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Answers written in the margins will not be marked.

PART I

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

L

The table below shows some information of elements Y and Z. T/
4

35

Atomic number ?5/ 53
Number of occupied electron shells in the atoms 4
Number of electrons in the outermost shell in the atoms 7 7
(a) State the electronic arrangement of an atom-o£ Y.
7"9”2‘.8’—‘ (1 mark)
()  Draw th@. a molecule df Z, howing ELECTRONS IN THE OUTERMOST
a molecule ¢
SHELLS only. : '
X X M
X x .
x Z ] z .
x K o o
(1 mark)
Bva 1
(c) An experiment for Y and Z is performed as shown in the set-up below. Dilute hydrochloric acid

is added to the K,SO; crystals, then the whole set-up is covered with a lid.

transparent box

LB
Container (1) : ) Container (2) :
aqueous solution of Y — I aqueous solution of Z
(reddish brown) . (pale brown)
by 1,

K,S0; crystals

Answers written in the margins will not be marked.
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A
a
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1. (c) (i) K3S0; crystals react with dilute hydrochloric acid to give sulphur dioxide gas. Write a

chemical equation for the reaction, showing all state symbols.

K280z ) +2H L’\‘ Caq) = $0:209)*2kCilap)+ Ha0(V)

(ii) State the expected observation in Container (1) and write an ionic equation for the
reaction involved. :

Ve AGMev s Somtion Uhamged From «ed dish bvovn o colowvless,

(iii) It is expected that the observation in Container (2) is similar to that in Container (1).
Suggest a reason for this expectation based on electronic arrangement.

Bs Yot ¥ el Z ol T Dukemmert St Wt electront,
Ty howe similow Menn fz proyebies. Botm Y omd L
e OKTW-VWj ageni o wegfore vedmcees fro w veddiih
hrow~s T1r to wolow~less 277 omel Late bYVow~ 2+ to
Colovwless L2~ (espettivily, Shownig Smnilar
ghgeovvation gy Ney Whowne Stmiloy  vhemicoy |

torvo\om‘MM .

(5 marks)

Answers written in the margins will not be marked. .
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2. An experiment was performed to deduce the empirical formula of an insoluble chloride of a metal M. At
room temperature different volumes of a 0.50 mol dm™ M(NO;),(aq) were added to six beakers each
containing 50 ¢cm® of 0.36 mol dm™ HCl(aq). The MCI,(s) obtained in each beaker was filtered, washed,
dried and weighed. The mass of MCl,(s) obtained and the corresponding volume of M(NOs),(aq) added

were plotted on the graph below. M(NOIIW * W WUl D MUln

N 1 TT
o0 < )|(v X
Z 2
5 ¢
) - Vg Sy s
g At
T
. //. '
0 5 10 15 ! 20 25 30

volume of M(NO;),(aq) added / cm’

(a) Suggest why the masses of MCl,(s) for the last three points in the graph are the same.

TH U becanse whem el of  MUNODW D at W0 wndy
VS n?) 10 i vaApLLAvey) , M (ND3) w 8 n o exLeyy
tmaol HU T e Umitineg veagent, wevefore the wwited

LR N\~
ol MUR & The same (evowm vib- e (1 mark)

volmu 8¢ M INO3)w
b) i) By sketching on the graph above, deduce the volume of the M(NOs),(aq) that can
completely react with 50 cm® of 0.36 mol dm™ HCl(aq).

Volume of M(NO;),(aq) = L% cm’
(ii) Hence, calculate the number of moles of M(NO;),(aq) that can completely react with the
HCl(aq).

1B % 0.5 T axlo T? ww)

Voo

Gx10 3 wael of M (NOZIn con conpletery
Vet veim FQA (26)

(3 marks)

Answers written in the margins will not be marked.

Answers written in the margins will not be marked.

2020-DSE-CHEM 1B—4 4



Answers written in the margins will not be marked.

