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Answers written in the margins will not be marked.

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

1. Iodine is a halogen. It can form potassium iodide and hydrogen iodide.

(@) Name the relationship between 231 and *Z31.

‘{\,.97 orQ  Testopes .

(1 mark)
(b) " The electronic arrangement of an iodine atom is 2, 8, x, 18, y. What is x ?
K= \ %
(1 mark)
©) Draw the electron diagram for potassium iodide, showing ELECTRONS IN THE OUTERMOST
SHELLS only.
ﬁ ‘&* [ |
(1 mark)
(d) Suggest why an aqueous solution of hydrogen iodide can conduct electricity.
There qre Wobile  Tows
(1 mark)
(e) In terms of bonding and structure, explain whether potassium iodide or hydrogen iodide would have

a higher melting point.
otassiunt T dide T a 5mv\t e strwctwee with 5’""“3

onic bond  while l«\}dmﬁeo\ adide 7 A S imple welecalr  Stonctig

With  weak Var dee  Waals  force Ne a rsalt | Potutsinmg
‘(n(‘it{t have & k21lwr M(\i‘\\j ?ow\—(‘

(2 marks)

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

2. The diagram below shows an experimental set-up in which a metal oxide X,O(s) is decomposed upon strong
heating. A silvery metal X and a colourless gas Z are formed.

X,0(s)
heat

() State what Z is and suggest a test for it.
Z i oxygn. Qeyqen  On t'eh/dyrt/ Qletuq <pint

(2 marks)
(b) When 3.028 g of X,0(s) is completely decomposed, 2.819 g of metal X can be obtained.

@) Calculate the relative atomic mass of X.
(Relative atomic mass : O = 16.0)

let AWE  (elative sfomi Mas, 49{" X be ?

T Wess of ox yﬁe/{’.
3.02)- 'l.g’l"\
= 0. 21
%\‘\ 2 ”ﬂ

7? \01‘\

(ii) Suggest what X is.

% iy silvec .

(3 marks)
(©) Explain whether the decomposition of X,0(s) is a redox reaction.
‘(e;_ Tt becow. 4o oridalion Wwumber a‘f‘ OxXyqkn weresse
from -2 4 0.
(1 mark)

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

3. Antacid is a drug for neutralising stomach acid. A sample of an antacid contains NaHCOs(s) and other
soluble inert substances. 1.52 g of the antacid sample was completely dissolved in deionised water to give a
weakly alkaline solution. The solution was then titrated with 0.644 M HCl(aq) using a suitable indicator.
25.20 cm? of the HCl(aq) was required to reach the end point.

(a) Write the chemical equation for the reaction between NaHCOs(s) and HCl(aq).

Naricos () 4 Het ag) = Nacl(aq) + va0(8) + @l

(1 mark)
(®) Calculate the percentage by mass of NaHCOs(s) in the antacid sample.
(Relative atomic masses : H= 1.0, C=12.0, 0 = 16.0, Na=23.0)
¢ ) x (282 )
T nuwber of wel eTHCL - 0.6y 5
2 00‘59\ Y"\6\
{\S N?\H%5 . \'\C\ ’ CSR B
Te  nwmbee »F ol of NeH(03 76 Bioth 2w
The g(vceh{w)g ‘07 wlass o
(9.01b2) ( >5% 1+ 12t [6xY)
- : Xlooo/‘,
\ s
= 4077
A 0
(2 marks)

Answers written in the margins will not be marked.
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3. (c) The pH of the solution at the end point of the titration was found to be between 3 and 4.

@) Suggest a suitable indicator for this titration and state the colour change at the end point.

methy\ oronge From @8 fo  yelow .

(ii) Suggest an instrument to measure the pH of the solution accurately.

PH - wmeter .

(d) State one advantage of taking antacids containing Mg(OH)x(s) over those containing NaHCOs(s).
No cicoon  dioxade  will Y \>\'-°d\§td w O stomach

(3 marks)

(1 mark)

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

(®)

(©)

4, Consider the molecules H,O, BF; and SFs.

H>0 molecules can form H;O" ions.

(6] In each of the following boxes, draw the electron diagram (showing ELECTRONS IN
THE OUTERMOST SHELLS only) for a suitable chemical species to show the formation
of a H;O" ion.

(ii) Describe the formation of dative covalent bond using H;O" as an example.
A> 0 X\/aen woleeule 79 0.\\1:«&7 pbfamed the octet

struture . The Mdvlojm ton  Porm datfive bond  with 1,0

/
usiny me lone pair of the oryqen obtay, -the

octef structurd -
(3 marks)

Explain whether the boron atom in a BF; molecule has an octet structure.
No. Tt dees nol, The wvrew  gfom m\rr e six efectrons

tw the Ontenwot 9"6” Mm a BF5 h\olcm(c_

(1 mark)

(i) Draw the three-dimensional structure of a SF¢ molecule.

vd

—i
‘,
W— N\— v
-l

Answers written in the margins will not be marked.
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(c) (it) Explain whether SFs is a polar molecule.

