1. @ (M ) Completc (he expression given below (0 determine the charge KQ) of an alom in & Lewis -
sructre by inserting the terms N,. N, snd N, in the appropriaie bones, where,

N, = oumber of valence clecons in the som
N,,= numbor of clectrom in lone palrs
Nyp= number of clectrons in bonding peirs srownd the stom

Q =[N ]-[Ne]- L[ Ne
(01) (01) (o1)

. Rl lnuv_MH‘.N‘,ﬂH.hhqummmnﬂ-p
an 8, Q(sulfur), in the stmctore SOF, gives below.

+1o.

Q(sulfur) = 6 |-[ 2 --% B | = ool
(01) (01) fo1) {04) (10 marks)
Mark independently

(i) Draw the most acccpiable Lewis structure for the jon, OOF;.

tle
o .

E—Tj-:o
i

(iii) The most siable Lewds strocuure for the molecule CH,SO (sulfine) is shown below. Draw another
two Lewis struciures (resonaace structeres) for (his molecule. : L

(07 marks)

8
: > %E..é i :}E—ET’
H © @ H ® @
P handV
Disregard the dou arrows
{Any two) (07 marks x 2 = 14 marks)

(iv) Basod on the hypothetical Lewis structure givem below, stale the falowing regarding the C, N

and O sloms given in the wble below.

I. VSEPR pairs around the miom I. electron puir geometry arousd the som
Ul. shspe sround the stom IV. hybridization of the siom

X0 PR

The atoms arc nombered as (ollows: C‘—N‘—Z—O‘—ﬁ-ﬂ'
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(v) ideniify the atomicMybrid orblials involved in the formation of the following o bonds in he
Lewis structure gives in part (jv) above. (Numbesing of stoms i = in pant (v))

L N—Q M. L R - S
. O—N P, ..
M, N—H  Ne....... A

V. CO—0"  CovoeentWorrirsorenns :ﬂ'..ﬂﬂ.& .....

{01 marks x 8 = 08 marks)
1{a): 55 marks

i

o 300P..... ORI SRR [ 2. %2 SERY IR, SO
3d/d 2 2, 1.u +1,+2 lﬂ

[lnn-'hluz:uunrm

(t) Mdentify the iype/s of lmicrmolecsinr forces present io 1, 11 and Il gives below.

I. Ar gas
Lundnn dispersion forces

.....................................................................................................................

1. NO gm
.dipole-dipole + London dispersionforees =

ill. watcr sample contsising a small amons of dssoived KO
Jondipole + Hydrogen bonding..................ooooooovooeeeeeeee

(01 marks x 5 = 05 marks)

(iii} "The boiling point of -butase (CH,,) is higher than the bolling poist of propese (C,H)"
Giving remsons, state whether this statement is tree or fallse

..Jrue ...{65)
hutanaﬂnﬂ nmme dmotmﬂimhmm nt lrhmanr. amd ......
._...._pmpanea.tenmmlar MOIBEUES.......coceoeecvenerenee oo {a2)
....... Farres.acking.are Londen.dispersian forces.. . SOOI | * 1 |
......3ince n-hutane is.greater.in slze.ar molar, maﬁ tlmnmm.._....-.- .......... {02)
....... Landan dispersion. fmmhebuemn—hmmmdemlsammlhanm
....... AMOPANRMAELUIES... ...t reces e eeese s AU)

...xnerefare, balling paint.af . GeHw. > GHs........oooo e

(Iv) Arange the following in the decreasiag order of the property indicated in pasenthescs. (Ressons
arc mot roquired.)

I. Li,€C0O,, Nu,CO,, K;00, (solubllity in waler)
LKCOs > NaCOs 5 1005 (%5)

NF,, NH,, NOCI, NO; (bond anglc)

------------------------------------

L0 > L HCN....... > ...C0CL.....> .CHaCl..... (05)
1(b): 45 marks
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3 (0) X, Y and 2 e slementa (hei beicag 0 the 1ame growp ln the Perlodic Thble. Thay are In thoe
successlve periods respectively on desoending the prowp. Y exisms m 2 mon-mesallle coloured liquid
al room lemperai.

(1) Ideniify X. Y and E. (Olve stomic symbols.)

An u-g ------------ Yo ... .“L...m. Z= u-n-!nnul ™
Note: Donot award marksfor X: Q, Y: B Z: i
" [04 marks x 3 = 12 marks)
(1) Indicais the relstive magnicudes of the fol with regard to X, Y ==d Z.
I. Atomic alma i > > cl
EE———
fl. Hiectron afMinky Cl > » !
em—
. Mine lonimation energy cl » > I
Note: X, Y and Z have gl| to be co order to awanrd for 2{a)(i)
provided all three elements are Identified correctly X, Y & Z can be used to flll boxes
{03 marks x 3 = 09 marks)

(1) You are provided with aquacws solutions of the ssloms of X, ¥ and Z, sach in & separsio test-
Suggeel & single rengent that oould be wed o idsuilfy these anlons.

[Note: You aro required 1o sisto the observation for each enlon.|

Reagont: ANy solUtiOn . (04)
Otmorvation: X White RRCIRRAL ... e o2)
Oortheslom) o paleyelowprecptste — —  (m)
2 dark yellow precipitate (02)
bopsind-riwdaiomermr- \ % JRERTAE TR .

Reagen: R (oo S (04)
Otorvaion:  X: Colourless organiclayer =~~~ | (02)
(orthanion) . redorangeorganiclayer (02)
2. Violet organic layer (02)

..................................................................

Even if X, Y and Z have been identified as Cl;, Brs, and |; marks can be awarded
(iv) Give balenced chemical equations for the reactions of X.(g) with the fellowing.

I. NH,(g) 3ChIB). ¢ 2NHa(g) > Nag) t6HCHR) {03)
Or 3Ch(g) + NHa(g) - NChig) + 3HC(g)
Or 3Cl{g) + 8NHa(g) > Nafg) + 6NH4CI(s)

i ainon - Cllg) + 2NaOH(aq) - NaOCl(ag) + NaCaq) +Hz0(l) (03)
Note: Physical states are not required for the award of marks

L

(v) Draw the structures of twe oxoecids of X. - :IDI. \,__s" .
L] - . (L] _|l C. \‘\“ -."