2. (c) Determine, by calculation, the empirical formula of the chloride of M. Hence, deduce whether M

would be silver or lead. —_—

o ( ot U1

x0.36 1 D.0(8 wwel

0 0

0.01¥ - 94 x\0 -3
\n
w - 1

DL oempivicon Fovmwla is Mol

BS Ph hom o ecattrmaest  flm vettrons wivie

NG oAy es owL, Pb €ovmr PPU2z wWAle
Ao fovems Rp5 U | o volwt of N o A

M womd be lead

(3 marks)

Answers written in the margins will not be marked.
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electrons in the outermost shells only).

3. (a) Draw a three-dimensional diagram to represent the shape of each of the following molecules :
(1) NH,
G)
/ \/ Y
(ii) BH;,
I
4 H

(2 marks)
(b) H;NBH; has a structure similar to that of ethane. Its electron diagram is shown below (showing

Which of the H-B, B-N and N-H bonds would be dative covalent bond(s) ? Explain

your answer.

R N _010.-(/; ve wvalent bowd

Botw Lonolino ethvaing M B- N bond oane

Povided by VY Wine paiv ecto i of N atowm

m NH3 .

Answers written in the margins will not be marked.
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(— ¢

»-3 I

3. (b) (ii) Explain why H;NBHj is alsolidlbut ethane is a gas at room con_ditions.

HzNBH 2 hats WMaWe Loiling peint

bomt thoan evmang . Twid 13 brcanik By NRH) O

it Ay e vvruent
A giomt wic Lovnp bk . Stows 0 vownet o .

betrotn HI NBHJ atondg | |
v aad tw ethant, gy weg o Vo

Aov Wwaah‘ Forcea exdd beireem ¢dmoma molenAes. Therdtvve,

Mot haat 1 reooled 40 Over o ne tw sWowg  ToniC

1 S : g bws .
b AINB 3 0ol el bLuilivs  paint 0 g
Pt petnetan L Tvas , HIWBH3 1 solid Lt gdrene 1T Q%S
Under suitable conditions, H;NBH; can decompose into boron nitride and hydrogen. The
structure of solid boron nitride is similar to that of graphite. Draw the structure of ONE
LAYER of solid boron nitride (Note : B and N are in alternate positions).

A}

<) Bovown

¢ WViivog em

(6 marks)

Answers written in the margins will not be marked.
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g~ v
CalO ) AT
} Eggshells mainly contain calcium carbonate and a small amount of organic substances. The percentage by
mass of calcium carbonate in a sample of eggshell was determined by the following steps :
Step (1):  The sample was ground into powder.
Step (2): 0.204 g of the powder was put into a conical flask. After that, 25.00 cm® of 0.200 M HCl(aq)
and 5 cm’ of ethanol were added.
Step (3):  The mixture was heated for 15 minutes.
Step (4):  After cooling down, the mixture was titrated with 0.102 M NaOH(aq) using an indicator X.
(a) Explain why the sample was ground into powder in Step (1).

To inWease suwvlaw opwea of gova\e-bo
wovenle e vt O veution vetveon RNy
Sowny le ad WU - (1 mark)

(b) Suggest why ethanol was added in Step (2).

Dissotve omt e Lol procteced

(1 mark)

(c) Suggest why the mixture was heated for 15 minutes in Step (3).

tvalve all t2r MisoWwed i v wwixbwre |

(1 mark)

(d) The mixture turned from colourless to pale pink at the end point of titration in Step (4). Name
indicator X.

P v phi~araan .