Aiteo  SF Gond T pole”,

T4 1s  wet qQ veb\o\‘ wolecnle .
cach ofher . Ao a vesult,

4he .\xlof \7"\({ of N [)M(El

Ste TS & 'u(eh—in‘\;-' woleenle .

(2 marks)
(d)  Explain the following increasing order of the boiling points of the three compounds :
BF; < SFs < H,0

At o taem  ave stmple welewmlar  structwe . However, 20

is  held Topther w\zvlla, with Fv]d"”\]ﬂ'h bond | while et other -hwo
do  net e kmegm bond., Ao A vewl, {s0 W g

l\l')l«f&‘tl boll;;v:) re'i\;\‘(&. ,\s- Sk W 4 langer e (wlar 412€
fum PPy, 4 wtormstecutr  foce o Sk @ Stemger Than
Bfs. Thertdire, SFo  hay & Wyhtr  botling point e BFy

(3 marks)

Answers written in the margins will not be marked.
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5. The following hydrogen-oxygen fuel cell and aluminium-air cell are primary cells. Their simplified
shown below :

structures are

§

Ha(g) Oa(g) =
aluminium anode = cathode Y
anode A cathode B =
unreacted Ha(g) . =>» unreacted O(g) :i
and water vapour T
concentrated KOH(aq) concentrated KOH(aq)
hydregen-oxygen fuel cell aluminium-air cell
(a) What is meant by the term ‘primary cell’ ? i
They are ol et cohwt be vechurged |
(1 mark)
(b) For the above hydrogen-oxygen fuel cell,
@) write the half equation for the change that occurs at anode A._
1\4,(5)* 19\1'(%\)——7 2 Ha O) +xe
(ii) ’ suggest one disadvantage of using this hydrogen-oxygen fuel cell. i
T iy expersive G5 Hme (ot of  oblaining
Vv o xyaln omd hyd o W hiah.
Y' ’ 3 ™ J (2 marks)
() In the above aluminium-air cell, oxygen in air reacts with water to form hydroxide ions at
cathode Y.
i) Write the half equation for the change that occurs at cathode Y.
Le” + o) Arad (1) Lrort”(44)
(ii) The half equation for the change that occurs at the aluminium anode is as follows :
Al(s) + 30H (aq) > AI(OH)s(s) + 3¢~
Write the chemical equation for the overall reaction in the aluminium-air cell.
HALEF30:(9) + b1 20(2) = kAL(0Ps8)
(iii) Suggest how aluminium can be obtained from aluminium oxide.

B‘/ dlectrolysis of  molten Aluminium  Oxide .

(3 marks)

Answers written in the
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6. Consider the following chemical equation for the formation of CH;Cl from methane and chlorine :

(a)

(b)

(c)

(d)

(e)

CHa(g) + Clx(g) — CH;Cl(g) + HCl(g)
Name the type of reaction involved.
substitution  remction .
(1 mark)

State the condition needed for the reaction to occur at room temperature.
Under  sunliged
(1 mark)

The reaction involves three stages: initiation, propagation and termination. In the initiation stage,
chlorine free radicals (Cl*) are formed from chlorine molecules.

6)) With reference to the electronic structure, explain why a chlorine free radical (Cl+) is a
reactive chemical species.

T4 does wot  obtawm the octet  strwctwre .

(ii) Complete the chemical equations below by filling in a suitable chemical species in each
of the following boxes :

One of the steps in the propagation stage :

Cle + CHs > | WC- + HO

One of the steps in the termination stage : ,

e [ +] Cls | o cma

(3 marks)

Explain why CHj3Cl is not the only organic product formed in the reaction between methane
and chlorine. , <
Ao the chiorin [ eonttue T teact witw CHBCL b

'&;rms p  Chain reaction {0 prodwe  pruduct o CHalla (MO
ahd ¢ Cly . (1 mark)

From the hazard warning labels shown below, circle a label that should be displayed on a gas
cylinder containing methane.

(@)® @ &

(1 mark)

Answers written in the margins will not be marked.

2022-DSE-CHEM 1B-9 9 Go on tothe next page>

Answers written in the margins will not be marked.



Answers written in the margins will not be marked.

7. An experiment was performed to determine the enthalpy change of neutralisation between Ca(OH),(s) and
HCl(aq). 100.0 cm?® of 1.0 M HCIl(aq) was placed in an expanded polystyrene cup. The temperature of the
contents in the cup was measured at half-minute intervals. Right at the third minute, 0.502 g of Ca(OH)(s)
was added to the cup with thorough stirring. The recordings of temperature are shown in the graph below :

Addition of Ca(OH),(s)
A
245 ' T
J ] -
24.0
1%
E
g 235
[0
o
£
8
23.0
225 e e S

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

time / minute

(a) Write a chemical equation for the reaction between Ca(OH),(s) and HCl(aq).