H=0—CF H=0—G=0 X\ . % A S

H 't? g_\‘:_ﬂ H-Q'/:l!u%_g' B- o\ J

HCI
Hoi'n‘rtwn {Hnm shapes and Im?; pairs hwmﬁ?l‘bmdi m

) (03 x 2 = 06 marks)
(vi) Name ome metural source of X, ¢ water/ R““Hml’mﬂl%]mymm‘ (Carnallite)
(02)

(vii) 1. A monomer that containg X forms an addition polymer that is widely used in the manufacture
of waicr pipes, Draw the structse of (ho monomer.

H H

):=C/\a (03)

11. Wit e full mamme of the polynsar. ............. Oyl chloride | (02)
I 2t@): 50 marks |
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Cupercnent of Exarminetions - Sri Lanks

() Anqmumomﬂuhdu.mmmmmuummm
(Frosh portions of solulion @ were used for each tost @ 1o @),

Test

Otwervation

Q

A colouriets gas wad ovolved,
Dilute HC! was added. A clear solution was obialned,

I|The gus ovolved was tesid whh fher

paper moistened with lead acetate, No colour change

@| 1] ARaC1, solutfon was added. A white procipitate was obisined,

11| Tho white precipitste was scparated by flitration, | The white precipitals dissolved with the
and dil. HOY was added 10 It. evolution of a gas.

m The gas evolved was lesiod with u flter paper| The colour changed from omege 1o
moistenod with acidified potassium dichromate. jresn.

@| Cone. HNO, and an excrss of smmoniom molybdats A yellow precipitate did not form.

solution were added and the mixture was warmed.

@ | Devarda's alloy and NaOH solution were added mnd| A pm (et mumed Nomslor's meagen

Lhe mixiure was haated. brown wis evolved.
@ A blood red coloured solotion was
A FeCl, solution was added. A

() Mdenlify the three snions in solution Q.

L. ST SCN i R IR o

(i) Write the balanced chemical equation for the: reaction taking place In test mursber @ T
3501*‘:’107}*2”*'3‘350‘2“”&“*“10 ettt (24)

Oor
3(50z + 2H20 =3 SO + 4H* + 2e)

CraQr* + 14H* + 62 2Cr%* +7H:0

350z + €O + 2H - 3504 + 20 + H:0

(03)
(03)
3302 + 6H20 + Cra07" + 14H* 5 3504 + 12H* + 2P + THO (02)
(06)
2{b): 50 marks

3 @ Mahﬁmlm.aiﬁllzhammmfdhnh;niﬁhimmnshmmﬁma

miethylamine,

CHNH(e) + HO0) v CHNHs) + Offa)

() Wrile the

K=ICH3HH§(aq)]'[OH'(aq]]
B R —

jon_for K, of methylamine.,
=Bl’m:d.-: Correct Physical states are necessary

LELEE TR LY P e

O

(i) Atﬁ‘&ﬂnpﬂﬂhdlﬂﬂﬂdﬁﬂﬂﬂﬂmﬂmmhﬁmh 11.00. Caiculate K,

CHaNHa(aq). .+ HaQfl). 7, CHaNH (a). +. OH:aq)

----------------------------------------------

AsthepH=11, PO = e (02)
£ J0H” (2] = JCHNHE (3q)] =. 1.0 02 mmah A2 o (a2)
......... 1022072 Mol AT w10 ML 072 FOL A= oo versseeresessteseseesssosntesseenss
K e 02 moldm=3 [uufu }
........ 2 mel i i (02401)

14
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Coniidenttal

Dapartmant of Lxaminations - Sr Lanks

(i) A volume of 25.00 cne’ of the solution In (1l) sbove was ltrated with 020 mol dar® HCOY 21 25°C.
Calculule the pH value of the solution at the equivalence polnt. (K =10x 10~ mol dm®

o 25°C)
Reaction of CHyNH:(aq) with HCl s,
CHsNH{ag) + HCI(aq) 3 CHaNHACl (aq) (or CHsNHy'(aq)) (03)
Stolchiomatry of the reaction,
CHsNHa{8q) : HCI{aq) : CHsNHsCl (aq) =1:1:1
Equivalence point = 25.00 cm? {02)
.+ [CHsNHy*(aq)] at the equivalence point = 0.2 mol ::‘;:_;’5:;:-3 %

= 0.10 mol dm™3 (04 +01)
pH at the equivalence point Is determined by the reaction;

CHaNHa*(aq) + H20(l) ¥ CHaNHz(aq) + Ha0'(aq) (A) {03)
inltialcon  0.10 0 a
Eqmeoon.  0.10-x x x mol dar? {02)

For the Reaction (A):
— [CH3NHz(a@)][H;0*(aq)] _ Kw (02)

K =
. [cHsNHE (aq)] Ky
1.0 x107* mol? dm™5
= ST s 2.0 %10~ mol dm? (03)
. -5 _ Ll
~20x1077 = s ™ 13 [MHPJ
2010710 = 2
% = 141 %10 mol dm™ (04 + 01)
-5
- pH=-log (141 x10 ) =4.85 (05)
3{a): 50 marks

(b) In an experiment, a limited volume of |.00mol dm® HNQ, was added to & precipitale MX(s) and the
system was allowed to reach equilibrium st 25°C. This resulied in partisl dissolution of the precipitaic

giving rise to & clear solution. The HX(aq) formod behaves s a weak acid.
(i) Write chemical reactions for the oquilibria existing in the ahove solmion.

HX{aq) =H*(aq) + X(aq) (04)
MX(s) =M*(aq) + X'(aq) (04)
(02)

H20{l) #H*(aq) + OH(aq)

(i) Calculate |X(aq)] in the solution assuming that the dissociation of HX(aq) is negligibls. (Solubility
product of MX i 25 °C, K =36 10°" mol>dm*)

MX(s) + HNO3— M*(aq) + NOs'(aq) + HX(aq) {05)
The concentration of M*(ag) =1.0 mol dm® (04 +01)
Kspin = [M*(aq)] [X{aq)] (05)
X~ (aq)] = 22BN 36107 mol dm?
(04 +01)
- 15
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D-il'b-qnil—ﬁnun 31 Lanky

(05)

*mw-{MlaquliqnMﬂﬂ’fﬂﬂ"t’ﬂ“
ool =36 10" T molt go¥ (05)
R R R — o
Tﬁi'ﬁiﬁ'&‘iﬁh‘ﬁiﬁi‘ﬂi&‘ﬁﬁﬁ'ﬁ‘rﬁ'{m .................................................................... os)
Dﬂ m“”.wmmww“.,,...........................................................,.........ml
No common ion effect (0s)
Solution is saturated (05)
The value is larger {05)

3(b): 50 marks

§. (a) The alcohols A, B, C wd D me gructeny
GHGO. A. B and C show optical isomesism,

mnnmuewmrua.auc.

