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Predicting the direction of reaction.
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are at equilibgnm,
Mavement toward eguilibrinm changes the value of

U, until itequals K., but the vilue of £ remains constant.

This has been prepared for the use of marking examiners. Changes would be made according
to the views presented at the Chief/Assistant Examiners' meeting.

Amendments to be induded.
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1 fhis pauwr el o) ol
Aaswwr all fowr gaasn e e lee 00 the dotted lines. R“m*"“"--.:\
. - pteents ae true O are \
\ S whather (he following ¥ LN
el pospiivad b
-t {os obsarved in the enlsslon spectrun of atowmic hydrogen T
(1) The Lywan sertes ¢ petle spectrum. e
lies fin the utirwvial poglon af the electrimag Dl Priedeiings TIN
. with the azimutha
ol Thae we only 10 clections I @ calcium atom W False
Quantim munber =0, Ll LT
tructures) that
() The namber of Lowis dot-dash struetures (vesonanon § True
con Lo drawn for the NO wolecwle s A P LR TETE PN,
. ne
(V) Among the second Tow elements of the Wk Tuble, flv i
(he Duigest negative valoe of electron gain eNeRY.
(v) The bodling pout of argon (A1) is higher than that of chloriné (Cly)- Fa'se
(vi) No has the highesi first fonization enorgy. WINORE the moblo gases
tie, Nu-and AN (03 mirks X 624 marks)
1(a): 24 marks
() () The skeleton of & molecule containing only the elements N, F and § Is given below.
Dinw the most sccepable Lewis dot-dash strocture for this molecule.
' F:
l. _N S i F " e e
tF——N=8 F: (05)
(i) Cive, (1) shapes around the N and § atoms and (I oxidation numbers of the atoms
in the structure dmwn in (1) abow, trigonal pyramidal or

M N .ANQUIAL..ciiimin o 8 o pyramidal O (shape)  (01)+(01))

(an N .. e s o B e iieeiieenee. (oxidation number) I
AR gy to‘n" (01,
(1) A Lewis dot<iash stucture for the NOj Joo is given below. Draw three more Lewis
dot-dash strucoares (resonance stroctures) fiy. the NOG jon . 0
') oa_g_g_-g‘? - (?d—q =R
O e y .-; - —
{0—0—N—0' "
P - @ * I
{IP :'6.-9
§=g-—yg—§? - Qo—g=;!—ge
_ (03
Liv) CmqmutﬂmnbhbmdmunthmMmamdmh’shbdde
given below, H
f = 2 & 5 _I
H~C=N-N—NaN  H-C'—N—N'—N'-N
e C! N N? N
the munber of VSHPR
1. | _slectron palr geometry around Whe avn | SO0 | LY | \etmhedral) TR
. '_ul_:ﬂ-_r_u_n_ygi the stom tigonal  fangular’ V| angular/V |  linear
V.| hybsldizntion of the st u.:ﬂ‘ sp? sp! sp ]
: m——
o

(0T THATK X 16 = 16 NARE
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Mmzmwwm:-um *3- BIOIBX P90 § cvverrressannssgosmsosanssnessencore
parts (¥) 10 (vili) are based on the Lewis dot-dash structure given in part {l\;) abave. D...:.T
pelling of atoms Is as In part (iv). in s
(v) 1dentify the atomic/hybrid orbitals involved in the formation of ¢ bonds between the '
(wo atoms given below, : oo war¥
2 () . .
]. H——C" I'I BRsessan s E ............ ssansn C' su-......s.P. ................. < P—"' y
T R WRCK. et TN
R ST TS IO O—
“'. N‘—N‘ N‘ """"SP?""“““"‘-"H N‘ -.u.-...ﬁn. deanEpieERIanE e
v. N—N N L PO N oo 2PLON.SPo i
01 mark X 10 = 10 marks
(vi) dentify the atomic orbitals involved in the formation of x&:onds between the ﬂnmr?
gl\t‘l‘l h'ﬂ‘“’ 2
1. C'—N* (! p N2 ororso 2p ................
n. Nl'-N N‘lu--uuz-Eo ................. N ------- EE ...................
2p 2p
1
H ------------------------------ N EEE e THEI‘E‘KB'EUG m!m)
{vii) State the approximate bond angles around C', N?, N® and N* atoms.
o C120° % 1) (118° £ 1 (104° £ 1 180° £ 1
Glaneia smEshen M NZ ............ . N"‘ ............ .] {Nl(ﬁ‘iﬁ'rl'it)u marks
(vii) Arange the atoms N?, N* and N*in the increasing order of their clectronegativity.
N3 N? N*
............ R it B il —m
1(b): 56 marks
(¢) Armnce (e following species in the increasing order of the property indicated in parentheses.

Reasuns are mot required.
) () CaF,, CaCl,, CaBr,, Cal, (ionic character)
..Cala.. < ..CaBra. < CaCla.... < CaFa....
(i) CIF,, CIF!, CiIF; (bond angle)
.CIFs. € .ClFa%.. € «..CIEg.
(iii) Na*, §*, Cr, K* (ionic radius)
woMB e B S iin € efhinier & voviiBtens
{ivj €O, €O}, HCO;, H,CO, CH,0H (C—O0 bond length)
.CO... < ..HCO. « .HCOz. < ...CQ:% < CH3OH.
(v) Li, N, F, Mg, P (first ionization energy)

Mo e ML ¢ P ¢ e € B —
(04 marks x 5 = 20cmarks)
1(c): 20 marks
T — |see page four
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2. (a) The questions (i), (ii) and (i) are

‘4;_30_},

s .

. * ___‘—__-‘h-'
mdmﬂlefouowhgrucmﬂ!-
T elements in the ratio 1:4:1 (Not in order
Aumtomcmmwm'?;?“ that belongs 10 the fourth of

mcch:mimlfomuh}.onn-nf -
. When subjected to the flame test, @ lilac (purple) Hame |
b din udatis THEA. & " Iamedwlu:lonitohnlmd. ;

ohsteved, On dissolving A in water, a purple €0 ;
Budmﬂlmi:mnwmmmddrﬂwmﬁmmeumummk.ndiwm
inwmmglwnmwlﬂudmhﬁm- . .

C it a viscous colourless Mguid composed of two clements. disproportionates to give
another colourless liquid D as one of the products. C can oct &S An oxidizing agent g
wr.llucmmmgugmt.wm:nchaﬂdﬂdloq&o!unmdﬂ.-tbcbm“’ﬂPMiPiuhEm
obtained.
Fhammpwwmpmdd&uunhmmu.mufﬂmemnu:spyww
mhmﬁu.\m-nnau,(.qnuddadman.qmmluﬁmafﬂﬂm%mmmpmuc
that i$ insoluble in dil, H,S0, is formed.

Histummdof'thmclcmts.vfhmanmmusmlnﬁm of H in a (est tube is trested
with a saturated solotion of F, followed by additon of a small volume of canc. H,SO,
slowly, along the wall of the test tube, a brown colouration is seen on the surface where
the liquids meet, The species responsible for the brown colouration is 1. Brown fumes are
not evolved when dil. H,SO, is added to H. When H js subjected to the flame test, a
yellow filnme is observed,

J is the sodinm sall of a weak dibasic acid. On treatment of a solotion of J with CaCly(ag),
the white precipitaie K is formed. K reacts with dil. H,SO, to give the weak dibasic acid
L 25 one of the products. A warm solution of J acidified with dil. H,SO, decolourizes an
egueous solution of A.

(i) Identify A to L. Note: Write the chemical formulee,

P (1 (°" PRI S - - 5 PR —
p.. . JKMOs e R LNANOS
¢ .02 1 [Fe(NOPor. [Fe{NQ)ISO:
D 2O i F censNB2C204 e b D T
g . MnOz K ..CaCeQs | ... 0%
W E— L ...H2G204..... [?mm:u.-nmmi |
(ii) Give balanced chemical equations for the following (physicn! -simes n(:?la!i}q;#s -_'!?.am

1. Formaugon of D from C.

f#4 ¢

2Hz:02 — O+ 2H,0 m;)\,
I1. Formation of 1.