(oML L6) +3Hci(ag) - Ca Cla (ag) +2H30(2)

(1 mark)
)] (i) By SKETCHING on the graph above, estimate the greatest temperature rise of the contents
in the cup.
The greatest temperature rise = ) . \ °C

Answers written in the margins will not be marked.
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7. (b) (ii) It is given that the enthalpy change of neutralisation is the enthalpy change when solutions
of an acid and an alkali react together to produce one mole of water.

In the experiment, HCI(aq) is in excess. Calculate the enthalpy change of neutralisation
between Ca(OH)z(s) and HCl(aq), in kJ mol™, under the experimental conditions.

(Volume of the reaction mixture = 100.0 cm?;
density of the reaction mixture = 1.00 g cm™3;
specific heat capacity of the reaction mixture =4.2 J g K/;

heat capacity of the expanded polystyrene cup : negligible)
(Relative atomic masses : H=1.0, 0 =16.0, Cl = 35.5, Ca=40.1)

WMCAT = \ao(\)(y—,l}ﬂ‘l\\>
- §23 |

Ao wol of GiloHY): T M0 76 VY

; The enw\.\y\, chamqe -

8%2
/-/-——-

O. 5o >
Go 4\
I oo

>

>=26%T wol”

(5 marks)

() Standard enthalpy changes of neutralisation AH,® for two reactions are given below :

AH.? / kJ mol™!
Reaction between Ca(OH),(s) and HCl(aq) -58.6
Reaction between CaO(s) and HCl(aq) -186.0

Calculate the standard enthalpy change of the following reaction.
CaO(s) + HO(l) —» Ca(OH)x(s) ‘
et 4R qerction bttween 0{0M)uls) and HCL (o9 ) be
A \’\7(! ) and Ha veacTion hetueen (@ ‘D(,S) Aol H cl Cﬁ%)

be A\/(v\e(l>

A= AHEG) AL )
= ~186.0 -(-S8:6)
2 -])“\L(, L(:}mol/{

(3 marks)

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

Describe and explain the similarities and differences between the chemical principles involved in tin-plating
and galvanising in the rusting prevention of iron-made objects.
(6 marks)

-b dart oft _ the  stmilarities o ‘tih—?[ﬂf"\i\’ o (jalvahis’mﬁ 1S

That both  of  fuwm  have o 10;}9" o  metal surrownd  the
won-made  objects Yo prevest ot ta  toath with

Oxyaen  pvd  WhEC . As they ort  amperreable b woter ong
opaen,  fran (oot (St as dron Connof,  lose eleciron

o form  re™ .

However,  frert a0 como diffortces  betwton tin-plitiog ol
jﬂ.lvahisin. When  the  cavlner of tiv\—tglﬂ‘fCJ Urom- medp jects

4 scra'(ched‘, on will (wt dacter ot on T wire eactn@
thom tim  Hovever  even 18 e wwaface o janoniZt’A win-mede
oblia'fé 0 ma’chJ, ran Al et it al 2ime Vg more
eatve Ao won, Ay a peak,  zine il arrode it

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. At a certain temperature, the equilibrium constant K. for the following reaction is 2.25 x 102 mol dm™.
PCls(g) = PCls(g) + Clx(g) AH>0

In an experiment, 0.84 mol of PCls(g), 0.16 mol of PCls(g) and 0.16 mol of Clx(g) were initially introduced
in a closed container of a fixed volume of 4.0 dm?, and the system was allowed to attain equilibrium at that
temperature.

(a) (i) Calculate the reaction quotient Q. for the system under the initial conditions.

> 4
Q- TekaTech

Foe]

0-lb X0 b
__—q’—r"—‘

0.84

—
> 7619 Mo'-5 mol dwm™

2]

(i) Explain whether the concentration of PCls(g) would increase or decrease just after the
reaction started.

e amcewtyation of Pl vonld  detrease Ay theve ove
more molecules = left hond side, The equilibrine wil(

Q'ﬂ"'lt‘( e ruybt.

(4 marks)

(b) Explain whether K. would increase, decrease or remain unchanged if the temperature of the
equilibrium mixture is increased.

T4 the tomptratore mergased , Ve would  Cremse,  os  oest
of fomptratice  favours  gndotheriic  reaction .

(2 marks)

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

At room conditions, H2O»(aq) would decompose into Ox(g) and H.O(l) very slowly in the absence of

MnO:(s). An experiment was performed as shown in the set-up below :

H0:(aq)

500 cm® measuring cylinder —

inaAnnnRnARAnAN \

Qi

_— MnO;(s) + détér‘gent solution

When 10.0 cm® of 3.00 M H,02(aq) was mixed with a small amount of MnO,(s) and detergent solution at
room conditions, O»(g) started to be released rapidly and foam was produced. The MnO(s) remained

chemically unchanged at the end of the reaction.

(a) Write a chemical equation for the decomposition of H.O»(aq).

