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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. Both calcium (Ca) and strontium (Sr) are elements in Group II of the Periodic Table.

(a) What is the name of Group II ? ©

Alkeline earth vnd'o\‘s

(b) Limewater is a saturated solution of calcium hydroxide.

(1 mark)

(i) Carbon dioxide gas is passed into limewater until the solution turns milky. Write the

chemical equation for the reaction involved.

Ca(0|4);(aol)+ COJ_(j)"" Cal3csy + H20w

(ii) When excess carbon dioxide gas is passed into the milky solution in (b)(i), a colourless

solution is formed. What is the product of this reaction ?

Ca (HCO})Q.

(1 mark)

(1 mark)
(c) The table below shows the abundance of each isotope in a sample of strontium :
Isotope 843r 8Sr 87Sr 88Sr
Abundance (%) 0.56 9.86 7.02 82.56

Calculate the relative atomic mass of strontium in the sample.

Relative almic mass 0]0 Sy

= gUK 0.6 §6x 1.86% + 81K T.027, t 88X SET

= 517,

(2 marks)

Answers written in the margins will not be marked.
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@

(i)

1. (d) Strontium reacts with chlorine to form strontium chloride.

(iii) State ani i:glain the difference between the electrical conductivity of solid strontium and

Draw the electron diagram for strontium chloride, showing ELECTRONS IN THE
OUTERMOST SHELLS only.

[s T2l €3]

(1 mark)
Complete the following sentences :

(1) The bonding in solid strontium is the electrostatic attraction between

Fosiﬁve» S Tons md 'se0 o defocalised elecfrons

(2) The type of structure in solid strontium chloride is a

structure. .
: (2 marks)

that of'solid strontium chloride.

gn,) € n ot Wfa(/ i s'fmcf(/me‘

Stromg metallic bond oxidt bofween Sr¥ Tous and
j the ‘sea’ vf de localized elecfions

SYC(zmTS M qiant Tenlc YTV(MTMV‘G,
Stroag  Teate bend exid” befween §% amd ([ 7oms
Howevey Sv@ and 7 Tom Ta gVC(L“)?Sh{f MO[)?[ZL
SYesy has Ae‘ocaf?se,& e(e(Tnms,

Thas Sy com amduct elecfricity Al o
Sv Clatg om't cond nct C/(ec'md{j.

Answers written in the margins will not be marked.

2023-DSE-CHEM 1B-3

3 [ Go on to the next page>

Answers written in the margins will not be marked.



Answers written in the margins will not be marked.

2.

The extraction of lead metal from lead(Il) sulphide (PbS) involves two stages.

Stage I: PbS(s) and oxygen gas are strongly heated using the experimental set-up shown below.

(a)

(®)

(©

(d

Lead(II) oxide and a gas X are formed in the combustion tube. Gas X is passed into acidified
K2Cr207(aq).

OXygen gas )

combustion tube
— .

acidified K,Cr,07(aq)

Suggest a method to obtain oxygen from air.

FYACT[W al distillatio n

(1 mark)
Gas X turns acidified K,Cr,Q7(aq) from.grange to green.
(i) What is gas X ?
SOx
(1 mark)
(ii) Write an ionic equation for the reaction between gas X and acidified K,CroO+(aq).

- + 2- 34
Crz04* gt 350 t Mg 35047 g 42 o
+ , '{ZO (1 mark)
Write the chemical equation for the reaction that occurs in the combustion-tubre. ( Y

PbS;S) + O)cj> — Phes) +SO7,cj)

(1 mark)

In view of laboratory safety, explain where the experiment should be performed.
Fume (MQ\W s -

SO, T dn waNC gus | mark
) . 0 vuniemS ( )
7 1{ W\M\ (s e \!WQO\H/\\NL \’Ewk\!\ | \Nl\y

Answers written in the margins will not be marked.
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2. Stage Il : The lead(Il) oxide formed in the combustion tube is separated and placed on a charcoal block.
The oxide is then strongly heated as shown below.

Bunsen flame

(e) (i) A solid produetis formed from the reaction in Stage II. Describe the appearance of the
solid product. — Te—

The. solid §//\Tmy and ?W;y

(1 mark)

(ii) In terms of oxidation number, explain whether the reaction in Stage II is a redox reaction.

¥ -

bh 7 veduced i the reaction  maw

Thes, 1 ¥ o redox. yeaction,
of +2

\/a
(719 Jeweow,s s 0%?&0((701/\ MMM‘%V mn ’7(70

%Qdéﬁl ‘
4y the oxdd‘im vw\ml/w of 0 Tn Ph

Answers written in the margins will not be marked.

Answers written in the margins will not be marked.
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3. The following table shows the results of some experiments carried out on three, B and C.

) Metal A B C
Experiment
Reaction with water | no observable change no observable change reacts vigorously
Reaction with dilute 9 lourless gas Y no observable change (This experiment is
hydrochloric acid evolves moderately dangerous and should
e NOT be carried out.)
Strong heating in air | a white solid is obtained | no observable change burns with a lilac flame
after cooling .

(a) According to the above experimental results, arrange these three me i rder of
reactivity.