NOs+ 2H:SO:+ 3Fe?*— =' - (04)
R 3Fe™ +NO + 2504+ 2H;0 (04)
NOz+ 3Feé*+ 4H'— p

. 3Fe* + NO +2H;0 (04)
NOs+ 4H*+ 3e — 2NO

3(Fe*— Fe™+g) B o
and (o“
Fez* +NO 2 1

Fo — [Fe(NO) (01)
FeSOs«+ NO — [Fe(NO)|SOs (01)

. Formation of K.
Na:C:0: + CaClz — CaC:04+ 2NaCl (0;}\!

Mﬂ_,_: c \'.\- -7 Calih) :‘.ﬂﬂcr\ X
& et By (2a(ii): 14 marks)
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T~ ) Give balanced fonic equations for the reactions that take A iy atded to the
(@) following Enlnfiany (physien) wtalex ot veirad), T A ” Z'ii
. an acidified solution: of |
2(MnOg+ 8H'+ Se — Mn? +4H,0) (02)
— o + (02
2MnO¢+ 5H20: + 6H* — 2Mn?* + 50, + 8H.0 (06)
fl. an agoeous. solution of F acidified with ail. 1,50, =
(MnOs+ BH'+ 58 — Mn?* +4H0) (02

5(Fe?*— Fe’—lxs_' te .
MnOs+ 5Fe** + BH* — Mn?* +5Fe™ + 4H.0

06
0. din &cidified solution of J L

2MnOs+ BH'+ 5¢ — Mn** +4H,0 .
5(C — 2C0; +2e : {{g)
2MnO«+ 5C0¢ + 16H' — 2Nin™ + T000; % 870 08

Note: For complete reaction 06 marks  For only half reaction 02 marks ea¢

. A s S ) _ , (2a(lli):

(¢) Give halanced chemical equaons Tor the neactions that take place between the following <£ vouclwn i 5
(physical states not required). State the function (oxidizing agenvireducing ageat) of H,
50, in resctions (i)~ Gil). ' o

L8
(neory @cd, Ao vav

Jb'f *{lﬂ— -fu-u_-l tey
N . T Ty e, it

crT e I.k %"‘*
}!i&:,. -Qﬁladwﬂﬂ -'a_gnn'lu'--q-ihﬁ}'u-ﬁ\',l.'h}.-\qql-'-oua Repiees ‘011 dﬂ\ﬂ\a i "“1' s S
i "I'_? e q;}-l':'fd lJ &\u

| ' e 2Ma(s) + SOuAg)—+ 2MgO(s) + S(s) or ik <
I SR RG] SOHEY S IMGO(E) " MgS(e) | (08] Funcdis

SO, OXIAZING. A8 ..c....coiciussinsonriensenssrayensoives (01
(i) WS a0d SOp) - 1.....2HES(0) * SOxg) 35@) + 2tO) | (03} ‘

5 Reducingagent . Oxidzing agent

o e iie b daame sopuy

) Sls) ead coon. BNO jaq) . S(8), %, 8HNOs(aq) —HzS04(aq)+ 6NO;

Note: Phycical siates ar2 not required 2(b): 20 marks
Ll (D A chosed conwiesr equppsd with 0 plston coniaing a given mass of an ideal gay @ &
s eparsa o £ 7w the relationstop between pressuse P and volume V of the
w85 wev e & wathensaical sanredalon
Pul o PV = Kl(constant) (10)

(W) S0t Ut e sensly & of 1Ne JCCA! gEs 10 1) above, At a consiant lempersture T is
diremly propunial to the pressure P,

r PV = K
\  d=7Z= (m= massof gas) : . (02)
v
Hence, Px = = K {02)
\0 p="d i (02)
= E P (Z= constant) (02)
K K (02)
Hence,d o P
OR
PV = nRT : (02)
P==RT
P=2xlypr (m = mass of gas) (02)
il (M = relative molecular mass of gas)
dm® (02)
"4
Hence,P = W X RT
d=%x!‘ (%:cmmnr) (02)
Hence d e P (02)
(3a(li): 10 marks)
-—-_-_.‘__-_-_-__
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=ded by mach

cogyec) dby awmerd
T &U Yeuywd

p‘n shodey e\ rrr'\ﬂl

mar\¢ "mtlli(}tﬂ-lo-\'“j

' "omp‘& &2

d\jsiml ‘sL‘\l:""" E2L P S R D N [ PR ..,I..__':‘_'. -_-.;1;:‘::-_- _‘x‘#"‘ ' “

Gre veyuyeacd b

craservd e 8

(i) Show B F 300K and 500 K. by drawing two graphs in the fgure given by,
Indicate cleatly the temperature o0 t each griph.
P P
(10)
WK 3'(!): Sﬂma_r_i::

(%) Depletion of O,(g) occurs :namﬂng-lﬁ e mieclinism given below in the presence of Cl(g)
~ and O(g) afoms,

Siep 20 CI(® + 0(g) =~ Cl® + O
(i) Write thé ovemll reaction for the mechanism givert ahove.

(1) +(2). O(g) + O(g) — 202(g) (05)

\ (i) Giving reasons, identify the catalyst and the fftermediate product of the dbove mechanism.

Cl(g) Is the catalyst. (05)
Reason: consumed in step (1) and regenerated in step (2) (05)
ClO(g) is the Intermediate, (05)
Reason: Generated in step (1) and consumed in step (2) (05)

i ¢ obad i in relafion o the
(ii}) The following geapks were obtained from an experment camizd oot
overall reaction in (i) ghove al temiperature 7% Retes and concentrations are measured

in ecite of mof ™ & end moi dm™ rspectvaly, I
e mie A 1= AL
// 1 /’
/ l:.‘.'... 2
e N 7 )
Ciragh 1 Gragh 2
Grapi 1 wes oblained by heepluy {O(F)) <oasiant
Graph 2 wes ohtained by keeping [Oy(g)1 corstant,
1. Wit the help of grophs | and 2, dedece omlers of the reacticn with respect i 0,(g)
and O(g). What is the overall order of the reaction?

. Graph 1 is a straight line going through the origin. (05)
Hence, order with respect to Os(g) = 1 (05)
Graph 2 is a straight line going through the origin. (05)
Hence, order with respect to O(g) = 1 ' (05)
Hence, overall order of the reaction = 2 (0%)

- AL 1f the rate canstan of the reaction is & ul. émpersture 7, write the ratelaw ofthe
b reaction, 1, Cigedide ¥ BRI 8 RN R A R

e e W T

Rate = k{0s(g)|[0(g)] (09

e |

02 —Chemistry (Marking Scheme) G.C.E. (A/L) Examination 2022 (2023) | Amendments to be included.
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i1, Deive the usits of k. S -y
o Rate mol dm=? s=1 inthis
k= [05(9))[0(8)] ~ (mol dm=%)(mol dm—3) — mol~'dm? s=* (05)]cotumn.
. ne
Jv. In an experiment carried out at temperature 7, the concentrations of O(g) and o~
were 10 107 moldm™ and 1.0 x 104 mol dur? respectively. mf(ﬂm ofofe i
reaction was found 1o be 1.0 x 10-* mol din3 &', Calculate the value of .
Rate = k[0:(g)][0(g))
1.0 x 107 (mol dm™s™") =k[L0 x 10 [(mol dm=*)[1.0 x 10~*)(mol dm~>) (04 +01)
Hence,k=1.0 X 10* mol~! dm?® -1
" e e 3(b): 70 marks
.. (@) A, B and C are hydrocarbons having the molecular formula C;H,,. None of them show
geontetric isomerism. Both A and B are chain isomers of C. When A and B dre separately
reated with cold concentrated H,SO, and the products obtained are diluted with water and
heated, D and E are formed respectively. OF the two compounds D and E, only D shows
optical isomerism. On catalytic hydrogenation, both compounds A and B give the same
compotnd F, while compound C gives G. When B réacts- with HBr in the presence of
peroxide, H which is @ primary alkyl halide is formed. Compound H when treated with
(i) Draw the structures of A, B, C, D, E, F, G, H and 1 in the boxes given below.
GHy cHy
CH4CHCH=CH, CHyCH,C=CH,
e
A B
1
CH4CH,CH,CH=CH, | ] CHyCHCHCH,
|| OH
| I
Lo : .
J CH; GHs
} CHaGH;CCH, CHyCHCH,CHy
! GH
CH4CH,CH,CH,CH, CH;
CH4CH;CHCH,Br
— G "
CH,
CHyCH,CHCH,OH
— (06 marks x 9 = 54 marks)
I '
(4a(i): 54 marks)

02 - Chemistry [Marking Scheme) G.C.E. (A/L) Examination 2022 (2023) | Amendments to be inciuded.
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3 Jucus Yest ot Lucas

'rc?_‘* L1
Lad "™

DEL R hase”
do be coyveck
(El“. chis bl

a mm  m—— r ———

p"O‘«JUt l(. mﬂ ke @

Compree } t!'-'l' e vd

Veovlec

- —— ——

(ﬂ)Dmﬁbe:ehemhdmmdis&uguimn,Emd
Add conc. HCI/ZnCl; to each compound. e
E - Gives a turbidity in a very short time.