L Hadulag) — 2150) 4 0a(q)

(1 mark)
(b) Explain how manganese illustrates a characteristic of transition metals according to the results of
this experiment.
JAY 0 wed s a (,a-talp( m Hos  remctom |
(1 mark)

Answers written in the margins will not be marked.
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10. (©) Upon completion of the reaction, all the H,02(aq) was used up. Calculate the theoretical volume
of Oz(g) released at room conditions.
(Molar volume of gas at room conditions = 24 dm?®)

T wol o \Hr0ateg) —\loi—o X3 oz 9.0% mel
T ol 0“' OL("J> 7 _D;lﬁi. = ©.0|% mol
Te theovefuenl  volwme

1t x 0.0tS

2 O.BGdW\3

R (2 marks)
(d) In the experiment, the time taken for the foam to rise from the mark at 100 cm® to the mark at
200 cm? of the measuring cylinder was 18 seconds, while the time taken for the foam to rise from
the mark at 200 cm?® to the mark at 300 cm® was 63 seconds. Explain these results.
A‘( the bes ?V\V\Tv\j QJ?‘ The  veaction , 4he veaction WR %
. h i beanse.  Ane  ongninte oF  WaDaleq) 7o high .Tve
Whew Ehe YeucTon \’m““{s. Hhe  conceudi@ation & Hy0aleq )

S*OV*“» g C]k('(@\s(i aud A CCReAon e c&ﬂ(ﬁﬁ?&?S‘

(2 marks)

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

Compounds P, Q and R are structural isomers having the molecular formula of CsH;,0. Their structures are
shown below :

CH;CH,CCHj; CH3CH2CH2(|3H CH3(|3CH20H
cI>H OH CH;
P Q R
(a) Give the systematic name of P.

A-methy] butan-Z-o\

(1 mark)

(b) Heating Q with acidified K,Cr,07(aq) under reflux will give an organic product.

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

(ii) State the expected observation for this reaction.

Tue  golwfion  furne from BOrge ol To qreen Gofonr

(iii) Write the structural formula of the organic product.

W
c By CHy € Uy,

(4 marks)

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

(©)

(d

W is an organic compound containing five carbon atoms. Under suitable conditions, R can be

prepared from the reduction of W.

(i) Suggest the structural formula of W.
CHs
|
Cis c|: Oacoond
Cry
(ii) Suggest a reducing agent required for the reaction.

Li Ry

v .

Compound S is an optically active secondary alcohol. It is also a structural isomer of compounds

P, Q and R. Write the structural formula of S.

o4

(
CHg (i (; - A
(GREN

(2 marks)

(1 mark)

Answers written in the margins will not be marked.
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12.

Outline a synthetic route, with NO MORE THAN THREE STEPS, to accomplish the following conversion.

For each step, give the reagent(s), reaction conditions (as appropriate) and structure of the organic product.

(3 marks)

Answers written in the margins will not be marked.
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*13. Describe the acid-base properties of the products formed (if any) when the following oxides are added to
water separately. Chemical equations are NOT required.

Na,O MgO ALO; CLO
(5 marks)

To Cammence With A0y Tg Gwphoteric . 14 Con dissalve 1w
Watee 45 @t 05 Aad and st . T peuializ
bolh  geid  ond  base,

MO and MaD  ave woih  alkalive oxide. | They

J‘ A 7 7
(hn AFSSDM M [uter e qazrryv\ base  vhich  cev  ppudmlize
eid .

(ho o Qeidic  oride whith tan  dwsole tn yoer

]—05‘“\1:
40 form  acid  jAwh g westmlizg  pose

END OF SECTION B
END OF PAPER

Answers written in the margins will not be marked.
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PART1I

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

1. Todine is a halogen. It can form potassium iodide and hydrogen iodide.
(a) Name the relationship between 221 and 1231
l ng(oP 5
- (1 mark)
)
(b) The electronic arrangement of an iodine atom is 2, 8§, x, 18, y. What isx ?
X =
(1 mark)

KI
(©) @he electron diagram for Whowing ELECTRONS IN THE OUTERMOST
HE

+__ -
< @]

- 1 mark
HX (1 merlg
(d) Suggest @n aqueous solution of hydrogen iodide can(conduct electricity)
R o becwse  fowe o mobile_ oy
w e soldidg Jour combuct Je@c'(n‘c(‘fj X
(1 mark)

KZ HZI
(e) In terms gf bonding nnd xplain whether potassium iodide or hydrogen iodide would have

a higher melting point.

',KJQKS{\UW\ - otide w({ (oo @ {/\Y}Lu we(’f%j (Qoi\t«f
(@2 NP £ W 3\‘w«‘€ nuic steuwcture /
wrth Sfeng DUTC band  cmong  TE molec e
Wlite l/l\«f\vobw Tlt de 15 SM?Q mdlg col o -
chuctunr wﬁr(\ weell g deu o\c\(d( Fva

Om\j o e luct uld benle Tty Doud (2 marks)

Answers written in the margins will not be marked.
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EaEEReR

2. The diagram below shows an experimental set-up in which 2 metal oxide X,O(s) i)s decomposed upon strong

heating. A silvery metal X and a colourless gas Z are formed.