(1 mark)
Ca )

(e) - 16.85 cm’® of NaOH(aq) was needed to reach the end point of titration in Step (4). Calculate the
percentage by mass of calcium carbonate in the sample.
(Relative atomic masses ; C=12.0, 0 =16.0, Ca= 40.1)

| T 12
el of WMo ¥ wpedd = D10 L X ===

- 118l x1o-3 )

mele o C&UOS K/ w01 — '\\‘6‘1 x10 /3>")_

.Y %\ \0 3 1

0

wad l _
o, 1+ 11+ bX3  ©
wigyy © 0.lb¥2

L pex 1D 73

b . 1b4)

__—_—017/0% w00 / - /8’0,5 o/, (3 marks)

Answers written in the margins will not be marked.
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The molecular formula of an organic compound W is C;H¢O,. It is soluble in water.

(a) When a piece of magnesium ribbon is placed into an aqueous solution of W, hydrogen gas
evolves. According to this observation, suggest a functional group that W may contain.
Carvoxy!l @roup .
(1 mark)
(b) It is known that one mole of W can completely react with two moles of NaOH.
\
(i) Draw TWO possible structures of W.
cH3
;0‘ n;x \'4 0 I ‘ N
Ui "
$WO0— C—c-c-c—0¥ o —C-C-C —0f
)
\L - W]
(ii) Consider the following thermochemical equation of a neutralisation reaction in standard
conditions :

C4HeO4(aq) +2NaOH(aq) — Na,C,H,04(aq) + 2H,0(1) - AH° =y kJ mol™

State the meaning of the term ‘standard enthalpy change of neutralisation’, and deduce
the standard enthalpy change of neutralisation for this reaction in terms of y.

§ tomAowd mtholpy Movse ol vem walitation i$
Nre emGlyy thage Wam  oidt avsl odkelis y
Yoot 40 Fovim (ol o HUUD wnor stoneolow
CownMitions .
' -
ART [Cetgoe) = 0.5y kT wel

(iii) The standard enthalpy change of neutralisation between HCl(aq) and NaOH(aq) is
-57.3 kI mol™. Explain whether the enthalpy change deduced in (ii) above should be
more negative than, less negative than or equz& ;}%5(7 .3 k] mol ™,

Move heqative thow ~§73, A (uHebe ¥
Mbasre avd WWie HU ¥ onls, Wuwbeuic
Ceb0y¢ ni-a to give L HT ae teverove
Covmtvat s 6& Ht ¥ hight~ o buvettve
Move et (3 QIVew o unt Wh e ety arivation

ol CuH 0y ovvd veme N Wwoye wnegative

(6 marks)

Answers written in the margins will not be marked.
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(3 The diagrams below show the component of a chemical cell, an experimental set-up and how the pointer of

the voltmeter deflects when the set-up is connected to the component.

component of a chemical cell experimental set-up

. — N
filter paper
with
CuSOq(s)

magnesium 0
ribbon ‘
(side A) (side B)

filter paper with Na;SO4(s) L +Q O- )

iron wire iron wire

copper coating copper coating
on iron wire on iron wire

The pointer of the voltmeter deflects to a positive reading
when a few drops of water are added to the component 1

om -
v Y\

o)
L +Q > 0O- J M‘OA\J\

voltmeter

8% -

Diagram (1)

(a) Why does the pointer of the voltmeter deflect as shown when a few drops of water are added to
the component ?

When fow dreps 63 woktv a~e wdded, L § D
tonw e to form m2 ad $06 |, Ny SOt Punet e

Form MGT oo SDu 27, % poper wentoind

ete Wte Wi L o vid vohile oy 4o  enwplete o
ok M dhove o tawant Flows e wsh e oM

ek o sty AU ' (2 marks)

Answers written in the margins will not be marked.
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6. (b) Write the half equation for the change that occurs at each of the following electrodes when the
pointer of the voltmeter deflects :
o%
@) anode (-)

Mg = Mgt 4 le”

Ted -
(ii) cathode «( %)

2t 267 2

(2 marks)
(c) Consider the following design modified from Diagram (1) by only removing the copper coating
atside A :
0
T
copper coating REMOVED —
Diagram (2)
(side A)

Draw on Diagram (2) the expected position of the pointer of the voltmeter when water is added to
the component.