D - Gives a turbidity in a few minutes

ey aes C._'l\j a1

k EN;._

I from one é&nother,

L
n LT

(03)
(01)
(01)

I - Does not give a turbidity / Gives a turbidity after a long time.  (01)

(4afii): ﬁ! ;

dia): gp

{b) (i) Draw the structures of the products J, K, L, M and N of the following reactions [Ty

in the given boxes.

CH,

CHs

i ] alcoholic KOH CH3CHCH=CH,
CH,CHCH,CH, Br
—
J _
0 OOH ‘
; conc. HNO;/cone. H;S0
ol i ¢ “oH < éL
NO,
K
CH, GHs
amy 1 e CHB‘;‘CHs
CH,C=CH, | Br
r
MR
k’l_? | U 1 ?H
(v ) - " ’ ____‘__.._‘_ C ok : CHJCCHQCH3
CH,CCH,CH, | &N
|
L- — ——— —_—
: . M
cH i
V) | 3 KCN ?Ha
CH,CH, CHCH, Br CH3CH,CHCH,CN
b . e
(05 m'gm x 5= 25 mar
(4b(i): 25 mar

Selecting from the reactions I-V,
given below,

Nucleophilic addition reaction

give ome example each, for each type of reactiod

LY

ili Reacti
EIFct'rophlhc addition reaction Rtaagégz ;:;
Elimination reaction Reaction [

= 45 m™
(05 marks x 3 “:1155 m‘ﬁl

(4b(l —1
ain. AN mﬂrk,l
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Answer fwo questions only. (Each question carries 150 marks.)
) Consider the reaction (1) given below at o temperature of 800 °C

Hy(® + L) &= 2HI(g) ——-meeme (1)
[nitially, 045 mol of Hi(g) was introduced info & 1.0 dm® evacunted rigid closed container at
200 °C, and allowed to teach the equilibrium given above. Tt was found that 0.05 mo! of H,(g)
was present at equilibrium.
) Calculate the equilibrium constant xq.fortlnubovceqtﬂlibdumtuummafmt

Hax(g) + Ia(g) = 2HI(g) -----Rxn-1

£
Y

Initial con. 0 0 0.45 mol dm™ e 'fld-""
Change 005  0.05 0.45-2 x0.05 mol dm \eX (&
Eqmcon.  0.05  0.05 0.35 mol dm* (03+01)
Note: All three concentrations need to be correct for awaril of 03 marks.

_ mg)?
Ke= @@ 04)

Note: Physical states are required for award of marks.

_ _loas)? \
Ke,= fosioos) kﬁ“‘\

Note: If concentrations are not stated but have been substituted into K¢, expression with units
award (03+01) marks.

Kc¢, =49 (03+01)
(5a(i): 12 marks)

fii) Ia @ separale sitilar evazuated container at & temperiture;of 800 "C renction (2) takes place
wilth an eguilorinm consfont K = 1.2 % i n‘ﬂ'_‘ﬁh‘ll_._ £ ke %

2t o+ Sy = 2H.8g ———-(2) rhis T _ :
Whes the fwe copiaiases wre comnected logether, the following reaction (3) takes place at a
tetap e o H00 U - T

2V e JMASE) 2= 5,08 4+ JHKQ) —eree—— (3)

Caevtate the souilibrinm constant K, for the réaction (3) at a temperature of 800 °C,

2Hy(g) +Sa(g) = 2HaS(g) —Rxn—2 K¢, = 1.2 x10°mol™' dm®

2h(g) +2H:S(g) = Sag) +4HI(g)-——Rxn—-3 K¢, =?
Rxn-3 =2 x Rxn-1 - Rxn-2

i = 0 (04)

3 K, Ca

_ (492 04
G~ 12100 %)
K¢, = 2.0 210" 5mol dm™ (03+01)

Note: For correct concentration of K¢, using 1/K¢, award full marks.
(5a(ii): 12 marks)

‘!—._._-‘_—-__
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e b T3 o WIS AR )2 12 rhv 2 "l‘i,:l“ T %ﬂ%“’r";&l._.wh
* ngid clos cnnmmerm ammpemmre ot Umin
i.ml g}lﬁ {t::“}1 ul?cﬁ-e wil;?.()ﬁ x 10-%mol Hi(g), 1 1.25.% 1078 H;LISEE{N? 252 x’ m-a “‘“‘H,s(,L
Cnir..ulal: the numher of mo}cs ol’ lz(gHtr lhe ubm'e .

Fhdkend A e h_r,--:hl
il e B

[S2(@)(HIE)]*
[HaS(@)]2[12(R))?

For Rxn—3: Kc, =

= _ [1.2507¢][5.0:407%)*
K, = 20 10" mol dm™ = -5t (04)

Note. If only K¢ expression is given award (02) marks.

o [l(g) = 2.5 x10°mol dm™
nlp= 25 x10"5mol dm3x1.0 dm® = 2.5 x10~% mol (034

(5a(iii): 08 markg)
i "-'-‘:ll-'gm L'It _ﬁf

('\\ A0 exta Eﬁﬂ i n-cﬂ 1£(r~1 NisT ﬁ{!n:d m ﬂu- cTn'ribﬁum m:xmm Ili '

' mn‘lpemmﬂ:ufﬂm‘c Tk -::f+.*.---: 1k S

I. Calcnlate the maclion quuﬂem Q. 1 al. t!u:- mmwnr thc cxim ‘ij_!) is sddul ‘e.

- 1L Explain the change in the- cquﬂtbnum that mﬁcs thLc uptm tlu. nﬂd.-tmq of cxlm II(g}

Iu Sketch the variation in the: mnccntmuom of mh nmmmm i rh: nmmre, ymm limc..
~upon.the addition of extra-L{g)., 1 HF Lieias S Tkl

S o B -

- e C RS 2L SRS

L. Whenanextra 2.5 x10"5 mol of L(g) was added:

New [L(g)]= 5.0 x10~5mol dm™3 (04)
At this point:
Qc, = SEIHIE)
&7 sEPLE)P
_ [1.25 <107%][5.0x10"5]*
QC& T lse x1075)2[5.0 m10-5]2 ok .. 09
Qc, = 5:6x10"%mol dm™? | 25™Mo0 o\ d-3 (04)
Note: If only Qc,expressiva is given awar? (02) marle..
I Since, Q¢, < K, (04)
. Reaction will proceed to the right unil Qc, = Ke, (04
111

Faimial Eguifiiivns 0, <A, | New l.'ﬂl.l#ﬂ;»-
0. =K, L= | (22
T Vi (i)

(02)
IIM" | '''''''''''
L e,
/! (o)
L] # 'R}
sdnd
h
Netdn

not required (08)

Note: Variations can be given in individual plots,

(5a(iv): 28 marks)
5(a): 60 marks
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1Y s e s e

fb" -"‘ '—"‘;‘““ e 0 i e ﬂﬁmﬁfﬂ AH?, As" antl AG" 5 the reaction mu 2’1 e
»{g} +12(8} _" 2[‘“(2} e (.1) ; & ;i; ".-.-' "". g Al ':__ ¥

ﬁr 2‘!"(: m-H'I(s)--*zw{g} M’::&?.Umur‘ As’ndml h-‘mol“
""-.\. ' s J(’]q_’]{“ : “1‘ .l'j' lhffo 61le M.-Zm.lk- l-l 1"‘

. "..,!3 . 1 TR G N,

"
e

Ha(g) + Ia(s) — 2HI(g) Rxn-1 s AHY =53 ) mol1,AS? =410 /] K~‘mol™? =3 slw-lmj

S dw \e ﬂ“
L(s) —l(g) Rxn-2 ; AHF =63 k) mol~!,ASE =260 ] K~'mol™* 55, daee
Rxn-4=Rxn-1 - Rxn-2 (04) . b
) ded "
Hx(g) +1(8) = 2HI(g) —Rxnd 'S ©
¥ L1 ﬂ
AH? = AHf — AHS (02)
=53-63 = -10k) mol-! (01+ 01)
as{ = AS{-ASf - )
=410~260= 150] K~'mol-! (01 +01)
AGY = AHZ — TAS§ (04)
=-10-300 x 0.150 = —55k] mol-1 (03 +01)
(5b(i): 20 marks)

Alternative answer for b (1) .
Hag) +1a(g) —5  2HI(g)

\ AHT AHY (02)
Ha(g) +1:(8)
Note ;Physical states are required for award of marks,

From Hess's Law

~AHY + AHS,,, = AHZ (02)
AHE., = 53k] mol™ —63k] mol™* = =10k] mol™} (01 +01)

Ha(g) +1x(g) 2Hl(g)
Ha(g) + Ja(s) (02)

Note : Physical states are required for award of marks.

