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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 (C2Hz) is a fuel. It can be obtained from calcium carbide (CaC,) by two different reactions as
represented by the equations shown below :

(a)

(b

(c)

(d)

2200 °C
CaCy + A ———» C;H,+Ca Reaction (I)
25°C
CaC; + 2H,0 ——» C;H; + Ca(OH), Reaction (1)

Draw the electron diagram for a C;H; molecule, showing ELECTRONS IN THE OUTERMOST
SHELLS only.

(1 mark)
Write a chemical equation for the complete combustion of acetylene.
12, + 80, = 4C6, + 24,0
(1 mark)
Refer to Reaction (1) :
(i) A is a gas at room conditions. Suggest what A would be.
H
2 (’)
(ii) Hence, explain why the reaction is dangerous.
lL/Z cq) Y f/armnaé/t ard QKP/OJ:VG
(2 marks)
In Reaction (II), Ca(OH); is formed. State one use of Ca(OH), in daily life.
To ne utralize the cc.doc sof
(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:
Graphite | -Broai gas |
anode Aorms.
Molten i
PbBr, (b) Half equation:
Ande = By ‘ : ‘
s Graphite : Pey,, €2e” = Phesy.
cathode
(c) Half equation:
Anoc‘e ! _
Platinum 4O cap O: ¢9) +21:0p, * te
anode ( .
Very dilute . :
ZnClz
solution (d) Product:_
Platinum HJJ"’OQA
cathode gas
(e) Product:
bR d
Copper C u (ﬂ(l p)
anode
Concentrated .
CuSO ; :
so;luti(); (f) Observation: (g) Justification: - iy
Cu ol anode w/ c ereatia (J
Copper CorPer 475 ohoent a3 b hos a é’t"'ve/
cathode = reducing pruer thas QM taq) -
JQ()OJ 'LS Cuz("-f \(ja-fﬁot(ﬂ Y/ f)(e'fm"t.’,llj
dischorge o+ st hod.a .J.’ffo -‘39' .
oxidizing power than (- Cag 4 .
(7 marks)
Answers written in the margins will not be marked.
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Answers written in the margins will not be marked.

3.

Silicon occurs naturally in three isotopes with the abundance of each isotope shown in the table below :

Isotope Abundance / %
3BSi 92.20
8 x
BOSi %
(a) What is meant by the term ‘isotope’ ?

Z;a‘l&/w S J"/}-[ehv/z‘( aﬁm) of The e/emon'h uith /Ae Jome
aumberof protons but d:Hereat pumbes of newfrons,

(1 mark)
(b) Calculate x. ..
(Relative atomic mass : Si=28.1)
:., c (09~ T2.20 - X .
28(92-20L ) + 29(xL)> « 30(6;7,:5 - ) = 28,1
~0.0lx = -0.05b
x= 5. L
(2 marks)
{c) Silicon dioxide is an oxide of silicon.
(i) Explain why silicon dioxide has a high melting point.
>
50 ond O ofoms fa S:Ov are betd % 922he~ ij .sffaﬂj covaleT
bond. |

(S'oOz_ hos a a.‘on‘( covaleal sfencture 7)
/'!’ /“‘72 amdou~t of en@rJJ Sy nreede d To overcome ‘/&/A'(ffb:)‘
(Ova/onf ‘aﬂgf .

Answers written in the margins will not be marked.
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3. (c) (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)

Wowof soless{§i0y = Uy /28.(<16x2) =010 166
Theorebical norof melos of My = 0.0 (6L &2 = 6.0332
Aetual noof meles «f rob = g / 24 =co& 15
2.5:0, s The /'»:-4’»:7 rea cbont .

[Qass RN «/;.-,,.,J =Lo.o/'6’é ¥ lXJl' )_ ._ .

2o 4l

(4 marks)

(d) Part of the structure of a mineral containing silicon and oxygen only is shown in the diagram
below :

silicon atom

oxygen atom

What is this mineral ?
& wa ~t Z

(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 (CioHz2) is shown below :
CioHz2 — CqHyo +2X

(a) State the systematic name of X.

Pra,)@l)e

(1 mark)
b) Suggest a chemical test to show how X and butane can be distinguished.
AAd acitifiod Prtassiom permayandle soletwn 4o’
X o«d bufane S‘E'f’dm't/ﬁ._(j—"ﬁi :
Uﬂ/J X can turn aedded KMnOq cag) *{r’oM purple to

CU/”U"IPJ.) al./e bu‘leme, Cet not +

(2 marks)

(c) X can form a polymer Z.
(1) Suggest why X can form a polymer:

/43 X f"'l'éafn.‘ a C= C évnc{

(ii) Draw the repeating unit of Z.

o CH3

[
c-c
[
H o

(2 marks)

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

4. (d) Compound Y is a (§tructural isomer df butane.