3 Caupgenly ot

isomers of each other having (b molocals Tormsla

CH;,
]
CHyCHCHCH, CH4CH,CH,CHCH CH{CHCH,CH,
oA OH CH,0H
wunbedlnninwm
ml.cunmmﬁnﬁmmp,x,vmzumw.m
MI.YHZMEMHkhECNDWHMMﬁHH‘.
(i) What is the structee of A7
CH3CHCH,CH,
|
CH,OH
A

On heating with conc.
product G. G shows
formula CH,,. When E and F are reacted

All

ﬁii)[hwl‘.hﬂrmmdl.c.n.l.lfldli.

m‘awnm:mr.mw.wmccmnmuu
mmz.rmuhﬂum
w“iﬂrhm-pﬂnﬂmﬁ:ﬂ.

CH,
CH3CHCHCH, OH OH
OH CHyCH,CH,CHCH, | | CHyCH,GHEH,CH,
B C 1]
Chy
CH, - CH, CH;,CI:CHZCH:,
CH:;CCH:CH;; CH30=CHCH3 Br
E ] H

02 - Chemistry (Marking Schome) | G.CE (AL} Examination 2017 | Amendments to be Included.
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Daparimend of Exsminaiions - Brl Lanke

o

Lonfdumilal

L T -

() Drew iho struciures of tha diasterecisoman of G,

H

H3C

AY
,G-

H

4

CHaCH,

H,HF

c‘wc,f'

CH,CHy

Structures can be drawn In any order

(b) Conslder tha two resction schoman given balow,

NH,
?um

v i

St.n

Renctlon 2

0-3°C

HlM’_l:_l_| EHCI 1

04 marks X 12 = 48 marks

| Mo 48 mlmJ

————

{-on/0H

TRl T "

& — &=

Nota: IFJ =
NGl

CH,OH
03 marks only

(i) Dmw the structures of J, K and L In the boxes given below.

(ii) Write the roagenis ¥V and W In the boxes given below.

v

NaOH Or

ON

W

BN:, ‘I:N
- CHOH
OH,::—O—N=N-©-O
CH,OH
J K L
Note:; Award marks even If OH Is writtan Instead of 0" In the structure K.

m PCC

(Ifi) Writing Ag. Ay, Sg, By or E In the appropriate box, classify esch of the resciions 1, 2 and 3 a1
electrophilic addition (Ag), nucleophilic addition (A,), electrophillc substitution (8,), nucloophillc
substitution (8, o¢ elimination (B) reaction,

Reaction 1 S Reaction 2 Si Reacilon 3 Ax
05 marks X 8 = 40 marks
a(b): 40 marks |
{c) (1) What is the structure of Lhe major product of the reaction between CH,CH=CH, and HBr
CHsCHCHy
Br (03)
(ii) Write the mechanism of the above reaction.
©1 (01 (1)
Br

Note: ignore &+ and 3- if written near the H and Br of HBr'and award marks.

/\ng

CH3yCH=CH,

-_—

CHsCHCHy + Br

(03)

(03)

—p» CHyCHCH,

a{c): 12 marks

(2 - Chamistry {Marking Scheme) | G.C.E, (A/L) Examination 2017 | Amendments to be included.
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5. (@ The following maction coours when NaRCD,(1) ia hested 10 & teegovaiure shove 100 °C.
2 NaHOO,(0) w4 Ne,CO,0 + COMa) + ROW o
A samplo of i an ovecusted closed ripd cosminer of 500 dm' volume
heated 10 338 °C. :#ﬁ:“-ul—-um,mnmu

B cottainer. The pressure of the comminer wis found 10 bs 10w 10° Pa. Amamd that the volume of
the solids remalaing in the contalner is negligitle. BT = 3000)mol™ ol 328°C.

@ Chiculatn the sumber of moks of H,0(g) in the comminer whan the equilibrium | reached m 338°C

2NaHCO;3(s) + Na;COa(s) + COx{g) + H20(g)
System has COx(g) and H;O{g) as gaseous sppdas.
Assuming ideal behavior or (PV = nRT) {08)
Mol = ProwV/RT
=1.0x10°Pax500x10"m® /8314)K ' mol'x 601K  (02)
= 1.0 x 10° Pa x 5.00 x 10 m® / 5000 ) mol!

= 1.0 mol (05)

Mot = N H20ig) + N coig)
According to stoichiometry N wzoig = N coaly) (02)
 Dyzo(g) =0.50 Mol (03)

(i) Calcuilsie K, for the sbove equllibxium &t 328°C, and hencs calculsio K,

Kp = Przogg x Peozg {05)
inthe system, Proeg = Pmnm + ch;m =1.0x 10%Pa {05)
and Pro@ = Pcozg
o' PHI'U(I] = sz'[l] = 5.0 x 105 Pa {“1'“1]
~Kp = (5.0 x 10° Pa)®> =25 x 10" Pa? (o4+01)
Ko = Kc{RT)4" (05)
An=2-0=2 (03)
S Ke =K /(RTP
=25 x 10! Pa? / (8314 K~ mol-1x601 K)? (02)
=25 x 10! Pa? / (5000 J mol~1)2 .
= 1.0 X 10* mol> m*® ( 1.0 x 102 mol? dm'9) (04 + 01)

(Note: Here K: must be calculated from Ky, other answers are not accepted)
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Pooag = 4xPa
Now K, = Puso xPooag = %.4x = 422 (05)
As the temperature is constant, {0s)
25 x 10" Pa? = 4x (05)
(%E)x 10" Pa? = x?
(%)x 10 pg? = £
x=25x 105Pa
“ Puzogg) =25x 10°Pa and (04 +01)
Poozg =1.0x 10% Pa {04+01)
5(a): 75 marks

{5) In order 10 determine the standard enthalpy changs (AH®) of the reaction,

2 NaHOO,(s) —+ Na,00,(s) + H,00) + COL(p) .
the following experiment consisting of two sieps (1 and 1T) was camried om at foom temperatare.
Step 11 008 mol of NaHCO,() was added 1o 10000 car’ of 10 molde® HCI acid solution In o
beaker. The maximwm tempersture fall was fosnd to be 50°C.
[The reaction taking place: NaHCO,(s) + HCl(sq) ~+ Na'(aq) + CT(ag) + H,0) + CO\(g))
Step II: 0.04 mol of Na,COi(s) was sdded 10 100.00 co® of 10 mol dm® HOl acid solution In &
beaksr. The maximum empersture rise was foumd o be 35°C.
[The reaction taking place: Na,CO,(s) + 2HCI(aQ) — 2Ne"(ag) + 2CTYaq) + H,O) + CO,p);
Specific heal capacity sl consiant pressure and density of HO! acd soluion are 401 5 K~ sad 1 0genr*
respectively, Assume thal (he chenges in volume and demsity of the sobmions after the addition of soiid
in o above two steps are negligible.
(D Cuiculsto the enthalpy changes (in k¥ mol™) of the reactions given i sicps I and 11 above.