ASP = ASE - ASP (02)
=410] K 'mol™*-260) K'mol™'= 150) K 'mol™ (01 + 01)
AGY = AHNf - TAS? (04)
=-10-300x0.150 = =55k] mol™* (03 +01)
(5b(i): 20 marks)
e
‘-.._‘__‘_.-_-—-‘__
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5 {hJ Uamé the dara given belowy calmlnm Nf ) }35’ ““d ﬂ‘G’ {a: o r&ncimn (5)? uz; A\
3 N zﬂ,sm—a‘zﬂ,(m sz(uw-—-- Ot Pt Nt g

- —— —-n—-

i ‘.‘_ mzﬂr 2 w,m mr; 13 AS;!JK" mn!“ :_- ;
H,(g} G IARG ‘3" A
PR IR o '; ? qh(g '; i, 127‘,33“ (Al i’ g
BHY = 28HR, -+ AHE(, ) = 28Hf(5(q)) (04)
=0+ 127 — (2 X —20) = 167 kJ mol™* (03 + 0y
ASg = ZAS I(Hag)) + AS.? (S2)) — 25&”25(9)) (4)
= 2 x130+230-(2 x 200)
= 90 ] K 'mol™ (03 +01)
AGE = AHE — TASE =167-300 x 0.090
= 140k} mol™? (03 +01)
(Sb(ii): 20 marks)

l'm} u qn;, the ahswers ohmmc&":r{ "{':}(u] ﬁnd (I-]{u') al-:we pn.dict gn" ng ren&omr whelher the
reaction (/) below is <pontancovs or rot dt 2 (‘ : . .

- 21(8) + 2IL8(y) ~2 5,02) + 2 H@) -t t.'_?_?
Rxn-6 = 2 xRxn-4 + Rxn-5
or
LAGE = 2462 +AGY (04)
AGE = 2 (-55)+ 140 " (04)
= 30Kk] mol™?! (03 +01)
AG¢ is positive (04)
. Reaction is non-spontaneous (04)
Note: For correct prediction based on incorrect value for AG?, award marks,

(5b(iii): 20 marks)

5(b): 60 marks:l
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t'-‘)p"i H!.r" "‘ e L ] o T 'l“"-'l' L —-—r';p-—-...-dn:- rr--‘-"—--‘--.-- LT B o e

[ .}m &u'uﬁf:’ﬁ«w valmr.a'l’!dm"‘m'lmhea}.u ﬂ-altmnymm:: m‘ "“Q mhms

- “";‘:{xwm “Gf (C1aq) jons’ nd 20 10 ol of COF-{ag) “lon Sthall” portions ”qf

Iz +conceatrated ltuOus AAgNO, “solution’ weie lﬂldad ilow!y o the above scﬂudm. AL 254,
'xw (ApCi) =160 % 107 mal? doy asd K (ABCIO () = 805 10012 mot® dn¥. Assume

:,u it w*ﬁ-as no’ ﬁmﬁcunttﬂmg\'; i;r’mlurithi vd}umt: upon’the: nddl:ﬂmi of“AgNG_]{mg) suluudn.

2 {1) sww thnl .AgCl pmclpit!m first itg' o ﬂmble mlﬁd;unn Bt r 35, R

For AgCl
AgCl(s) = Ag'(aq) + Cl(aq) (02)
Ke = lAg" (a9)][Cl(aq)] (02)
[Ag'(ag)] = Ks / [Cl(aq)]

=(1.60 x 10"°/2.00 x 10?) (02)

= 8.0 x 10° mol dm™ (01+01)
For Ag:CrOy
ApCrOg(s) =2Ag"(aq) + Cr0Os(aq) (02)
Ky =[Ag'(aq))’ [CrOs*(aq)] (02)
[Ag'aq)f =K/ [CrO:*(ag)]

= (8.0x 10'%/2.00 x 10?) (02) P“DS“"Q
[Ag(s)] =2.0 % 10 mol din? (01+01) ﬂi‘f:‘;’
dec ada-

|Ag" (aq)] needed to precipitaic AgCiis) < [Ag” (aq)] needed to precipitate Ag:CrOu(s)  (02) qf o kS

. AgCl(s) precipitates first (02)
(Sc(i): 20 marks)

(i ulcu!nu: the concentration of Cl'(ag) ions present in the ﬁnluunn at tin- iunc AgIC'G
sligts '.D pmclpltatc - wi-5f o 53 Saheeog el 6, A _-:'_I';_.":-'_';_ :- Yo oRe 1 S1000 it

[C1'(aq)] present in the solution at the time Ag2CrOx starts to precipitate

= (Ke/ 2.0 % 10%) (04)
=(1.60 x 107?/2.0 x 10°%) mol dm™® (02)
=8.0 x 10 mol dm™ (04)
(5¢(ii): 10 marks)
5(c): 30 marks
= 25

02 - Chemistry (Marking Scheme) G.C.E. (A/L} Examination 2022 (2023) | Amendments 10 be Included.
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6. (a) You we provided with an aqueous solution of sodjum acetae (CHL,COONS) at 25 ¢,
QWﬁmMWﬂMmwamwdm"mmm“M%

CHsCOONa(ag) + H:0(1) @ CH:COOH(aq) + NaOH(aq) (08)
or
CH3COONa(aq) — CH3C00 (aq) + Na*(aq) (04)
CH3COO(aq) + H:0(l) 2 CH:COOH(aq) + OH" (aq) (04).
(6a(i): 08 marks)

(i) Write the expression for the equilibrium constant K, of the equilibrium in (i) above.

Equilibrium constant for the above hydrolysis

K, = |CH3COOH(aq) J[OH~
|CH3CO0~(ag)]

Note: Physical states are required for award of marks.

@0). pqn-1 (04)

(6a(ii): 04 marks)

(iii) If the dissociation constants for CH,COOH (ag), and H,0 M are K, and K_ respectively
p\;glaj. shales @ 25°C, show tat &, -2,

‘-,..-nr,..-rb*]" Ky = |CH3CO0H(aq) |01~ (ag))[H* (aq)) " (04)
[CH;CO0~(aq)|[H* (aq)] ke
T T [CHsCONM(ag)|
Y iy ICH,CO0™(ag)][H* (ag)] (04)
¥, = [H"(aq)|IOH (ag)] (04
Ky
.'.K;, = ‘E

(Baiiii): 12 marks)

{iv) Given hat K = 1.8 x {0 > mol dm™ amd K.=10% 107" mol? dimn at 25 .

