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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.

1. The table below shows some information of elements Y and Z.

Br 1
Y Y/
Atomic number 35 53

Number of occupied electron shells in the atoms

Number of electrons in the outermost shell in the atoms 7 7
(a) State the electronic arrangement of an atom of Y.
3,08, T
(1 mark)
(b) Draw the electron diagram for a molecule of Z, showing ELECTRONS IN THE OUTERMOST
SHELLS only.
il
e
(z 17
yy '
(1 mark)
(c) An experiment for Y and Z is performed as shown in the set-up below. Dilute hydrochlorlc acid
is added to the K,SO; crystals, then the whole set-up is covered with a lid.
transparent box
ll 0
Container (1) : @ Container (2) :
aqueous solution of Y — =) ' aqueous solution of Z
(reddish brown) . . (pale brown)

{y I

K,SO; crystals

Answers written in the margins will not be marked.
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L (©) ®

(i)

(iii)

K,SO; crystals react with dilute hydrochloric acid to give sulphur dioxide gas. Write a
chemical equation for the reaction, showing all state symbols.

K280y s2H01 —2K01 + 507 + H20,
(%) {aqy (ﬁt{) 9]

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

Twe bolulion Tuwg feom VEadtuw Yhvown Vo colonylets.

S03" 4 Heo tBy, > S04 + 2HT + 2By

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.

Botw elewmew’ M awd 2 have The bowy, numb ey
ot L\ Ulyuny v The owdevmesT ¢ letiven RWAY

T VL aVow Ty gl evnmtnd \ awd ZVtlewy
o The Lawd pviap . They Wave Sawmt Chewicn
Propevly awd T\AT—VJJO\/\@KV nqn ooy oo\ wUttn (5 marks)
s WetW Ve dw 0XTgToyTvg nhtnl. o, Himlav
ovsevvadion Cowld Wi ohsevved.

Answers written in the margins will not be marked.
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2. An experiment was performed to deduce the empirical formula of ap insoluble chlotide 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 MCl,(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.

v

3 , e
R -1 ‘)(
: A
0 5 10 15 20 25 30

volume of M(NOQ5),(aq) added / cm®

(a) Suggest why the masses of MCl,(s) for the last three points in the graph are the same.
Breawse all HOlagy T Venkws T alvindy

tnoved- Mblng, Ty The [Twivirg viawnnl .

N waov vemyiom Cowld be Wikt ntty
all Heol Ty veadied

(1 mark)

(b) (6] 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) = | % ' cm’
(ii) Hence, calculate the number of moles of M(NO;),(aq) that can completely react with the
HCl(aq).
___—t SO S S
,ﬁ—rf—ﬁo\oﬁ A g sty
M NG ) vended (A4 ) (0.5)
W0 o“‘ moll G‘P ¥ '\WN
= 4 %10 ot
(3 marks)
Answers written in the margins will not be marked.
2020-DSE-CHEM 1B+4 4

Answers written in the margins will not be marked.



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.

y
wo ot melt o HUI venced: (_\E%o)(o.’)b) - o,“gwla.
wo ot mote ot M veadtey 451077 meolt

Mt tatt T 9 M (¢)w.

wo o wolt ot (" venAud g. 0t 8 'y
" ’V/‘f?Z' ' :\/1., vt wmelt oF MY veartt) 4 (077

ot Uhlevise +F M: M(‘N%)z

Ewl'ﬁVchl tomal by

e py 2t
Re Hp vt exisi Tw Bol white 1esd T A 2R
M would be lend .

(3 marks)

Answers written in the margins will not be marked.
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3. (a) Draw a three-dimensional diagram to represent the shape of each of the following molecules :
(1) NH,
X X
N AU H
7N
A H
(i)  BH;
H 3
{
A7 H
(2 marks)
b) H;NBH; has a structure similar to that of ethane. Its electron diagram is shown below (showing

electrons in the outermost shells only).

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

B~-N weuld bt a da¥ivt covaleas Yywd.

Thueve avy @ [’0\7\’ ij lone paiv glevlvews (A“V.
e conten) poow RSN Tv NHy. while
Tht coulral a¥ow B Tv BHy do wiet alaT"

0 bV 5WT\N‘/, N Shave 17 lwv\f
W‘W ¢ \LWraw Vo § E\'\v, Yo {»OVM w dativy

TV wesjrwe v

LovalenV Voud .