(1 mark)
(d) In the design in part (c) above, a redox reaction occurs at side A when watér is added to the
component.
(i) » Write a chemical equation for the reaction.
Fe + mgdx 3 m + FesDw«
(it) Name this type of.reaction.
Precipitation
(2 marks)

Answers written in the margins will not be marked.
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An experiment is performed to study the following reaction :
Ba(OH), « 8H,0(s) + 2NH,CI(s) — BaCly(s) + 10H,0(l) + 2NH;(g) -

(a) When the two solid reactants are mixed and stirred in a conical flask, ammonia gas with a
characteristic pungent smell is formed. Explain how ammonia gas can be tested.

Amnmwia Gat e be ferted Pwowvih tertivy A
Pungent gar watn it red Vidwmws pap? .

Prermonia e g mw e ved Wb

P rMpr bl v .
(2 marks)
(b) Ba(OH), « 8H,0(s) is an alkali. What is meant by the term ‘alkali’ ?
(1 mark)

(©) The standard enthalpy change of formation of Ba(OH), » 8H,O(s) is —3345 kJ mol™.

@) Write a thermochemical equation for the standard enthalpy change of formation of
Ba(OH), « 8H,0(s).

O o

oM ‘
fa +9HL +50r — Bal(bH)z « ¥H WO

AHY = =334y kT wae |-

(i) Calculate the standard enthalpy change of the reaction between Ba(OH), « §H,0(s) and
NH,CI(s).
(Standard enthalpy changes of formation :
NH;(g) = ~46 kJ mol™, H,0(l) = —286 kJ mol™', NH,CI(s) = =314 kJ mol™’,
BaCly(s) = -859 kJ mol™) aHT

Ba(OB)r - S HW * INHeUn = Bl 4 10 HD + NI

- 134%g (-3 -%$59 /wtv‘b)/l )

Ba ¢t He ¢ 02
BT 134T -2 (D) = -§34 VD CL%) -4 (1)
GUY = F Vb kT v Tt

Cd

(iii) Hence, explain whether the temperature of the mixture would increase, decrease or
remain unchanged during the reaction.

e torpratrrvve daewwzamm ., A5 e vemtio
B oendotnavmi o et 1 Ablovbed ad v

+'{MNY it ol aw e oves . (4 marks)

Answers written in the margins will not be marked.
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e ot |

*8.

i xtnre of prodtU . Tren coovy owt Grationed

Describe how 1,2-dibromoethane can be produced from crude oil,_via an alkene, using appropriate

chemicals and processes. Write the chemical equations for the reactions involved.
(6 marks)

A3t , cavry oud Wwalivg otk rtre ot 40 pvotnd et

AT (RN of pro oMl €0 gLt aiv Lt |, w4 edlne WD

Adbevot boilikg pomts & s prodmge

Ter ouhdh D EMInOY aed HAD Y o ethene

prodted y cnd heat wndev veting . AT

7

A etnwone-l,1- ool i3 prwolwced,
New odd HBr to etmone -1, 2-ol aed Lok vnchir \

v eflvae, /
Toen | 2 oMb OO Ltnome 3 Pwomced | /
/
04 oy
‘;L ‘T ueiﬁ_ | b
T R v R r ¢
czor M) e
3 3 \> H
‘OlA \OH LA el e.Y ?V
* L A% A l )
C—¢C e oW Ry SR 0 42410
Al Vv edlvax )
! \ (,L \F
E

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. Consider the following reaction mixture at 25°C in a closed container of fixed volume :

2ZNO,y(g) = N;O4(g)

brown colourless
(a) With reference to the table below, calculate a. Hence, determine the equilibrium constant K, for
the reaction at 25°C.
NO,(g) N,O4(g)
Concentration at start / mol dm™ 0.0400 0.0010
Concentration at equilibrium / mol dm™ 0.0323 o .a

N0 = NV

V0.0 0.00 |
5 —Taxa0d A 3.55%I107

o -3 = 4 gExI0-3
¢ o.0223  4.35xID a=fE <

W, $5 x 10 -3
PR

V4 =
“ < (0.0323)°

3 3
— 4 S wwllwm >

(3 marks)
b) The temperature of the mixture is increased to 55 °C and its colour eventually turns darker.
Deduce whether the reaction above is endothermic or exothermic.
Ex oWevwic .