. calculate the
vialoe of N‘_. at 25 <C. .
K = Kw_ Lox10°M
. Ko ~ 18x10°° (04
a3 +0l)

]

=5.6 x107" " moldm™3 or 5.56 x 10~1° mo{ dm-3 [34 09

(6a(iv): 08 marks)
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W) A ;m&domww&tmwhmm.m
of 0.10 mol doi® HCL. What s the volume af 0,10 mol don® NC1 required fo reach the
Wmmumﬁmmnhmm

Titration of 25.00 em’ of 0.10 mol dm™CH;COONa(aq) with 0.10 mol dm~HCl(aq)
CH,COONa(aq) + HCl(aq) -» CH;COOH(aq) + NaCl(aqg)or

CH;CO0'(ag) + H'(aq) - CH;COOH + Cl'(aq) or
CH,COONa(aq) : HCl{ag) = 1: | (04)
. Volume of HCl{aq) needed for the cquwalmoc point = 25,00 cm’ (04)
1 at the equiv

NaCl(aq) is a neutral salt and therefore pH is determined
by the dissociation/hydrolysis of CH;COOH(aq)

CH;COOH(aq) = H20(1) = CH;COO (aq) + Hy0'(ag) (02)
Concentration of CHy\COOH(aq) = 0.05 mol dm*(volume is doubled) (02)
CHyCOOH(aq) + Hy0(1) = CH;CDD (aq) + Hy0" (2q)
Iminal com.  8.85 o mol dm’
Eqmeon  0.0%-x . x mol dni” (04)
i [CH,C00™(aa)li, 0% (@g)] _ _x¥
» IcH,CO0H(g) | 0.05-x
18 X 1075 mol dm~3~ = (0.05 - x ~ 0.05) (04)
¥ =90 x10 or9 x10
x =949 x10 mol dm-? (04)
pH = —log [H;0*(ag)] =3.02 or pﬂ =g [H*(ag)] =302 = 3 (04)
(6a{v): 28 marks)
(ﬁ]Shmhﬂnﬁmnm(pﬂn vdm&fﬂﬂ}furlhelmm&mh(")
pH curve
Initial pH is due to the hydrolysis of CHsCOONa(aq)
CH;COONa(aq) + H:O(l) # CH:COOH(aq) + OH(aq)
.. the solution is hasic (weak)
Final pH is just above 1 (0.10 mol dm™ HCl(aq))
lculati itial pH - optio,
CH;COONa(eq) + H:0(l) = CH:COOH(ag) + OH'(2q)
Iniicl con.  0.10 ] @ mol dm?
Egmesn  010-x x x mol dm”
Ky = Ky = AX=202000 = 556 x 10710 = 2
PON = 5.13 pH =087
...'fh y axis with relevant pH (01)
= x axis with relevant volumes of HCI (01)
starting pH > 8 (02)

i - :\ equivalence point pH =3.02 and volume=25.00 cm’ (02)
: 4 pH at completion (02)
Al shape (02)
-

Y TITETE R R (Safvi): 10 marks)

Vidsme of HCVea'
(vil) State an indicator Which can be used for the titration in (v) above.
Methyl orange (04)
(6a(vii): 04 marks)
F W oy

f“hl Explain. why it.is not poseible. 0 titrRla s 0,10 mﬂl dm t“ﬂqCDO!i solution “’“h “ m\’n
- of 010 m0] dnt? guebtis animomias, 5 D T L R A

Difficult to detect end-point (02)

Due to smaller vertical portion/rapid pH change near end point (04)

(6a(vill): 08 marks)

e 6(a): 80 marks

m"uimm [Marking Scheme) G.C.E. (A/L) Examination 2022 (2023)1 Amendments to be included. 27
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W %Hﬁla Ti
b) An; idqdll hqmry l:(;md mu&ﬂﬁﬁw pm ur&d h3’ ““mg H-ll.l'!t{s .&
( ,,gwen Agmpeouture. \\’hclt ﬁic mﬂpﬂsﬂli‘“ of dhe: llq“'ﬁ Ph‘m W ¥ =520 an }am b

' ' B X and X, -qre-uole. frmtm& of A =83
i pmsnmul’tlw A r'p}!asem 8% ﬂ‘ e and

,FI A ﬂm hqmd p]'caae . When’ tha ﬁntnpomnon ﬂf tﬁc Ii‘ iid: pluﬂa 1.\'35 Ghﬁnged 1o A:?;;
i i & =05, Iht: pressum cf thie v.ﬁpdur ph.m: bt:cnlm “f‘“ ﬁx!*ﬂus ’lempemn"e Sy
: : 'mm of A nnd ‘.B am P.‘ and PB wqpccuvcf}r f" gy RED .*-',* 1
Fe 'i' 1 -|' ¥ 4 t._' L '.". .* ; :','_:_:--’ |" 5 .'::‘.:4;"" e -' ol et

¢ tﬂ Shm\ Ih'tl Ph a:SPn. KR R gt o R e e ‘..‘

bSPTIR S Do

(i) For an ideal gas mixture: Total pressure Pt is given by
P = X; P! '

(03
For the initial condition Py = 02P) (03)
P, = 08P (03)
Total pressure; P= Py + Py = 02P0+ 08P .......Eqn1 (03 +03
After the change P, = 05P) (03)
Ps = 0.5 Pg (‘03}
_5
And total pressure = =F (03)
S
sP= 05P{+05P) ... Eqn2 (03)
Egnl _ 02Pf+08P _ 3
Eqn2z ~ 05P2+057, 5 (03)
1.5Pf+ 1.5P) =1.0P0 + 400 (03
.pb . oo
=Ps= EPG (02
| . . _ | (€b(i): 36 marks)
g Draw e ovivnpon S A '..r‘._’:'fl P fd) W Tt S o m B2 i unXie v ¢l ~ 4
R howitrdie varanein 3o o “-‘ W, St o A2 Hinmr the diporam
Vaper
pressu
&)
et
Xl m— > 00
Xy=0o0 Mole Lo
Shefion (6b(ii): 19 marks)
OZ-Uuquw "l‘ﬂr'!il\ﬂ Sthamal Rl e 1an = . - __..——-F-—‘— z!




¢t of Examinatienis = 278 LA
pepartme”

.-..ﬂ-—--—_ Ty &ﬁ
fiﬂﬂ --!:m.- .h.-.- mmdmgﬁma 1:351.}9!1_“3 * he S——
PA = XH P:
And Pp = (1-X, ) P (03)
As Py =Py (03)
1=f4 - KR _ sx,
P xR G ©3)
(1-X4) = 5X,
X =2
. (03)
-
. 03
(6b(ii): 15 marks)
6(b): 70 marks
J‘_-‘-‘--'-"-i——
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(1) and (2). _
2H,0() + Oy() + 4e —> 40H(2g) (1); E° =040V
00 + 2¢ —> Hy(g) + 20H (aq) e (2); E9= 083V

mmmmmmwwm«ﬁemﬂ.
2H,0(1) + Oa(g) + 4¢ - 40H(aq) Rxn-1

JH;0(1) + 2¢ > Ha(g) +20H(aq) Rxn-2 !

i
1
|
1
{
|
{
!
{
1
|

Rxn-1 represents the cathodic half reaction

(03
i i 10 |
Rxn-2 represents the anodic half reaction 5 210 (15
Note: Identifying the anodic half reaction as 20H(aq) + Hx(g) = H20()) + 2¢ can be ateepty
(7a(i): 1&%
(i) Write the dverall balanced cell reaction of the cell.
Rxn-1.- 2 xRxn-2 (03)
Overall reaction
2Ha(g) + Oa(g) — 2H20(1) (05)
- Note: Physical states are required for award of marks. (7a(ii): 10 Marks)
(iii) Calculate E.y of the cell at 25 °C. o
Eg.-u s Ececthaae o E:node or E;?ell = Eg o Ef J (05)
Efe” = 040V-(-083V)= 123V (04 +01)
(7afiii): 10 marks)
(iv) The cell was operated for a duration of 600 5. During this period, 1.0 mo} H_(g) was consumed.
L. Calculate the number of moles of electrons which passed through the cell.
{l. Calculate the amount of clectricity {in codlombs) genemted in the cell duiing its
aperation {1 F = 96500 C mot™),
1L, Assuming that the current druws from the cell is constant during the operation, calcrlate
its value, -
2mol e
L 1.0mol X = e 20mole (03)
Il Amean ol electnicny passed duning the operation is
" 96500 C -
Z0molex ——= = 1.93 X 10°C (6%

" l. Current passcd through the eell is;
1 $e 1.93x105¢C
Tt 600 5 (03
=321.67 A or 3224 (04 + 01)

(v) In the above galvanic clectrochemical cell propane (CyHy(g) s used instead of H(g). (7a(iv): 20 marks)
I. Write the helf-cell reection for the propane electrode assumi e

1. Derive the balanced equation for the overall cell reaction : i
Hy(g) in the answer given in (il) above. by using propane instead of

L CsHi(g)+ 20 OH(g) -» 14H,0(1) + 3COy(g) +
2(g) + 20e 10)
II. C;Hs(g}+ 50:(g) - 4H:0(1) + 3COy(g) EU'S}
HIL. Cell with CsHs produces CO:(g) (04)
COx(g) contributes to global warming