) ‘Draw one péssible structure of Y.

4 cHy 4

l [
4-¢c—- ¢ = C-H

{ | l

4 4 8

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

Decare should have tle highest 60729 peing.
Molecalos of docane , butone ord Y are hecd é(],ﬁe,
A\j van der Uaal,*fotces and There 50.'/5::) po -t
depend s on z‘l)e,’r-'aha[be.

Deame AOJ A /b@a" J/’Q,L)Q uL-Ye éu'faﬁQ Aa) a /’b?afdhaf;e

vth a )J[Urfev- Ado/rocertoﬂ cko,'/z . 7’ has a more J?b‘@r,'(’{ J’Lwr,b'
'4‘ 4 f(’Jv/{, /nc/eg../() of Decal‘e Aom f/lz /Qrdeor (‘00{0(“[‘ -

area. Fesult M o c-/'o:)e/ von ({F-’ w-a.a]‘/‘g'“’) ée‘fwe(m 1'6.(

I"O/C(u fes.

(3 marks)

Answers written in the margins will not be marked.

2021-DSE-CHEM 1B~7 7 | Goontothe next page>

Answers written in the margins will not be marked.



Answers written in the margins will not be marked.

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 :

N
—
H,C
’ / ™~ CH,

| CH, |

N I N

~ \

/ CHz//
N
~
H,C — CH,
(a) Suggest why the combustion of hexamine is exothermic in terms of the breaking and forming of
covalent bonds.
7ﬁe eﬂel‘a\\) aE)JO(Lec( /;- 60,'10(- éreu {c.‘v V'f 56 kamise ;3 /e» Z(ﬁov\
ﬂﬁ c"c’gj relecsedd J(;r bond - vl-;r'm"'g‘v{ur"f£j~;~ﬂcv combustion .
7»"‘3. fl( Ccon Lu;/-'on ﬂc ée}(a"‘;""“ <3 ekciber‘m:c ‘
(2 marks)
(b) It is given that :
Compound Standard enthalpy change of formation / kJ mol™
CsH 12Na(s) +123 .

COx(g) -394
H.O() -286
NOx(g) +33

Write a thermochemical équation for the standard enthalpy change of formation of
hexamine.

(@)

6 chrqr‘~‘be) -+ (/L/'«’(j) + 2’02.(‘)) '>C(,['TII2NQ (73] AH}, ='HZ§I9,,,¢(’

(ii)

Hexamine combusts as shown by the equation below :

CsHizNa(s) + 130,(g) - 6CO(g) + 6H0(1) + 4NOx(g)
!l )]

Calculate the standard enthalpy chang{ of combustion of hexamine.

AU TC M NS = (-394 x6 + (-286x6) * (*#33x>D> - (123)

= =40 7| [oJ"?O/qa/

(3 marks)

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

5. (c) The following diagram shows an experimental set-up for determining the enthalpy change of
combustion of hexamine under certain experimental conditions.

|

The data obtained are shown below :

thermometer .

glass beaker

water

hexamine

Mass of hexamine combusted : 240 g

Mass of water : 6000 ¢g
Initial temperature of water : 235°C
Final temperature of water : 475°C
Molar mass of hexamine : 1400 g

Specific heat capacity of water :  4.20J g' K~!

Heal released

COmé wJ ‘é«'or\

=

"

(660> (4-2)(47-5°C~ 23.5°C )

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

mc a7

60480 J

Enﬂo//f] cﬁonde o‘F _

-

- 60480

2,4:
t Yo -]

- 3528 /LJ ”01’14/

(3 marks)

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

dry ammonia —>

lead(II) oxide

heat
(a) Suggest a reason for each of the following :
(i) * The reaction tube is placed in a downward slanted position.

(i)

7o /:/eren‘f the condensed aleotm Cwqforc(ro,»/e‘é v) ‘ﬁbm ﬁau-‘:]

boacl ond cracl fte hef reac_i"cﬂ Yube

The experiment is performed in a fume cupboard.

D,-j ammen q (jcu i3 ‘[‘ok’p

(b) Write a chemical equation for the reaction.

3PbO € 2mH; = BPb v Ny < 340 -

(c) Explain which of the reagents is a reducing agent in the reaction.

N3 . As the ondafen numbe— of Pb Jecmoaga f7o
€2 /a P‘O o O 1 Ph.

(d) = Lead can also be obtained from lead(Il) oxide using carbon.

@

Write a chemical equation for the reaction.

