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PART A — STRUCTURED ESSAY
Answer all four questions on this paper itself. (Each guestion carries 100 marks)

1. (a) Siate whether the following statements are true or false on the dotted lines. Reasons }af

required.

iy The pairing of electrons in a particular subshell does not take place
until all the orbitals of the subshell are singly occupied by electrons
with paraitel spins.

(ity The atomic orbitals identified by quantum numbers n and /,
() w=4 [=1 () y=4 =0 (JII) n=3 I=2 can be placed in order false
of i increasing energy* as (1) < (1) < (@),

 (if) The electron pair geometry of the SOF, molecule is square pyramidal.  false

(iv) The second jonization energy of Li is less than that of Be.

f_ql_se
“{v) The eleciron gain energy of fluorine is a negative value tii@
Ry . ) . . ) ke w b e
“ (vi) Among the atoms Be, C, 8i and S, the atomic radii increase in the

e false

Qrde\r C { BG { S < SI: aaaaa TEwE e W e A
(vif) The boiling point of CH,NH, is higher than that of CH,F. true
(viii) The jonic 1'ad11 of Ai 02' Foand §© decrease in fhe order false

§>F > 0 > &1 T

(04 marks X 8 = 32 marks)

1(a): 32 marks

{B) () Draw the most acceptable Lewis dot-dash structure for the molecule CISO,F.

:ﬁ:
'C[mﬁmi{: | (06 marks)
:0:

(if) Give the oxidation state of S in the structure drawn in (i) above.
l+5 or HVI
(02 marks)

| Award marks for (ii) only of the Lewis structure in (i) is correct. -
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(iii) A stable Lewis dot-dash structure for the HN, O, ion is given befow. Draw two more
Lewis dot-dash structures (resonance qtmctures) for this on. Indicate the stability of
each of the structures: drawn by you, relative to the structure given, by writing stable,
umtable or less stable under the structive,

L
T @ v ?
H—R=N "
5.@ - T @
: e 0O @ O

@/9 * ve @/-- i @/"

Hmme\.-@ H_N_N\"@ H ?‘i N\\--

0: o: o

(less stable) (less stable)'

(02 marks structure) + (01 mark s?ability)
(06 marks)

(iv) Complete the table based on the Lewis dot-dash structure and its labelled skeleton given

below.. _
e = @ s ? o i, 8 ‘
:F —N=N=N—N—H F—N'--N’—N* —N'—H
N! N? N3 N4
I | The number of 3 2 3 4
VSEPR pairs around "
the atom
Il | electron pair trigonal linear trigonal tetrahedral
geometry around the planar : planar
atom
III | Shape around the angular/ Vv hinear angﬁlar/’ V/ | angular/ V /
atom / bent : ™ bent bent
IV | Hybridization of the sp? sp sp’ sp’
atom - F P
(01 mark x 16 = 16 marks)
02 - Chemistry (Marking Scheme) | G.C.E. (A/L) Examination 2025 | Amendments to be included. 15
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® Parts (v) fo (viii} are based on the Lewis dot-dash siructure given in part (iv). Labelling
of atoms is as in part (iv). ‘

(v) Identify atomic/hybrid orbitals involved in the formationi of @ bonds between the two
atoms given below.
I _Nl —F . Nl ........ TS SN | FR—— e AR R s b e
L NN N NR SO
M NN NP N S
1v. :N?»-JN“‘- S U AU | RN S
¥ B N et bt s

(01 mark x 10 =10 marké)

(vi) Tdentify the atomic orbitals involved in the formation of 7 bonds between the two atoms
given below. '

s .2 . . 2
L NI—N%  NYoreen D e TN A

o : 2 . Z
L N2—=N% N2 P, L e N

(01 mark x 4 = 04 marks)

(vii) State approximate values of bond angles around the NY, N% N and N* atoms.
N (1182 1 N2 (180°£1 N3 (118°£2 N4 (1040 £ 1)

asthasa R Yy T . B 4 Baraeeruadan

(01 mark x 4 = 04 marks)

ango' N, N2, N¥ and N* afoms in increasing order of their electronegativities,

(04 marks)

1(b): 52 marks

(e} €) Given below are the six successive ionization energies, IE,~IE, (in ki/mol) of an element
in the third period, starting from the first ionization energy (IE,).

B | B, [ B | ® | m | I
910 | 4956 | 6248 | 2230

Tdoiz | 1903 | 2

Identify the element and write its electron configuration,
- I.- elem&ﬂt "::..' LR R St RN ]: f p h 03 P‘hﬁﬂj:ro ULE) ’

EEERN S RN E LT

: (02 marks)
2 ] 2 .
0. electron configuration ; ... ilsf232p353p3 (02 marks)

02 - Chemistry (Marking Scheme) | G.C.E. {A/L) Examination 2025 | Amendments to be inciuded. 16
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(i) A molecule of formula AX, has five A—X o bonds. Hete A and X represent symbols
of elements and A is the central ator.
Complete the table below by naming the possible molecular shape and giving an example
- (molecular formula required) for each of the shapes.

: Lbve
molecular shape example 2o
If AX. is polar i Cle/ BrEs/CIES/IFs /TC )29 o0¢
I I AX, is polar square pyramidal  @wClgf BrFs/CIFs/IFs /TC et -
I, If AXS is ﬂGﬂlear trigonal bipyramidal PC|5{PF5

Lm@wk (ncle Fé’t’)“d{éﬂ H&U
(03 marks x 4\= 12 marks)

1(¢): 16 marks

2 (@) (i) A is g water soluble white coloured compound, It is composed of three elements in the
ratio 4:2:3 (in the increasing order of atomic mass). The atomic number: of each element
is less than 20. Two of these elements belong to the p-block of the Periodic Table.
On heating A, a coloutless, non-toxic, neutral, ‘ti-atomic gas with & linéar structure is
evolved as one of the products. A i§ used as a fertilizer.