Answers written in the margins will not be marked.
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5. (b) @ Explain why H;NBH; is a solid but ethane is a gas at room conditions.
Mo\euﬂw o1 wa efhaune gve WU \a%r weak Van
dov Wanls' Fovee wWhile & HyNDHy ave weld
\vv] 517va6 vovalewV Woud. Lavner twmonny o4 ewtvgy
T wetdtd vy Yk Ty (7‘\7\/\7\4@ covalent Viewd Tu

HyNBHY TU Way laigher boTiTue potny Than
eWnwe. Thuy |, HoN By Ty 5 geiiy while gblae
T puy,

(iii) 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).

(6 marks)

Answers written in the margins will not be marked.
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4. - Eggshells mainly contain calciun({\ carb01711ate 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 :

1
Step (1) :  The sample was ground into powder. CuCo3tHCl =2 Ca(“]z +H204C02'
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 Tvovease e Swviave avia | 50 Twovenast

The yetavivon valie -
(1 mark)

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

Pravent viuctive WeTwegn Oalll), awy HUL.

(1 mark)

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

Ewsuve @l Caloy Ty veanvbed with HE)

(1 mark)

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

phguelphibaltin
(1 mark)
(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)

I\lo U‘f molt o‘} Naod wused : :oog:’)k() 191) ,l“l\ﬂﬂo W\

W v‘t HUL v Tht ytwmainyg 3!1131%\0'1’\,«\«\‘
wo of moly ot HU Y)vepmw/& ((m)\o 2) =5y 10" wole

aj[ wmoll o\‘.\—’\(/\ VenceVod br)‘\()- —l.7sg]x\o"17
A TR R LA COA

o7 .. 1bx3) s
328175007 "k (ko.| +i2t 104, ,08057.
27 9ot

P(’/VCW‘T‘\Q)(/\/‘Q Wayy

(3 marks)

Answers written in the margins will not be marked.
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5. The molecular formula of an organic compound W is C4H¢O,. It is soluble in water.

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.

W Wway  (owtaty —(00H j Cavbeay] grouy .

(1 mark)
b) It is known that one mole of W can completely react with two moles of NaOH.
@) Draw TWO possiblé structures of W.
ool f,ov\‘f f"""‘
t
) - —¢—H
A~ ( ~—c-" l‘l % 1
| H H
Lot
(ii) Consider the following thermochemical equation of a neutralisation reaction in standard
conditions :

C4HgO4(aq) +2NaOH(aq) - Na,CsH O4(aq) + 2H,0(1) AH°=yKk] 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.

CStavdavd ewThalpy nage of npwTvalToalion) weany Tht onthnlpy,

Mo - N
thavpe Whin AV(\,W\& nnd Akl rtaule Yo

Form v wmell ot walyv und by “landavd Lomd Vv

- Y
AH’&‘.}m Sy

(iii) The standard enthalpy change of neutralisation between HCl(aq) and NaOH(aq) is
~57.3 kJ mol™". Explain whether the enthalpy change deduced in (ii) above should be
more negative than, less negative than or equal to —57.3 kJ mol™".

Leyy mthVTVQ.CquOQ Ty v Wenl nautd. Lo
1t PWWMH\@, Toutat W wialier Gv §Tve 0wl Ht Touy.

G owat o tht WWLM ve weeded oo wreakVht \Mt\d
Sve oul H‘f Teuy W (/U—Hqu._sv 'V\M’/V%hvVHm W\”

UL -
b Ve levy vy Tgvwit. (6 marks)

Answers written in the margins will not be marked.
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6. 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
£an
Mg 5 My 42 \
filter paper .
. magnesium
with ribbon Of\\
‘ Itmet
C?S?(?;g (side B) voltmeter
filter paper with Na,SO,(s) L +( )
My . . . .
v M iron wire iron wire
W 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

%)/”A“*N\\

_L+0 0- J

Diagram (1)
(side A) (side B)

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

Whew fow &\/ov o wWalty Ty mAAH, CuSo¢ €y
Ji5olvy Th Wity Te §Tve Cutt ey Ty STvenat
ox1aT i) nheul Tau HT Tue ATt wer ATV

£ ]9 cUvochowics)  Hevivy Tevtavlo T‘],,—ﬁ_"“rw-‘-g—%

Lot wil] we vedwod Tusteal oF HT TWag, volTuhl @ marks)
Wil b Tv\ovaMM.ﬁo, Tt an,v o‘}» yolUme Tty

deflecty-

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 :

@) anode

My 3 Myt 207

(i) cathode

CMLT +25”" =5 Cu

(2 marks)
(©) Consider the following design modified from Diagram (1) by only removing the copper coating
at side A :
0
0 o- )
copper coating REMOVED
‘ Diagram (2)

(side A) (side B)

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

(d) In the design in part (c) above, a@( reaction occurs at side A when water is added to the
component.