2P0 + € = 26+ CO:

(i)

The diagram below shows an incomplete set-up for performing the reaction :

apparatus W

lead(Il) oxide + carbon

Bunsen gy reer

(2 marks)

(1 mark)

(1 mark)

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

2) Name apparatus W.
Cerue’ L le

(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 :

Trial 1 2 3 4
Final burette reading / cm® 30.85 28.75 28.30 31.35 27.25
Initial burette reading / cm? 2.00 1.50 ©1.00 3.00 0.00
(a) Describe the procedure in preparing the standard sodium carbonate solution in Step (1).

A»ccurd'L@{) w@bh the anhjclrou; sodlium carbonaie (WVqe CG3) .
D:.Sdﬂrra« ﬁn‘dJFOM:J* }(/az 'CO} Cvm,)/?fa\/] b ds #://C’J @ufef-l |
Poc-( ‘/ﬁe /Uaeca; (a?) owd en// wa;‘?q s~ .'4)‘0 Qq ?,50 +0 rma 51[ VdAlntb‘-'c dé-[alk .

(-a.ffvue 7,‘[, odcj c(':lf://@J wafer uf 7'0 7%\7 t'atJuaéfo/‘l MolrL

(2 marks)
(b) State the colour change at the end point of the titration.
/zfdm Ue//ow Yo Ol'an(’ Q
(1 mark)
() Calculate a reasonable average for the volume of the hydrochloric acid used in the titrations.
' 3
27.4 3 cm i
(1 mark)
(d) Calculate the concentration of hydrochloric acid (in g dm™) i in the sample
(Relative atomic masses : H= 1.0, Cl = 35.5) -
Mo .of mweloy 01[ a nﬁdv(fcu--' /Ua:_CO> < CZ- 75 OJ >/ aac.
c 0.6875 o
/Uo-of maole sy NC/Uaz COJ reacte d = e 6&75 (250 - 0406?75 acf

w-7 [(K[

Waof wlersofs HCl reacted = 0.06875 el x 1L = 61375 adf

s nfeal on T 37 nof 27. 1(3 -3
Concentratzon of HC( = (e-zze et N/ ( 0+ (37 dm -

;C-E looa

"

(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,

: ol bimeter
‘ r Cahncz‘lc"‘J il
Zn [Cal A TP - za/cul By tteip

- ""\
=7
NS

N~

Prc’Pofe The above 4e‘f-r.;p and use Za ond Cu yirip Sy C2a-Cu?)

(6 marks)

7110 e/(’c{rolu déo-.fcl ’[fvw 1[’;"“ zic ¢ Corppo~ ot o (po.)-‘f-'w fcac(:':) on »'u/'éo'mg’iv‘.'

Ro pedt o eyper mest by changiny The metul couple (Za "A‘) ‘ C“"/“‘ﬂ 2.
[ T dJd u d [§ A\ 4 14

Kecord The reqc(;:).!- o M’u/‘ﬂ;ﬂefpr— in_each ek,pef‘«‘me/'?L-

T metal couple (Zn -AJc. D shoutd hove 7@ Jfoofc)T volue ohde e

mefa{(‘au’,)/c (Cu- 43) shoud bove e levst yolue .
/{) Zﬂ 33 f[a MN{ reoec ‘L‘ue mefa/ omn:J f& 3 mQﬁga/J»l "’Zl u—'// ok.‘e(:?e év

/0-‘(’ e/ocfran)_ Mmoo f@ar(-;/] Lo Cu ocrnd /{a
7‘0) Z') éo.! /é qfl‘a{@.lf fce/ue-'ng po O 7{;//0.,4?,1 by Cuv awd 4q .
. v AL A U o
Veop Ho fenpocatuce . size of steipy | He lemon TBC sane i each ™\
T f f )

kp0rh eaT
L

Answers written in the margins will not be marked.
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PART II
Answer ALL questions. Write your answers in the spaces provided.
9. An experiment was performed for aeversible reaction)involving CHa(g), H2S(g), Ha(g) and CSx(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) + 2H2S(g) = 4Ha(g) + CSa(g)

(a) Write an expression for the eq{]ilibrium constant K. for the reaction.
‘ 4
ﬂCS; (’;Jeqm E {-(2(9-’3 CQA-
l<C < 2
f.HI.S (JJ] eqm [.C,"I(ffj) JP?M
(1 mark)
(b) The number of moles of each species at different times at that temperature are given in the table
below :
CHa«(g) H2S(g) Hz(g) CS:(g)
Initial number of moles 0.04 0.08 0.08 0.04
Number of moles at equilibrium 0.055 0.11 0.02 0.025
(i) Fill in the number of moles at equilibrium for CH4(g) in the above table.
(i) Calculate the equilibrium constant K. for the reaction at that temperature.
4
; @025 ) (a.01)
el e = 2 T~
- 2 -b
= 150 &l “mo/Tdm T
(iii) 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.

