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This paper must be answered in English
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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,
3,5, 7and 9.

(2) Refer to the general instructions on the cover of the
Question Paper for Section A.

(3) This section consists of TWO parts, Parts | and Il

(4) Answer ALL questions in both Parts | and Il. Write
your answers in the spaces provided in this
Question-Answer Book. Do not write in the margins.
Answers written in the margins will not be marked.

(6)  An asterisk (*) has been put next to the questions
where one mark will be awarded for effective
communication.

(6) Supplementary answer sheets will be provided on
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Question-Answer Book.
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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.

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

(@)

(®)

©

¢

(e)

ol et pslet atling pond.

Name the relationship between 271 and *231.

(1 mark)

] soTvr 24

The electronic arrangement of an iodine atom is 2, 8, x, 18, y. What is x ?

3

(1 mark)

Draw the electron diagram for potassium iodide, showing ELECTRONS IN THE OUTERMOST
SHELLS only.

@l o

Suggest why an aqueous solution of hydrogen iodide can conduct electricity.
&CMM %WLO% 50 \/»TGN\ 4 b\ap&/ogg*/\ (0 O'e 06\ M3 0(7"\74» M
mobilt  tTows  to cwefuct efectyi cﬂ?}.

(1 mark)

(1 mark)

In terms of bonding and structure, explain whether potassium iodide or hydrogen iodide would have
a higher melting point.

FOTMV'WW(“’{Q wonlel Dt o\,\é‘w wwlw} povit .
Be counpk 7 gy iumn rofiefe 7 g.u‘ow\’(, e ST(WIW\’Q , Their
BTN la«TV\b’('\’\é. UL\E\;‘ L\,aa(\/ wn wlide 3 5«'MID{Q wo[£.Cirfon

STACTAL 00 S Vo Ao Uia| et . Tomt bovofes
S\vaxsz/ “thew \}Ilvx o({,u( L)O\,oVI ][\,.(c,( . So P”TM%WM GW(W{{

(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.

XzO(S)
heat

(a) State what Z is and suggest a test for it.
OX\ﬁW\ S O AN \:3»(0 —f\ Sf ol
(2 marks)

b) When 3.028 g of X50(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)

2% 0 — 4% =+ 0>
INAGS }.()VRUA) (2-8[0[3) Ucyot}j'
ol 0.0vbh (VS p.05¥S 0.0(30b%

wolt 60 VR oo

(ii) Suggest what X is.

(3 marks)

(c) Explain whether the decomposition of X,O(s) is a redox reaction.

Bt oxgen wawlAT Fx0 ael x 5
X% NINCA .

(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).

(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)

/\Joﬂ’& wide 4 AR = 23220 o fuy - 0,016 3inef

KavlV)

/\/0.94( VV\Q)(( "4[ NkHCO; - 0_0(62/5{/\/\«:/(
moss ok Nafl(os

\7s

€00byh X (Y3 14 1y tbx3)

f

| ldhé}
T st - -

[ .Sy

81.37

v/

(2 marks)

Answers written in the margins will not be marked.

2022-DSE-CHEM 1B—4 4

Answers written in the margins will not be marked.




Answers written in the margins will not be marked.

3. (©) 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.

Mﬁ\/wd( AL

__H/ Tuvns 'f‘fo‘fv\ \ad\m o «J’\(QM')L‘

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

l weted

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

(3 marks)

(1 mark)

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

4, Consider the molecules H>O, BF; and SFs.
(a) H;O molecules can form H;0% 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.

| INco|
A &

(ii) Describe the formation of dative covalent bond using H;O" as an example.

H-0 &w”{ A {H‘”\ (’130*. HV\A ‘ﬂ'\% loss oy
deClion o ‘M\?I K \ - declrony o o 17&9 ocfet
e

(3 marks)

[

(b) Explain whether the boron atom in a BF; molecule has an octet structure.