)] Write a chemical equation for the reaction.

Fe+ (wSy = Cwt FL’?OQ

! (ng) ) (R4

(ii) Name this type of reaction.

Proplacbment veaction

(2 marks)

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

Ba(OH), » 8H,0(s) + 2NH,CI(s) - BaCly(s) + 10H,0(1) + 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.

Puv & Blavy ved dl‘pyn Wit 4TIMT ¢ H g Tl
'Ul/\V Te sV vl CVMV“TM?“Q NH}

Whitey donse fvtwu/ taw We obydrved -

(2 marks)
Ba(OH); « 8sz(s) is an alkali. What is meant by the term ‘alkali’ ?
‘Aleali’ means 6 Uwpeand Vind with gqoid to
@Tn oul salt puy wativ ny Thy w\alv, Y ITUAR
(1 mark)
The standard enthalpy change of formation of Ba(OH), « 8H,0(s) is —3345 kJ mol™".
(i) Write a thermochemical equation for the standard enthalpy change of formation of

Ba(OH), « 8H,0(s).

(ii) Calculate the standard enthalpy change of the reaction between Ba(OH), « 8H,O(s) and
NH,CI(s).
(Standard enthalpy changes of formation :
NH;(g) = —46 kJ mol™, H,O(l) = —286 kJ mol™, NH,CI(s) = =314 kJ mol”’,
BaCly(s) = -859 kJ mol™)
+
AHY + 1 Hz [ Balon)a-g Hﬂ] + &[NHA, n]xy = m‘%[_@a&lﬂ 1+ O [Ha9 )Mo + OHy [l

AHT = -B5%-28bxio ~4or2 433454312

14

QH‘GQ = +H0'U(—3\MO\-'//

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

Pecvenye BC(MML Thy vem¥e Ty enboThbrmiy

(4 marks)

Answers written in the margins will not be marked.
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*8. 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)

FiveWly bvenlk dwe  crwde o7l Vo bSwallev wolecules by

watking . Mixtuve ot Lwalloy \/lvvy:\vo(,r/\v\ﬂow& Lowld Vo ovwfuined.
()(HY — W CzH’(

Thew Yevtovw Tvaliewd Siuiilntiton o oYbain Lihent,
from Yo wiktuve o1 Ny dve tuvhon.

AtV twat | reoet eThene with Bva Tu ovgawie bolvent.
TV e wikluvt will Tuvn Yvown To cllowmviess .
IMuy , VLT = 4T bvometThane Can b ghlatabd -

e~ an B‘r E{
w-U=0ig T Bbry — H-&-\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.

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

(a)

(b)

2ZNO,(g) = N;O4(g)
"brown colourless

With reference to the table below, calculate a. Hence, determine the equilibrium constant K, for
the reaction at 25°C.

NO4(g) N;O4(g)
Concentration at start / mol dm™ 0.0400 0.0010
Concentration at equilibrium / mol dm™ 0.0323 _ a
- ‘77 wd’
Deoveuyey Tu Covie o* No o .o - 0‘0771“7 = 7.1%tL0 waaol )
-y -3
- . . \ 0
Twneveaby b conv O‘f N0y - 7_”_7_/‘1. = 3.86%0 T \
~Y oot 89
szo0.000 17,490 LR T
['V>04] (p‘vo‘ﬂ?)
2 . (0.0%23)
[NO2 | (
- R
- q'b ‘; VV\O\ A'VV' ",
(3 marks)

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.

Whtw 'VG\Mpovae, Tucrease The (olowy Tuvhy daviey , Whivh
meau CoutenTvalieu ot [NO‘V} Tvitvtase. (L Posiviow "{.

equili v have SLiEV To Lef D and Lrae. Whey

-~ - T Tyt
*N/W\YQ/VWVV (V]LVM\H/,' W\(\ tw ‘Pn wava V&hW\'OV\ \\7 Yo

ot goni¥ive ot LI T will Wit W Loty Ve
STL\?/ . _(\/\LYQ«{VVVQ, | T}\AV ﬁsf Yenviiou Tl7 LW‘V\/\O/VWT(,.

(2 marks)

Answers written in the margins will not be marked.
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10. The structure of a compound Y is shown below :
H,C=CHCH,0H
(a) Y can be prepared from reacting 3-chloropropene with an appropriate reagent.

(i) Write a chemical equation for this reaction.