C )A\"_B

(1 mark)
(b) Suggest a test for gas Y.
MSQJ Y L“VW:(MQ s HV‘T‘
A ( ‘Nr ' oseun will ’ae, l’l@.dh’(( .
(1 mark)
©) (i) State an expected observation when metal C reacts vigorously with water.
Matal C dissolves ™ wler.
Y les hubbles
<. ')(\I‘Q lo\OV 5 ol (1 mark)

(ii) Explain why it is dWe reaction of metal C with dilute hydrochloric

acid.

The weaction s Wﬁh exoThevmic
causimg HCltag) bl aund even

9)7&19% wit from the codomen
and ww\ It ?w\v\e and  porrode (‘n‘(l«}vt?f

(1 mark)

Answers written in the margins will not be marked.
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3. (d) Using the following items ONLY, Qutlin¢ the experimental procedure and é;?an expec

observation to confirm the relative reactivities of metal A and metal B.

—

a strip of metal A, 3 strip of metal B, A(NOs)x(aq), BNOf(aq), test tubes
A the J’rir o]o mefal A 4 « test ke 010 BA03 (ag>.
ALl Ahe stp o metal B o o tuf Tube f Awo,bm?,_

Metal A will cidrlwi B n Bl\](h(aq) )
Oewmmj By owd A (V03 ) @G,

Pt tin mal B Wl Acwiz) 2 (a9
has wo o peevunble (//lmlnje,,

(2 marks)

Answers written in the margins will not be marked.
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4.

Tartronic acid @ is an organic acid found in cucumbers.

(a)

Q)

24.62 cm’® of 0.207 M NaOH(aq) can completely neutralise 25.00 cm? of 0.102 M tartronic acid.
(i) Calculate the basicity of tartronic acid.

ne. ”\0 pvoles "][ Na OH @)

.6
—%-0-6“ X 6.7

S0 ox(p™
" L "‘f wles 014 +artronic ocid

.
=50 X 0,102
3

2088 xfo”

W

t)

\!

L

2.65x 0073 L Sl xw0? = 2
Thus Ftavtroni acid has ba{fc?'(’? 0@ 2.
S;y\(,e' , W\o'Q tl]t 'H’Mf add Com heu‘f’yw?u_ (2 marks)
(i) A molecule of tart?fo'r‘ll‘i'gL:fl’?:idcvt;)r(t\aigl/so‘!:t hx(c?rziz‘l group. Write the structural formula of
tartronic acid. :
o
0 OH
f |
0

(1 mark)

Under‘ certain conditions, the pH of 0.102 M tartronic acid is 1.87. By calculation, show that
tartronic acid is NOT completely ionised in water.

Haecyeﬁcq( YH ‘,10 0.102 M farlronlc acl J

-
-

-

- coj [o.loxx2])

0.69L (.81,
Acfm.l ‘>H 15 lower Thaw Haeoretical ’,H

Thus fav Tromic wid TS gt W"lrlde{y tonlsed In wely,

(2 marks)

Answers written in the margins will not be marked.
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5. P, Q and R, each represents one of the following compounds :

CHyF CF,4 C@

The following flowchart can be used to identify P, Q and R.

B (), ©
(P) QandR |—» Any hydrogen R
bonds ?
Y% —
Yes
(2 Q
(a With the aid of a diagram, describe and explain the formation of hydrogen bonding between
P molecules.
r——_———
xX
l—{ xxx -~ [——'\ e~ )X(Fx
- T——— . ~
. )}i . l - covalent hond |
;E — - X% I/\b’e\m?fm hond .
*

H (Jyo en ‘NV\J 6)(?5.(' bQ‘fWCCV! H afom {]a HF—
o\j& the ijltj e(eﬁmk\?o\'ﬁue ofom F .
F o Nﬁ[«lj e(eﬁﬂM?a‘(’ e

Tl’UAS ! S;rVU?L R
Tnler VV\O(eLV\\W 0\‘(:(‘/MT oV ex 5T hefween

delto positive K atows and e(aa’vov\ejaﬁv& Foaloms |
b)

(i) What is Q ?
CH;:F

(i1) Explain, from molecular level, why Q is polar.
C-H bwul ‘,ef-ﬁy?’ﬁes "f CHy & oot
cancel ot the C=F bmd polarities T H;E.

Thos Q3 plar (1 mari

(3 marks)

(

(1 mark)

’

Answers written in the margins will not be marked.
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Hexane (C¢H4) is a liquid fuel. Under gertai

of hexane was determined using the follow
temperature of 100.0 g of water by

gxperimental conditions, the enthalpy change of combustion
set—u-p-—’l’hrcﬁ)-u)stz?)sn 0€0.120 pof hexane i the

thermometer

aluminium can

water
hexane
CHy(H ;)q.“'(?
(a) Calculate the enthalpy change of combustion of hexane, in kJ mol™, under these experimental
conditions.
(Assume that the heat capacity of the aluminium can is negligible and the specific heat capacity of
water if S'K1)
(Relative-atomic masses : H= 1.0, C = 12.0)
OH ¢ L hexane (o) ]
—13. 4 X4 2 X 100 [
- 0.12 X -To00

(X6 + (K (W

t!