Hentify A ... NHNO3  o¥  ammonium nfcate

(ii) B is also a water soluble white coloured compound. It is composed of the same three
elements as A. These elements are in the ratio 4:2:2 (in the increasing order of atomic
mass). On heating B, a. colourless, odourless, homo diatomic gas having a high bond
dissociation energy is evolved. This gas is obtained industrially by fractional distillation

of liquified air $rib e
N -

enfity B ... JHNOz oY ammonMum |

(i) € is a white coloured ioni¢ éemp_o.und..__- It is composed of four elements in the ratio
8:2:4:1 (in the increasing order of atomic mass). The atomic number of each element
is less than 20. Three of these elements are found in both A and B. On heating C;
a colourless basic gas X having a strong smell, and a strong acid are formed. On
addition of BaCii(aq} o an aqueous solutmn of C, a white precipitate that is insoluble
in dil. HCI is obtained:

Identify C ... NH)SOs o

(iv) D is a white celoured ionic compound. It is. composed of -four elements in the ratio
8:1:2:3 (in the increasing order of atomic mass). Three of these ¢lements are found in
all three compounds A, B and C. Of the products formed on heating D, gas X and
another gas that turns lime water milky are obtained as two of the pmducts

ldentify D ... (NHapCOs 6 =

T T R R S

(v} E is a shrong acid. It is composed of the same” “elernents 2s A and B. They are in the
ratio 3:1:1 (not n the mcraasmg order of ‘atomic tmass). E is a strong oxidizing agent

E is manufactured using X.
HNOs ov "“‘H’C acid:
TG B oonrcroomsonisesmmivininsvansrissinnie
2(a): 08 x 5 =40 marks
02 - Chemistry (Marking Scheme) | G.C.E. (A/L) Examination 2025 | Amendments to be included. 17°
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(b)) Give balanced chemical equations for the reactions that take place on heating A, B, €
and D identified in (a) above.

A NHiNO3(s) —2— N2O(g) + 2H:0(g)

B NHNOxs) —2 Ni(g) + 2H:0(g)
C  (NH::SOus) —2—» 2NHi(g) + HaSOu(g) &Y STy + tho + & NHD
D (NHy)COs(s) —2— 2NHi(g) + COxAg) + H0(g)

[Physical states are not required. A is not required.

2(b): 08 x 4 =32 marks

(¢) (i) Identify X based on the information given in part (a) above.
| .“XuﬁNH.S. e R IR N TN R A R R i R R R R e B R e R R R .(04)

(it) Name the process by which E, identified in part (a)(v) above, is manufactured using X.
Ostwald Process _ (04)
(iti) ‘S‘t'até he other raw noatetial/s used in the above process.
| O2fAin) +HO o C’fsgfsﬂ\ u) el Eb Qi 02402) (04)
(iv) 1 On reacting X with excess Cly(g) a compound Y is formed as one of the products.
Write: the balanced chemical equation for this reaction.

3Ch(p) + NHa) —»> 3HCI@ + NCb®) (04)

Il When Y reacts with waler, a corpound that ¢an be used to disinfect water is
formed. Write' the balanced chemical equation for the réaction of Y ‘with water,
NCls(l) + 3H20 "f‘*' NHz(g) + 3HOCl(aq) : 04)
NC{g . .d.- [{HZO M[.IZtOH + -3 HO 0{ P e PR P
(v) Give one chemical test to identify X, along with its ahservanon

oy : Xls reacted w1th conc. HCl W idhowt Conc ' [ust (0‘5:) W"[‘ié’
B ] e TR R R E XL R R R TR RS R 2 R P S ST L O R R L R L

Observation * Whlte fumes are formed N (04 + 04)

or

TeSt 5 oEheniwis P T R LT TR L P,

Observation : -. b“’“’“ P"e"‘p““te" c"l"““‘“““ BR———

e | Mo movks for Lidmes - | 2(c) 28 marks

02 - Chemistry {Marking Scheme) | G.C.E. {A/L} Examination 2025 | Amendments to be included. 18
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NOTE: PHYSICAL STATES ARE NECESSARY

The symbol of equilibrium = also needed for all the reactions
3. (@) HX(aq) is a weak acid with pK, =4 at 25°C,
(i) Write the equation for the ionization of HX{ag) in 4n aqueous solution.
HX(aq) + H,0() = H30%(aq) + X~ (aq)

OR HX(aq) = H*(aq) + X~ (aq) | (05)

(if) Write the expression for the equilibrium constant of (i) above.

[H;0* (aQ)][X~ (a)} _ [H*@IX (ag)] ' -
kyi= [HX(ag)] OR Bq [IjX(aqH (_05)

(tii) Caloulate the pH of a 0.01 mot dm3 solution of HX(aq) at a temperature of 25 “C

HX(aq) + H,O0() = H;0%(aq) +X (aq)

Initial con. 0.01 0 0 moldm?
Change con. -x % x  mol dm™
Equi. con.  0.01 x x x mol dm? (02+01)
- -4 A o~ xz L - - : g ———
Ka=10 x107* = 22X == e (02+02+02) |
72 o2 0% '+
2= 10 %1076 ' ' !
x = [H30*(ag)] = 1. 0 x10~2 moldm=2 ... ... . “.‘,“,_,_._W__..,wm(02+01)*
-'10g [H30+ (aq)] = e S . "m e &)5)*
I R R Jq_s-[" 9-'/( lfvj g,....-[_crﬁ EHSO mj O
* The above steps can be combined. r) (027
Alternate answer:
Ka = antilog [-pK,] = antilog -4 7

=1x 10* mol dm™ ' : 02)
ei‘n - HX(aq) + H,0(l) = H;0%(aq) + X" (aq)

Imitialcon. . C(1-0) - Cua Co moldm (03)

+ 2 + f?’
[Hipl? = Kax [HXeq)  [Hipl = (Ka X [HX 4] (02) _
[Hiap] = V1x107% X 0.01 | (02)

[HEp] = 1% 1073 mol dm™3 , (02+01)
pH = —log [H;0%(aq)] = —log 1x 1073 =3 L 05 Y
02 - Chemistry (Marking Schemej | G.C.E. (A/L) Examination 2025 | Amendments to be included. 19 - -
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(iv) A volume of 10.00cm’® of 0.02 yiof dnr? NaOH(aq) solution was added to 25.00 cm?
of 0.01 mol dm™ HX(aq) solution at a temperature of 25 °C,

1, Write the chemical species present in the solution obtained.

HX(aq), H;0"(ag), X" (aq), OH™(aq), Na* (aq) and (H,0()) (01x 05)

1. What is this type of solution commonly known as?

Buffer solution | ' (03)

TII, Write the expression for the calculation of pH of this solation.
[Naxa] of Batb]

a = io
[X=( q)]) oY FH PK"L + 203 chﬁqﬁj (05) E(,}ac;]

pH = pK, + log ( R )]

IV. Caleulate the pH of this solution. (fog values for 1-10 are given below.)
‘number 1 2 | 31 4 5 6 1 7 8 i 9 101
log value {0.00 ) 0.30{ 0481 0.600.70 | 0.78 | 0.85 | 0.90 | 0.95 | 1.00