- M ll
With Ha(g) product is only the H,0(1) a4 |

; (02)
Cabg A H_,o(.- 7.3¢05 120 H-rn-} 20@. Cem be (7a(v): 25 marks) 1
Rasapled for ¥ 7(a); 75 marks | !
02=Chemistry (Marking Scheme) G.C.E. (/L) Examination 2022 (2023) 1 Amendments to hn ineteo- = e
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; u} s : L THCY, b coouless .uﬂ'hm"":fﬂ'“ Perd Tidje Ori'reacrt
,,,,,a wilty QL NHOWNILA jind LS &' m? X, me’ ﬂiiuﬂ Whea X, 48
Wxauwtihdthhuﬂuaﬁhmhmdmm.wg
e ',.-" . n gelatifious \\‘hlilrpfo-‘f-illll!ﬂ X, I formed X, g O addition of dil, NaOH o,
SE cu-m ‘il NH OH tn By, Xg i X, reepecii 4 Oiiolbes 1 excess Mati{ und’
ol Lm:fyhmmxwdx,wx {Cﬂ*:c "”Yﬂﬂi‘x;iudx m:uluurh-u
S On L et X _,“'“‘*“’." f“""’”'"‘" Nt Ressuns e wt
po 5. #mﬂclluckMMgmemmx i - goal i gubil w
E T e by N i edowten, e UL e &
LR W nmme IUPAC, i of By i 1 55 e R
e+ I. x. zn AR Lie AR, T i [o‘]
Xi:  ZnCl 2
1 200 Zn* or [Zn(H,0)* (04)
X2z Ha
(04)
Xs: ZnS
(04)
Xo:  Zn(OH): (04)
Xs:  Na:ZnO; or Nay[Zn(OH)Jor [Zn(OH)iJ¥or ZnO (04)
Xo:  [Zn(NHa)e]* (04)
I, 1522522p"3523p%3d'%4 2 (02)
M. 1s%2s%2p°3s?3p°3d" (X, = Zn?") (02)
All g-orbitals are filled (i.e. no partially filled d-orbitals are available) (03)
V. tetraamminezinc(ll) ion (02)
| (Tb{i): 37 marks)
i) ¥ i also 2 d-block clement l.?'nl bclont:. o thn sampe mw as x;n dw l'cds:dx;'l’able '1"
has fwn commer axiddfion numbers n and m. m s groater "ian n;f‘_l‘."" forms the . pink
x-qar-:_ ancies Y, o aqueous selition. O weatment of lhe sohution boni&uungf\ with
Jil aoTi die pPus precipitate Y, is fommed. When H,'l is bubbied ﬂntu#l a ‘shghely
biede e foticn containing Y, the “lack precipitale” Y iy Oblained, 'ﬂu J’:ﬂmﬁiﬂrmwn
spain Y s domud va m.lm.m Of CACISS LOTIC. nmmmm o Lmluuun unmthg 'l
On trostmsel of 3 solutan containing. Y, with conic. HCL, the' hlus m]auwd uﬂcm 't h
uimm On ésposure of Y, tor pir, the br-.mnisl: red qmchn.ﬂ; =Imml e
I: Give'the valoch oi o and m. L :-'
1. identfy the species ¥oand Y, 1o Y (Giive c!urlu.al lm‘a‘nulne) N‘lﬁ' Rms are pot
required. _ g
RL. Verite the dcnrumc pondts ur.linm uf \"‘ and Y™ !' = : o5 .
1V, Weite the TUPAC name:of ¥, — RS S A .FI’.."’E’:‘?‘“"
L. n=2 m=3 Note: nnz andm:q-ambnaeniptod (02 + 02)
. ¥: Co (04)
Yy:  [Co(Hz0)el* (04)
Yz  Co(OH) (04)
Y  CoS (04)
Yo  [Co(NHs)e]* (04)
Ys:  [CoCLP (04)
Ye:  [Co(NHs)s]* ~ (04)
M vz 1s22522p53s23p"3d (02)
Y 1s%25%2p°3s%3p°3d (02)
(02)

V. tetrachloridocobaltate(ll) ion
(7b(il): 38 marks)

n e te| letbey
© eyl é‘f Ceat ) ‘ 7(b): 75 marks

~—I00 eays {-n (_Tn Simple YOEN
02~ Chermisiry (Marking Scheme) G.C.E. (A/L) Examination

2022 (2023)| Amendments to be included. 31
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PART C — ESSAY

Answer two questions only. (Each question carries 150 marks,)

i

i t usi C=CH
I.(a)wﬁmm‘mpmdfhfmbo;;&medm uSlllsCH;_ Ind(G-l,]chQQI
according to the reaction scheme given J
Br
R, R o
CH;CECH —_— \— CHJ-:HCH;
B OH
R, R, |
D—*> B —> CHCR—CH-Ci i,
I
CH,CH~CaCH . WP e p b
w‘! .
(i) Give the structures of the compounds A, C, D and E and the reagents R, R,
d %, P geals Ry, Ry, Ry p,
'1 Onlylhechcnﬁulmbsmmwowshouﬁhumdeiihﬂﬁnglynrmmmﬁmﬂm
3 as reagents.
. Chemical substances: i &
‘Sirg 1‘::\\‘: ) "l . NaXH. NabH,, HgS0,, Hr, dil. H,S0,, Pd-BaSO,/Quincline catalyst, CH,O0H |

\'J:hl.lﬂ.l &ve. cuw"\

o _A oy W

o

:'bl' Fuﬁl-\ 0 (Ry) ” Ry
: Br
o, Hoiton, L s T
N Temmmetasalde,
- " @ (Re)
v/ — ©3) N e\ o . S
Ry [~ CHyCHCECCHEH, — -go_‘.. CH;éHgt:H LCHCH,
G Nenw, S NS Y
CH,CHCECH —— CHyCHC:C Na (D) | ® .
" N -~ S | @ NBBH‘ | L I-‘,E'-s
(© (08 ICH,OH i (Rg) J
CHy  cH,
CHiCHCHCH,CHCH, |
OH '
(8a(): 5S4 marks) 1t CH,OM i por .
o ive answer for (7) Deduct 03 marks
(:;} H (Ry) .
= r
= R o R o
(A) Ry
. Ry) e %&acc?:ém s Th %
NeNH, - CHs m; CH,CHCH=CHEHCH,
CHyCHC=CH ——= CHy&HO:C N ©
. @ @
IW WO.J R0
CH, CH;,
H
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(i) s Ch
c Em-l,cnch,
" @
oN N
(G)
(8a(ii): 06 marks)
F{a) 60 marks
{'.':?.I"_-'.T-.--.;ﬂ'“‘-"'““'1-":‘-" R P fa L (s Rl S
[ ) Uiy Show how the trn.ru:ﬁ.rrmntmu given bcrm. can bu carried oul usm;, ot mare th-'ln fm ﬂm
j 34 m > '_ CH; f‘“ o T g ‘,‘.r?.’ I—L :}J‘.
.. @ AR o R o) ‘ 2 e 2]
E"tij _ GO;H " coH CH,0H
_CHCl KMnO; @ Cly/FeCly @ (1) LiAIH/(dry ether) @
anh. AICIL o) (2 H'H0 y cl
oa -mi @

Altemative enswer |

COCHs; COCH, CO,H CH,OH
(*\] CH,COCH (l Yy ClfFeCly @ KMnO, @\ (1)LthIH4!{dryali'lar1 @\
anl. t\jis >a y Z el (2) H*/H,0 3 cl
@

Alternative answer 11
3 e CHO CHO CH,OH

*-F ‘COleanc. HCl ct,rf-'eCIa (1) LR Ncry ather) O
anh. AICl, . @ H*ﬂ"z: ol

h——w.-___,}\._.__,v A iy i
¥
@

Altemnative answer II.

The first reaction in this answer is not in the syllabus. However, marks are allocated for correct chemistry.