_ 4933 b T mol ]

,

(2 marks)

Answers written in the margins will not be marked.
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6. (b) (i) Write the chemical equation for the complete combustion of hexane, showing all state
symbols. —

Co Hiw () "'%Oll(y — 6(’01(?) t >0y,

(1 mark)
(i) The following st‘zilldard enthalpy changes of @ are given :
CsHia(1) = -167.2 kJ mol™!, HO(1) = ~285.9 kJ mol™!, COx(g) = —393.5 kJ mol™!
e — —
Calculate the standard enthalpy change of combustion of hexane.
OHe
CeHiw wy 2 0rq — ( 002—(7’ + TH20(0)
\5\4. | T ¢oHs f-rAHz
) §C s +.7Hz-(o)7 ‘(”(5(101(7)
b
OHE [ hexanegl
S ((-393.5) + T8 - (H6T.2)
= WA kT el 7
(2 marks)
(c) Besides heat loss, suggest one reason why the answers obtained from (a) and (b)(ii) are different.
(1 mark)

Answers written in the margins will not be marked.
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7.

X and Y are hydrocarbons. Their structural formulae are shown below :

Oy

(@)

(b)

(©)

@

Y:
¢, :
| H H

H:Cr—C— ||
. (‘{"""C-f-CHZCH3
H S
CH3  (cHypo 6H0800, I A

130y (rHu) =5 SHa0+5(0

[4
Write the systematic name of X. —);07-

di W\eﬂ/\L]\ \’voyomc
(1 mark)

Suggest one difference between the Eurmng haracteristics of X and Y.
COM}) ) LW{( (on o‘F Y oo
M,A (Lff 6)() g e ‘H/\o\vx “H\I\t dfl K

(1 mark)

Besides burning, suggest a chemical test to distinguish between X and Y.

Add EMalg capr OM({'VFE%J meL{imm.
Y Lwns v5°l/"‘ﬁ°"\ TJ}"T’W\ '7"“"»'& ty onlowvless.
X has m obeenotble cWlee, ’

(2 marks)

Y can form a polymer. Draw the repeating unit of this polymer.
CH3 'ﬁ 1

c— (|' J
“4 GH2CH 3 (1 mark)

Answers written in the margins will not be marked.
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8. Using the following items ONLY, design an experiment to electroplate nickel (Ni)@ an iron rod.

d.c. power supply, a nickel strip, an iron rod, nickel(II) sulphate solution, connecting wires, a beaker

(a) Draw a labelled diagram to show the experimental set-up. painél ‘hl:lj w e )

Fe vod

NT$0g (M]?
heakey

(2 marks)

(b) State one function of nickel(II) sulphate solution in this experiment.

Dein elccholjfe. \
C‘W\'de elec V\'C@J ow\(l be dewmresec‘ a( ]qm'l Niey,

(1 mark)

(c) Write the half equation for the formation of nickel on the iron rod.

N',”( L 42e"— Nig
qp' (1 mark)
(d) Ni(s) is a stronger reducing agent than OH~(aq) ions and SO4*~(aq) ions. Nickel(II) sulphate solution

is green in colour. Would there be any expected observable change in the solution in this
¢Xperiment 7 Explain your answer.

No
Tn #Hw {’,Xrev]memf, N}”fﬁ "m‘(’?nmmslj J)m]cmn'f?ﬂ“j
&1‘(‘/\0\V\7"1& o furm NT©) n Fe n)(l
Ni sty D * T also ofm‘f}nwm;[]

-

PV*L{WETV\” -A'.scW/v CA _fu 30(/\041 N?ﬁ ns,

i ; 2 mark
(e) State one purpose of electroplating nickel on iron objects. }0 obser (/Otbl,( (,A g,

Prevent rus 1:7 .

(1 mark)

Answers written in the margins will not be marked.
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*9, Outline the steps in preparing magnesjum sulphate crystals from solid magnesium carbonate and dilute |

sulphuric acid. You do NOT need to mention the apparatus involved:

Al extess MaWs o) Tty dilufe HxS0¢ caq .

(5 marks)

Filtev to 60(‘C&J the vz sulting MMSO‘(’(Qﬁ7-{
Heat MaSO‘f g o be Sf\\('l//tm'h’/k} |

Wait f'w Ooolmla dowin And r,vuch/{tzdf/m

Wesh the Mafd LVMSTO\,I w:fm@ﬂmoumf 7ﬁ vold

Ltilled watéy

va\ Mg SU¢ rvm(fa'; M‘H'\ {:lHV P’\D(/V,

,MJo. Slg (mﬂ‘af; is Imloawu(

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.
10. Consider the reaction represented by the equation below :

i
¢ Li&‘(aq) 2B(aq) + C(aq) AH@O +

In an experiment, a certain volume of 0.40 mol dm= A(aq) was initially placed in a container, and this
system was allowed to attain chemical equilibrium at constant temperature Ti. The following graph shows
the variation of the concentrations of A(aq) and C(aq) with time.

"'g 0.40
= \
Q
E ]0.30 4-H\
= =
.2 o
s 020 4
EQ 3 // " €(aq)
8 ‘V _—— /
£ 10.10 s )
© / (ad)

L/ \ 7

0
0 10 20 30 40 50 60  time/minute
(a) According to the above graph, give one reason to support the following statement :

“The system just atfajned chemical equilibrim at the 30® minute.’

(,o'wcevﬁmﬁovi O]Q CW[) am{ A M7> o ?Y?\f’l/\
W/M&M;Amncho\v\ﬁgd a)f%e,r/\ 30th minute

(1 mark)
net the
(b) Draw a curve on the graph to show the variation of the concentration of B(aq) with time. (1 mark)
(©) Calculate the equilibrium constant K. for the riaction at temperature Ti.
Ke = [Ocam ITEC “?LJ
LA raq) J*
(0.3)% (0.(5)
I S AU E S
= (o.0)>
= ,~ 35' W“’( ‘lmzl/ (2 marks)
(d) When the temperature of the equilibrium mixture changed from Ti to T2, a new chemical
equilibrium was attained. The concentration of A(aq) was found to be .14 mal dm™ in the new

chemical equilibrium. Deduce whether T1 or T: is the higher temperature.