NO > 3 hrowe wiile My O« @ volo wd 24
Whon ~ fonpevordie 0f niXbwe Wwoveevred o
tve
Qo WoVimn position TWifts € e et % ‘?“_’
Wighev O~ num tvokA © uo«/ooe{‘-ﬂ \5‘10),, Shewity, -4t
o

fhoveGae W f@VmpM&MArFmvbw(%vwmnA reagtiom

wot fovo wv '
P Muvesse e tevbivatne Aoes n ey Wil

rendion . Tre abo ve veation 1§ fmotrevwic. Lo

Answers written in the margins will not be marked.
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10.

The structure of a compound Y is shown below :

(a)

(®)

©

H,C=CHCH,OH

Y can be prepared from reacting 3-chloropropene with an appropriate reagent.

(i) Write a chemical equation for this reaction.

4 ¥ OWU
P B bt e A
e 4 o HH-ezc—C-t + We
W= Cwec-C—H -+ Nool {) | %
\1? wolyv h
vedhng
(if) Name this type of reaction.

Swalitwtiow vea tion |

(2 marks)

On heating under reflux, a compound L reacts with KOH(aq) to give Y and Ci—I3COO"K+.

(i) Suggest the structural formula of L.
4 + &)
- 3] ‘,‘ i ‘
oo =c-u
w—ec_¢c -0 —-C—C
J J
(ii) Draw a labelled diagram to show the set-up for this reaction.
AN
wokevr © U"e
IV
/

Omth Bl nd Gy at i el
compond L odl lcon Laq)

(3 marks)

\/»e:l\« t
Under suitable conditions, Y can form a polymer. Write the repeating unit of the polymer.

W | (1 mark)

Answers written in the margins will not be marked.

2020-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.

11 The structures of some compounds are shown below :
Compound Structure
w
OH
c u
N 3
c=—=ou9Yy
wWOo0—¢-C—¢C ™ ] o
X H OH H b C—o-C 7
LN OH ob
HO \/\n/
(0] 0]
o)
Y
0]
z

(a) Which one of W, X, Y or Z is a tertiary alcohol ?

A

(b) Label all chiral centre(s), if any, by using ‘ %’ on the structure of W below.

OH

(1 mark)

(1 mark)

Answers written in the margins will not be marked.
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i
11. &() Heating X under reflux in 2 M NaOH(aq) can form an optically active organic compound U and
an optically inactive organic ¢ompound V. Draw the respective structures of U and V.

M3 W o
| | U
Wo—C—c— C— C —07Na?
|

0@ ¥ g
’ ) {l

H— C—C-c—0H
) |

(2 marks)
(d) Consider the following reagents :
Bry(aq)  acidified K,Cr,O-(aq)  Na,COs(aq)
(i) Suggest which one of the reagents can be used to perform a chemical test, in order to
distinguish X from W, Y and Z. :
Nay D3 taan e wed . Oy Ny U
feavts vitm cowbtuyl girnwp of X .
(ii) State the observation in the test involved in (i). Explain your answer,
Co bovvwr Lans G, < vl v evolwed .
- + '
21t + w2 o (et W
(3 marks)

Hormn O L .