OV ooy e ot v
vfermost, ghalls 75 fwll} fillef . So
!70\1(7“V\ ATV BF& wu(wwtb ot
"U[JUC (-K(W"TV‘N . (1 mark)

(©) 6} Draw the three-dimensional structure of a'SF¢ molecule.

_ F

//// I . \\\\

S
s
¥

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

4. (c)

(d)

OV\\VA

bt
Se

Sk, © D»POW wolecwle Wil BE3 s mm,[w[w

WO,\(LW\L . éo S-Fb l/\o\b —H\L l/\tU[MA( lyo[ll'l'x(} fOMT ‘ﬁ/\ql,\ B(Z}

(it) Explain whether SFs is a polar molecule.

Buwk The glecfeneglivety gt canet] oL eah
OTW . §’° 5?(‘, S {70(&‘( W\\"lv(x‘l’\"t

(2 marks)
Explain the following increasing order of the boiling points of the three compounds :

BF; < SF¢ < H,O

H‘u O (5 OOV\‘KA\‘V\ l/\‘ao'{reyz\/\ Lv\’\o{ (,JL\;‘(J/\ SFb 'ay\y{
Aow L con fain. -
F.O -l \/\r?fkut Loi lm? ?o\‘“”[s .

(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.

The following hydrogen-oxygen fuel cell and aluminium-air cell are primary cells. Their simplified
structures are shown below :
Ho(g)—— B O2(g) =
aluminium anode = cathode Y
anode A cathode B iz
| = air
unreacted Ha(g) =—» unreacted Ox(g) x

and water vapour

concentrated KOH(aq) concentrated KOH(aq)
hydrogen-oxygen fuel cell aluminium-air cell
(a) What is meant by the term ‘primary cell’ ?
I oo, Lg i
C\/\D\ a %, ) (1 mark)
(b) For the above hydrogen-oxygen fuel cell,
@) write the half equation for the change that occurs at anode A.
+ -
H> 9 T M+ W
(ii) suggest one disadvantage of using this hydrogen-oxygen fuel cell.
A v(\v\‘vov\w\w(o\\ ,Fw M\} .
(2 marks)
(c) In the above aluminium-air cell, oxygen in air reacts with water to form hydroxide ions at
cathode Y.
(1) Write the half equation for the change that occurs at cathode Y.
O» R0 + 4 — 1 Ok
(ii) The half equation for the change that occurs at the aluminium anode is as follows :
Al(s) + 30H(aq) —» AI(OH)3(s) + 3e~
Write the chemical equation for the overall reaction in the aluminium-air cell.
30> + bH0« 4l —4pl (oH),
(iii) Suggest how aluminium can be obtained from aluminium oxide.
electio \ﬂ{
(3 marks)

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

6. Consider the following chemical equation for the formation of CH;Cl from methane and chlorine :
CHu(g) + Clx(g) — CHsCl(g) + HCI(g)

(a) Name the type of reaction involved.

redox  reaction .

(1 mark)
(b) State the condition needed for the reaction to occur at room temperature.
\) \‘ \\‘3\’\-&/ (1 mark)
(c) 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 (Cls) is a
reactive chemical species.
(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 + CH4 —)l ‘M \ + Cl"qa
One of the steps in the termination stage :
CHye |+ A |~ coma
(3 marks)

(d) Explain why CH;3Cl is not the only organic product formed in the reaction between methane
and chlorine.

(1 mark)

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

® @ @ X

(1 mark)

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

/0'\“”‘](

7. An experiment was perfgrmed to determine the enthalpy change of neutralisation between Ca(OH).(s) and
HCl(aq). 100.0 cm? of 1.0 M HCl(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)a(s)
was added to the cup with thorough stirring. The recordings of temperature are shown in the graph below :

Addition of Ca(OH)y(s)
A
245 T
i
.

24.0
1%
>
% 23.5
o
o
g
o4

23.0

225 e e St

0.0 1.0 2.0 310 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).

ColoHh + 2hl — Colhs +1H50

(1 mark)

(b) (i) By SKETCHING on the graph above, estimate the greatest temperature rise of the contents
in the cup.