-

Covcentval ton a{! A noased ]ﬂvv-m 0 (M 1 0. (4M ] T2,
Thus, eolmif}lfr?mm ’mh‘im shift 1o {gf{ to reduce chow:ja,

Cinee the veactTon 75 endo thermic /\,Tl s (O‘wevjeml)evﬁ('u\v{ Han T,

Thug , Ty 7s the Aijl«ev Jremrem‘f“wt. -

(2 marks)

Answers written in the margins will not be marked.

2023-DSE-CHEM 1B~15 15 [ Goontothe next page>

- |

Answers written in the margins will not be marked.



* Answers written in the margins will not be marked.

11. Compounds X and Y are cis-trans isomers with the same molecular formula C;Hs.
(a) X is polar but Y is non-polar.
. —
(i)  Give the systematic name of X.

s - hut- 2 - ene

(1 mark)

(i) Write the structural formula of Y.

H; C

‘CH;3

(b) A mixture of X and Y can be formed from the dehydration of an optically active a}éghdl Z.

(i) Suggest a reagent and a reaction condition needed for this reaction.
———— ‘_—/"
Al2 03 (s) )
ing .
'd{ 60\1’ ’lj (1 mark)

(ii) Write the structural formula of Z.

oH

AN

(1 mark)

(1 mark)

(iii) Draw the three-dimensional diagrams for the structures of the pair of enantiomers of Z.

OH (l> H

f
C

/i”" s ) ey
B

C HyC
H>C e H

(2 marks)

@iv) Describe the difference in the qptical activity between the pair of enantiomers of Z.
The |wC|r «\0 maut lomer ¢ o‘F Z utates
4he Y[qm Yg(w\( 20T lom o{z r(oww, -(;o[w]w& l}j h'f

™ Yewof‘\fe A‘we(ﬁom , (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.

( 2 3 ¢ L 3 4
CH3CH2CH2CH20H —_——> CH3CH2CH2C9NH2

n m/ t )
CHs (Ha (Ha(H 01 Mobsag/ oy,

TN (05 W ¢ 7 M
CH;(H;G"z COOH z\NHztj)/L\%'t

CHs (H> (Ha (0 NH:2

(3 marks)

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

(a) In terms of bonding and structure, account for the difference in the melting points of the following
oxides.
SiO; P4Oro :> SO;
| Melting point (°C) 1710 340 72

S10z2 5 In Sant  covoentt sTruwfwe.

PeOro ond G5 i m Sinple moleculaw ffvmzj[m.
St vvolenl bond exist between Si md () m‘fums‘
Ov\l Wm[c Van dev \/quls‘ -Pwoc;
extst befween [)6(010 Mulecules OLVl(l S0 mf/ecvt{eg,
Thus S0z has [/\"jhev Me’ﬁnj- ’w‘mf than P00 amd 50, .

VeOto has much (avaer mwleutlow see PN
T{/\Vts Pt& Q(o has frrowj van der L\/M(c( ﬂﬂvce IH'(W%%

Pe Q1o mofooul es,

Thus Pe 000 has mﬁkw w-eh“mj ro’um‘ Hhan S0,

(3 marks)

(b) Fe?*(aq) reacts with H»03(aq) in anedium to form Fe**(aq) and H,O(1).

@) Write the chemical equation for the reaction.

‘ ZH‘P(Q?) + 2‘:eu'(ﬂ1) '(' HLOl(ﬂD’) ‘—achg‘(‘mﬁ, +2HLO(-()

(1 mark)
(ii) State how this reaction can demonstrate that iron exhibits TWO characteristics of
transition metals.
T ~4iom md/«ﬂ has _va\MHL ox“dofhlm Sfﬂfef
yom$\ ) - 3t
Such as 2 m Fet ad 43 m Fe
Transition metal has m!""‘y\”‘l(’l/ﬂ’["l} 5t
3 and gellowsit brown  fe®
gn Fe' and g2 '
snch s }’“Ie e ¥
(2 marks)

Answers written in the margins will not be marked.
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*14.  Consider the following reaction :

. —I\
B + H 2 +CO
r2(aq) + HCOOH(aq) — 2HBr(aq) A8) Kton | o
Describe and explain how to follow the progress of the above reaction by measuring the colour intensity of
the reaction mixture. E required. Sketch a labelled graph to show ¢ d

results and explain the shape of the graph.
(6 marks)

e a alovimeter o
mensuve the uo[oy M‘fem’rwl of reaction m?x‘fw*(",

absovbonce \ \

: time ()

_!()V\' the  vtactomt <ide, Brisan i byown in_colov
The vemalning HC00H , HBy and (0> are all colorfecs,
The veacTTonJ s (virevevsible .