X,0(s) ¥
)
heat

(a) State what Z is and suggest a test for it.

2 oYk, UsR ewdng splist fo fest
\’S *\/\Q (\D\b\"’_\\‘tﬁ Si)h"‘( (/Q-h&l,\‘t /-(_t S Okdeh(z>,(2marks)

(b) When 3.028 g of X,0(s) is comple_tely decomposed, 2.8 19 g of metal X can be obtained.

——— e

(i) Calculate the relative atomic mass of X.

(Relative atomic mass : O = 16.0)

Z/Xz@(;) — AX¢y T O-L(ﬁ)

Tvé%)\
(?‘lex)xz 23 > 6-05hx = 450yt
¥ - Tu
b2 = A Kz (0789
6Lb§é - ZA?(C\)
b <1~ b
(ii)- Suggest what X is.
Stlver-
(3 marks)

© Explain whether the éecomposition gf Xo0(s) is a redox reaction.
-

H v « de)\ el |

T"\Q aadativn nuanbr i bﬁ) slver fuvnm tfvom
1t O Hu edued .

(1 mark)

Answers written in the margins will not be marked.

2022-DSE-CHEM 1B-3 3 [ Goon tothe next pageJ>

Answers written in the margins will not be marked.



Answers written in the margins will not be marked.

3. @ a drug for neutralising §tomach acid) A sample of an antacid contains NaHCO;(s) and other
sofuble inert substances. (1352;g-of the antacid sample was completely dissolved in-d€ionisedswatenfo give a
weaklyjalkalmeisolutlog The solution was then titrated with 0%44MEHCl(ag)susing a suitable indicator.

£2590cmof; tl}e:H:g;(ag) was required to reach the end point.

(a) Write the chemical equation for the reaction between NaHCOs(s) and HCl(aq).

N2 B Q3¢5+ '\%\(alﬁ H20c Co2cy) 4/\(90\@2)

(1 mark)

(b) Calculate the percentage by mass of NaHCOs(s) in the antacid sample.
(Relative atomic masses : H= 1.0, C=12.0, O = 16.0, Na = 23.0)

Vawbar o mele o HCL uped
T Db X008 dun” T b D] b2y gY e
Namber o usle o8 ve HCO3 (0 wied
v 162288 o

[t

Fown equativn,  male cafd H ad VMY
™ o

Mess o5 NeHD3 - (\’sHLﬂ

(3432

RS

69

{9.1%%

perawtoge "j e s X Lbbz

{ f

(2 marks)

(!
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ud — 7 oesr 7Y

3. (c) Thf the solution at the end point of the titration was found to be between 3 and 4.
A e -~ .
@ Suggest a suitable indicator for this titration and state the colour change at the end point.

mefh:)\ dange
The @ov fwvn  Fam Jq[bw +s bvahjf

(ii) Suggest an instrument to measure th@f the solution accurately.

-_—

?H meter

(3 marks)

(d) State one advantage of taking antacids containing Mg(OH)z(s) over those containing(NaHCO;(s).

e
—_—

N\@(GV\)L » o~ \gfvovt%sz\/ boog
Aoy Ve dz. 1L ww rach with  ocid

:Y(’»{G,V -H’\O‘L’\| {\/9 ]Ar (03 o (1 mark)

Answers written in the margins will not be marked.
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4. Consider the molecules H,O, BF; and SFs.
(a) H,O molecules can form H;O" ions.

®

—————

In each of the following boxes, draw the electron diagram (showing ELECTRONS IN
THE OUTERMOST SHELLS only) for a suitable chemical species to show the formation

of a H;O" ion.
+
(@
(1)

(i)

Describe the formation of dative covalent bond usin@ an example.

HaD © oifoiin | lowe {m\v > ot s

decton  dover bl \’\1‘ o wst Ootain i
eechon B oact o5 o elctoun accopton.

120 s 2 elochow o B Fron

(3 marks)

(vt God ﬂ%m,\g,(,‘l :

olecule has an octet structure.
—
fod

K v owl hes ow oot s,
\'t R 3 ovalewt bond Wit Plowine ofom.

{ vv\\\j oW Tonin % aulov mast  slell €(QC6|(°'/\,

Patrr

Explain whether the boron atom in § BF3

(b)

(1 mark)

(©) ®

Draw the threc-dimcensional structure of a SIF molecule.