Tln voluo Ovl kc wl [ remenn uncﬂoved .
A’ Ke <‘°"-°"{j be e-ﬁr“é(‘- d ‘J CAan(?e ] fen{,erqﬁ,re .

(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 :

P
i

"deionised water
(saturated with CO; gas)

tablet

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

' To {oremn +the CO, ProJu(eJ {;e,... reacf o of /(/4:/-/C0.5,;:,;:MJ
citric aesd form c(-'wa/lz-‘v irfe He deconded wafe~,

(ii) 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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10.

(b)

(i) The graph below shows the variation of the volume of CO, gas formed with time for the
experiment : -

100

B
Q
s
£
&
gD 5 Ld {raneeet
o) T
Q > 4 7
e awa
a) 4
g
= y
4 7

._//

0 -

time / second

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?)

Lo
Worof astes of COy 2 = 3.083 /07 med

2 mele ,.J[' '{14/7603 «f feucfa'VA /r_-—e/e cﬂc e troe ac-'«[,{o f)m-du_ee
2 welecof G .

ﬂ.mzq[nc ’ ro . of meles o-( /Ua/‘/COB = 2.083 x/o.')w..,_/ xgqj ne)™

2 01‘75\)7/

(i1) 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.

2021-DSE-CHEM 1B-15 15

Go on to the next page>

Answers written in the margins will not be marked.



Answers written in the margins will not be marked.

1.

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 :
X U
. —— > 2-methylbutan-2-ol
(major product)
HCI
methylbut-2-ene ——L
Y U alcohol Z (an isomer
(minor product) of 2-methylbutan-2-o0l)
(a) State the Markovnikov’s rule.
Aar [counileovs rule sfa¥es the f
(1 mark)

(b) Draw the structure of X.

4 I+ clts o

( I ] !

- - C - C-C-H
! ! [ (
. “ cl 4
(1 mark)
(© X reacts with U to give 2-methylbutan-2-ol. What is U ?
A)qo /-' (a?é -
(1 mark)

(d) (i) Y has one chiral centre. Draw a three-dimensional diagram for the structure of an

enantiomer of Y.

of
l

H

CH;

)
/ ‘lll" CH;C("{&

Answers written in the margins will not be marked.
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N con rofate fhe p/ane of Pd/or.'zaélm of o beam
o'F /;]H-

can be distinguished.

)pf)arafeb .
On/:, Z con fura th dofutfon {from dﬂ;nde, ﬁareen ahle
}'mefh(] {‘U‘{a"l -2- °/ (79"7!"00 Q/Cd‘&[ )cqnn&f .

11. (d) (i) Y is optically active. What is meant by the term ‘optically active’ ?

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

Add acddied (3 Cn04 cagy irlo 2"'"9(75(-7’5“['“’“ 2-¢f «nd Z

(2 marks)

(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.
/4‘[ S.‘Oz CanN rCOCTL -t a../k&.[; év ﬁfﬁft

sqlt end WQfo".

(i) Explain why the pH of the mixture is 7.
As $:02 cannol dissolve i waler.
The concondralion vlc /-/f(af: oﬁg:l Ol“’-(qr' n fhe mirdore oot pe

the same.
(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.

P20y * 3H:0 & 243 PO,

P‘ﬂoé,ﬁh?r“) (v) ex-de con dsso0lve w,{p., o
{a-rd\ r/)o:pﬁar.‘c_ ac-'e(_‘,ul"ca 3y a thasee aeck acd.
Thus, The concontration o /‘/(“’r' il mertuere el

(U /dlﬁ@" 1&_ {5 H .

(2 marks)
(c) Refer to the following reaction :
Cu0(s)+ H2SO04(aq) — Cu(s) + CuSOs(aq) + H2O(1)

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

Co exhbts coloored rons.As Cu? 2 CudQy blue ia

Ca/ﬂd .

Cu 6’=3° ekﬁfL,z‘J l/aft'qbleA ok '_aq‘ll/bn J{oée . 710 o&"«(qﬁ(’m nt),nbe,v
°7c Cw 2 Cu.).o NC FCas0) -{-/O'm. t| %o €2 ’a (MJO(( ond degs CaJe

’{;‘ow\ +[ o O = Cu.

(2 marks)

Answers written in the margins will not be marked.

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)
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END OF SECTION B
END OF PAPER
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