Thus, offer time umceritraf ton o By, wy deutases,
The weaction mnfwe \/\o.c oy caley_ ifen sitiy and

liakt  abcorbance .. g

Aoy wmpw’(e react ion o ter time , the |ight
o\bmbamw O\YO})I T 0 shee \mo mwt By 7}J. mw‘f
’rm VMC(' {on mp(TlAYQ remeing le(‘MYlJ( D\/D(‘](A('(

J’\WOW Smee - vﬂad’vmf.J%z(Mn nd HCOOHM@) k;
cncenctvation  depreases by time,
Chowce mP Hedtive clliston (weys .
The VvC(fa 0'(2 racl Tm |iwers  fyom tine 4 time
Thus ﬂ/\ejrm‘)l« dhows & wrve o o

END OF SECTION B
END OF PAPER

Answers written in the margins will not be marked.
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PART 1
Answer ALL questions. Write your answers in the spaces provided.
1. Both calcium (Ca) and strontium (Sr) are elements in Group II of the Periodic Table.

(a) What is the name of Group II ?

Plkaing mefoxl

(1 mark)
(b) Limewater is a saturated solution of calcium hydroxide.
() Carbon dioxide gas is passed into limewater until the solution turns milky. Write the
chemical equation for the reaction involved.
CA [OH)z [M’) + COLﬁ) — CACOs (s) ‘f’ HLO{I)
(1 mark)

(ii) When excess carhon dioxide gas is passed into the milky solution in (b)(i), a colourless
solution is formed. What is the product of this reaction ?

CAHC O, (wp -

(1 mark)
©) The table below shows the abundance of each isotope in a sample of strontium :
Isotope 84Sr 86Sr 878r 88Sr
Abundance (%) 0.56 9.86 7.02 82.56
Calculate the relative atomic mass of strontium in the sample.
The rebtive atomic mass -
7]
= R4X0.56% + 86X 986 % + 81X 1.02% + Il X 2564
= %713
(2 marks)

Answers written in the margins will not be marked.

Answers written in the margins will not be marked.
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1. (d) Strontium reacts with chlorine to form strontium chloride.
@) Draw the electron diagram for strontium chloride, showing ELECTRONS IN THE

- (i)

(iii)

OUTERMOST SHELLS only.

/ S]z[@

Complete the following sentences :

(1 mark)

(1) The bonding in solid strontium is the electrostatic attraction between

the. lnckice a//\mh‘on " “and 6{6106«'11'% electons .
ma‘b&| A—l;\«w. Surro mg

(2) The type of structure in solid strontium chloride is 3iom't Ine,ta.ufc
structure.

(2 marks)

State and explain the difference between the electrical condubtivity of solid strontium and
that of solid strontium chloride.

Solid shrontiom conducks efec&n’dy while solid
stvortium chloride doeskt . Because  solidl hrontium

has ofe[oca’izerl( e[ec%rons VJA}’e 50/70( stronbium
cMoriole oloesn/f have o{e/ocoz/izeo/ e/&afmns or

mobile 7ons

2 mérks)

Answers written in the margins will not be marked.
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2. The extraction of lead metal from lead(II) sulphide (PbS) involves two stages.

Stage I: PbS(s) and oxygen gas are strongly heated using the experimental set-up shown below.

Lead(I) oxide and a gas X are formed in the combustion tube. Gas X is passed into acidified
. e ——
K2Cr207(aq). o +é
PbS(s)

OXygen gas

combustion tube

acidified K,Cr,O+(aq)

(a) Suggest a method to obtain oxygen from air.

Frackional distillstion of };?m{ air

(1 mark)
(b) Gas X turns acidified K,Cr,05(aq) from orange to green.
@) What is gas X ?
S0, @
(1 mark)

(ii) Write an ionic equation for the reaction between gas X and acidified K2Cr:07(aq).

Cr,_O-,r +350,00) + 1H4[ ).’- B — 20 ) + 31504,2%7)
() +350p) T f o f )

@ Write the chemical equation for the reaction that occurs in the combustion tuhe.

2 PhSls)+ 30;@ —> 27h06) fzsog@

(1 mark)

(d) In view of laboratory safety, explain where the experiment should be performed.
TInsde the fune L o) & fmJuce&{

(1 mark)

Answers written in the margins will not be marked.

2023-DSE-CHEM 1B—4 4

Answers written in the margins will not be marked.




Answers written in the margins will not be marked.

2. Stage I1 : The lead( II! oxide formed in the combustion tube is separated and placed on a charcoal block.
The oxide is then strongly heated as shown below.

lead(II) oxide

Bunsen flame

charcoal block

(e) (i) A solid product is formed from the reaction in Stage II. Describe the appearance of the
solid product.

T has o SATm\y surfoce

(1 mark)
(ii) In terms of oxidation pumber, explain whether the reaction in Stage II is a redox reaction.

Yes N the oxidobion number A Lead decrensed Fom
12 4o O

(1 mark)

Answers written in the margins will not be marked.
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3. The following table shows the results of some experiments carried out on three metals A, B and C.

) Metal A B C
Experiment
Reaction with water | no observable change no observable change reacts vigorously
Reaction with dilute a colourless gas Y no observable change (This experiment is
hydrochloric acid evolves moderately dangerous and should
NOT be carried out.)
Strong heating in air | a white solid is obtained | no observable change burns with a lilac flame
after cooling
(a) According to the above experimental reéul’ts, -arrange these three metals in descending order of
reactivity.

C>A>B

(1 mark)
) Suggest a test for gas Y.

A pop somd test usihj A Luminj 5f/nd:

(1 mark)

(c) @) State an expected observation when metal C reacts vigorously with water.