NaoH -

(ii) Name this type of reaction.

Hd«“bfov veiaution

(2 marks)

(b) On heating under reﬂui, a compound L reacts with KOH(aq) to give Y and CH;COOK".

@ Suggest the structural formula of L.

CH3 oo
(ii) Draw a labelled diagram to show the set-up for this reaction.

Wav by
?1 ouy

W abev y, |
™ Cowprand L

\ o and EOH gy

awf 7 fll,ulm"\-ﬁ Zi\

ﬁYI\V\MlS V\&V\"') (3 marks)
() Under suitable conditions, Y can form a polymer. Write the repeating unit of the polymer.
Moo
|
(—¢C
] |
o HoH | W
(1 mark)

Answers written in the margins will not be marked.
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11.

The structures of some compounds are shown below :

Compound Structure
w
OH
X
Y
Z

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

Z

(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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Y,

Heating X under reflux in 2 M NaOH(aq) can form an optically active organic compound U and
an optically inactive organic compound V. Draw the respective structures of U and V.

U:
W o
G Nﬁ Q’Nm*
oH NN
0 0
V: v oA n
o 4 N
H o (-0 - 0 -

(2 marks)
(d) Consider the following reagents :
Bry(aq)  acidified K,Cr,0-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.

NO\?,COS taq)

(ii) State the observation in the test involved in (i). Explain your answer,

Etfovvescence
0\41\9’ X powVaTv —C0ov Yond . OM\VXK vy av

o CLurs.

poth o veary Wit Nag 00y Yo pive oul

(3 marks)

(02 -

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,0(l)
(colourless)

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 mj turned to green due to the
formation of a cobalt(IlI) 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.

Tov o

Cobalt famye AVE Coloavid TV ngueous Solufion. (ohaly, cav
V@ 9V€CH &Q\é\“{&\ﬂ (/‘031‘ m ;:‘h:ﬂrv 1‘\7 Law V\\‘-;O he \77\/\\4TV\(/0}‘t

LovalV tavw wevk Y @ (,mVM\\ﬁbV.ngTMm\\g, | TR ovx\‘a tow

Aay uhyiey ave Evelvd Th Vi vww%
yoVide AW u\VEYRATAVY P we

. ‘\j\\/(/\'\'WV\

T‘) MA&@A,TV can wevl|e ay (,o\vhlva.ﬁ vb!\\@w(/th av

Wwﬁ‘?--(‘ws’ WU Ve I,wVTde& pathivny letnet T e VYN

PMaw  ALIIVATIM @wWaAVX,T\/\\Ay‘ naY Yuyyley Lovumt)

v‘\govmﬂ\,’ hf"bw [rolla Ty wndded - ‘

\hv%bv

(4 marks)
Las¥ly | Lovull kAVL VavTewy oxidetion SVATE Leval?
!

Cihw ](ovwl Lobalt 1) _(/v\m\b.—(\r\t e
phaly oF Thav Wwe T4 T (o Yaly

patie w wamb LY '{’
pon Tovw (o Ula.

T\nt/ v EVA WlTem M vmb oV o‘E (¢’ Tw [olle V5 T

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

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.
‘”l""e of Hz obtaine) (Gwm?) (6 marks)
—‘ 3
A
A ) =
XL L
N1 -
i Vai -
3 ] z 1
HCl(aq) + Zn(s) : -+ e
(excess) (fixed mass) AT -
/ /
PRy AN
L} 1 : 1~
v
. 6(5

With reference to the set-up shown below, describe how the effect of maq) on the rate

— EYiibs
Frvalw Pl o Fixed wesy of 2w pwd ﬁxea\ et V0 lum § .+ L

ThVo m couicnl Flayy, Meayuve the volume of Hy o\ow\nw\ s

A Tv Yevval iy Tutuval. Tlev o grogh of wlmwbvf M agamst time .

Thew , 47luve W0 HOL Witk dgieistd walpr. [tn pour Tht

Guwe, Voluwe gf FLUL Tn b cowical flavk nng haul

Lo Wilh 90w wngos & nd owoape. Measnve The vilume

bl 0w bved e Ty bevva | fTwme Twvevvel BloV The

A Vayh Aﬁlﬁ\n with doVVed \Tine -

Tue tovmcenlivabiom of \'\\Q(Avwv,w Yo T lowty Tw The veartiew

WUV 9T 14l HUL By we 0'{' phvﬂ(z\(iﬁ Levevnse, anee of

lli9Tvn betwotn 5 a¥idy  decvensy yuwWee oF et Tve
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