals and acids.
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Candidate’s Response to Part (g) (i)

(2) Compound B and Compound C react together in the presence of a catalyst to form
Compound D.

(1) State the name of the catalyst.

Examiner’s Comments

The candidate was able to correctly identify concentrated sulfuric acid as the catalyst required for the reaction
between an acid and an alcohol.
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Candidate’s Response to Part (g) (ii)

(ii) Draw the FULLY displayed structure of Compound D.

o)

(2 marks)

Examiner’s Comments

propanoic acid and ethanol correctly.

The candidate was able to draw the fully displayed structure of the ester formed from the reaction between
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This question tested syllabus objectives from Section A: Principles of Chemistry — 5.6, 9.1 and 9.2.

Candidate’s Response to Part (a) (i)

4, (@) Sulfur and magnesium are two elements in the same period of the periodic table. The
different properties of the oxides of these elements are presented in Table 2.

TABLE 2: PROPERTIES OF OXIDES

Oxide of Sulfur Oxide of Magnesinm
State ' Gas Solid
Melting Point (°C) 272 2852

(i) With reference to bonding, explain the difference in melting point between the
oxides of sulfur and magnesium.
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Examiner’s Comments

The candidate was able to refer correctly to the presence of ionic bonding within oxides of magnesium and
the strong electrostatic attraction/bonding between ions (cations and anions) that contribute to their high
melting points. Additionally, the candidate was able to refer to the presence of covalent bonding within
oxides of sulfur and specifically to the weak intermolecular forces between molecules of oxides of sulfur,
which account for their low melting points.

Candidate’s Response to Part (a) (ii) — Sample 1

(ii)  Explain whether the oxides of sulfur and magnesium will conduct electricity and,
if so, under what conditions.

Examiner’s Comments

The candidate was able to correctly explain that the oxides of magnesium are able to conduct electricity when
in the molten state due to the presence of mobile ions that can carry the electric charge. Additionally, the
candidate was able to correctly explain that the oxides of sulfur will not conduct electricity due to the absence
of free electrons to conduct the electric charge.
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Candidate’s Response to Part (a) (ii) — Sample 2

- 4
Question No. |4/ 1 Mﬁ‘ 0— tLJ 'S\D;, J* u ,;—:-D .‘HJ.S\D3

-

Examiner’s Comments

The candidate was able to correctly explain that the oxides of sulfur are able to conduct electricity in aqueous

solution due to the availability of mobile ions.
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Candidate’s Response to Part (a) (ii) — Sample 3

Question No. M @\“

Examiner’s Comments

The candidate was able to correctly explain that oxides of magnesium do not conduct electricity in the solid

state due to the absence of mobile ions.
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Candidate’s Response to Part (b) (i)

(b) Figure 4 is a partial diagram of the apparatus a group of students intend/propose to use
to investigate whether ethanol, aqueous ammonia and aqueous lead(Il) nitrate would
conduct electricity.

Battery

Figure 4. Partial diagram of apparatus

(i)  Complete the diagram in Figure 4 in order to make it a circuit that is suitable for
achieving the aim of the experiment. (2 marks)

Examiner’s Comments

The candidate was able to correctly complete the diagram of the circuit by including the symbol of a light bulb
as well as electrodes dipping into an electrolyte.

Candidate’s Response to Part (b) (ii)

(ii)  Classify the three substances to be investigated (ethanol, aqueous ammonia and
aqueous lead(Il) nitrate) EITHER as conductors OR non-conductors.

|3 o
Conductors ...:A.4£ l}

410 1
Non-conductors J«/‘MM ........................ S R

Examiner’s Comments

The candidate was able to correctly classify the conductors as aqueous lead (ll) nitrate and aqgueous ammonia
and the non-conductor as ethanol.

24|Page



Question 5

This question tested syllabus objectives from Section B: Organic Chemistry — 3.3, 3.8, 3.10, 3.11 and 4.2.

Responses to Part (a) (i)

Examiner’s Comments

Some candidates provided an accurate definition of the term anaerobic fermentation. An expected response
was anaerobic fermentation is the conversion of sugars to smaller molecules like ethanol and carbon dioxide.
It takes place in the absence of oxygen.

Responses to Part (a) (ii)

Examiner’s Comments

Candidates were able to state one reason why high temperatures are not suitable for anaerobic fermentation.
An expected response was temperatures exceeding 40°C denature the enzymes (proteins) in yeast, rendering
them inactive.