E
_ ( =
"//'/_/,Sﬂ'\ -
‘Y
/)
ol

F

‘~_

Answers written in the margins will not be marked.
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4. © (i) Explain wheth@s a polar molecule.
It 1 « Pb\uv o enl

o adtan & F bhed okich
Guld ol ot dlg polacifre AN
v%v»u T oo Sjw\vv\amc&‘ ,

- - 2 marks
l't v e ‘EV‘JW\"\( b,_';F:jVC\V"\\C&ﬂ»( et . (2 marks)
(d) Explain the following increasing order of the boiling points of the three compounds :

BF; < SFs < H;0O
M 2 6 b\o\\k N lm‘bl/e 6‘( Lb_l htj /)a,\‘c
Lec e
wste T ol Prane b uﬁy W g

Befweeu\ NO\A\& {fQC‘fvb(Aeao\‘f?m‘"ﬁ'oJ toun (Vs o).
However  STe b»\f& rvwed  weele v

Ci,z\/ (Neals ” Toe Ames 1Sy (g

Ste how L\Ej\,\ov é»‘»[v»ﬁ 7»'11:@ oo
BF3 becose 7L e N (0\(6,@/ vnsle cule

S Tl o R Wwf(&/ v oo

S mbele m e —fhef
Grs : (3 marks)

Vel

Answers written in the margins will not be marked.
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5. The following hydrogen-oxygen fuel cell and aluminium-air cell are primary cells. Their simplified
structures are shown below :

Ha(g) O:(g) -
aluminium anode = cathode Y
anode A _J I_ cathode B '5 i
unreacted Ha(g) o - => unreacted Os(g) 3} ‘
and water vapour -
concentrated KOH(aq)  \Raliwe. concentrated KOH(aq)
hydrogen-oxygen fuel cell aluminium-air cell

(a) What is meant by the term @

Tle CQ\[) ‘k\/\m{ (w\Cl V\‘O‘E lQQ RCM!?«EC{.amark)

(b) For the above hydrogen-oxygen fuel cell,
R e,
6)) write the half equation for the change that occurs at anode A.

pANS I ngi—> 2th Qe 2

(i1) suggest one disadvantage of using this\hydrogen-oxygen Yuel cell.
.

\'t, ™ o QP‘P?"‘S‘\'Q ‘PD sthrg ["\z c,&é 02

| %A SRR (2 marks)
(c) In the above aluminium-air cell, n air reacts with water to form\ hydroxide ions)yat
T =

(i) Write the half equation for the change that occurs at cathode @

o Ouo)H 2200y =2 . 'U(OH—(ay

(ii) The half equation for the change that occurs at th€ aluminium anode Is as follows :

Al(s) + 30H (aq) — AI(OH)s(s) + 3e~

Write the chemical equation for thm the aluminium-air cell.
302t 6 H: Ut Bl = A3+ 901 op

(iii) Suggest ho can be obtained from aluminium oxide.

2le vao\asﬁs Dj N (‘/\\MW‘\ "\ v\yv\
M\wal“mé

(3 marks)

Answers written in the margins will not be marked.
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6. Consider the following chemical equation for the formation of CH;Cl fromd

CHa(g) + Cla(g) —» CH;CI(g) + HCI(g)

(a) Name the @ f reaction involved.

Sub st ‘\‘tv“[?tb %

(1 mark)
(b) State the condition needed for the reaction to occur at room temperature.
A0z should be used @ Caf&(JS‘C
(1 mark)
(c) The reaction involves three stages: @Q@tj’ﬁ?ﬁ@‘agaﬁm and termination. In thednitiation:stage,

chlorine free radicals (Cl¢) are formed from chlorine molecules

(1) With reference to the<€] 1ecironie%%eture;—explain why agChldrinelfreciradicali(Els)sisa
eactivelchemicalfspecies

Bense

(ii) Complete the chemical equations below by filling in a suitable chemical species in each
of the following boxes :

One of the steps in the propagation stage :

Cle + CHs — CHLV +| O\

One of the steps in the termination stage :

Cle |+ CHy | » cmscl

(3 marks)

(d) Explain why CH;Cl is not the @rganic product formed in the reaction between methane
and chlorine. ) ~

Becanse +he  wuction COv\(d Jovvn diffeent
D‘f‘jow\\((/ QVDC\U\C& (1 mark)

)] From the hazard warn labels shown below, circle a label that should be displayed on a gas
cylinder containin methane

® e @ %

(1 mark)

Answers written in the margins will not be marked.
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7. An experiment was performed to determine the enthalpy change of neutralisation betweentCa(OH)x(s)tand
HCl(aq).9:00:0 ¢m> "ot 120:M HEI(aq) was placed in an expanded polystyrene cup. The temperature of the

contents in the cup was measured at half-minute intervals. Right at the third minuteX0¥502¥gtof:€a(OH)z(s) = 3

was added to the cup with thorough stirring. The recordings of temperature are shown in the graph below :

Addition of Ca(OH),(s)
A :
/
245 -
-]
4 —_|
/ T
/V
24.0 /
/

O /
> /
£ 235 t
by
2,
g
z

23.0

/
22.5 R e a A
0.0 1.0 2.0 3.0 4.0 .0 6.0 7.0
BT P
time / minute
- (a) Write a chemical equation for the reaction between Ca(OH).(s) and HCl(aq).
(R (0V) )y (v +20AC ey > G Ly 2H20 @)
(1 mark)
(b) @) By SKETCHING on the graph above, estimate the greatest temperature rise of the contents
in the cup.
The greatest temperature rise = ‘:Z.) °C

Answers written in the margins will not be marked.
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7. (b)

(©)

@

® ﬂé\(lwb CS&D ’\)L()) + “*(\()(%7 ) (?(\'L(av ZHY/O(})
9Lkl (O + 2HU Gy 2 H20g) « (3¢ o)

(i) It is given that the enthalpy change @Hsaﬁon he enthalpy change when solutions
of an acid and an alkali react together to proucef water.