. The metal Sldes on the swhee of witer and melts

(1 mark)

(ii) Explain why it is dangerous to carry out the reaction of metal C with dilute hydrochloric
acid.

1S S0 exa%ermic %05{7 i‘k //I calise gn gw)o/ajian

N
The reackion

(1 mark)

Answers written in the margins will not be marked.

Answers written in the margins will not be marked.
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A7B

3. (d) Using the following items ONLY, outline the experimental procedure and state an
observation to confirm the relative reactivities of metal A and metal B.

a strip of metal A, a strip of metal B, A(NOs)x(aq), BNOs(aq), test tubes

First , pour BNOs(oﬂ) mbo the test dube ard sl & shrip
o metal A ato the colidion . The metal A wil slowly
dissolves and Predfreba’cas ore formed .

expected

(2 marks)

Answers written in the margins will not be marked.
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4.

Tartronic acid (C3H4Os) is an organic acid found in cucumbers.

@

(b)

24.62 cm® of 0.207 M NaOH(aq) can completely neutralise 25.00 cm® of 0.102 M tartronic acid.

() Calculate the basicity of tartronic acid.

The no. of mles of NaOH () 7 0.201X 28 - s 0% X

The no. of moles of tarbranic acidl = 0.102% 22 = 2.55X 103

] _ S.09%xp*
- The bo.siC,i'Ly' 2s5x00* =[98 & 2

(2 marks)
-OH
(i) A molecule of tartronic acid contains a hydroxyl group. Write the structural formula of

tartronic acid. = | -
0 H o
[ T
HOo— C-c —c—oH
('>H ’ (1 mark)

Under certain conditions, the pH of 0.102 M tartronic acid is 1.87. By calculation, show that
tartronic acid is NOT completely ionised in water.

[H)]= 07 = 0.0135M | Concenttion of acid 0021

- 0102M = much more [“{7” than 0.0135M

- TS nob Com ,c’oely thiSéO(
The concertrotion oﬁr acd & much hiJLer then kyo[Vogem ims

(2 marks)

Answers written in the margins will not be marked.
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5.

P, Q and R, each represents one of the following compounds :

The following flowchart can be used to identify P,Q and R.

CH;5F CF, HF

Any hydrogen

P,QandR —»
bonds ?

(@)

(®)

P Q

With the aid of a diagram, describe and explain the formation of hydrbgen bonding between
P molecules. 4

F’/, ,
H/ _‘///H/F /,,//H/F-

As Flowrine adom i mua\ more e!eckronejd;i ve than %ya&ojen
m»Lom, 'ﬂw ou‘bermos‘b 5/)6” e/ecfrons o'lﬂ H s /u”wl fDWara/S

A
becomes wtom

F odom M F adom . ‘neja\“{;ive while H abom 7s fa;;»Lia/c,
W’\L F a'bm thn.ﬂl H a:fom pﬁ Jif/a’&n{? molecu)(i ﬂﬁmds

ench  olhay due 4o Hhe electiostydic a\ﬂmalﬂ‘on andl

hAyolotmaen bond % %rmeol between A/é))’q poir o Fatom (3 marks)
Wl hydogen aton. In werage, exch H-¥ . decles are boded b

(i) Whati1s Q ? 2 A‘{AVOSMEMJ'
C Hs F : (1 mark)
(ii) Explain, from molecular level, why Q is Pﬂlﬂ-

7}&, Folar C’F ar\.(ll C'H Lonols Can% Cance/ auf
each other .

(1 mark)

Answers written in the margins will not be marked.
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6. Hexane (CsH,4) is a liquid fuel. Under certain experimental conditions, the enthalpy change of combustion
of hexane was determined using the following set-up. The combustion of 0.120 g of hexane increased the
temperature of 100.0 g of water by 13.4 °C.

thermometer

aluminium can

water

hexane

(a) Calculate the enthalpy change of combustion of hexane, 'in kJ miol”!, under these experimental
conditions. i re
(Assume that the heat capacity of the aluminium can is negligible and the specific heat capacity of
water is 4.20 J g 1K)
(Relative atomic masses : H= 1.0, C =12.0)
2120

The @rfthﬁ’m’ chan&e = "(’00)(4-230,(]:3.'4).‘::‘ (13x 6114
Z-4030000 ] ,,,,}-"
=-4030 kI mol™"

(2 marks)

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

(©)

() Write the chemical equation for the complete combustion of hexane, showing all _state

symbaols.
2CeHa (D) + 0= —> 12Co215) + HH0(9)

(1 mark)

(ii) The following standard enthalpy changes of formation are given :

CeHia(l) = —167.2 kI mol™!, H,0(l) = —285.9 kJ mol!, COx(g) = —393.5 kJ mol™!

Calculate the standard enthalpy ch_ar_l_ge of combustion of hexane.
LHE
CoHulpt 5 Ol) == 6C0.) + TH:00)
T ang® PeoHe®
6C()t THAY+ 5 |
COtTGTZ0) (Ot oG+ THOG)

|

TOHE
+6(-343.5)+1(-285.9) - (-161.2)
= 4195.) k3 mol”

A Hf[:CeHw]

n

(2 marks)

Besides heat loss, suggest one reason why the answers obtained from (a) and (b)(ii) are different.