Step [;
For the reaction with 0.08 moles of NaHCOa(s)
NaHCOs(s) + HO{aq) — NaCl(ag) + COxg) + H0{)

Q=ms® Or Q=mch (0s)
= 100gx4.0Jg*K!x5K= 2000)=2.0k (04 +01)

. for 1 mol 5
Q=2.0ki/0.08 mol (05)

(04+01)
(02 marks for the sign,

Q= AH = + 25 ki mol? (heat loss)
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Step I
For the reaction with 0.04 moles of NaHCOa(s)

NeyCOyis) +2 HCI{nq) —» 2NaCl{ag) + COx{g) + H20l)

Q=ms0
= 200gx40Jg' K x35K= 1400= 141 (04 + 01)
» for 1 mol
Q= 1.4 ki /0,04 mol
Q= AH = - 35 ki mol” (heat gain) (04 +01)

{02 marks for the sign)

(an Ummmmnmm-uu—h-hlq&.ﬂurﬂmm
2NaHOO,) — Ne,COM) + HOW + COLP.

The reaction, 2NaHCOs(s) —» NazCOs(s) + COx(g} + HzO{l) can be written
with the help of following thermochemical cydle,

2HCI (aq) + 2NaHCOy(s) m NazC0s(s) + CO:(g) +H:z0{N) + 2HCl{aq)
(or HCl on arrows)
AH, (05) AH;  {05)
2NaCl(aq) +2C0x{g) + 2H20()

(To award marks for the thermocycle balenced equations are necessary)

According to Hess's Law, AH; = AH; - AHs (0s)
AHi= 25x 2 -(-35) ki mol? {0s)
AHy = +85 K mol? (04 +01)

(lli) State the condition under which a heat chamgs of n rosction Is oqual W its catheipy change.

At constant pressure. (0s)
Nal lakm-

(iv) ldentify two sowrces of ervor in the above experimenial procedure.

Sources of errors
A calorimeter Is not used/heat loss (heat loss to environment)

L]

Dissolution enthalpies of solids are different
(03x2)

5(b): 75 marks
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6. (2) (1) Explain why the rate of a rescilon incresses when fhe coscenirations of the reactants are incressed.

Increase In concentration causes an Increase Inthe number of molecules In unit volume.
(0s)

This increases the collislon rate (Number of collisions in unit time). (0s)

(i) Give two seasons 10 explain why in general, the e of & macsion Increnses with incrossing tempersieee.

The colfision rate and (05)

Irl:crease wiHI Im:ruslng tempcnturl o (05)

(i) What is the relationship betweon order and molecalwity of an elemestary reaction?

Molecularity = Order of reaction. {10

(v) Skeich the simcture of the activiied complex of the elementary resction, NO+0,—» NO, +0.
Label Mhﬁﬂﬂuﬂw-wﬂﬁhhﬁnbduhﬂ-l

‘breaking”.
0-1--0--;14\-:0 @1 T: --ﬁ——o
Breaking Forming Breaking Forming
(Carrect structure 04 marks labeling 03 +03 ) (10}

(v) Wrile the mts expression for (he elementary reaction, 2A + yB — zC, where tbe rle constant is &,
and sioichiometric cocflicients are %, ¥, &

Rate =k [AF (B or 2(234]) = kAP(BY or § (SY) = kA (P

at

or 44 = k[A1*(8) or S = K[A)*(BY (10)

6{a): 50 marks
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Conigenn)

Dwpartrnent of | isminations  3n Lands

(k) The reaction xA + yB — (C was snudied [n & fwo plmse sysicm
water, The compound A ls solsble in both phases while compounds

BquEnL m.mﬂummmmmmdlw"““" Al

Tha compound A wes addod 0 the two iese Fysem aad allowed 10 roach squlibrus.
whlmlhmlhhmﬂwm.“-

B sad C s mivble caly ia e

=40,

The reaction Wad
w el

al » constant value. The results of the experimenty curied oxt -
Expori Volmo of the | Volume of the | AmomtdA | Amosstol B -4,
":m ﬂ;-ﬂg'- -p:lphll added oo | injected (mol) 'ﬂ_'{ A ]
{ (™) ysiem (mol) (mal da )
e .
] — T Ol ———
it 100.00 100.00 12sx10! | 1.00x 10 150 109
1 5000 50.00 s2sxu® | 1.00x10° 1sox10? |

Note: Experiment | was cani wiihout the organic phmso.
ment [ was caled omt ﬂ-hmmhn-ﬂﬂm-

m mulmmuni-hwpﬁ-
Experiment (1)

(A
=t =
K Alaq 4

_ [AtD)]org

Let x be the amount of A in the aqueous phase.

125%10"" moi-x _ x
4x100x10~3dm=? ~ 100x10-*dm™?

4x =125 x 10" *mol - x

x=25x10"""mol

15x%10™2mol
[A(D)eq = ; = Joox10-7am®

[A(ID)]aq = 2.5 % 10~ *mol dm™

Ex nt (il
Let y be the amount of A in the aqueous phase.

Y
¥y _ 6.25%10" mol-y

¥ Vx4
4y = 625x 107%mol -y
= 825107 mal _ 4 5125 mol

0.0125 mol
[,q(m)]u = 50.0%10-3 dm?