-

HX(aq) + NaOH(aq)  — NaX(aq)+ H,0(D- ~(03)
Or
HX(aq) + OH™(aq) - X~ (aq) + H0(D)
Initial moles 0.01 x 25 x 103 0.02x10x10°° '
remaining moles  (0.01x 25 x 107%-0.02x 10 )8?_3} 0 0.02x 10 x 10730 0y
Concentrations (mol dm?) 0.05/35 ' 02085 (01+01+01)
10
oy o _ (X (aq)]
Substituting in pH = pKa + log (———[HX (aq)])
pH = 4+ log (%20—2%) =4+ 109(4) =440.6=46 (03+02)
Marks can be awarded with the use of Ka expression
V. Calenlate the voluma of 0.02 mol dnr NaOH(ag) solution required to be mixed
with, 100:00 em® of 6.01 mol dm~ HX(aq) to- obtain a solution of pH 4.00.
Volume of 0.02 mol dm™ NaOH needed : V em?
=4 gi = X" (aq)]
pH=4 gives 4 =4+ log ([HX(aq)])
X"@D]\ _ . K (@] _ ., - —
log (Tt =0; L8 = 1 [X~(aq)] = [HX(aq)] o) ) -
(0.01x100x1073 - 0.02xVx1073) _3 _ _' ;
[HX(aq)] = G060 E XS _ mol dm o (02+01)

02 - Chemistry (Marking Scheme) | G.C.E. (A/L} Exalmination 2025 | Amendments to be included. 20 )
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( 0.02xVx10~3)

(X~ (@] = 50 ryyaaos moldm™ (02+01) /
(0.01x100x1073 - 0.02xVx1073) _ ( 0.02xVx107%) (02)
(100 + V)x10-3 (100 + V)x10-3 to
(0.01x100%x 1073 — 0.02xVx107%) = 0.02xV x 1073 |
(1.0 — 0.02V) = 0.02V
V =25cm?
(04+01)
Alternative Answer:
pH=4=pK, (05)
This is as same as the half equivalence point - (03)
Concentration of NaOH is twice the concentration of HX (03)
Volume of HX at the equivalence point is half the volume of NaOH. - (03)
Therelore the volume of £82 the half equivelece point is _
Z volume of s -?_(25 (03)
3(a) 70 marks

(6) At 25°C, MgF,(s) is sparingly sohuble in water (K, = 64x 10" mol*dm™®). Calculate the
aximum mass of MgF,(s) that is completely soluble i m 500.00 cm* of 0,20 mol-dm™ NaF(aq)
solution. Assume that theére is no change in volume of the solution upon the addition of
MgF (s). (F = 19, Mg=24)

MgF,(s) = Mg?*'(aq)+ 2F(aq) (04)
Ko = [Mg** (a)][F~ (aq)]? 04)
First we need to calculate the solubility of MgF,(s) in the NaF(aq) and take that as s
MgF,(s) = Mg**(aq) + 2F (aq)

Initial concentration Y 0 ©  0.20 mol dm?

Concentration change & ® = 2s

Equilibrium concentration < S (25 +0.20) mol dm™ (04+01)-

Ky = 6.4 X 1_0‘9 =5 (0.20 + 25)? =~ S(O.ZO)E%_%WW_ ................. e (02)
§ = 1.6 X 1077 MOLAM™F oo (04401
Number of moles of MgF2(s) that can be dissolved in 500 cm? of NaF is
1.6 X107 Xx05=80X10"8 mol —— . .o o (04401)
Mass of MgFa(s)= 8.0X 1078 x 62 =496 x105g . . —04+01)
P 3(b) 30 marks
S

A

02 - Chemistry {Marking Scheme} | G.C.E. {A/L) Examination 2025 | Amendments ta be included.
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4. (a) Consider the reaction scheme given below, in which,
® A is a hydrocarbon having the molecular formila C.H,,,
¢ D has the molecular formula C;H,,0,. It exhibits opt:cal isomerism. When. D is. reacted
with aquéous Na,CO,, €O, is liberated.
® J has the molecular formula C,H,. J gives a precipitate with ammonical AgNO,,

HBr o aqueous KOH - WK Cr0, 5 PCy,
Peroxide o -

[t

(i) Draw the structures of A, B, C, D, E; F, G and J in the relevant boxes.

CH, 1 CH
CH3CH,C=CH, - CHacHZCHCstr
~ e o T

: CH3 | ' CH3
CH3CH,CHCH,OH CH3CH20H002H
5 Tk

CHs CHs
CH3CH2CHCOCI CH3CHQCHCONH2

E F

(FH?, CH3
CH3CH,CHCH, HC=C—CHCH,

06 X 8 =48 Marks

02 - Chemistry (Marking Scheme} | G.C.E. (A/L) Examination 2025 | Amendments to be included.
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@ When J is reacted with HgSO,/dil. H,80,, K is formed. K can be converted to G in

one (01) step.
(ii) Draw the structure of K and give the reagent/s that can be used to convert K to
G in the relevant boxes.

T ]
CH3C(FHCH3 . Zn(Hg)/Conc. HCI | |
CH3 ; | f!
ohea 3 " is w Cous- K affe . Beapents ! 1
' S s . o notinosk_iaclependudly
mﬁ " 06 x 2 =12 Marks
4(a) 60 Marks
(b) For the reactions given below, write the fype of reaction [nucleophilic: addition {(Ay),
electrophﬂ:c addition (A;), nucleophilic substifution (S electrophilic substitution (SE),
elimination (E)] and lshe majer product in the relevant cages in the mble
Reaction Rn;&;t;on Major pmduct :
CH, .. T Br Br I
o By - CHyCH CCH, |
(i) CHs-Cﬁz'?H-CHzCHs- anhydrous ALG, | CHyCH=CHGH,CH;
Ol bt | E }
- | HBr | ‘
2
03 x 6 = 18 Marks
ey 4(b) 18 Marks
L
e T B
S

02 - Chemistry {Marking Scheme) | GCE‘WLL_xaminatlon 2025 | Amendments to be included. - 23
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() Draw the structure of the rmajor produet I, of the reaction given below. Write (he mechanism

of this reaction,

C(CH,)s
anhydrous

+  (CHy,Cal AL . @

‘mechanism:

(CH3}:,CCl +  AICI; (CH3)sC  + AlCl, 1f $he cer b o cadvon ¢S

@ covmg no

9,2

+ (CH3)3C ——» C(CH3)4 i ©/ _ + AICl; + HQJ

® @

mefles  frv
FC L™

4(c) 22 Marks

o shentd be  Clecdy sheon,

* Prly GHy s accepled i£(5 ;
ep
(?% H:_p s not @LC o

02 - Chemistry (Marking Scheme) | G.C.E. (A/L) Examination 2025 | Amendments to be included. 24
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. PART B — ESSAY o
. Answer two questions. only. (Each question carries 150 marks.)