Answers written in the margins will not be marked.
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12. An experiment was performed to study the following reaction :

KO,CCH(OH)CH(OH)CO;Na(aq) + 3H,0,(aq) - HCO,K(aq) + HCO,;Na(aq) + 2CO,(g) + 4H,0O(1)

(colourless)
oy L~

When 10 cm® of 0.25 M KO,CCH(OH)CH(OH)CO,Na(aq) and 3 cm’ of 6% H,0,(aq) were mixed at
60°C, it was found that only a few gas bubbles evolved. Then a small amount of pink CoCl,(aq) solution
was added to the mixture. Gas bubbles formed vigorously and the mixture turned to green due to the
formation of a cobalt(IIl) compound. When no more gas evolved, the green mixture turned back to pink.

There is a view saying that cobalt illustrates THREE characteristics of transition metals according to the

observation of this experiment. Suggest reasons to support this view.

Cobant et vaviable oxidativw st atn

Cobodk Lo oxiAoRIDA ey ok +1

ot hoy O Xidortion nanwbsr 04 +3

Chront ettt an colbruvedd Lo wmpo vl

Covant (L) c/ovapweA '3 oveem .

Coavbent atti ovw o

iwn Co A .

M cabatd ()
(/\WV?O‘V"lﬂ

cotagrt Lo omtolgse

veotkiom of O CUMCOWH) UL (D) CO2 Na oA  HW0 v

Qi tebant t'"( dherm i Covliy v\mc/\/\o_w-ﬁe/d
Ul of e Qpevinend

at e

(4 marks)

Answers written in the margins will not be marked.
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*13.

With reference to the set-up shown below, describe how the effect of concentration ofHEHaq) on the rate
of the reaction can be studied. Your answer should include TWO labelled curves sketched on the graph
below, one using solid line and the other one using dotted line. Label all curves and axes.

. (6 marks)
e : T
O HHE : et
S R
o &
B .r I |t ]
g SmmmpZan
HCl(aq) + Zn(s) ‘g
(excess) (fixed mass) A
¢ AT EEEmmmaEas
9 7 . v
:5 1t T .
> G » T
: 5 t 5= A : aii

0 Y
tivie ok reacting: ()

i. Md 07/90{. 8] wte the 'CA*V\,\CM ok

2. WWM YO v~d o M l—Q’M’V\/\‘\/V\ Lot ok M(’A/V_l

O tatitv 0 0.b6eT M
7. (ywnret o\WvO/V\o tvbe o syrinse

F. pdd  FU e Hom con £ CANI Fs afn ¢,

S . Dwemetiatovy ety e ledivieny tebineg ot 4ng
U 9 odlded

(rLﬂQWVd e hase Lol of M n 9ay

SYrrSe 1 the Wdevvatl 0F "¢

7. Ropeat Lyperad with WOt oF WL b aattek—ty

Wond v wallr . woranmtvatior @ D, 133 M

¥- Vot graph of Volnu oF gm bVey tine of veultion.

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, 3(b)(i), 4(a), 5(b)(ii), 6(b), 9(b), 10(a)(i) & (ii) & (b)(i), 11(a) & (b);
Paper 2 Qs. 1(a)(i1) & (b)(1)(2) & (iii) & (c)(1) & (iv), 3(a)(iii) & (b)(iii)).

He/she demonstrates very good abilities of applying chemical concepts on unfamiliar situations for
solving the problems (e.g. Paper 1 Qs. 6(a) & (c), 11(d)(1) & (ii); Paper 2 Qs. 1(c)(ii)) & (iii),
3(©)1)(2) & (3)).

The candidate performs well on chemical calculations (e.g. Paper 1 Qs. 4(e), 7(c)(ii), 9(a); Paper 2
Qs. 1(b)(i1), 3(b)(i1) & (c)(i1)).

He/she can effectively communicate ideas using scientific terminology, appropriate diagrams and
chemical equations (e.g. Paper 1 Qs. 1(c)(i) & (ii), 3(a)(i) & (ii), 6(b) & (c), 10; Paper 2 Qs. 1(a)(iii),
3(b)(@) & (c)(i)(1)).

He/she can design appropriate method for carrying out scientific investigations (e.g. Paper 1 Qs.
7(a), 13).
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