[A(1)]sq = 2.5x20 mol dm®

Concentration of A In the aqueous phase, [Afl)} = 100x1*mol/100 x10* dm® =0.10 mtnolldm;:.l]
n

{03)

{02 +01)

(02 +01)

(02 +01)

(02 +01)

(02+01)
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Dapartmant of Exsmingiions - 54 Lanks

0) Find 1ho order of tha reaction with respect to A.
Finding the order with respect to A
In experiments {I) and {ll), the concentration of B in the aquecus phase Is the same.
1.2 x 10"* mol dm™ s*= k[0.1 mol dm™]* [0.1 mol dm™]" foz +01)
7.5 x 10° mol dm* 5= k [0.25 mol dm]* [0.1 mel dm ]’ (02 +01)
1.5 x 10" mol dm™ 5= k [0.25 mol dm™}* [0.2 mol dm ]’ (02 +01)

7.8x10=F 0.25\*
L2x10~ = (_o.? (03)

]
25=215

X=2

(ill) Find the order of the reaction with respest fo B.

Finding the order with respect to B
In experiments |l and lll, the concentration of A inthe aqueous phase is the same.

15x10~% _ 70.2\Y
7.5%x10-%  \o1 (03}

=@
i 1
Log(20) =y log 2

1.3010 =y x .3010

Y=432 =4 (02)

(iv) Calculste the rate constant of the resction.
Finding the rate constant of the reaction.

Using data in experiment (1),

_ _ Rate n
k= [AtPRBOP {03)

(4.32 can be used instead of 4)

1.20%10™mol dm™3s~2
k= (1.00%10~mol dm~2)3 (100X 102 mol dm™3)* {02 +01)

k=1.2 x 10 mol* dm* s* {01)

() In the experiment TN above, afler add

volume of 10.00 con® was removed from the organic phase, what can be
mte of the reaction? Give reason/reasons for your amswer,

The initial rate of the reaction will not change. The Concentration of A in the

ing A and allowing the system 10 reach equilibrium, If 2
staled about the initial

aqueous phase does not change.
{02+02)
l 6{b): 50 marltsj
23
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%

According to Rault’s law, py=xp? fo3)
Proca = e+ Py = X + Xy (0s)
For the first condition,
par— .- (04+04
12mol+28mol
X; = 03 and therefore X, = 0.7 ' (02+02+01)
For the second condition,
= —r2mal 04 +0
Xy = Tomotranmal fo4+0)
Xy = 0.2 and therefore X, = 0.8 02+ 02+01)
Using the mole fractions, two equations can be constructed for the two conditions.
34 x10*Pa=03p3 +07p) - (1) f0s)
3.6% 10*Pa = 02p% +08p5 - (2} {os)
Solving the two equations,
p? =2.0:10* Pa fes) by 401)
py° = 4.0x10* Pa (08} (oua01)
6(c): 50 marks
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Departroent of Examinations - 5r Lanks

Confdemtil
NaN e e
N ut" o CHyCHC=CNa m,cH,{;)
CHyCH,C=C-H or ———— CHCH,C=C-CH,CH,
X g  RMaBr 0s) CHICHC=CHger X 09
(05) Hg*'H'H,0
)
i
CHyCH,CCH,CH,CH,
8
30 marks

Note: The marks allocated for X and Yin the synthetic pathways can be awarded ONLY Jf the
usage of X and Y is correct/appropriate,

7(b): 05 marks X 10 = 50 marks

(1) Sbow how you would prepase the compound C maing A aml B ghven shove, in net more thes

Bve (3} steps.
CH,CH,CH,
c
CHyCH, ? CHy
i
T T CHCHACH,CHCH, ¢
CHaCH,CHCHy oo™ CHICHCHCH, = ‘I:
oy VEG, . CH.CHy~ ~CH,GH,CH,
QO=MgBr
)
HH,0
(05)
H
CH c
! A & ot
CHGH;” “CH,CH,CHy  (85) CHsCH, },H 2Chy
(05)

7{b)i}: 05 marks X 8 = 40 marks

Note: Steps can be combined appropriately. Award marks appropriately for correct Answers.
No marks are awarded for Cu/300%C or heat
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Department of Examinations - S Lanks

(c) Using your knowledge of the mechanlsm of the reacsion betwees scetyl chloride and NeOH, propose 4

mechanism for the resction between
cn,c{ wd NeOH,
ocy,
o A2 0" (02) 0
(-1 /\mﬂﬂ f
— H;G Hg —_—
™ , He” Now + ook,
1o to
) |
0
Il
H-,,G/C \O'{N-*] + CHzOH
4 (04)

Notes: *Steps can be combined appropristely. Award marks appropriately for correct Answers,

Tc): 30 marks

02 - Chemistry (Marking Schame) | G.C.E. (A/L) Examination 2017 | Amendments to bainduded. 17


http://t.me/frsciencebot

8 i Wit ¥ nistne Beee el
@ e Milowiag e wors camad

2 w0 idemnfy hess catans

- '  Shurvtia '4
@ luinlﬁfl-;iu-ﬁ-m-rﬁmﬁ;&-ﬁ—" - A o pcigume @)
P Q;wu'nMuﬁh'w“u A Yort Srectetin 2,
@ (P, was soparnsadi by Niirmion, The fikats wes bokied "
the 1,3, cocked, md NH,ON/WH wes s | o et
@ (M8 was bubbled throwgh he sohudon, A Black procigliase 0,
Omwuummmhmr,.r,mr,.
Frovipitsls Tast Diecrration
P, J. Wistar was added 10 P, and the mixtare wae bofled, Purt of P, dimclved.
. The mixturs from [ sbove was Bitared witle warm
aad the followtag tests wern carried out oo the
Aitraie (7, ) and residus (R,).
Piitraie (7))
. D!llllll,lo‘ﬂlﬂldhml',. Am#
Rasides (R,)
¢ R, was washed thoroughly with warm waler sad R, dlascived.
atlite NH,04 was added,
» Thoreafier, s KJ solution was sdded. A dart yeliow prostoiac
P P, was dissoived In warm AU, #nd 8 potasdum | A yeliow prociphesse
L7 | cleommis sotuiom woe acea, T C®
P, L P, was disscived i warm coac, HNG,, A pisk coboured sohetion
(swiutien 1)
1. The following were added to seletion 1 sbovs.
* gonc, HOY A bioc colowed soletion
(sslation 3)
* Al NH,OH A yellow teoen colowsod
@ solusion (selstion )
() idemtify the three cations. (Ressons are met required.)
Pb*, Co®, Ag* (08 x 3)
(1) Mdentify,
1. preciphiates P, P, and P, ’
IL. species responsibie for the colours of salstions, 1, 2 sd 3,
(Note: Write chemical formulso ondy.)
I Py: PbCl; and AgCi P2: PbS Ps: CoS (05 x 4)
Il Solution1: Co** OR Co(NOs); OR [Co{H:0)s]** {05)
Solution 2: [CoCle}* (05)
(05)