ﬂUL e)cferim@ffb Cani(ucté’ﬁ/ n (ﬂ) S na‘b 'Ww/er room %e/n/:emfwe
and 1 dbm (standord  condrbions)

(1 mark)

Answers written in the margins will not be marked.
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7. X and Y are hydrocarbons. Their structural formulae are shown below :

X: Y:
CH;
: H H
H;C—C—CH;
H;C—C=—7/=C—CH,CH;
CH;3

. ')«‘_‘ e l

(a) Write the systematic name of X. |

——

Z,I’Aimeﬂ(y)fropane L .
-t o .

(b) Suggest one difference between the burning characteristics of X and Y.
o ——— — —

Y wil })r’oo(uce 4 more soé{ry Flame than X

(c) Besides burning, suggest a chemical test to distinguish between X and Y.

Ad  sciddified XM O, [u;) o X ol Y respectively.
Ohly Y can decolowrize F“"f’,e KMn Os (w]) while X cant.

(d) Y can form a polymer. Draw the fépeating unit of this p'olyiner. ‘

”‘\ .},” “ NN
C—2¢C
| |

CRs  CHueh,

(1 mark)

(1 mark)

(2 marks)

(1 mark)

Answers written in the margins will not be marked.
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8. Using the following items ONLY, design an experiment to electroplate nickel (Ni) on an iron rod.

d.c. power supply, a nickel strip, an iron rod, nickel(II) sulphate solution, connecting wires, a beaker

(a) Draw a labelled diagram to show the experimental set-up.

- d.c. rowev s«rfly

Yo
conrnecting wires
- oty
beaker
'\TCLE) .S'Evilz_ ron YoU(

hI\C!cel (Jl)sa}fl\a‘te Solw{:ion

(2 marks)

(b) State one function of nickel(II) sulphate solution in this experiment.

To Frowole mab)le 1ons 7[}0}' co/\a[wdﬂ'ﬁ € ec'bnaf/ ana[

Com f’ei’c; the creuib. (1 mark)
() Write the half equation for the formation of nickel on the iron rod.

2t
NiTlog) +2¢7 —= Nits)
(1 mark)
(d) Ni(s)isa stronger reducmg agent than OH (aq) ions and SO4%~(aq) ions. Nickel(II) sulphate solution

is green in colour. Would there be any expected observable change in the solution in this
experiment ? Explain your answer.

TLMC V\Oh'lr' be any ob;e/vaue CL\M@Z, AS N KSB B a 5-17Voyﬁe/y-
reo{uu“r\ﬁ Dﬁ%t W\ﬂ( % ‘ﬂae mnoo{e . fl\e e,x)?er'zrnen‘L F‘k s n})ove,

OH( )m\d S04 )1« the elechochamical series avel 7

})ref@reh'bm" discha j(o{ wrdl sidized o N,’( ) which ZL?/MIS}')

'H\Q, Nlﬁ[ ) Y@{uc M\W[ U{IS(J\N‘:?@/ A'L' ‘d’UL C’a‘”wo[ €. (2 marks)

LN Aq)] remaihs m\J\m\@
(e) State one purpose of electroplating nickel on iron objects

To yreven‘t Yon underneath the nickel from ms%Mj 4as

IYon Can‘L' con't‘ﬂ\cf Mtl’\ ay anﬂ{ wo.fer an\/mare (1 mark)

Answers written in the margins will not be marked.
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C03(5)

*9, Outline the steps in preparing magnesium snﬁphate crystals from solid magneSium carbonate and dilute
sulphuric acid. You do NOT need to mention the apparatus involved. —
" WS04 (o) (5 marks)

E‘ugﬁ (M(U{ 2x(ess }Q‘ !fgﬂl Oz (5) mﬁQ 2 @de unil no cglaudess \
g bubbles are g:wm aub . Second, Bl the miscure am( collect the
Mo\SOKr[M) 3 i
am‘ Cool it yoom temperoture . ﬂ\M ‘szer ‘Ifl\e mv?‘ e and
Mfw L e o

| i<l wete ( f 7 %

coliec

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.

10. Consider the reaction represented by the equation below :

2A(aq) 2B(aq) + C(aq) AH>0

In an experiment, a certain volume of 0.40 mol dm™ A(aq) was initially placed in a container, and this
system was allowed to attain chemical equilibrium at constant temperature Ti1. The following graph shows
the variation of the concentrations of A(aq) and C(aq) with time.

"”g 0.40
© \‘ ; : \)
=]
B 030 4 = s
= !
2 e
s 0.20 - 2
B N C(agq)
8 ot » .
5 0.10 i/
° e (ad)
0
0 10 20 30 40 50 60 time / minute
(a) According to the above graph, give one reason to support the following statement :

‘The system just attained chemical equilibrium at the 30* minute.’

71\1 cgncen‘bt’mliion 010 C[AP And/ A/m’) remains uncfmn(jca{
sbber the 30™ mmube.

(1 mark)
(b) Draw a curve on the graph to show the variation of the concentration of B_ga_(l) with time. (1 mark)
(c) Calculate the equilibrium constant K. for the reaction at temperature T1.
 LB6pI*LCly)]
Ke = [ Ml
(0.3%)(0.15 )
= ;.(I‘ == 35 wol " dm®
(2 marks)
(d) When the temperature of the equilibrium mixture changed from Ti to_ T2, a new chemical

equilibrium was attained. The concentration of A(aq) was found to be 0.14 mol dm™ in the new
chemical equilibrium. Deduce whether Ti or T is the lgg@t_egx_w

As LA [aT)] rises it shows that the qui/iln'um /wsi'h“on 2 shifted

'l'o ‘Hl(’, /eH;. As Hne -yﬁnrn/arol veackion 72 eno/nf}permic_\‘fhz
new 'bem}?em{?ure sod be lwer. So T is the higher iemfem-l;ure.