The greatest temperature rise = 1- ‘ °C

Answers written in the margins will not be marked.

2022-DSE-CHEM 1B-10 10

Answers written in the margins will not be marked.



Answers written in the margins will not be marked.

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, HCl(aq) is in excess. Calculate the enthalpy change of neutralisation
between Ca(OH)x(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™;

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, C1 =35.5, Ca=40.1)

T; :W\C/A‘T | -
Moo fude 4 Gt 20T L 33 e

Yo. f(t(ﬁ‘)x\/
N _’{L W’(L ﬂ‘? Hd :——(% x [ = OJVM’(
AU s ekl
Ne 4 e 4 HI - b3Sk v - 00005
No - b wde 4wt - 0.0155 woly
T = 0.+435x ¢y x»l aH - 18]

0.0y
1513

593 Jud
> 0.5 g

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

\/

J

(5 marks)

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) + H,0(1) —» Ca(OH)a(s)

HHL = = 8b - s )
P —n/jf'L\' léjww(—'

(3 marks)

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

*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)

S‘(m})k((—fc% :@Q\JB\\O& The ivownn  Tfo  powlert aiv
0\/\/\_0/( wio (e
&

ArdFe X RS L(P) T s Towie while ao\,'V”\V\fS{Md,_ %)

VN ‘[ M

the ¥ WSTW\Ji’ ?uv&/\"['.;evx ./1f o\ —wed {3 ust.

Answers written in the margins will not be marked.

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

PARTII
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™3.
PCls(g) = PCls(g) + Cla(g) AH>0

In an experiment, 0.84 mol of PCls(g), 0.16 mol of PCli(g) and 0.16 mol of Cl,(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.
(ii) Explain whether the concentration of PCls(g) would increase or decrease just after the
reaction started.
(4 marks)
(b) Explain whether K. would increase, decrease or remain unchanged if the temperature of the

equilibrium mixture is increased.

_TLWI)MJML fV\c,\(LM . the ¢iwl(\]ﬂ’flft“« wf”
S\/\\“{(/ o V“OI/\J\/. Kc wt‘)wlﬂ'{, o(wvewr/(.

KC/ Q( __L- (2 marks)
fCle

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

500 em® measuring cylinder —

chemically unchanged at the end of the reaction.

H>0:(aq)

MnO;(s) + detergent solution

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

0y, tA0 — O~

10. At room conditions, H>O2(aq) would decompose into O»(g) and H,O(l) very slowly in the absence of
MnO,(s). An experiment was performed as shown in the set-up below :

When 10.0 cm?® of 3.00 M H2O2(aq) was mixed with a small amount of MnO5(s) and detergent solution at
room conditions, O.(g) started to be released rapidly and foam was produced. The MnO(s) remained

(1 mark)

) Explain how manganese illustrates a characteristic of transition metals according to the results of
this experiment.

(1 mark)

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

10. (c) Upon completion of the reaction, all the H>O2(aq) was used up. Calculate the theoretical volume
of Ox(g) released at room conditions.
(Molar volume of gas at room conditions = 24 dm?)

(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.

(2 marks)

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

11. Compounds P, Q and R are structural isomers having the molecular formula of CsH;20. Their structures are
shown below :

g o
CH;CH,CCHj; CH3CH2CH2(IIH CH3(IZCH20H
OH OH CH;
P Q R
(a) Give the systematic name of P.

S—W\J\\B(JDV\TO\V\ -0 \

(1 mark)
(b) Heating Q with acidified K2Cr,O(aq) under reflux will give an organic product.
@) Draw a labelled diagram to show the set-up for this reaction.
([;H 3
of|
(ii) State the expected observation for this reaction.
(iii) Write the structural formula of the organic product.
(4 marks)

Answers written in the margins will not be marked.

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

11. (c) W is an organic compound containing five carbon atoms. Under suitable conditions, R can be
prepared from the reduction of W.