(8b(i): 35 marks)
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N T R L
5 r‘n ;_shu'“! Etm ﬂw nmﬁﬁ]ﬂl’l-!’ﬂlﬁ EW'“ h@f‘ﬁ“ « :H'i n"x 1.' lTl d ( L.l l!S'Ih‘,,_ m mf',“"ﬁ %‘m‘f"
: i Slt-FE- .-.'. 3 ‘.' % -11‘- . _ \ {?I: " .. pRSYS : ': ‘. =4ics2 im
i ..',. A oo b o pere it . :
i 2 ', CH3L1! OH ...._._..---!» C CH;CIL-JH
jzi

‘r b “ B
- i 1 f n.-- -J.lh.-b - '._" is b R RO Ll -
-3 PR S . 3 S A Tt T AR 3
= - I r MJJ'..,..,, —— s L l.rj .ﬂ
RIS P L - e o S LA N--w -i—--i it

- - =
__________,_.,. -u-‘-- -ﬁ'l"'—""""" oy
— __..._ —v—- A
__,..._.,-.-u-

—— -
I" -. - r— -r-nv.q._p-u-

NaBH
PCC aq. NaOH -
@ GHyCH,OH ——=—s CHyCHO 05 éHGI:zCHO(————-—J--Em, CHCH.G,

— » Y v -
@ ® .
Alternative answer
DH
c . NaOH (1) LiAIH,/(dry elhar)
CHiCH,0H =~ CH,CHO =1 CHCHCH,CHO o sCHCH,CHgy
— g N\ J
X Y
@
(8bii): 25 mark
8(b): 60 marks

—— - e — s s B B .
b . y : T BE 2 r.——u.—--«..-

(” e lht structure of the pmducl H uF lh:., f.‘ll]n'.\':'lg rc:u_:u}n Wp.e (h,-; mﬂth “Hm Qf!hﬂ Eii m

nquecus NaGH

:Z‘H;ﬂ{i‘.ﬁi ra e FAEG

e

ChR,
O

‘ a'
= -
(CHy),CH” O Na'  (03+01=02)

®

O:D

0
el C |
(CHal,CH” CI {CH,};C OH (CH,};; DH . : CH,}ZCH’A\U'

P

8(c): 30 marks
R




¥ dissalves in excess i, > ngmimmmﬁﬁ l 'W"'?“r'
whed ithghﬁle:t gh. an. aqueous dav%ﬁmw
sided. On 286n, of AGNO () 0 3n squus ol of B, i g i 12 B
sbe I . NEOF & Frme. Adion of POONO 1) o 1t e s o
*%wrhﬁlﬁmp;ﬁ? ‘i:“ bat water. When m,m"nm.w-ﬁﬁ
solntion e g s is dnsoluble fo-dil. HCI s formed, B '

0 Jonity she species A to 3. (Give chemical formooe) Note: Rexsons e ot i,

A:  NiSO; (06)
B: BaCl (06)
C: BaSOs; (06)
D:  NiCl2 or [Ni(H20)]Cl (06)
E: SO (06)
F:  Ni(OH). (06)
G:  [Ni(NHa)e?* (06)
H:  AgCl (06)
. PbCh (06)
J: BaSO0: (06)
(9a(l): 60 marks)
{ii* Wiite balanced chemical equations for the following.

I. Formation of C and D

I1. Dissolution of C in dil. HCl

I BaCh+ NiSOs— BaSOs+ NiCk (07)

. BaSOs+ 2HCI —» BaCl+ SOzt H0  (08)

(9a(ii): 15 marks)

L 9(a): 75 marks

i —"

5
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R ‘mv.nm balanced ehemical eg2

1.3 mhﬂwim‘

qm“%& i X

.(ﬂl‘ml"l dm"a' wﬂ kﬂ’m-; T}'ﬂ m

o -.-lnheml!pnm wﬂ:ﬂ o
» ‘h . mq
“'“’M lwa: fﬂhfd and dnul uhﬁ'l a cunmhu mass.
WMMHﬂUWB ‘.,-:x ..,,-‘ s \ e
i | dm““ﬂ 3“'3 F“‘-‘Fllﬂfﬂm I'Enh..nnns

n;'ph-q,#'n-r-r - M

vy @ mnnuad av.d T!.m "»uluﬁm
1“ h::f gm 155000 o wsing. distlind water.

|
e AT T U A t‘\
.--l-q. !' '¢ Fr .!ﬂ S ALAT P gt Sttt e BT A

"Iﬁ“
Thiy

%g‘
alution, abulnvdmﬁﬂw fitfationy, wes
Iﬂmﬂﬂ-’r wn:hhfmctf'bfc‘l pzlﬂtﬂ Mh‘ﬁn
fion  HeIe l-""'*l“:'I s Ytroyides.
mﬁnlionsmul ﬁbﬂhﬂﬁmmﬂuﬁﬁt

'hu“ ,-qm.h-n b < BHF - SFet 4 MnOs—" mr.!ﬂ\]:‘ SFEI' FARO T (ﬁ]
n-l ug Lep Fe* + 30H—= FE[OH)! IM]
2 . — Mn(OH 0

Mn* + 20H- = Mn(OH): (9b(): 12 'Mthll

--.,_q

- p——

,-.,-—H-m{.u—-‘ R R it L o

{n} Cﬂm&cﬂnmmmufmmkp,mx
b nd mﬁamcﬁm frons-dissolved | myg&insdmlou..,__;

P ‘_L.'!.L].‘_I:H ] lﬁ-— _?7111 =55 EIE:-RP}&#‘\; LI RN ST VL T '1-- Casdies E't' ":"—‘* "‘i"'
Molesof MnOs = 0.02 moldm? x 20x 10? dm’= 4.0 x 10 mol
s NFe* S
nMnO,~ 1
Moles of Fe* =5x0.02x20 x10°mol =2.0 x10*mol
Molar mass of FeO =56.0 +16.0 =72gmol*
Mass of FeO =2 x10*mol x 72 g mol*
= 0.144g
0.144
% FeO = » 10094
0.480 !
=30%
Precipitate contains Fe(OH): and Mn(OH),
Moizr mass ¢f Fe{OH): =56.0+({26.0%3) +{1x2) = 107.0 £ mol”

25« of FeyOK); precipitated from FeD = 2x 10 mol x 167.0 gaol! = 0.214 8
toiar mass of Ma(OK): =55.0 H1€x2) +(1x2) ~80.0g mot?

Mass o (n(OH}; precipitated from KMnO« titration = .02

T remn Y m\"l‘\?"‘"“ri"f?"- F‘:‘I’l“"‘" 'v‘-'-'-t\"
- %

- Note: Aswume thiit the “copiposition does not. chatige- ﬂuﬁl‘fb ﬂf?lﬂs Of m{ hvdmmq

.lil_
lu

‘I"l-u-.‘._l :‘f;“é

(03)
(03)

(03)
(02)
(03)

(03)
(03)

{03}
(04)
(02)

(03)
(02)

Tooo 400! % 89 ginol~! = 0,6356 9 (03)

Mazs of Fe{OH): that resulted due to ie:0; =0.5706 B8-02)4¢-0.0356 g (02402+02 = 06)
P =0.32ig (03)
mar er this If the mass of Fe{OH); is
3 Wrong

Moles of Fe{OH)s that resulted due t, = 93219 .

ue to Fe:O; w 3.0 % 10—3 mol lﬁi]
Moles of Fe;0,4
= =x3,0x 103 - o 03)
Molar mass of Fe;0,= (56 x 2) +(16x3) = 150-; mol* Mol = 1.5 X 10~ mal [“oﬂ
Themassoffe:0s = 15x10° molx 160 g mor* = 0,249 4 (03
0.2
% Fe;0s = iy X 100% (03)
= 50%

(03)
(9b(ii): 63 marks)
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10.(a) The following questions [(i) - (v)] are based on the manufacture of sulphuric acid By the Contact
Process.
(i) State the three raw matedals used.

Sulfur (8) / ores containing S / S obtained as a byproduct during petroleum refining /

S extracted from earth / metal sulfides (03)
Air (03)
Hz0 (03)

(10a(i): 09 marks)
(if) Write balanced chemical equations for the reactions taking place. Stale proper conditicis
where necessary.
S (s) + 02(g) » SOz (g) (03)
(marks may also be allocated for metal sulfide + O;— SO; + metal oxide
if balanced equation Is given)
| amm (01)
450°C (01) £
2802 (g) + 0:(9) 2S0;s (g) ' (03)
V,0; catalyst (01)
SOs (g) + conc H2804 (}) - H2S:074gg) || (03)
HzS20; (aq) + Hz0 (I) +'2 H,S0. (aq) (03)
Note : Physical states not required.
) (10a(ii): 15 marks)
(iil) Stste two strategies nsed to increase the efficiency of the Contact Process. |

Using several steps to convert entire amount of SO; to SO via catalytic

surfaces/chambers (03)

Using atmospheric air to increase O concentration to maintain

02:80; ratio as 1:1 (03)

(10a(jiii): 06 marks)

(iv) Siate two principles used in the determinetion of the optimum couditions for the Conmct?