Solution 3: [Co(NH3)s)**
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Oepartment of Evaminationy St Lanks Confdenyal

i) Bxplain -
nstkmwhymmsmmumm@@mmmmumﬁm

For cations to precipitate from solution as sulfides,
M*HS*) > K

(04)
In acidic medlum, [S?] Is reduced. (03)
HiS(0Q) == 2H'(ag) + S'(ag) (03)
Ko of sulfides of Group IV cations > K., of suffides of Group Il catlons (03)
{Mn¥, Zn¥, NI**, Co™)
As [S*] Is reduced in acidic medium, it is not sufficent to predipitate the

y : ~{03%
B{a): 75 marks

(&JnmmuMuwmm,.mdumﬂmmrmn
pmmlmmududnni-hmd—dnmmhﬁumﬁe.

A Imlpﬂmdhﬂhuﬂnudﬂﬂlnwddlﬁnmdhldmm
Mﬂmldhnmuj.

Procsdare 1 .
AMm’pﬂhﬂﬂdmlumm-n—“d-mﬂHimﬂm
lndlheﬂﬂbﬂﬂdunﬂmmddmﬂﬂh‘m.mmﬁ-dﬂ.lﬂmﬂh‘

wwwm-mmm:mpum-mwn
1020 .

Procadare 7

To a 25.00cm” portion of sclution S, Al powder was added followed by an excess of strong afkall, sd
the mixiurs way beated. The gas libersted was pessed into 30,00’ of 0,10 mof dar® 5¢, The volume of
0.10 mol du” NaOH required to neutrallve the remalning Bl (wsing phesolphthelein = the

(Nots: Completion of ges evolution In procodercs 1 and 2 was checked using linms paper)
() Identify the gas liberated in procedure 1.
(il) Jdentify the gas libemiad in procedure 2.
ﬂlﬂﬂﬁihh}mwmmmmhﬁ;Mhmlﬂl

ﬁr)mnmm“mﬂmﬁmumm‘mmumm
sample. (H= I, N= 14, 0= 16, 8 = 32)

(i) NH; (03)
(i)  NHs {03)
(iii) Reactions in Procedure |
(NHs}2S04 + 2NaOH = Na:504 + 2NH; + 2H,0 .......... {1) (o4}
NHNO; + NaOH - NaNO; + NH: + Hi0 ... () {o4)
Reactions in Procedure 2
(NH4)2504 + 2NaOH = Na;SO4 + 2NH; + 2H,0 ... (3) (03}
NHNO; + NaOH - NaNO; + NHz + Hi0 ... (4) (03)
SO + 3NOs + 2H:0 + BAI 5 BAIOy + INHj ..e......n(S) {05)

Note: Since the question does not ask to write the reactions separately for procedures,
students may write only the last three reactions s in the procedure 2. If so, award 07
marks each, to the reactions with NaOH (i.e. reactions 3 and 4).

29
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MR s i) i1 wliviimnmiinne s e i mvika

{iv) Amount of (NH.},504 In sample = x g (01) Amount of NH,NO; in vample = y g 03)
Molar mass of (NHa)SO« « 132 (o1) Moler mass of NH(NO, » 80 o1)
Moles of (NM.);S0s= i;z (03) Moles of NHiND, = EJtll 1)
Brocedure 1
0.10
Moles of NeOH » —x |0, 1
1000 x 10.20 {o1)
Therefore, moles of HCl reacted with NaOH - % x 10,20 (03)
Therefore, moles of MHCl reacted with NH, - l%;—g x 300 - 1%111% x 10.20 (01)
019 1980 (o)
0.10 o1
Therefore, moles of NH(g) liberated - SR 19.80 (01)
Males of (NHa);504 In 50,00 cm? - é X -5]- (01)
Moles of NHsNO; in 50.00 cm® = % X -51- (01)
Therefore, Moles of NH, gliven out by 50.00 cm” of solution (Eq. (1) & (2)) =
x 1 y 1010
—_—— —x—=—21x19.80 sesson it ani e 6 07)
132572 *3075 " 1000 8
Similarfy for Procedure 2
0.10
Moles of NaOH & m x 15.00 (01)
) 0.10
Therefare, moles of HCl reacted with NaOH = 1000 x15.00 (01)
0.10 0.10
Therefore, moles of HCl reacted with NH; = m x30.0 - m % 15.00(01)
(0104500 (01)
000
10
Therefore, moles of NHi(g) liberated = 100 % 15.00 (01)
30
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[N | TN I RN T T

Mutln it (NI 0 08 20 Oy i i)
LTI Y TE N T L RIS o I i)
woIn
Mules f NH g ivins ol Dy 2% 00 1 of subabinn (Feg. (3], (4) & {8)) -
' L] It lill' [] .‘pl I'Hll'"l'lq"r"l {” "ﬂ
12 10 N (AU
v Jp Lo i
™ oM™
ool oy o M
™y we”s " woe” M W
(0 00, ] A8
el 2" w10 "o o
[ 00 0,10
ﬁ [ . . ﬂ y - ' - :
q.(8) - (0) Hu"m ”mnrsm mﬂu"vw in)
y-?&égxs.lﬂnﬂﬂﬂ:
y = 0,408 (02)
Substituting = 0.408 in Eq.(8) (y=0.408 can slso be substituted to Eq, (6))
x | 0408 1 0.10
Xl 2 et X 15,00
1225 * 780 8 1000
x 010 0408 (6.0-4.08)
2L . 500 ——— w T
560 ~1000” %% 400 "~ 4000
x=0317 (02)
9% of (NH{1SOy = Oﬁ:?u 100 - 31.7% (05)
% Of NHiNO; = Oi?sxl[}ﬂ = 40.8% (05)
8{b)[iv): 75 marks
3
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Depariment of Examinations - 50 Lanka Connnil

Altemnative Answer 1

Procedyre 1

Amount of NH, collected ={30.00 0,10 -10.20x 0.0} x 10* mol (02)
=1.98 x 107 moi (o1)

Amountof NHyfrom 1g of sample  =1.98x 107x5 (o1)
= 9,90 x 10° mol (01)