@) Suggest the structural formula of W.

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

(2 marks)

(d) 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.

ek CH,
Wl oF i

/N D

Cty ChCH, CHCH,H
S v

(1 mark)

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

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.

/\/\/OH ’\/\

HO

(3 marks)

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

*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,0  MgO  ALO;

CLO

(5 marks)

END OF SECTION B
END OF PAPER

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

) Name the relationship between 12]1 and 1231.

—(\\e/:) ole /\soto\aeg.

(1 mark)
(b) The electronic arrangement of an iodine atom is 2, 8, x, 18, y. What is x ?
(1 mark)
() Draw the electron diagram for potassium iodide, showing ELECTRONS IN THE OUTERMOST
SHELLS only.
t o= e
[ R
(1 mark)
(d) Suggest why an aqueous solution of hydrogen iodide can conduct electricity.
.1’& \\Cé Y\o&\\% \o\'\s .
(1 mark)
(e) In terms of bonding and structure, explain whether potassium iodide or hydrogen iodide would have
a higher melting point.
- C
Potssiion okl oo oot oo stnataie Lo
aCing,
ghreegn Tobide Jeo Sie blectsr §
—kl.gx Glwn
L \,a\s.,\m L g by S
VRN W G S ; AL
oal
Yo dox Ve Bavis . Thas | pelottlam
\r\aw Sa\ \’\\%\’\W \V‘"‘\’;\‘S V;\\"t'
(2 marks)

Answers written in the margins will not be marked.
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2. The diagram below shows an experimental set-up in which a metal oxide X,0(s) is decomposed upon strong
heating. A silvery metal X and a colourless gas Z are formed.

XzO( S)
]

heat

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

A Oxjsq,, ‘ 1t wngk{s « S\OJLS ) SH]&& )
(2 marks)
b) When 3.028 g of X,0(s) is completely decomposed, 2.819 g of metal X can be obtained.

pas; Calculate the relative atomic mass of X.
U (Relative atomic mass : O = 16.0)

a : 6-o¥bx .y gl
k'ﬁﬁ - 1;\15 3. 0% ~arran =L "]
No. f wole of K20 = yaqslbox2
2 .‘ZLX . oS6X = /H L6 )(1'%1"&.
Yx4 Lo )
RGN
=X 2K .
R L
(i) Suggest what X is.
(3 marks)
(c) Explain whether the decomposition of X>0(s) is a redox reaction.
Yos /L le o8 Tt s %05 ‘
(1 mark)

Answers written in the margins will not be marked.
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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 NaHCO3(s) and HCl(aq).

NakCos t HY 5 N+ Cae £ Hao

(1 mark)

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

W e
ND‘D ha\e, -{l HC/\L\?\)L\S(I,(]'Z 0/6‘?%& | 0o°®

- d:olby \p—m\

\J\QSS **‘Q’ N\HCG& = O.olby x&)lmf lot(L.o¢ [k.n)\y

3¢ oy

9/o L\j mags .p NaHlos . & PIBY/A
[-S2

= 8%

(2 marks)

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

LnAfcg, ‘d—b

* <«§t3 arctecids ooutg?n’l\hj

3. (©) 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.

d“ Srwae . L ‘J\**OQS '(Lw, \«Jdlw to ved.

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

PH wmeter

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

oClmys

uﬂ\\ slj{, th‘t/ (‘/0), . Ay-s )M«SS‘/\H,UI/\“DL,
?\‘C?gx,{, uvx(‘/vh‘POVtQL\L.

(" Zv\s

NRHcoits) , I8

(3 marks)

Al

(1 mark)

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

(b)

(c)

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

H>0 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.

(ii) Describe the formation of dative covalent bond using H;O" as an example.

HLO L.:Hl\ ‘O\w., \)&‘k$ b‘) U‘@C‘Uro(q -Lk'd-e, ontomest dhels
Y N e dlectinn 1o do sutornst shell,

0 Seved 1t lone wle b decton o 147
tng fomed Mot |

(3 marks)

Explain whether the boron atom in a BF; molecule has an octet structure.