NOTE: PHYSICAL STATES ARE NECESSARY
5. {d) At450°C, 1.0 mol of N,(g) and 2.0 mol of H,(g) were mixed in 2 1.0 dm? previously evacuated
closed-rigid container and allowed to reach the equilibrium given below.
N,(g) + 3Hy(g) = 2NH,(g)
It was found that 1,0 mol of NH,(g) was present at the equilibrium.
(i) Calculate the total pressure of the equilibrium system at 450°C (RT = 6 x10° I mol”
at-450 °C),

N2(g) +3H:(g) = 2NH;(g)
Initial con 1.0 . 2.0 0 mol dm?

Changed con -x -3x 2x mol dm
Eqmcon, 1-x 2-3x Lo mol dm sz ((044-01) <

At equilibrium 1.0 mol of NH;(g) is present 4
.. Equilibrium Concentration of NH3(g): 2x=1: x=0.5 mol dmi—-"-(01+01)
. Eqm mixtare con. 0.5 05 1.0 moldm’ (02+01)
Total number of moles in the mixture at equilibrium = 2 mol '

Eﬂssur_njng ideal gas behavior: PV=nRT . 7 (03)
p= IR o ZmolxGCImolT) o 456 %107 Pa (04+01)

v 1.0 X 10~3 m3

g

.’—'_f’/_'-

(if) Caloulate the partial pressares of N, (), H, () and NH,(g) at 450 °C in the equilibrium system.
Using P, = X; P ' (02)

Py, = 2 x 1.20 X107 Pa =3.0 x 10°Pa 03+01) [ 14

Pupy = o % 120 x 107 Pa =3.0 x 10°Pa | (03+01)
Puiiy,y == % 1.20 X 107 Pa = 6.0 x 10° Pa (03+01)
(OR use PV =nRT for three gases) '

(i) Caleulste the equilibrivm onstant K, of the system at 450°C.

2 '
PNHs(,g) _ (6.0 x10%Pa)?

= -13 -2 .
" (3.0 x108 Pa) (3.0 X106 Pa)? =4.40 X 10 Pa

Lo 100 oo

V‘\(-‘z}’;; T S . .‘_xﬁ (193\/\?_@}%4+01)

KP = 3
PNacg) Pitagg)

02 - Chemistry (Marking Stheme) | G.C.E. (A/L) Examination 2025 | Amendments to be included. _ 25_‘
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(iv) Using the value obtained for K, in, (i) bove, calculate the equilibrium constant K. of
the system at 450 °C. 3

Using Kp = Kc(RT)* ; An= -2 (03+02)

Ke = Kp(RT)" = 440 x 107** Pa™? (6 x 10° ] mol~1)? (03)2ub g

Ke = 15.84mol 2 dm® /15.84 x 10% mol?m® _
Kec= 16 mol™2dm® orl.6 x 107 mol?m® (04+01)

(v) State what changes, if any, take place in the valiies of partial ‘pressures  of N,(g), H,(g)
and NH,(g) and the value of K, when 1.0 mol of At(g) is added to the above system at
450 °C {(calculations are not required).

<
There is no change in partial pressures and Kp. Mo Chav\f}x.. ". no o (03+02)
! meyles .

5(a): 60 marks

the temperature. - u
(1) Predict the effect on the equilibrium concentration of NHB (g) when the temperature of the
systom is increased.

o

N2(g) +3H,(g) = 2NH3(g) reaction has negative (- ve) AS because'thé

number of gaseous species decreases. Therefore (-TAS) is positive (+ ve) (05)
When the equation AG® = AH® — TAS® is considered, (05)
TAS increases with temperature and -TAS becomes more positive at high
temperature.

- AG® becomes less negative or positive at high temperature (05)
- Yield of NH3(g) decreases at high temperature. (05)

g

Alternate answer 1
Reaction is exothermicor ~~ AH  negative 05)

According to Le Chatlier Principle (05) increase in temperature shifts thq
equilibrium  backwards (05). Therefore, yield of NH;(g) decreases 05)

Alternate answer 2

- Explanation with Qc also accepted. | : (05 x 4)
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(i) For the above reaction, AH® = -90 ki mol™ and AS® =200 JK mol™.
Show that the prediction you made in (i) above is correct by caiculatmg the AG® values
of the reaction at 27 °C and 527 °C.

Applying AG® = AH® — TAS® for two temperatures of
27 °C (300 K) and 527 °C (800 K)
AGShox = —90 kJ mol™* =300 K x (—200 K x 1072 kJ K~* mol™%)

AGSyox = —30 kJ mol™? _ —— ’92+02+01)
AGEox = —90 kj mol™t — 800 KX (—zook X 107 iJ K=" mol™) 1¢
AGSoo ¢ = +70 k] mol™ 1___ R e (024+02+01)
. AG® becomes positive at higher temperatures;— -+ e (08)
.. The prediction made in (i) 1& correct. - 4\

(if this fact is explained by stating that the reaction is exothermic and hence the reaction
- proceeds backward as the temperature increased AWARD ONLY 05 MARKS)

(i) Cans;der the reaction 2NH,(g) = N,(g) + 3H,(g) occurring i a clmggl—_,gld containgér at

450.°C. [ (N, @ ]
[

I. Predict the effect of increasing the temperature on the value of
Ny (8)'][1{2(8)]

This Feaction 18 ENAOTRE G e oisce rnn oo e vammeis v o e (1))

N The forward reaction is favored at higher temperatures
) [NH3(g)1? ;
't ————=——— ratio decreases 05
W@ ol | 0

\‘-_

1. Comment on the time taken for the reaction above to reach the equilibrivm in the
presence and sbsence of a catalyst at 450 °C.

. Time needed for equilibrium is lower with catalyst (05) and no change in the
} ' value of equilibrium constant.

111, Explain yuur answer in I above.

n the presence of a catalyst, both forward and backward reactions occur faster
(03) and reaction goes through a different mechanism (03) having less activation
energies. (04) '

5(b): 60 marks

1
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(¢} (i) Define the *normal boiling: point’ of a pure Tquid.

Normal boiling point of a pure liquid is the temperature at which the liquid is in
equilibrium with its vapor or boils at 1 atm (100 kPa) pressure. (05)

OR abes j?h}.’uc ol sfowelo d condl W aaa)@awaff%p [

The temperature at which the saturated vapour pressure of the liquids equals 1 atm
(100 kPa) pressure.

(i) Whrite the equilibrium present at the ‘boiling point of ‘pure CeL ().

CCL (D) = CCL(g) OR  CClg) = CCly(D 05)

ot = 95 kI mot™, &Hga‘ y =128 kI mol™!
w = 309 TR mot™ M‘;C,'(b =214 JK-! ‘mol™
Cilculate the n@rmal ’bmhng poinit of CCL).

