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Answers written in the margins will not be marked.

PART 1

Answer ALL questions. Write your answers in the spaces provided.

1. Acetylene (C;H;) is a fuel. It can be obtained from calcium carbide (CaC;) by two different reactions as
represented by the equations shown below :
2200 °C
CaC+ A ——» CH:+Ca Reaction (I)
25°C
CaC; + 2H,0 —— (C,H,+ Ca(OH), . Reaction (11)

(a) Draw the electron diagram for a C;H; molecule, showing ELECTRONS IN THE OUTERMOST

SHELLS only.
(1 mark)
(b) Write a chemical equation for the complete combustion of acetylene.
Coth 4 3 0 = {wl& M.y
(1 mark)
(c) Refer to Reaction (I) :
(1) A is a gas at room conditions. Suggest what A would be.
e g
(ii) Hence, explain why the reaction is dangerous.
BO.LW“M L.] W 6’4 T\(L‘{ C\(YLML_ AT{ L‘JLV‘L@“T"“LM/
(2 marks)
(d) In Reaction (1I), Ca(OH), is formed. State one use of Ca(OH), in daily life.
To ddeed Jih A& 00 gu
. » lj A
\,
- amound -
(1 mark)

Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

2. In the boxes (a) to (g) of the table below, fill in the information relating to the electrolysis of each
electrolyte.
Electrolyte Electrode Observation . Product 'Half equation OR Justification
at the electrode | at the electrode for the change occurred at the electrode
(a) Observation:
Redldgs .
Graphite _
anode /\Lmﬂ\. aub
PbBr; (b) Half equation:
Graphite |
cathode '3 -
PV 420 — p bes.
(c) Half equation:
Platinum
anode
yOH = H,040: 1 4o
Very dilute "U‘ (v _‘J ¥ :
ZnClz —
solution (d) Product:
Platinum H
cathode T
, aa& :
(e) Product:
Copper )
anode .
9"]&1’4’.‘{]"5
Concentrated -
CuSOq4 — - -
solution (f) Observation: (g) Justification: ' |
Lulion hese o lower puiton .
Copper i " v
cathode Reddish - brooon fon Hitem B
Solv}\ 0(»[:0&!1- 5, (’d’fm il l’{wb[aﬂ«v ’}"Nf
A
Ak form (nty) . (7 marks)
Answers written in the margins will not be marked.
2021-DSE-CHEM 1B-3 - 3 | Go on tothe next page

Answers written in the margins will not be marked.
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3. Silicon occurs naturally in three isotopes with the abundance of each isotope shown in the table below :

Isotope Abundance / %
8g;j 92.20
8i x
SOSi . y
(a) What is meant by the term ‘isotope’ ?

l\ Wt AR LLWM'{ hat  S@mt hum le,r 44 fm{m Lw‘{ DLM(W"
d:\"« AS wn MMLV n new'[nm.

(1 mark)
(b) Calculate x.
(Relative atomic mass : Si=28.1)
X =
v. 4221 00 {’:&o l
SR A
X1 ‘{ =l
x4 gorile 7 2
9% (p112)1 21T
- 1,384 w)
0 14%x 1 0 3\(
1)
3 xe\”‘”ﬁ W
_ - 1.
we Tby Y
x= Vb
(2 marks)
(c) Silicon dioxide is an oxide of silicon.
(i) Explain why silicon dioxide has a high melting point.

S\]u,ow AMX((L Lwt ULOIGA ownlm"l J‘{mtjurc, Ln.,aa/_qwtm'f

&f ppuay ﬂﬁx"tui 1 kr{,ulg hl“?m.s 4 J‘L,W:X um[w‘f
\w\)\ ?JAWM S ““‘m 0 alimin cmL,/ 1, yq,H \.-(_ Hom e

wl-
M ey \\\3\“ ““’H“A ¥

_Answers written in the margins will not be marked.
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3. (©) (ii) Under certain conditions, 1.0 g of SiO, is allowed to react with 1.0 g of Mg. The
equation for the reaction is shown below :

Si0; + 2Mg — 2MgO + Si

Calculate the theoretical mass of Si that can be formed.
(Relative atomic masses : O = 16.0, Mg =24.3, Si =28.1)

no,AwLA r’\l: 0.0 YUY
A wele A& Si0u = 0.01b by

ho-
. Slox. % ‘1&111% V&“&W'l .
' Plass ¢4 St cam dorm ® p.0[bb i x 28]
- Q. u b¥ Q) '
(4 marks)
(d) Part of the structure of a mineral containing silicon and oxygen only is shown in the diagram
below :

silicon atom

O oxygen atom

What is this mineral ?