Process and briefly explain each principle using a reaction you specified in part (i) abcwc.g

Le Chatelier Principle (03)

Counter Current Principle (03)

Le Chatelier Principle

1 atm, 450 °C
250;(g)+0 250s(g)
(9) +02(g) - 3

Because this reaction is highly exothermic, d sing the tem is expecled to

favour the forward reaclion. Bul low temperatures will decrease rate of ion.

Therefore an optimum temperature of 450 °C will be used. (01+01+01+01)

Or )

Increasing O; concenlration favours the forward reaction. Therefore although a_ratio of

2:1 is suggested by stoichiometry, actually a 1:1 ratio of SO; : O;Is used.

(01401+01+01)
ounter Current Principle

S0; (g) + H2S04 (aq) — H2S:07 (aq)

S04 gas moves in an upward direction while H;SO4 trickles downward enabling the

more efficient absorption of SO; into H,SO4. (01+01+01+01)

Note : Reaction must be indicated or specified to award marks

(10a(iv): 14 marks)
e
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ic aci a raw matenial,
Name two industries which utilize sulphuric acid as
(v) Name
rilizer or ammonium sul
astics) industries

kyl and aryl sulfonates

phate fertilizer manufacturing industrieg
phosphate fe
artificial fiber (rayon and pl
of detergents containing al

manufacture
e manufacturing industry

dyes / explosive | medicin
battery acid manufacture

industries which dry gases
(03 marks x 2 = g marky

Any two .
(10a(v): 06 map

10(a): 50 @

B .
- et : 3 17 o

- = - g - =

.I[bl 'G- \-t:um: compounds nf carbon, initrnaei: and spfphur with varnous oxxlation nllq}bcrs-. 'd;rectly‘-.
A L ts 2 ; » X - i |
* contribtite to global environfuent Issues.

od carbon compounds and nyp :
and” state the oxidatiun numbers ol C and N in these

('Y Nume (wo non-halogenil 6nc nitrozen ..ﬂ:h;_muﬁél that directly
() Name W -halog _
contribute @ global warmunz

. ~compounds,
CO: +4
CH: -4
N.O +1
(02 marks for compound and 04 mark for oxidation slate) (03 marks x 3 =09 marks)
(10b(i): 09 marks]
(i) Swate how the thiee compounds you numed i (1 abave e relaased o the emos?

=0 -dee o human activitics.

o KPR U B K vy ol

CO:: Carbon compounds of fossil fuel and biomass are converted to CO: by
combustion
or ,
Biomass grounded during deforestation is converted /oxidized to COz by aerob’
microorganisms /bacterial action.

CHa : Improper disposal of wast . aerobi®
. e materials produc the action of an
Extensive rearin : ;
g of ruminant animals in ani i leases CH
conversi ; imal farming releas
- lon of organic matter by gut bacteria.

CHq i 2
® released to the atmosphere by fossil fuel retrieval and refinery proces

due to

N:O : § i
oil bacterial action on nitrogen fertilizer produces N2O
rks)
(03 marks x3 =00 L
(10b(ii): e

_—af
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u-ru fﬁ_,-._ u.. it gy ,1,
5; j&) -“' |.; EW ﬂmﬂ '}'Gb un-uuunw tu [‘j ﬂ"ﬁ m&ﬂtﬂ Ib .ﬁ‘f—g}‘;}

e
I.

-‘-f.: i

-

Nk
e

.;\

._.(i\;) ﬁame two nitrogen wm]munds v,rtr.h 1]13

G e LT 4.4: A _‘.-+

Tne above three compounds are groanhousa gases (02)
These greenhouse gases absorb Infrared radiation that are raradiated from

planet surface. (02)
The infrared absorption retains thermal energy for a longer time and heats up

the planet and maintains the temperature. (02)
Elevation of the composition these gases due to human activities (02)
Retention of more IR radiation energy and elevates the global temperature. (02)

(02 marks x 5 = 10 marks)

(10b(iii): 10 marks)

Lo L L

nudnhon mlmbcr‘t f.:f N ﬂmt dnadlj'? ucmﬂbt:te
g ¥

AT s T e 1Y i IR .

- Jlm Phﬂmhcnumi ‘m! -'_._. - 4 “.r. s .., ;J’ 'j i_ .3 e% "'.' .1. - lni .._.; Sl-! {TH-
7 NO +2°
NO, +4
(02 marks for compound and 01 mark for oxidation state) (06 marks)

(10b(iv): 06 marks)

(») Wntc balanccﬂ chenmai eqummna for the fmm:mon nf tmposphent mﬂm hy a m;mgeu
compnund }ou -l:ued in {n) 1bom. LS vy pE R s

= fh i Mkl Aadar FETR . e -,,Ej-‘_" k "l
NO;:—» NO + O
0O +0:— 0
(03 marks x 2 = 06 marks)
(10b(v): 06 marks)
(vir Uxplarn why toe wopospheric ozone level reiwhes ity ﬁﬁ*.il!ium_.]t.;\'t'l" _'ii:_n_tli;f:_ aftr:mmn j
Solar radiation is the essential factor for photochemical smog (02)
Intensity of solar radiation reaches the maximum at noon (02)
and therefore photochemical smog reaches its maximum level in the afternoon.
(10b(vi): 04 marks)
{-ni) State, three water qu.nbly p..mmclm that are aﬂmed :u. a rcsull of tlm dlssnhmon of
~oxides; of mitrogen. and sulphue o water badies. - - ":-."-. b '--.'.'.L .:- :
pH/ acidity

electrical conductivity
algal nutrient (NOs/ POs* - any one)
heavy metal (As,0:* / Cd?' | Pb** / Hg** - any one) levels

water hardness/ Ca** , Mg** levels.
Any three {02 marks x 3 =06 marks)

(10b{vii): 06 marks)
10(b): 50 marks

L —
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il RTERRIE ut?*w;rj"?h;;‘";;;z”;ﬁ
T R

,,; T S *@ sins 10 ndicaic b ﬁWﬁ bages :m %

e mcﬁve.l'cll:v it ¢ WY dﬂj hy fmtiﬁﬂl 0 ~:WM A

"f’i _11."1‘5‘" e

a2l l‘\ L .-_

A
e

]
b

1: g
I’J d{t. ﬂlﬂ e 1 _l R_CbH'JOG C\mo\"nl V‘m,\t

CTwJ T isk?l'; — o
Speen . Mms ' invertase (01) —
fa EnBYT CplHznOn + HO — CsH1206 + CsHi206 (
Sucrose Glucose Fructose U
Yeast (01) ||
CgH1206 —_— 2CHOH + 200

(10c(i): 10 .,.&,‘:;;

[ ———— e

AT T |-'-"

S {u) prlam “h} u is. nemmry m rchnml'é'ﬁ‘ec l‘au}r acfds ﬁ'om pl;mi mlsdakeu ﬁs r;xw M._,h

. in tlm pmdndumot hm-dlcﬁﬂ il Lo i

To obtain btod:cscl of high 1;u;1t}' "
To have high yield of biodiesel (04)
If plant oils contain free fatty acids (RCEQ!_'I)_,_ﬂl_:y_ may rcact with NaOH to

give soap (RCOON2). - oy (04)

If soap is formed, foam is also formed. which inhibits (the catalytic action of
D7

NaOH used for) the transesterification reaction. (03)
—_ \

.~ N
)

(10c{ii): i5 marks)

(i) Explair bricfiy why essentinl ons ean be extracied {iom plant materials by sieam distlanm
@ a empeiuivre whch s below the boding points of both pune water snd essen'ic!

Essential oil and water are immiscible o
Gaseous phase can be considered as a mixture of
satu

essential oil, WSO ek 04
Pr= ano + Pncmﬁd ofl (04}
The mixture boils when Py = Pexternal o
In the case of pure liquids
Pextemal = Plliguig at the boiling point. o
In the mixture since both the liquj

el
temperature lower than iquids contribute, Prbecomes equal to Pexiemal at 2 (09

the boiling points of either liquid.

)

(10c(il): 25 mar®
10(c): 50 marks

- aft

P~ P

02- Chemistry (Ma
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06. (a)
(1) Sketch the titration curve (pH v volum of HCT) for the above titarion in (V).

!

: Volume of HCVem3’
s s IINI WA S BN