Response to Part (a) (iii)

Examiner’s Comments

Candidates were able to write a balanced equation for the anaerobic fermentation of glucose. An expected
response was CsH:206 — 2C;HsOH + 2CO,. Two marks were awarded to candidates who wrote balanced
equations; if the equation was unbalanced, only one mark was given.
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Candidate’s Response to Part (b)

Soaps are formed from the alkaline hydrolysis (saponification) of natural oils and fats

(b)
(esters). Compound E, shown below, is an ester which is hydrolysed by aqueous sodium
hydroxide. Draw the FULLY displayed structures of the hydrolysis products.
H
|0 5 ¢
e s -_C\ I E Compound E
[I{ 0-—C—C _H
}
H H
NaOH(aq)
H o H H
! il L |
i ~C - C O + N W - € -~ C ~ H
I l |
H o oM
(2 marks) (2 marks)
or
H H
i i
H ¢ - ¢ - OH
| I
H H

Examiner’s Comments

The candidate accurately drew the complete structural formulae of the products formed from the

saponification of compound E (ethyl ethanoate) using NaOH.
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Candidate’s Response to Part (c) (i)

(c) (i) Name the by-product of the saponification of fats and oils.

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

The alconel. foom.. comeound. .. B was...exthanol...
S o SR . . (1 mark)
ln Some coases, glycerol S by -prodvcT.

Examiner’s Comments

The candidate correctly identified the by-product of the saponification of fats and oils.

Candidate’s Response to Part (c) (ii)

(i)  State ONE differerice between: thé effect of using soaps and soapless detergents
on hard water.

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

Soaps..F.de.not. laxner. well | easily. with
nard wWater. hey. £form . Scul,, . and . WMNERSCAIL,
Soapless .. detergents  lathgr. el Leasiiy ..

Wit hard woder. ey do. not.  £00.. SO,
(1 mark)

Examiner’s Comments

The candidate correctly stated one difference between the effects of using soap and soapless detergents in

hard water.
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Candidate’s Response to Part (d) (i)

(i)  State the type of polymerization that the amino acid in Figure 5, would undergo.

Examiner’s Comments

The candidate correctly stated the type of polymerization that the amino acid in Figure 5 would undergo.

Candidate’s Response to Part (d) (ii)

(11}  State the general name for the type of polymer tormed from the amino acid in
Figure 5.

Examiner’s Comments

The candidate correctly stated the general name of the polymer formed from the amino acid in Figure 5.

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

(1iif) - State TWO chemical tests that can be.used to-distinguish between.propene and its
polymer:

-------------------------------------------

---------------------------------------------------------------------------------------------------------------------------

Test 2; M&W%\\*l\(‘“\“oﬂg‘s TEPY

Examiner’s Comments

The candidate correctly stated two chemical tests that can be used to distinguish between propene and its
polymer.
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This question tested syllabus objectives from Section C: Inorganic Chemistry — 4.3 and 5.5.

Candidate’s Response to Part (a) (i)

6. (a) . Farmer Browne reaped a crop of vegetables aid reported that the yield was far below what
was expected. An analysis of the soil revealed that there was a.deficiency of magnesium.

(i)  Outline the importance of magnesium on plant health.

quheq}um S used b the flqd- s amaq ke

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

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

gqhtijkjteﬁerjj fraing Te fu fo Le

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

Examiner’s Comments

The candidate was able to outline the importance of magnesium on plant life.
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Candidate’s Response to Part (a) (ii)

(ii)  Explain how a magnesium deficiency can result in the low yield of vegetables.
\Ji Lere ir o wieL g ne Tivky Je.g'.c';en-. o The

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

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

Ly hess oun Swee ley cnerngy Ir tapped,

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

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

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

o the fruidy and u@a@\d of Yl
Y\”’v‘%/ -‘(‘«ore{we }-qwu-;lﬁ T oo lew JFQIJ
L Vbsesrq\s\ey-

Examiner’s Comments

The candidate explained how a magnesium deficiency can result in a low yield of vegetables.
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Candidate’s Response to Part (a) (iii)

@ii).  State TWO other metal ions which. are important.to.plant growth and the results
of EACH deficiency.

.
Metal: quC/‘\l fiareaat ;
i s CAMIT L it sbssfaetase et e st e eemeteneeeretesemene

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

1Y T RS i x=X LN N VOSSOSO _
.Deﬁciency: .C"k\hﬂ.’!f.ed ....... e m.l.‘.\i%}:\...'..;.....; ...... Treerrrieenasergesaioenriantiesianrinnisiiiats

Examiner’s Comments

The candidate stated two additional metal ions essential for plant growth. The candidate also identified the

deficiency that occurs when a plant lacks the specified metal.

Candidate’s Response to Part (b) (i)

(b) Figure 4 is a partial diagram of the apparatus a group of students intend/propose to use
to investigate whether ethanol, aqueous ammonia and aqueous lead(1l) nitrate would
conduct electricity.

Battery

cock ho d(,
Anode

~t

| PbNG €3 Heofl Pb N3

~ N

Figure 4. Partial diagram of apparatus

(i)  Complete the diagram in Figure 4 in order to make it a circuit that is suitable for
achieving the aim of the experiment. (2 marks)
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Examiner’s Comments

The candidate was able to state two other examples of plastic waste that are commonly found in the seas and
oceans.

Candidate’s Response to Part (b) (ii)

(i)  Discuss TWOQ. harmful effects of plastics on marine-life,

,.Sjtwauﬁja.y ) X (4H;arks)

Examiner’s Comments

The candidate discussed two harmful effects of plastic on marine life.
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