(i) Given that,

2 o9 +O[ _ :

AHE,,, = —95— (—128) = 33 kJ mol™! (02+02+01) °
02 02 & O! '

ASE. = 309 —214 = 95 [ K- mol~t = 95 x 10~¥kJ K~* mol~* (02+02+01)

[ 27

Applying AG® = AH® — TAS®

At equilibrium; AG® = 0 and hence AH® = T, AS?; Ty, is the boiling point (0%)

. ok 024 o1
T, =4 . 33kjmal = 347K =74°C (02+02:+01)

AS® 95 %1073 kj K~1 mol—1

5(c): 30 marks
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NOTE: PHYSICAL STATES ARE NECESSARY

6. (a) Consider the reaction 2NO(g) + €l,(e) — 2NOCi(g) at 25 °C.
The tesults of an initial-rate experiment carvied out at 25 °C for the reaction gbove are shown below.

[N(fi(g}]a aud [L!Z(g)jﬂ are the mmal concentratlons GI NO(g) and Clz(g), resper:uvely

Experiment [NO(g)],/mol dmi '[Gj?(_-g}]bgmgi dni¥ :f}w fmol dm3 gl |
1 i 025 050 - _'0.?5‘
7 025 | 1.00 | 3,00
3 . 050 L 200 | 2400

) (:) erte the exp::essmns for the rate of the reaction with IcSpEfcl to each spectes appeanng.
‘in the equation of the reaction.

2

2NO(g) + Cl,(g) = 2NOCI(g) 9ven -

—A[NO(g)] . —A[CL ()] . AINOCKg)] (02x3)

Rate ; 2At 3 At 4 24t

(u) Write the tate. expression/law for ‘the reaction if the order of the reaction with respect to
Nﬂ(g) and Clz(g} are a and b respectively, and the raie constant is &

o Rate=k[N0(.9)] [CL()])” (04)

{iii) Calculate the values of a and b and overall order of the: reaction.
e

From experiments 1 and 2;

k(025)%(050° =075 (... ) ) |
k(0.25)%(1.00)" = 3.00 @ 4;5
3 %= )
= G)b Db=2
(OR: when I[NO(g)] is constant, [Clz(g)]-is doubled, rate is 4 times
Therefore, order b = 2)
From experiments 2 and 3;
k(0.50)%(2.00)? = 24.00 3) (04)
k(0.25)4(0.50)? = 3.00 (2)
@), k©50%2.0° _ 2400 -3 ' (04) V2
2) £(0.25)2(1.00)? 3.00 _
(@)% =8 = ()@ L
(+2)=3 ¢ @ =T o . (04)
Overall order=(2+1) =3 _ ... . - T (04)
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(iv) Calculate the rate constant k of the reaction at 25 °C.
Rate = k[NO(g)][CL2(g)]? . (04) 5
' 1’
From experiments 1; :
k(0.25)(0.50)? = 0.75 | (04) 1‘% :
k =12 dm® mol~2 s~ (04+01)

(v) Calculate the rate of disappearance of Cly(g) at 25 °C when the initial ‘concentrations of
NO(g) and Clyg) are 0.50 and 0.10 mol dm?®, respectively.

—4[Cla(g)]

Rate of dissapearence of Cl,(g) = —

=12 x (0.50)(0.10)% = 0.06 mol dm™3 s™1 — T (02+01)

(vi) Calciilate the rate of formation of NOCHg) at 25 °C when the rate of disappearance of
Cly(g) is 4.5 mol dm™ ¢ 8t 25°C. '

AINOCI(g)]

(Rate of formation of NOCI(g) = —
In the reaction; 2 mol NOCl(g) = 1mol Cl,(g)

AINOCH(g)] _ —AlCla(g)]
24t At

AINOCU@)] _ 2 AiCla(g)] ' 04) 09

At At
=2%X45 =9.0moldm™3s™1 (04+01)

(vii} Calculate the rate of formation of NOCI(g) at 25 °C when the Initial concentrations of
NO(g) and CL(g) are 0.20 and 0.30 miol dm™?, respectively.

a o9 o] .
Rate of reaction = 12 x {0.20)(0.30)? = 0.216 moldm™3s™! (02+01+01) ,i Cl_lg
Rate of formation of NOCl(g) =2 X 0.216 = 0.432 macg c:tim‘3 s~1(02+01+01) .
02 o2

6(a): 75 marks
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{b) The reaction of Cu powder with nitric acid results in the formation of a red-brown gas contammg
N and O. In an experiment carried out at 33 °C, the produced gas was collected to a 150 e’
vessel. The pressure and mass of the gas were 831.4 mm Hg and 0,300 g, respectively. Caleulate
the molar mass of the produced gas and give its chemical formula. State the assumption/s made.

{1 mm Hg = 133.3 Pa, N = 14, 0 =16)

L

Assuming the ideal gas BENAVIO; e - meres s orimmm i e s e (])S) :
L . '
P= VM R_T i ssppmrpmanr ety AL et T ot v S A8 557 “‘.-—-—-"""‘E(OS)
-3
M= dlfT d: density of the gas = % =2gdm™3
ol 'f'q o} T )
dRT _ 2.0 10° 8.314 ] K~ mol~?! x306 K N

B="g= — 8>;1.4- ><1;3 Pamo : =46 g mol™" (05+05)
1(05 for substitution and 05 for answer) 7

. The gas is NOs—" e SR i 05)

6(b): 35 marks

() Two identical containérs A and B, contain equal volumes of pure water and 3.0 mol dm
glycerol aqueous solution, respectively, at a given temperature. Giving reasons, compare,

(i) the vapour pressures of the contents in A and B.

Vapor pressure of gl}'?cerol solution is less than that of pure water (05) because there is
some solvated glycerol is present at the surface layer of the solution.(05)

(i) the boiling points of the contents in A and B.

As the vapor pressure is low for glycerol solution, the boiling p&int is higher than that
of pure water. : (05)

6(c): 15 marks

(@) At a given temperature, an an ideal Binary Hauid mixture was preparad by nnxmg Yquids C and
D in a2 closed container. Al this temperature, vapour pressures of C and D are P and Py,

respeetively, and saturated vapour pressures of C and D are B and By respectively. The mole
fractions of C and D ju the liquid phase are X and X}, respectively.

(@ Derive the expression for the relative lowering of the vapour pressure of C at this
temperature.