In the experiment, HCl(aq) is in excess. Calculate the enthalpy change of neutralisation
between Ca(OH)x(s) and HCI(aq), in kJ mol™!, under the experimental conditiofis.

(Volume of the reaction mixture = 100.0: Cm
density of the reaction mixture L_g >
specific heat capacity of the reaction mixture —'@J g IK i3

heat capacity of the expanded polystyrene cup : ne negllglble)
(Relative atomic masses ¢ @__1 070=216.0; "Cl=35. 5, Ca =40 1o

Numbov- o8 wdle_ S (o) = 0979010 e
Nowmber 3 wolee B ey fwwed
= 0.913% mb\

Nek o relposed = 2] 3’(((‘ X)) %

$40 J

=~ 0Ju k]
Qvﬂ;\o\\m C\Ac&jﬁ = _ D.34K]

0 LO\gg‘(\r\ok

(!

= {2 <Fmol?

(5 marks)
Standard enthalpy changes of neutralisation AH,® for two reactions are given below :
AHy° / kJ mol?
Reaction between Ca(OH)(s) and HCl(aq) -58.6
Reaction between CaO(s) and HCl(aq) -186.0

Calculate the standard enthalpy change of the following reaction.

CaO(s) + H,0(1l) — Ca(OH)x(s)

standond eutlalpy chonge= Q@ +0

= s%b + (‘ (76}
< 1Y k) mol T

NS

Answers written in the margins will not be marked.

(3 marks)

Answers written in the margins will not be marked.

2022-DSE-CHEM 1B-11 11 | Go ontothe next page>



Answers written in the margins will not be marked.

*8.

Describe and explain thefSimilaritics and differencesibetween the chemical principles involved in i

ARy T . X S . y } .
and £Elepisinegi the getingipreventiomofiron madejobjects.

(6 marks)

[a St TH S,

T —olatine  oud  goluamisiaa o botl,
\ V) J )

(overed e cuvdal o won o

Puzvev\'t vou to confact  witlh  wefev QV\d

ANVl

Besdes y Tin and g o3

COVO Sidn 0 sistant & ‘Q\AQC) AL \/\%{/

00\53 to covurod s

(V\ Q[?ﬁ)‘%&"t(sz)

—_—

N loss  poctve fhon o .

—(\AU)) B e owdan Y T *()lo\‘{‘&j

35 bekewn | e refe 65 vasting
/ N
w\\\, be Mmm waeu%v) Zin C 58

WMo \eachie *%‘/\av\ TwdA_, fﬂ) e suwda@

Of Oy 'J\\Wn‘v‘?\ Stng S byokan 200w [ I]
N4 -, 7 ;

(PW\A”&Q va‘d’k\(d\( (Dvb“&ﬁfbl/\ "fo Jiron

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. At a certain temperature, the equilibrium constant Jl{c‘for_the followmg feaction-is 2.25X:1 Q‘_”,mol&r_@

PCls(g) = PCli(g) + Cla(g) ~ AH>0 endotherut(

In an experiment 0:84:mol of. PCls(g;)‘?O.,léih{élA é)f PClé(g)’an 0416* mélﬁ'dfjféiz(g) were 1n1t1ally mtroduced

temperature.

(a) 6) Calculate the reaction quotient Q. for the system under the initial conditions.

DH, b

. 5w
Qe = okw
v

S~ T.61%0 X(bvs
b= 7.6 %o wol Qe

!

(ii) Explain whether theCconcentration of PCls(g) B/ould increase or decrease just after the

reaction started.

Twe  owadtichin o PC\;@/ w7/]
decunsz .+ Beawme. Q¢ > K , the  reaction

will swdt e (et (4 marks)

(b) Explain whether Kc would increase, decrease or remain unchanged if the temperature of the
equilibrium mixtire isqncreased.

Kc wll ek 7T fhe ‘ELW(;)/?va"fu{/{,
me\&d ) %'QGMAS{ -ﬁ"g wocfiou [$' emc(b‘@leu(m‘:(.

W&C@BV) , \v\cw/\s\mﬁ “H'\Q ‘&WJ}QV@‘@\& Co»x[{ le (2 narks)
aoction Wit ‘fo y|©|,\JQL

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

At room conditions, H;O,(aq) would decompose into Ox(g) and H>O(l) very slowly in the absence of
MnQx(s). An experiment was performed as shown in the set-up below :

WhenY 070/

H;0,(aq)

500 cm® measuring cylinder —

Ll b BB BELELL

ALl

L MnOy(s) + detergent solution

&
]

£3T00IVMIEZ@X(3G)FYvas mixed with a small amount oftMRO3(s)fand detergent solution at
ag EMNEA(S

room conditions, @gg:)) started to be released rapidly andff_q%@ was produced. The @g) remained

chemically Qiichangedrat

(a)

(b)

the end of the reaction.