‘TM-L@“

(1 mark)

Answers written in the margins will not be marked.
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4. The chemical equation for a possible cracking reaction of decane (C;oH»,) is shown below :
CioHaz — C4Hjo + 2X (s ‘Vlg,.

(a) State the systematic name of X.
Kraj one .

(1 mark)

(b) Suggest a chemical test to show how X and butane can be distinguished.

BAL brown brorawe soliimm mdo ol X aml butane,

X \\ A-% \punu, brovtnae 1mmolnu'{p,‘-1 L,({ Ldmt“u\\zt M/[-
wl w |

(2 marks)

(c) X can form a polymer Z.

(i Suggest why X can form a polymer.
BQL&\L&L 1'1 15 uwsaﬂw:ﬂ«l wih & C:C OLM.LLL w

(ii) Draw the repeating unit of Z.

(2 marks)

Answers written in the margins will not be marked.

Answers written in the margins will not be marked.
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4, (d) Compound Y is a structural isomer of butane.

(i) ‘Draw one possible structure of Y.

\
_C-H
A ”

Mo |
1

w-¢- - CH
| 1 1 '
Ml K ~

(ii) Which of decane, butane and Y would have the highest boiling point ? Explain your
answer.

Bu‘{wi.
As ‘H\L S{Mf[«‘-"b A' Lu‘lan-l, 1 hovg_cl_.,ss{.wﬁt{ncu[,

'}orw de’m Lvda,vs—c hofew»,¢

flo e nalaular
W 5’1ronau 'fLaw Fhoud A’ Y Hwma batane hawe &

W Lﬂlwx ?m.

(3 marks)

Answers written in the margins will not be marked.
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5. Hexamine (CsH12Ny) is the main component of a portable solid fuel. It is a solid under room conditions and

its structure is shown below :

—
H,C ~—
CH,
| CH, |
N I N
~
/ s
N
~
Hzc/ CH,
(a) Suggest why the combustion of hexamine is exothermic in terms of the breamaand forming of

covalent bonds.

A i*"“}

e
‘“\uu “\r‘- Wl‘l uvkllﬂd :: ih moud“d‘

orm C,om\-w«{ }mi, 15 Ltllw
W {o anl '“A- Lwi / 11 1 eko’",omr,.

(2 marks)
(b) It is given that :
Compound Standard enthalpy change of formation / kJ mol™
CsH12Nu(s) +123
COxAg) -394
H0(1) 286
NOx(g) +33
(i) Write a thermochemical equation for the standard enthalpy change of formation of
hexamine.
\
Le4 bHaw ? “\I”y C"H’f N5,
(s)
(ii) Hexamine combusts as shown by the equation below :
CsHiaNa(s) + 1302(g) = 6COx(g) + 6H.0(1) + 4NOx(g)
Calculate the standard enthalpy change of combustion of hexamine.
4 -
A [ & Ho Nl s - 13 4{{-394) 4 L(-28L) 14 (33) .
J‘
< -t Ul ™)
(3 marks)

Answers written in the margins will not be marked.
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5. (c) The following’ diagram shows an experimental set-up for determining the enthalpy change of
combustion of hexamine under certain experimental conditions.

thermometer

glass beaker

water

hexamine

The data obtained are shown below :

Mass of hexamine combusted : 240 g

Mass of water : 600.0 g
Initial temperature of water : 23.5°C

Final temperature of water : 47.5°C
Molar mass of hexamine : 1400 g
Specific heat capacity of water:  4.20J g ' K™

Assuming that the heat capacity of the glass beaker is negligible, galcylate the enthalpy change of
combustion of hexamine under these experimental conditions.