ACCOI'diIlg tO the ROUUZZ 18.W, we can write PC — PCQ X___c S, RS M 4(05)
Lowering of the vapor pressure of the component C = P2 — PC = P — P2 X, (05
Pé’(l -X)= Pc(Xn)

. Relative lowering of the vapor pressure of C = P— = X D (05
C

b
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(i) A solution was prepared by dissolving 1.0.miol of glycerol in 900 g of water at 25°C,
Calculate :
1 the relative lowering of the vapour pressure (mm Hg)

Pi-Pc _ o _ mp 1 _ 1 '
P T Xp = nptng — 1+(%00/ )T 51 0.02 (02+03)

II. the vapour pressure (mmHg) of the solution.
2 = 002 P = 2352 mmHg (02+02+01)

At:25°C, saturated vapour pressure of ‘water is 24 mmHg. (H=1, O= 16)
At:25°C, satyrated vapour pressure of glycerol is negligible.

6(d): 25 marks

" NOTE: PHYSEAL STATES ARE NECESSARY

7. (@) The following electrochernical cell was cofistructed (o study the electrochemical behaviour of th
eaction, 3Cu'(ag) + Au*(ag) —> 3Cu(ag) + Au(s) at 25°C. The cell consists. of an Au(s)
electrode in 4 beaker with 1.0 mol dm™ Au(NO,),(aq) solution and a Pi(s) electrode in another
beaker filled with a solution containing 1.0 mol dm gach of CuNO,(aq) and Cu(N ).
The two_ half-cells were connected via: a salt-bridge filled with saturated KNO,(aq) solytion: and
a voltmeter. ' '

(i) Draw a sketch of the electrochemical cell.

(05)

I
Since this is a sketch, marks
can be allowed even two sides
are interchanged ‘

(05)

Lﬂﬁ)

(ii) Identify the anode and the cathode of the cell and write the Tespective half reagtions.

Cathode: Auiyy| Augsy : half — reaction : Audly +3e > Aug (02+03)
Anode: Culiy| Culy,, : half — reaction : Culyqy = Cully +e (02+03)
% Wo wovls & = _srgw.

(ifi) Identify the positive and negative terminals of this electrochemical cell, ' .

02 - Chemistry (Marking Scheme) | G.C.E. (A/L) Examination 2025 | Amendments to be included. 32

fp
o S




Department of Examinations - Sri Lanka ' Confidential

Positive terminal : Audl | Aug) (Au electrode) (03)
Negative terminal : Culy | Cuyg (Pt electrode) (03)

(iv) Calcalate Eg, at 25 °C,
Egell = EL or Ecathade Ec?node or B,qu aq}f Atg) Egu%; D | C“faq) (04)
(_‘)f‘?— O2 30 : . T, ) @c}
=(1.5-0.16)V =134V | (02+02+01)

(v) Does the mass of the Pi(s) electrode increase, decrease or remain the same as the cell
operates? Explain your answer.
ok o2 o2
Remain the same :Pt(s) does not react and no Cu(s) formed (04+03+03)

(vi) State the fonic species present in the Aus)-half. cell before and afler the cell operstes.

Before: Alf%'@ and Nog(aq) (01+01) :
After:  Augqgy, NO3qq and K ) 01+01+01)

(vii) After the cell has operated for 30 minutes at 25 °C; 0.197 & of Au(s) was deposited on . |
the Au(s) dlectrode, |

I Calculate the number of Au moles deposited. (Au = 197 g mol 1} i !

0.197 g

W 1.0 x 10 3 mol (04+01)

Au(s) moles formed =

I Caloulate the current (mA) which passed through the cell during the 30 minue period, I}
assuming the current remained constant.

09 (05) {

k e{- i
;\a ars? |
che e (04+01)

oy 4
Current, [ = ; s e

_ 1o><10‘3><3f6;5_(T> 161 mA or0161.A

30 x60

Substitution of any value or symbol to Faraday constant award the above 05 marks. i'

A &Jl‘\ew Q%Do ({ua{\cuu.f-c.r K CC—fwu:chc{ Qﬂ{fj = o a): 75 marks ‘
[C)..C wm*lrfgcq'\ d-!\( d}u& M{S/ (,Cf(aLS | : | .

kY
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& @@ A B.C D and E are coordination compounds. They have an octahedral geometry.

L Give Lhe structural formulae or draw the structures of these coordination compounds,
selecting the appropriate species from the lst given below.

| 'Its corﬁplex fon hag a charge of -1,
: Two types of ligands ate coordinated to the metal fon. On addition of

Na', v, Cu®, Br, - NH,
equal number of two types of ligands are coordinated to the metal jon.

D to an aqueous solution of B, a pale yellow premp:t&te soluble
in conc. NH,OH is formed,

: € and I contain the same clements.- However, the complex iou of C has

& charge of -2, while that of D has a charge of -3.
:Only one type of ligand is coordinated to the metal ion. E gives two ions

in aqueous solution,

Note: ® A complex ion has one metal ion with multiple Hgands coordinated to if,

g Q% »

E:

\/ showd be e cat

Na[CuBrg(NHg)gl/’g%M be offer b £ (19
[CuBr(NH;)s]Br (10)
Naz[CuBr4(NH3)2] or Naz[CuBrs(NHs)s] (10)
Nas[CuBrs(NHs)2] or Nas[CuBrs(NHz)] (10)
[Cu(NF)g|Br | (10)

Note: Appropriate counter ion for the complexes A, C, and D is Na*, However, if the
- formula is given correctly and Cu* or Cu?* is given as the counter ion, award 05 marks

only

I Give the TUPAC name of E, o made L 27 e cowect-

hexaamminecopper(l) bromide - (05)

7(b) (i) : 55 marks
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(i) X and Y are complex ions of a d-block metal ion M(I1).

’I‘hey have a square planar geomeiry.

"X : Only ethylenediamine is coordinated to M(II).

Y : Ethylenediamine and H,0O are coordinated to M(ID).

Wnte the structural formulae of X and 'Y and draw their structures,

Note ® A complex ion has one metal ion withi multiple ligands coordinated to it.
® Steucture of ethylenediamine NHQ——CH —CH, ~NH,.
® Ethylenediamine coordinates to M) through both N atoms
# Use “en” to denote ethylenediamine in the structyral formula,.

X: [M(en)** "
— —2+ - T ; N =
H, L"Fi : f;N{i Z ;é/ 7
: . / } g |
(X <], L
N u : @\f iIJ J\sz NHg /
B Ha Hz ] or 3 bow — -
Y: [M(en)fOHs) 2" |
|
—~ - —~2F —2+ He - .
H, 1, M |
H20, HaQ___ ’ 'C\;, ;a.-+/
/ KJ enx oy 7 M\*\- 'f
/ M\ \/ | 5 nig / 'i
HzO H H20 L_ H’f/ — i
- 2 4 or - %i

Note: Covalent bonds could be given instead of dative bonds.

02 - Che

B.6E1E £5E 658 BEES. 0E

(05 x 4 =20 marks)

7(b): .3?5 marks

1
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PART C — ESSAY
Answer fvo questions only. (Each question carries 150 marks.)