Procedure 2

Amount 6T NH; collected ={30.00 x 0.10 - 15.00 x 0.10) x 10 mol {02)
= 1.50 x 10 mol {o1)

Amountof NH; from 1 g of sample = 1.50x 107 x 10 mol (o1)
= 15.0 x 10” mol {o1)

Number of moles of NHiNOs in 1g of sample = '

Number of moles of (NHi):504in 1g of sample =y

In Procedure 1, NH; from NHJNO; and{NH.);504 is evolved.
(o7)

Therefore, x + 2y = 990 x10° mol. —............ (1)
In Procedure 2, NO;' is converted to NH; and evolved together with NHs from NHNO; and (NH,):50,

Therefore, 2x + 2y=15.0x10% mol  ..............{2) (o7}
(2)-(1) x=(15.0-9.9) x 10* mol
=51 x10° mol (02)
From (1) y =%{9.9 -5.1)x10° (02)
= 2.4 %107 mol (o2)
5.1x10”mol x80 g mol™ x100 (04401 for mol. mass)
% of NHyNO; In sample = 102
= 40.8% {05)
2.4 x10” molx132 g mol™ x100
% af (NH,):50,4 in sample = T g (04 + 01)
v (04 +01 for mol. mass)
= 31.7% (05)

32
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Alterpative Answer 2
Procedurg 1 - -
0.10
Initial number of moles of HCI - & B — 1
1 of moles o : 1000 b 30 00 (ox)
Number of . 0.10
of moles of HE1 remaining | 1 = TITDEX 1020 (o1)
HCl:NaOH=1:1 i
Therefore, number of moles of HQlused . = 010 x 30.00- .10 x 10.20 f02)
! 1000 1000
0.10
= ——x 19.80 =0.00198 (02)
1000

NHiOH + HCl = NH,CI + H,0 ¥
Therefore, number of moles of NH; evolved (from NH{NO: & (NHq}:504, in 50.0 an’ of solution)

=0,00198 (03)
Procedure 2 4
: © 010
Initial number of moles of HCI = x 30.00 {01)
* 1000
Number of moles of HCI remalning § = 010, 15.00 (01)
Y1000
0.10 0.10
Therefore, number of moles of HCl used = ——x300 - —x15.00
moles ofCIused 1 = 1000 1000 o
0.10
= 15.00 0
T X (01)
=0.0015
~ Number of moles in 50.00 cm® , = 0.00150x 2 =0.003 (02)
Therefore, number of moles of NOs™ in 50.00,cm® = 0,003 - 0.00198 = 0,00102 (07)
Mass of NH:NO; in 250.0 am® y =0.00102x80x5g
(o1)

_0.00102 mol x 80 g mol™ x100
10g

% of NH{NO; in sample P
(04 + 01 for mol. mass)

=40.8% {05)
Number of moles of NH; obtained from NH§O; (from 50.00 cm?) = 0,00102
Therefare, number of moles of NH; obtained from {(NH.):504 = 0.0019¢ - 0.00102=0.00096  (07)

(NHe:504 : NHy =1:2 ;

Therefore, number of moles of (NHs}:504 = 0'02096 = 0,00048 {01)
Mass of (NHa);50, in sample ¥ =000048x132x5g (01)
0.00048 mol x132g mol™ x 5 x100
% of (NHe):SO4 in sample .= morx 103;’0 il

; . {04 +01 for mol. mass)

=31.7% {05)

g[b): 75 marks

33
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9. (a) Conslder the following |adustrial process. o
I. Manufscior of blesching powder
M. Masufecire of caltium carbide
. Manufsctre of ures
IV. Manufacture of sulpburie acd (comtact process)
() Staiz tho staning materiale vsod ln each process,

I Bleaching powder ~ CaCOs {lime stone)/Ca0 (quld:llmulyl‘.ltﬂHh'[:hhdﬂme nd

Ch gas
Il Calclum carbide - CaO (quick lime),£aCOy{lime stone), and coke (C)

Il Urea - NH; (| or Gas) and CO:(l or Gas)

IV =

(02 X9 =18 marks)
S{aji): 18 marks

(i) Write balanced chemical equations for the reactions taking piace in each process, along with proper
conditions wherever neceasary.

Blgaching powder
CaCOss) — B, CaO[s} + COx(g) {03)
CaO(s) + H:0{) ————— Ca(OH).ls) (03)
3Ca(OH)a(s) + 2C1:{g) —RT (01, Ca(OCI)..Ca[OH):.CaCh2H;0 (s) (03)
12-15 hrs. {01) S{aji}i: 11 marks
! Calcum carbide ~ 2000 + 100°C (02)
CaO(s) + 3Cfs) — >  CaGfs) + CO(g) (03)
OR
2Ca0(s) + 5C(s) —————»  2CaCifs} + CO:lg)
OR
CaC0s(s) + 3C(s) ——> 2CaGyfs) + CO(g)+COxfg) [only for this vear)
S{a)(iim: 05 marks
(for balonced equation)
Urea TN Decomposes at u
{BU 200 low pressure (01)
2NHs()/ g) + COA(I/g) WNH:COUNH:{SJ (03) —— CO(NH_). (solution) + H,0(02)
- Concentrate
\Auﬁlg ke :b . (for balanced equation) evaporation :1:1]'
b CO{NH;k(s) {02)

[9{a){if)t: 10 marks)]

£
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Depactrutag of Exdwrgoue - Sn |aady

NV Suphuricacd
) + Oolg) ——> SOg) or 4FeS 4110, — 850+ 260 i®)
2048) + 0:e) ~™_, 250 )
AS0°C 1), 1 st )
()

SOulg) + WSO} ——— 5 15,041

RS0 + HOfl) . 21,501 4B

[ S{a}iNV: 15 mearks]
[5(a¥i): 41 marks]

Note : Phrysical states not required for all) and (1)

() Smem twe wsox for exch of the
biveching pomcier, caiciem cartide, s i mipharic scid

Uses

Bleaching powdes
s [Bleaching agent
= Disinfects water

= To manufacture nitrogen rich fertilizers
*  Manufacture of urea-formaldehyde polymer