(2 marks)

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

Compounds X and Y are cis-trans isomers with the same molecular formula C4Hs.

(a)

(b)

X is polar but Y is non-polar.
P

(i) Give the systematic name of X.
————

B V\Jc ene

(1 mark)
(ii) Write the structural formula of Y. e b
- H
N /H
C
K7\ /H
/ MNP
Ve
H ¢’
/N
H H (1 mark)

A mixture of X and Y can be formed from the dehydration of an optically active alcohol Z.

() Suggest a reagent and a reactlon condition needed for this reaction.

concevrbfui:wf H..504 (£) Aeapr woler reflix

(1 mark)
(ii) Write the structural formula of Z.
H H H
I
H-(C—Cc—c—(-H
N Y A
R OH H H
(1 mark)
(iii) Draw the three-dimensional diagrams for the structures of the pair of enantiomers of Z.

H
I

\

C
/ H C t)
HC ‘%)Hl(;lhczuS Ho ™ %:ICHLCHS
3

— X

(2 marks)

(iv) Describe the difference in the optical activity between the pair of enantiomers of 7.

Ty ke plne of pobzed Jot n opoibe diechons

(1 mark)

Answers written in the margins will not be marked.
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12. Outline a synthetic route, with M N THREE STEPS, to accomplish the following conversion.
For each step, give the reagent(s), reaction conditions (as appropriate) and structure of the organic product.

CH;CH,CH,CH,OH — > CH;3;CH,CH;CONH,

naidihed Ks Cra0s(o4)

CHx CH.CH, CH.
: CH CH CH OH keA%?nﬂ urdor reflux

> CHy CHa CH. COOH

CHS CHz CHZ Co N Hz & A PCls (s ed m organlc 501‘/@44{)
2. NH3

(3 marks)

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

(a) In terms of bonding and structure, account for the difference in the melting points of the following

oxides.
SiO:2 P4O1o SO
| Melting point (°C) 1710 340 72

Silh has a qoit comlent stuchwre and it _mfamé are
bonded L\/ Acsitiag\w'b Lohal POy arol S0; has a shnf’e molecular
stvuclures ;\24 their molecules are hald J’}’ weale yan der
Woals Brce. Bs covalent bond slamr\jar than van der Woal's
%rce, $0> has »ﬂ.e hﬂ}\egb me/ﬁ )7o'mf. And as Ps0o has
A much {nrﬂer moleculor size :24;'; SOz, it has a &57)%3@/»
van der Waal's dorce than SO: thus PaOp hos « lrz‘ﬂler
rne}%)nj pont than S0.

@3 marks)
(b) Fe?*(aq) reacts with H,O»(aq) in an acidic medium to form Fe**(aq) and H>O(1).
(i) Write the chemical equation for the reaction.
. _ 24
LH )t 2R F HhaOslng) —> 2P +24.0)
(1 mark)
(ii) State how this reaction can demonstrate that iron exhibits TWO characteristics of

transition metals.

AL

F H’S‘b , Iron consist o‘F varies axyo{n‘ﬁbn states ( fezfano[ feh).
Second 3 fonsl of iron s w/oarec/ .

(2 marks)

Answers written in the margins will not be marked.

2023-DSE-CHEM 1B-18 18

Answers written in the margins will not be marked.



Answers written in the margins will not be marked.

*14.  Consider the following reaction :
Bry(aq) + HCOOH(aq) — 2HBr(aq) + CO2(g)

Describe and explain how to follow the progress of the above reaction by measuring the colour intensity of
the reaction mixture. Experimental details are NOT required. Sketch a labelled graph to show the expected

results and explain the shape of the graph.
on‘ (6 marks)

< s COIOM whm ‘H’IL é)jD@VimenJD Pmceeo/s S
Bra [%> IS cangumed @ni 1'% brawn colour 4 d'gg,gnd &uegﬁug[{,[
1 olou y ring the cdouy D\Joensi‘bx/ ,the
o A‘,eicrems- i concemtrti ' (. be r,

ID}fosress o B reachion _can_be ﬁo”ov/w{

N\
N
\
\” R

; Time
Hhe Thitial ¢ raton f reactonts R whest
fhe whole process of reaction it will have the highest reaction
rale. Howevey reac are S tratjon
mﬁ reactipn p(ecrmses N Wlﬂcla means ﬂm‘b M nd?i _ o7£ collision
— betuiean Brleq) and HCOOHLoq) moleailes_decrences ovd the vobe
o _eflechve cllisin also_decreases_So the robe of veachion

corbinue +o decrasse as ﬂm reackion qoes ' Le
Ra(wf) % used up ol the colowr infens}%v Yemain wnc/m%e

/
28 'ﬁLIL rea&fon \S‘bo/DS. ﬂu;rey%re). ‘ﬂw @Ya}?l‘ ShowsS g curve.

Colour il\'kefl Sity

END OF SECTION B
‘END OF PAPER

Answers written in the margins will not be marked.
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=
B | Nl 3t @% \

NHs(g) 4 fels)
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