108
[Wﬁl reliast : boo x 4.2 x (414~ 23 }

- boyeo J.

LT

AH* [C;,Hn Nul
HO

s- 3325 B pol™

(3 marks)

Answers written in the margins will not be marked.
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Lead can be obtained from lead(Il) oxide using the experimental set-up shown below: Besides lead,
nitrogen gas and steam are also formed.

(a)

(b)

(c)

(d)

lead(II) oxide

dry ammonia —>

heat

Suggest a reason for each of the ifollowing :

(1) The reaction tube is placed in a downward slanted position.
Rrmome, 18 ‘LMW 'ﬂﬂu\ by , N
(i1) The experiment is performed in a fume cupboard.

Rrmonia 1 ‘{oxu,-
(2 marks)

Write a chemical equation for the reaction.

(1 mark)

)

[T 4 L L;, 4 .«LML- )
lNH.s(j" by — 9 kb A
Explain which of the reagents is a reducing agent in the reaction.

As nx‘[vmﬂr\ ro Jor & N ,,Lud;. Yeur =3 o 0, 1l s H»L;auj

k& w. (1 mark)
Lead can also be obtained from lead(II) oxide using carbon.
(1) Write a chemical equation for the reaction.
\*)L.)
0+ ¢, — b t Y
(ii) The diagram below shows an incomplete set-up for performing the reaction :

apparatus W

lead(II) oxide + carbon

)] Add suitable drawing (with label) to the diagram for completing the set-up.

) Name apparatus W,

U"*“L\‘t : (3 marks)

Answers written in the margins will not be marked.
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7. The steps for determining the concentration of a sample of hydrochloric acid are listed below :

Step(1): A 0.1038 M standard sodium carbonate solution was prepared by dissolving 2.750 g of
anhydrous sodium carbonate solid in deionised water and made up to 250.0 cm®.

Step (2) : 25.0 cm® of the standard solution obtained in Step (1) was transferred to a clean conical flask
and then a few drops of methyl orange were added.
Step (3) : The sample of hydrochloric acid was put into a burette. The standard solution in the conical

flask was titrated with the hydrochloric acid.

Step (2) and Step (3) were repeated for several times. The table below shows the results of the titrations :

p1.0 215 ZiAd

Trial 1 2 3 4
Final burette reading / cm’® 30.85 28.75 28.30 31.35 27.25
Initial burette reading / ¢em? 2.00 1.50 1.00 3.00 0.00

(a) Describe the procedure in preparing the standard sodium carbonate solution in Step (1).
F\rd , qu M 2. Nj u/% an LYJnus So{ltdm 'u\eraL_, L,[ uswj elujnm
LMLML(, w\lrdol?. u&«(. Shuu w-\m‘{ A’ ILS'L“J w{w 1o D{ﬂwl“" “”
v b Lodee H
NuaUis 19) amj. ’[rw(gu 61” salbon "“‘-‘1{ 1o 0 eh voator Hook.
Mo Tl soldbum by {“’”‘] fhe A "(T““l‘ dom 10 s,
b) State the colour change at the end point of the titration.
| (an\. \/t ”ow ’{o Ormgl_,.
(1 mark)
(c) Calculate a reasonable average for the volume of the hydrochloric acid used in the titrations.
AMLlL g W -1 4173714 1137
Vol. used # 3
A
= 72121 e
(1 mark)
(d) Calculate the concentration of hydrochloric acid (ig»ﬁ) in the sample.

(Relative atomic masses : H= 1.0, Cl = 35.5) s Ca -
SIS Lt LH €y — (0.1H,0)
No. 4 wole A Hel rdd = = O _
= I“1X{0'}Mol,

J. 4 xio 3 x 367
p.ollzl.

C,andrqu 'A’ HC’ g

ol L‘I\r JM’J‘).
J

(3 marks)

Answers written in the margins will not be marked.
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*8. You are provided with the following items :
lemon, multimeter, connecting wires, Zn strip, Cu strip, Ag strip

With the aid of a labelled diagram, suggest how you can perform an experiment to confirm (with
explanation) the order of reducing power of metals as Zn > Cu> Ag.
oot Ut ww‘l} ( marks)