@

ND. 1{.‘ v"\‘ L\RS ‘L Qle,C«"’V"\S .)V\ 'tLb blq'{/m/(d
QLO\lS bw{, 0\0“/&‘

(1 mark)

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

Answers written in the margins will not be marked.

Answers written in the margins will not be marked.
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4, © (i)

(d) Explain the following increasing order of the boiling points of the three compounds :

Explain whether SFs is a polar molecule.

\1,0&,1{’/ s LQD&GSL 7t hes @he@'(oﬂ‘ tructue,

(2 marks)

BF; < SFs <H;0

BFS has & \C"'lm\a'b il eguley chructue, |
JARS \‘WlPJCV\{LS TP Lbu —bo\se{},p,« tj wesle yan AW LJQOJ&(«[;%
Thws ) 15 has fo lonest ho\fb ?Jcn{;,

g\z&, hes & kt\f)ﬂ/v _Sv\vp“&/ area So W Irw‘JLe, ‘uﬁw

1\@& Uherdh o overcame e Ty Ko e o Fi o
\”Mﬁ YJM& foor, BFs,

20 has S‘b\w\ -0 baw; .Ho«wl Mo hey He

(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
structures are shown below :
Ha(g) 0x(g) =
aluminium anode 4. cathode Y
anode A J I_ cathode B =
unreacted Ha(g) = — > unreacted Oz(g)
and water vapour |
concentrated KOH(aq) concentrated KOH(aq)
hydrogen-oxygen fuel cell aluminium-air cell

(a)

®)

(©)

What is meant by the term ‘primary cell’ ?

T can ok(:) be «wied otee . (1 mark)

For the above hydrogen-oxygen fuel cell,

(i) write the half equation for the change that occurs at anode A.
My oYMt +2e
(ii) suggest one disadvantage of using this hydrogen-oxygen fuel cell.

A (7=l\o. Uony

(2 marks)

In the above aluminium-air cell, oxygen in air reacts with water to form hydroxide ions at
cathode Y.

@) Write the half equation for the change that occurs at cathode Y.
4 -
k \ 5 AP +2e
(ii) The half equation for the change that occurs at the aluminium anode is as follows :

Al(s) + 30H(aq) —> Al(OH)s(s) + 3¢~

Write the chemical equation for the overall reaction in the aluminium-air cell.

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

Hev;(, AH, vlﬁln MO\Q

(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 from methane and chlorine :
CHa(g) + Clx(g) — CH3Cl(g) + HCl(g)

(a) Name the type of reaction involved.

C{L@wv«ﬂ‘ff]o\«,

(1 mark)

(b) State the condition needed for the reaction to occur at room temperature.

G"(‘) i L

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

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

(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 :

Cl- + CHy > +

One of the steps in the termination stage :

+ — CHsCl
(3 marks)
(d) Explain why CH3Cl is not the only organic product formed in the reaction between methane
and chlorine.
(1 mark)
(e) 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.
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7. An experiment was performed to determine the enthalpy change of neutralisation between Ca(OH)(s) and
HCI(aq). 100.0 cm® of 1.0 M HCl(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)a(s)
was added to the cup with thorough stirring. The recordings of temperature are shown in the graph below :

Addition of Ca(OH)J(s)
A
24.5 RN o i
* O e O
e |
24.0
1
°
g 23.5
5,
o
g
8
23.0
22.5 oo 9 -0 @

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).

(wlot)acs) 4+ 2HYug o Calluogt 2 _:,O'(,L)‘

(1 mark)

(b) (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, HCIl{(aq) is in excess. Calculate the enthalpy change of neutralisation
between Ca(OH),(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™>;

specific heat capacity of the reaction mixture = 4.2 J g1 K;

heat capacity of the expanded polystyrene cup : negligible)
(Relative atomic masses : H=1.0, 0 =16.0, C1=35.5, Ca=40.1)

(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) + H20(l) > Ca(OH)q(s) AR ["
o

Colotheg 12 Hel o - (atheg ¢ Yho) g
(ot + MLl gy 5 Cuclutpt - Hao () itbo

Ctodend %&*\\%\\) dhae = -0 - (-R0S) - (-h)
- K\ ltj pol !