8, (a) Given below is a reaction scheme for the preparation of compound 8 using 2-methylpropanamide

as the startmg compound.

I Reactioni _  Reaction2 Reaction 3
CH CHCONH I _ > Q@ — > R

z-mc,thy]propanamidc

| ‘Reaction 4

& ==/

Complete the above reaction scheme by drawmg the structures of compounds P, Q:_and R, and
writing the ‘appropriate reagents for: reactions 1 — 4, selectmg only ﬁom fhe hs: gwen below:

List of reagents:
LIAH'I Jdry ether, NaN@z, dil. HCl;, Pyridinium chlorochromate: (PCC), C, HSNHz

dleoﬂm} of wrf
o gﬂﬁc o, - LIAIH/dry e ether CHs NaNO, GHs
; 2 3 giticl " CHaCHCHNH, —— Z» CHsCHCH,OH
k J P J Q
& 2%
| | lpcc
GHs- CeHsNH,  ¢Hs
CHyCHCH=N <« CH4CHCHO
S S
Deduct 01 mark if diy ether is not written in Reaction 1
Alternate marking scheme for 8(a)
il. HCl/heat
Ly A TEAeRt CHs 1 LiAHdry ether iy
CH3;CHCONH, » CHZCHCO,H > CH,CHCH,OH
NaNO./dil. HCI . © 2.l HCI
AN J P \\ _) Q
Y v
e
CHy CeHsNH, - GHs
CH3CHCH-N -——— (CHyCHCHO
8 \ /R

~

Deduct 01 mark if dry ether is not written in Reaction 2 °|  3(8): 35 marks
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{b) Consider the reaction of 2-methyl-2-butene with HBr. _
(i) Give the structures of the two products that could possibly be formed in this reaction.

The two products that could be formed are:

Br Br ,
| _
CHgCHCHCH;: CH3CH,CCH; @ iy
CHy ' CHs

and

(ii) Stating the type of the reaction and considering the mechanism of the reaction, explain
‘which «of ‘these two products i§ the majer product.
wl hese fwo  products 1 Rt Jrosil (30 marks)

The reaction is an electrophilic addition reaction, and it takes place via carbocation.

The two carbocations that could be formed are:

+ ‘_ + ¥
CH3CHCHCH, CH3CH,CCH3
(A) (B) :

and

A Carbocation B is more stable than A, because it is a tertiary carbocatlon Therefore,

_the reaction proceeds through carbocg\fglon B. _ . 03
Therefore, the major product is: : o o
i -
CHsCHCCHy |, e =
éHa é_ :
’,.-'
8(b): 30 marks
{c) ‘Consider the two comipounds, phenol and acetic acid. . {
(i) State which of these two compounds is more acidic.
P i O . aeede aelclh
/. (i) CH30: o0 waoeed
: _ OH ' P

(n) Write the chemical equations for the ethbna existing in aqueous medium for each of
the compounds.

]

OH

(") + H20 # + H30 . CN{ H.i(a%’:

g

BFon = Bess i

CHSC‘;’ + H0 =~== CHCl_ + H30 or H
OH 0 . ¢ ey

B

. /F |
\ CU—Con cog = G.Fé—.@_cj_@? 4+ H caaj, -
B5E1E e Gag B Hot ?lﬁ"ﬁ%?ﬁ Bn 59/BEnt sg/s0u i tuéfef Past Papers Wiki Eam%ﬁsﬁﬂm
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(iif)

(iii)

II

@)

Draw the resonance structures of the organic chemical species written in the answer o
(i) above.
0 o
I CH,C <>  CH,C_ .
OH “OH
0 o
CHC . <~  CH,C
| 0 Ne)
. * + +
OH OH OH OH OH
@ - @ . @ = @ - @
-0

é — - @ ng e @ ®

, Award 01 mark for each correci

Considering the resonance structures, explain your answer to (i above.

The stabilization of the acetate anion and the phenoxide anion by resonance is
respectively greater than the stabilization of acetic acid and phenol. This is because
unlike in the resonance structures of acetic acid and phenol, there is no charge
separation in the resonance structures of their anions.

(02)

The resonance stabilization of the acetate anion relative to that of acetic acid is greater
than the resonance stabilizationgof the phenoxide anion relative to that of phenol.

This is because, while the acetate anion is stabilized by delocalization of its negative
charge over two oxygen atoms (05), in the phenoxide anion its negative charge is

‘delocalized over one oxygen atom and the carbon atoms (which are less

|

electronegative than oxygen) of the aromatic ring (05).
Therefore, acetic acid is more acidic than phenol.

resenance Stabdizalien » not  resonance Stabildfy.

8(c): 50 marks
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(d) Show how you would carry out the following conversion in not more than five (05) steps.

CH,

(35 nrarks)
N p e ) . \
@ CH,COCH @ NaBH4fcr::ethanol ]
— T .
anh. AICl3 1L AIHL;!ether_b
; - |
2. H'/H,0 COH
>..
conc. Hp80, @\
’ N02
NG, J
9]

OR
(19 | ®
S r o N s A \
COCH,4 CO,H CO,H
@ CH;COCi @ KMnO4/H* @ conc.HNO;
—_—— o ————— - — e
anh. AICl; 1w ol conc.H,S0
2 KoCryO/H* SN NO;
HO-CHCH; '
conc. Hy,80,
' NO,
®
(g
CH,

8(d): 35 marks

Note: There may be other reaction schemes given as answers by the students,
Marks should be awarded as follows. ﬂ
However, IF the answer contains more than 5 st ps, NO marks for any step.

. Introducnon of a suitable group through a C — C bond to the benzene rmg -15 marks
e Bsterification reaction between the correct alcohol and acid - - 10 marks
® Other reactions in the scheme, if completely correct a - 10 marks

A
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9. (a) An aqueous sohition Y contains four cations P, Q, R and 8. The followmg experiments were:

Camed out in sequence to identify these camms

Expetiment

Gbs’er"vaﬂdn’

Y was acidified with dil. FC,

a white prﬂciptta’se {P;)

P, was separated by filtration and H,S was buhbled
thmugh the resulting filtrate.

ne precipitate

The above filtrate was boiled to completely remove the |a brow precipitate (Q,)

H,S. A fow drops of cone:: HNO; were added, the solution
was balled cooled and NH, CUNH 0}1 were added.

Q, was separated by filivation and HZS was bubhled a black: jérec'ipitate (Rl}

through the resulting filtrate.