Tl amserd Zu_.s{g? ml uzﬁnij I.1} 1ule 1l lmLA_uJﬁh %w ZIH
12 e 2 s{rln 1o mashee qxgaL, P mHnmL/r am] c,nm«uf{ [ er 1

" msdm ba\k Husur«. Vllage acrsss T clrp. The vollaas ;L@M
be o Xasdw@ value  becouse 2a Euﬁ high M@SG_'&M_CAL
uRuwi\ e tepprran] bl veplae 2 51m, Ly B sny. Comed e (4 s’lnf

'\a keudw/. ‘\mv«mu\ DL L mn'fwe L/an Lasust 'ﬂx \nHuu. {ud adu Mﬂ

ﬂt \m\)!.m SLcu\‘k LJ, psdeL_\LuLALLWM Lg(. ¢ Mo

N \u&l\u oo 1w ECS v Jn%zulsmﬂ s, 1l or

rl»ouw\ powle 15 2,0 Lud Ac\

\
"“"“’% /" W“‘H) ]v\ﬂ-t(’\’

Awy -
\k‘(\bo \v\ A.‘;‘_M IJ\ (/DI\!'W/17D~\ wirny

X C i )A T i
A %—R c\ru\r ff“’\‘( ‘\ fuﬂm, value.

Answers written in the margins will not be marked.

Answers written in the margins will not be marked.
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PART I

Answer ALL questions. Write your answers in the spaces provided.

9. An experiment was performed for a reversible reaction involving CHa(g), H2S(g), Ha(g) and CS,(g) in a
closed container of a fixed volume of 2.0 dm? at a constant temperature. The equation for the reaction is
shown below '

CHa(g) + 2HS(g) = 4Ha(g) + CS:(g)
(a) Write an expression for the equilibrium constant X, for the reaction.

L Cszﬂ:] [Hlﬁ)lv
ke = EC”‘HJ) 11 H,SLJ,]L

(1 mark)
(b) The number of moles of each species at different times at that temperature are given in the table
below :
CHa(g) H:2S(g) Ha(g) CS:(g)
Initial number of moles 0.04 0.08 0.08 0.04
Number of moles at equilibrium . 0d ¥ 0.11 0.02 0.025
() Fill in the number of moles at equilibrium for CH4(g) in the above table.
(ii) Calculate the equilibrium constant K. for the reaction at that temperature.
o.p)ﬂ' : ,o_gi— )L’
] ("i’ o
e~ ——
¢ UIOJ‘T _ELLL )L
T LT
b l : A'M" :
= LYoxto ~ o
(ii1) If the volume of the closed container changes to 3.0 dm® while all other experimental
conditions remain unchanged, explain whether K. would increase, decrease or remain

unchanged.

)zenam v.*cLuax, as kc ﬂll‘{ oLma,u l«l’ mﬂ:m .&*?MQ‘LM—

J\ana,(, . .
(4 marks)

Answers written in the margins will not be marked.
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10. A tablet contains solid sodium hydrogencarbonate and solid citric acid (water soluble). An experiment was
performed under room conditions to study the rate of formation of CO; gas when the tablet was placed in
deionised water.

(a) The diagram below shows an incomplete set-up for the experiment :

1
Ly

deionised water
(saturated with CO, gas)

tablet

(i) Explain why the deionised water used should be saturated with CO, gas before the start
of the experiment.

Recange, CAL th 1 _s[\]HH so\,u},h 1n \ﬂtdu wi

)\H,bvu‘\ Mﬁ L«AL Lvov 1«\/ \m{u wﬂL

Lo P
“ UYU‘ m\zuL m,{u 15 \}&LJ

)& hofﬂ’*\ ‘L/

(it) Add suitable drawing (with label) to the above diagram to show how the volume of the
CO; gas formed can be measured.

(2 marks)

Answers written in the margins will not be marked.
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Answers written in the margins will .not be marked.