150,

¢ Manufacture of phosphate fertilizer

e  Manufacture of (NH S04

e Manufacture of rayon and plastics

o Manufacture of dyes

¢ Manufacture of explosives

e Manufacture of drugs

e Battery acid

e Todry gases (e.g.Cl; gas) (02 +02) x4 = 16 marks

Note: For Uses - Award marks for any acceptable uses not listed in the marking scheme after

getting approval from Chief Examiner.
9{a)(W): 16 marks

| S{a): 75 marks

a5
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Department of Exeminations - $n Lanks Confdantil

(&) Tho major savirommental problerss wo ar facing sl presest wo ozons Myer depletion (OLD), glokal
mhlm'i'}uuﬁ:imummmmnuunhmimwm

() The carbon end nitmgen cycies am two Important chamical cycles that operats b the sevironment.
I-?dhwm»hww.munmh-dmuhmhmwu
g
stmosphere, plants, waler, Barth's orst
ﬂ-hhﬂhﬂlnhhmhmﬂﬂmhmlmm

I, State twe ways by which microorganisss participate [n the carbos qyche,

o Atmosphers - CO, (02)
®  Plants - glucose/ starch/ callulose/ lignin {02)
*  Water=HC0y / COy* (COx{aq)) (o2)

o Earth's crust -CaCOy / CaCOy.MgCOy/ fossil fuel (cosl, petraleum) /graphite (02)

I Removed vig
* Industrial fixation (Haber process)/Internal combustion engine/high
temperature combustion (02)
« Biological fication (nitrogen fixing bacteria) (02)
o Atmospheric fixation {by lightning) (02)
Replenished via
* Denitrifying bacteria that converts NOy to N, gas (02)

Il Under aerobic condltions carbon compounds In soll sre converted to CO; {02)

whereas, under anaeroblic conditions they are converted to CHq & CO (02)
9{b){1): 20 marks

(li) Identify the two main nitrogen containing compounds prescnt Ia Who simosphers (hat contributo 1o
acid rain. With the ald of balanced chemical equations show how these compounds make miln water

acidle,
NO, NO; (02402}
2NO(g) + O:g) > 2NGi(g) (02)
4NOz(g) + 2H.0(l) + Oa(g) > 4HNOs(aq) (02)

OR 2NO(g) + Hz0{l] -> HNO;(ag}+ HNOs(aq)
HNO; is a strong acid which gives H* + NO»'  OR (HNOs = H' + NOy) (02}
9{b}{1i): 10 marks
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mmmmﬁlummpmmwmm.m
AR). Idenify ome chemical compound that is Iiberated 1o the stmosphere by each of thess indusril

Qzone laver depletion
Alr-conditioning industry {CFC / HCFC / aerosal)
Refrigerator Industry (CFC / HCFC) i
Aircraft Industry or supersonic jets (NO,) A
Agrochemical industry (CH;8r Weedicide, fumigant)
Fire extingulsher ndustry using or releasing

(industry (02) Chemical spedies (D1) ) X 2

Globa| warming
° Agriculture {G‘lh N:Q)
. Alr-conditioners (CFC/ HCFQ)
. Refrigerator industry (CFC/ HCFC)
. Poultry farming (CHy)
. Coal power plants (CO;) ok~
. Nitrate fertilizers -
. Agrochemical industry (CH:Br Weedicide, fumigant)
. Halons in fire extinguishers
. Any industry producing / using chlorine gas
. Aerosol / spraying agents
(Industry {02) Chamical spedies (01} ) X 2
Acid rain
-\ Burning fossil fuels in transportation (ND, ND3) ob-

o Buming of fossil fuel in coal power plants (50;)
» High temperature combustion (NO, NO)
(Industry (02) Chemical species (01) ) X 2
Nb}{): 18 marks

@v) mhmlmmuwmﬁmunmuww
to weter and soll. Comment oo the pathwwys by which these compounds are added o water and

soll.
Haber Process (NH, Production) (04)
NH; can be converted to fertiiizers (01)
I N4y —2vortedo . ino,
Ostwald (03)
Process (02)
HNO; is used to make fertilizers (02) such as KNOs (02), NHiNO; (02), urea (02)
which are added to soil.

'r?r' Liquid NH; is directly used as a fertilizer. {01)
NHy x NH," ;:1 acteria NO; l;lﬂlﬁl'iﬂ L‘ NOy™
(01) (02 (02 (03) (02) (03)
9{bj{Iv): 18 marks

(v) Inappropeiate disposal of solid municipel waste as in (he Mesthotamulla evest contributes significanily
to one of the three environmental fssues stated sbove, Idenilly this environmentl lssue aad stale

briefly how the disposal of solid municipal wasie contrdbuies b it
As a result of the unregulated disposal of solid waste, large amounts of methane (02) are
produced (between the layers of solid waste) due to the action of bacteria (01} under
anaerobic conditions (02). This methane is a greenhouse gas {01) and contributes to

global warming (03). 9{b)(v): 09 marks
9{b}: 75 marks
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(lv) Using the E® values ﬂm.mmmnhimuﬂ‘

Cell em.f
B = Bprgre - g
*0.27V-0.22v (04+01)
= 0,05V {0s+01)
(v) Give the standard cofl notation of (he sbove eectrochemical call,
Cell notation
(10)

o Agls)|AGCNs) I {aq, 1.0 mol dm* ) g,Chis) gl
V" Agls), AgCl(s) |l {aq, 1.0 mol dm® )| Hg,Ch(s), Kel)

(Note: Do not deduct marks If Pt is written)

Note : For parts (1) to {v), Physical states are required

(vl) Doea the electromotive m&umwawuumuw
Give reason/s for your angwer.

The cell potential does not depend on the chloride ion concentration. Chioride ion
concentration is not present in the cell reaction. {05 +05)

(vil) Calculaio the change fn the mass of Ap(s) + AgQl(s), when 2 cwrreext of 0.10A was drewn for &
period of 60 minutes from the cell.
A current of 0.10A was drawn for 60 min.
The amount of charged passed through the cell = 0.10A x 60 min X 60 s min™

=360c {04 +01)

Electrode reaction in the left electrode Ag(s) + Cr(aq) > AgCl{s).
For every electron passed through the cell, ane Ag atom combines with " to form AgClis).

Weight gain of Ag + AgCl = mass of CI" combined with Ag,

= 35.5 g mol™ 360 /96500 C mol* (04 +01)

=0.132g (04 +02)

(vil) What would be the chloride lon concestration In the soktion sfter drawing the current in (di)

abave? _
Chloride ion concentration does not change or chloride ion concentration = 1.0 moldm™.
{10)
10{b): 75 marks
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