(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)

T “’Q%SL‘J*\‘@M QhA b&‘\&"\‘&(k\ ale_ L,{L D}-&Vu,b Nrobw _pk,,._, Fastis .
f

(i less  vesctie. thas ven . I fe in- b'\{:?ka cx&'(/
‘Lﬁl’“ﬁ“‘r e Mren Todde il be o wgtwl Vo
Howww, [ i‘\}t\““'i‘t} Une Jo e pesctle they ey .
Trow ot be rsted | guen ¢ Yo Zhe yet clAheJeqL.
Recewse  2lne | cocrifle  Ttdd 4. hee
Catpolim Fint . Thws, 4 Tty Q0 be Protecte d,

Answers written in the margins will not be marked.

2022-DSE-CHEM 1B-12 12

Answers written in the margins will not be marked.



Answers written in the margins will not be marked.

PART 11
Answer ALL questions. Write your answers in the spaces provided.
9. At a certain temperature, the equilibrium constant X for the following reaction is 2.25 x 102 mol dm™>.
PCls(g) = PCls(g) + Cla(g) AH>0

In an experiment, 0.84 mol of PCls(g), 0.16 mol of PCl3(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.
(ii) Explain whether the concentration of PCls(g) would increase or decrease just after the
reaction started.
(4 marks)
(b) Explain whether K. would increase, decrease or remain unchanged if the temperature of the

equilibrium mixture is increased.

1,L [Jo\.\u Tnorerce . "{Lb qzqv\ll”bl:(”"\ the s V?s\nt

(2 marks)

Answers written in the margins will not be marked. -
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10. At room conditions, H202(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 :

, ( H20:(aq)

500 cm?® measuring cylinder ——

MnO,(s) + detergent solution

When 10.0 cm?® of 3.00 M H,0,(aq) was mixed with a small amount of MnOx(s) and detergent solution at
room conditions, Ox(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 H20z(aq).

2 {u0uspp 9 Ougy  + Lihow

(1 mark)
/
(b) Explain how manganese illustrates a characteristic of transition metals according to the results of
this experiment.
Ta B poyle by Ao,
(1 mark)

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

(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.

(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;,O. Their structures are
shown below :
CH3 (le:; ?H:;
CH;CH,CCH;3 CH3CH2CH2(|3H CH3?CHZOH
cI)H OH CH;
P Q R
(a) Give the systematic name of P.

‘7‘4{,0\'«-;): 0\

(1 mark)
(b) Heating Q with acidified K.Cr,07(aq) under reflux will give an organic product.
6)] Draw a labelled diagram to show the set-up for this reaction.
°\°(4 “P‘('A (CYONITR )
; 1
€N
N
hest_
(i) State the expected observation for this reaction.
Te Cil 4ung Ao 4peen - 6%‘5& .
(iii) Write the structural formula of the organic product.
CH 4
(4 marks)

Answers written in the margins will not be marked.
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11

(c) 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.

o 4 [_,( [
Cf 0

H—C-C-c-c-c-H
N O T

HH 1
(ii) Suggest a reducing agent required for the reaction.
Ly
(2 marks)
(d) 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.
(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.

HO

NN

/\/\/OH—-*\/\

Ak
o) 1 L\T)

UAH},L@\‘\

o Pl

—)

(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.

NaZO MgO A1203 Cle

: (5 marks)

Lo Nasd b6 adled €0 cater,  NeOH TS fumad o 767

plledte - - —
« e AV o £ wer, Hio

Agdoes end Oc[owbu odves . M0z ol tesct 24
Hospm .
UxO will wob sy Lith ke

END OF SECTION B
END OF PAPER
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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)  Write 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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