10. (b) @)

(i)

volume of CO; gas formed / cm®

The graph below shows the variation of the volume of CO, gas formed with time for the

experiment :

A
100
5
A
A LA
7
7TV
N4
/!
/
[
/
0 L

time / second

Q'OC/M}'

1 -
F'4 Beey

Assuming that citric acid was in excess and no other substances reacted with sodium

hydrogencarbonate, calculate the mass of sodium hydrogencarbonate in the tablet.
(Molar masses : sodium hydrogencarbonate = 84.0 g, citric acid = 192.0 g;

Molar volume of gas at room conditions = 24 dm?)
Jo
- —
No. 4 wols & NaHEBs = i -

= 2.08x(07 ko,

'masg A’ NLH()))" 2.08)((0'5)‘ xq‘(

= 0.11d 4,
J

Sketch another curve (using dotted line) on the above graph to show the expected
experimental result if the tablet is ground into a powder, with all other experimental

conditions remaining unchanged.

(3 marks)

Answers written in the margins will not be marked.
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I

Methylbut-2-ene reacts with HCI(g) to give X as the major product as predicted from Markovnikov’s rule.
During the reaction, another product Y (minor product) can also be formed. Refer to the following organic

conversions :
HCI
methylbut-2-ene ____(§)__
(a) State the Markovnikov’s rule.

A A A ,wg;m{u mdw‘i ml/L,ka'/ bore b ‘d7

The, sibols w‘W)
A W \ i
Q}m«\:‘:m‘un WL”C) w\{

(major product)

X U
2-methylbutan-2-ol

Y u alcohol Z (an isomer

(minor product) of 2-methylbutan-2-ol)

® ,WLM WK"

1,
M MW‘M’ 3(mwlw dr"‘r

(1 mark)
(b) Draw the structure of X.
T
Wow " C{ \ﬂ v
\ t C— C’
LC-0C ~—~ \
noy l
! \\
LS | Cl
(1 mark)
© X reacts with U to give 2-methylbutan-2-ol. What is U ?
Nlb"““\)'
(1 mark)
(d) (0 Y has one chiral centre. Draw a three-dimensional diagram for the structure of an

enantiomer of Y.

M

lc \‘\ Cs \J\'\
\

Ms C

1

f M

Hl&/"é

D
/
C Chs.

Answers written in the margins will not be marked.
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11. (d) (i1) Y is optically active. What is meant by the term ‘optically active’ ?

:H rean 1’1 Law. wm1xw wLwL Ln W{o'i»

(Yﬂ‘mlm’k th\‘{ h Same hajn“uit bl 0 oW(m‘{ J«w‘lw‘,\

can be distinguished.

1 tan Lo Oﬂhaﬂ N"'"‘l'w/i J’Aﬂaldm o[/tcﬁwmt jaL}lw‘/\,
dm l‘d Z'M&'M«l\ Lv\'tmrli' a[ tun M’{.

(2 marks)

(e) Y reacts with U to give alcohol Z. Suggest a chemical test to show how Z and 2-methylbutan-2-ol

(2 marks)

Answers written in the margins will not be marked.
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12. (a) Silicon dioxide is an acidic oxide. However, the pH of a mixture of silicon dioxide and distilled
water is 7.

(i) Suggest why silicon dioxide is classified as an acidic oxide.

Recuvat A um Nouff wdle L% yLJL&V" Lﬂ“{ 4ol il i
ou\‘\\L 9”\“1““\ .

(i) Explain why the pH of the mixture is 7.

B“’V‘U\P" S0 MW'{ alu; bL'-c Eu\. ua‘lu/'«

(2 marks)

(b) Phosphorus(V}) oxide is an acidic oxide. With the aid of a chemical equation, explain why the pH
of a mixture of phosphorus(V) oxide and distilled water is smaller than 7.

. 0y ta
PH'O\,\O(;() QMLO(H—% 71“)? 4 L_V

L H/M:( Uﬂ/ﬁ» Ua{l/ﬂ }orml'b} 4 "Ro‘g._‘ Lol/{wL .
Solle - g value . 1.