Write ac<chermica

I'equation-for the decomposition of H20z(aq).

2 02 3= 2HOy) + 0 2 (o)
(1 mark)

Explain how manganese illustrates a characteristic of tfansition metals)according to the results of

this experiment.
It coutain wv‘(e‘fj o3 oywidetion state
Peamse v Fe Leuwt of e !fp&w‘w\e&/
it fwas bad Tate Mu\)z(s)\

(1 mark)

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

of O,(g) released at room conditions. _
(Molar volume of gas at room conditions = 24 dm®) ves |

Nomber o8 amole =8 H2Dz 3P

= 3.0} X SM T OlDENOl & O
P B mpiton, ol vofo of (10 Y
=2
Nunber A wmole o X8
= 2u(S

Thevvetical  yolue Dﬁ 02

— D\,O\Xw"lk L4 du’ ol ™
- O%g C{(M3 = 360 CW\-L (2 marks)

(d) In the experiment, the time taken for the £0518, toffise from the farkzatzl007cmisto the mark at
00rcm? ofjtheimeasuring cylinder wasgl8fsecondsPwhile the time taken for the f6amyto rise from
the mark at200icm>"to-the mark AG3007cm*wasl63fSecondsrExplain these results.

The  Fom o Juster of Rust
becaunse_ fire ‘bw\{)eveifu\& B L\T@L\ Ou-d

oo M pepcfant .
—(\/\x :fbo\\/v\ L TIRC sh wee Join Zbo(m?
Wil
-‘{’0 ;’tb((p\> kz(ouua 1‘(:‘ v (b\«cz,wqu

LJ ﬂ’\Q N o\u\:l, Mol J/ow(j,

(2 marks)

10. (c) Upon completion of the reaction, all the m as used up. Calculate the theoretical volume

Answers written in the margins will not be marked.
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11. Compounds P, Q and R are structural isomers having the molecular formula of CsH1,0. Their structures are
shown below :
CH;CH,CCHj CH3CH2CH2(|3H CH3(|3CH20H
| (IDH OH CH;
P Q R

(a) Give the systematic name o Pj

2 —wmefin butan- 2 - 5\

(b) Heating@/ith acidified K»Cr,O7(aq) under reflux will give an organic product.
e

@) Draw a labelled diagram to show the set-up for this reaction.

\NO\{.QV 1

o
<~ (ondense L

-

TS otfe NN

O\ O\\Ac\
S oatidied Ke(v207 P
|
heet_
(ii) State the expected observation for this reaction.

T slsfown fan Jom OraNgR 1o
g |

(iii) Write the structural formula of the @
——_—\

C{H}
Cldycr 2y (=0

\

04

(1 mark)

(4 marks)

Answers written in the margins will not be marked.
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11. (c) @ an organic compound containing nder suitable conditions, R can be

prepared from the reduction of Wh

@) Suggest the structural formula of W.

¢yl
|

CH3CCODH
\
(A3

(i) Suggest a reducing agent required for the reaction.

(> LB\ Hy
@

; Qltj ether

(2 marks)
(d) Compoun@s an optically active second lcohol. It is also a structural isomer of compounds
P, Q and R. Write the structural form%
B4 9
’ | N
. \ \

n-C-C-Cc—C-C- \lj
‘ ) (o

SIS (gl-} 4

(1 mark)

Answers written in the margins will not be marked.
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12. Outline a synthetic route, with NO:MORE-THAN-THREE STEPRS, to accomplish the following conversion.
For each step, give the reagent(s), reaction conditions (as appropriate) and structure of the organic product.

/\/\/OH——>\/\

Ha S0 ¢
Hest 7
P, HL(S)

HO

Head

N X \r/
ol

NV

(3 marks)

Answers written in the margins will not be marked.
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water separately. Chemical equations are NOT required.
S —
Na20 MgO A1203 Cle

*13. D@i%ﬁ the acid-base properties of the products formed (if any) when the following oxides)are added to

(5 marks)

NGLO el M&O Inews bese onlofu‘fie)
L B odlkaling 7\,03 cve olkaking  pvides.

(M NQL@Q) QJTSYO\VU{' th waTQV;

Na o8 sl be I@vm(uunl Gund ’mvrcLe
ool e |

(Ahew Ngo wod  «wifly V\IOJGLV/.

M@ (ot 2 will e peobueed  ad
r

<‘D\m i 0\\(\@\(70\2 )

AlO3 1 (N/wlpl/\a*@vﬁ oyicle

il odd Bt wect with aad owd  alkal .

hew 1t ool o wetew YA\‘(OHM]*

(i \\ %:Q re/a&u bQC! .

(L0 1 aadic mﬁdm whe 7L

ok wifh wsefe ) Hoc| vl he

?m&mcei wida ¢ RN H\ P

END OF SECTION B
END OF PAPER
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