Buu“‘% ".t

4
L wwt  In Qa{"’ aw{, W’{ M7 ven,

,SW\\"" fhanl

(2 marks)

(c) Refer to the following reaction :
Cu20(s)+ HaSO4(aq) — Cu(s) + CuSOs(aq) + H20(1)

State how this reaction can demonstrate that copper exhibits TWO characteristics of transition

metals.
e\k}‘w J‘HM‘“T s A"i‘m d”t'/ 71 howve vxch‘Lwn hitwt bs ‘Qf"” M‘L
00 Ths ovs 'L/\/mflvm nelol  here ddreneed Oﬂ]ruxm sled, .

oo wabt-
LSOy 78 L(MM u,[@v, 71/\»3 JLOQ_S {littm M‘lol o Ky w[w«;&

(2 marks)

Answers written in the margins will not be marked.
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*13. Using nylon-6,6 as an example, illustrate the meaning of condensation polymerisation. Your answer
should also include the structural feature of the monomers
(5 marks)

N\,lm Y henorls N"GN ‘a./( Moo - CeHedw - C ool

I_J
L]

‘(‘A m%v '}M'fwwp fysud u[\wl\ Lo _HAM gjﬂA {a;,L,[,ﬂdM

awj iﬂ Mg [omu c[v.w\ ULIM <l«/uwfI a lwlnd/wt IFron NH-.(alm{n egmL_DM, |

«hﬂv\. C,OOH rwli) w\m mo-' amﬁ /PHM I mojw Mﬁ)«zm,{ ‘lM\t/t ‘IL o CE
"MM O‘OOM amv\l) ﬂmi NV /\/”11, aosop will il doqifben ﬂgVNfUmM Mm«ln&/
robesy ot wred bt Tt 4o @«mwl«j thon.

.J_mla__% ’tm\ jq.,m’tuww'lﬁm oy 1L g@MW Mu“{s\j Emj. m,!\jm&
ﬂw’{ mr{u M\wmz/ ﬁ.so ‘”'L dml—«f( G <¥‘m4 7} /vvtj mLuM

END OF SECTION B
END OF PAPER

Answers written in the margins will not be marked.
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INSTRUCTIONS

(1)  After the announcement of the start of the examination, you
should first write your Candidate Number in the space provided
on Page 1 and stick barcode labels in the spaces provided on
Pages 1 and 3.

(2)  Start each question (not part of a question) on a new page. Put
‘X' in the corresponding question number box on each page to
indicate the appropriate question number (see the example
below), and write the question number(s) of the question(s)
attempted in the space provided on Page 1.

(3)  Wirite on both sides using each line. Do not write in the margins.
Answers written in the margins will not be marked.

(4)  Graph paper and supplementary answer sheets will be supplied
on request. Write your Candidate Number, mark the question
number box and stick a barcode label on each sheet, and fasten
them with string INSIDE this book.

(5) No extra time will be given to candidates for sticking on the
barcode labels or filling in the question number boxes after the
‘Time is up’ announcement.
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Comments

The candidate’s answers show good understanding of the chemical concepts and principles in the
curriculum (e.g. Paper 1 Qs. 1(c), 2(f) & (g), 3(a) & (c)(i), 4(b), 5(a), 7(b), 9(a) & (b)(iii), 10(a)(i),
12(b), 13; Paper 2 Qs. 1(a)(i) & (iii)(1) & (b)(iii) & (iv)(1) & (c)(ii), 3(a)).

The candidate demonstrates a very good ability to apply chemical concepts to solve problems on
unfamiliar situations (e.g. Paper 1 Qs. 8, 11(b) & (e); Paper 2 Qs. 1(a)(iii)(2) & (c)(iii)(1) & (2), 3(b)(1)
& (b)(i1)(2) & (c) (i1)).

He/she performs well on chemical calculations (e.g. Paper 1 Qs. 3(b), 5(b)(ii), 7(c) & (d), 9(b)(i) &
(i1), 10(b)(i); Paper 2 Qs. 3(c)(i) & (c)(iii)(2)).

He/she effectively communicates ideas using appropriate scientific terminology, diagrams and
chemical equations (e.g. Paper 1 Qs. 1(a), 2(b), 4(a) & (c)(ii), 6(d)(i), 8, 10(b)(ii), 11(b); Paper 2 Qs.
1(c)(iv), 3(b)(i)(1) & (c)(iii)(1)).

He/she designs appropriate methods for carrying out scientific investigations (e.g. Paper 1 Q. 8).
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