R1 ‘was separated by f!ltl‘aﬁ@“s the resulting ﬁltrate 3. white prcfjipltate ) '

was boiled fo: completely remove the. H,8, cooled and

aad (NH‘QZCGJ(aq) was added in, exgess:

NH,CI/NH,OH were added. This solution, was wartied

The fallawmg tests were camed out: fm: tha preclpimes,_

Precipitate Test

ziOhsérvaiﬁon

separately to aliquots of P,
IL. Na,8,0,(aq) /A

‘The following solutions were added|

a colourless solution (P,)

a dark yellow precipitate (P,)

| & black precipitate: (P,

' solutions were added separarely to: aliquots
‘of the resulting solution.

L NH,tSCN(aq)
| T Ky[Fe(CN) Jag)

Q_1 : Q; was.dissotved:in dil. HNG “The: fo]lomg;

| deep red -snlﬁﬁon.-f(_;g'i;j

Ry [Ry was dissolved in warm dil HCI, the
solution. was cooled and the following
solutioris were added separately to: aliguots
"of the resulting sgiuxwﬂ.
| L a few drops of dil. NH‘,GH
I ‘excess dil. NH OH

UL 2 few drops of d
djmethylglyoxune (DMG)

a green. precipitate (R,:)
& deép blue solution (R,)
a degp red precipitate (R,)

Lo

aoh_rtxons' were added sepatately to.aliguots

g solution,

1L K,CrO,(aq)

| 8, was sub;ect 1o the flame test

."-:S_i. a ..'S was. dissolved in dil. HCL. The f“ollﬁwmg.

2 ‘white: precipitate that: was
msoh:hle in dil. HNO, (S?)

a pale gm@n flame

Ident:fy the four cations P, ‘Q,:
PP, Q0,, R]“'"Rj" and.

Note : Chemical equations and veasons are net required.

R and 8, Wrute chemzoal formulae of the campeundsfspemm
S, associated -with. each cation,

02 - Chemistry (Marking Scheme) | G.C.E. (A/L) Examination 2025
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(@) P:  Ag’ (05)
Q:  Fe**orFe (05)
R: Nt (05)
S Ba¥ 04
Pi: Ag(Cl (04) .
Pz [Ag(NHs3)]* (04){ may have OIT or CI" as counter ion
Py Agi__" T (04) )
Pi  AmS o (04)
Qi Fe(OH); | . (04)
Qu: Fe(SCN)s or [Fe(SCN)Hz0)s]*" (04)* Fnumber of SCN- may
‘ va:y from 1-6 ‘ut correct
Qs:__ Fes[Fe(CN)s]s (04) |* charge allocation has to
[/W ] I Fe CleC) ¢ ! be done accordingly
Ri:  NiS | (04)
- R [Ni(OH)] (04)
Rs:  [Ni(NH)** 04)
R4:  [Ni(DMG)] (04)*+

| **Ni-DMG complex can be accepted

Si: BaCO; (04)
S22 BaSOq (04)
S3:  BaCrOs (04)

9(a): 75 marks

A
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(&) The mineral named siderite, contains mainly FeCO;: Siderite is formed when calcium -ions
(La“) of CaCO, in Im:lesmne ar¢ replaced by iarroua ions (Fe?*) over a long period of
time: Therefore, FEC03 in giderite is mixed with CaCD In addition, siderife also containg
impurities such as silica in small quantities. -

8.5 g of such a siderite sample ‘was thermally decompused at 900 °C under oxygen fiee conditions
until, & constant mass was obtaited. The mass of the remammg sample was 5.2 g. During
therroal decomposition, CaCO; is converted to Ca0O and FeCO is converted. to FeO.

Another 1.7 g of the: above sldente sample was dissolved in excess dilitte H,80, acid, filtered,
and the resulting solution was diluted fo 100.00 em® with distilled water When 2500 om?®
of the. resulting solution was fitrated with 0.04 mol dux K.Mn() the end-point reading of
KMnO, was 12,50 ¢n,

Assnme that the quantities of ‘metals other than Fe and Ca in the siderite sample are negligible, _
(C =12, O=16, Ca=40, Fe=56)

(i) Calculate ‘the mass percentage of CaCo; in the siderite sample.

FeCO; ——  FeO + CO, (02)
CaCO;3 —» CaO + CO> (02)
Amount of CO; produced = &‘:"2—5 = 0.075 mol (02) + (02)

Total moles of FeCO; + CaCO3 = 0.075 mol ‘o ' (02)

KMnOs required to react with 25.00 cm? of Fe*? solution

i = 0.04 % 125 x10° or 5 x 10*mol (03)7

|' " Amount of KMnOs required to react with 100 em?® of Fe?" solution

fi!';-' : (or Amount of KMnOs4 required to react with 1.7 g of Siderite sample) ';; teps can
[ ' ' e
=5x10%x 2 or 2% 102 mol (03) [ combined

25

_ Amount of KMnO4 required to react with 8.5 g of Siderite sample

!
{ - = 2x 103 x % or 0.01 mol | (03)-

5
i - |
5Fe*" + MnO4 + 8H*—»  5Fe’* + Mn®" + 4H,0 | (04)

(balanced ionic or chemical equation)
Amount of FeCO; in 8.5 g of Siderite sample = 0.01 X 5 or 0.05 mol (03)
* Amount of CaCOs in 8.5 g of Siderite sample = 0.075 - 0.05 or 0.025 mol (03)

Mass of CaCO3 = 0.025x 100 or 2.5g 03)
For molar mass of 100 for CaCOs.._ .. ... ... .. i 01)
© Mass % of CaCO; = % x 100 = 29.4% (03) +(02)

Note: The mass conversion (8.5 to 1.7 or 1.7 to 8.5) can be done at any step and
relevant 03 marks can be awarded.

9(b)(i) 38 marks
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Alternate answer

FeCO; ——» FeO + CO; ‘ (02)
CaCO; ——» Ca0 + CO; (02)
Amount of KMnOs required = 0.04 x 12.5x 10 or 5 10 mol-erwvccce..._(03)

5Fe* + MnO4 + 8H—>  5Fe* + Mn*" + 4H0 oo (04)
Amount of Fe*" in25cm® =5x10%x5 =25x108mol— ... (03)

Amount of Fe** in 100 om® =2.5x 103x4=1x 102 mol oo __(03)

Amount of Fe** in 8.5 g of Siderite sample = E%jﬂx 85¢g
= 005mol.... o (03)

\- Moles of CO; from FeCO3_= 0. 05 x44 g mol
Total mass of CO» =8.5g—-5.2g=33 g TTTT02)
Mass of COz from CaCO3; =33g-22g=1.1g 5 02)
Moles of CaCOs - = @‘%.zﬂ =0.025 mol * o (OD)
Mass of CaCOs = 0.025 mol x 100 g mol™ _
=25g ) ' 03)
For molar mass 0f CaCO === T e 01)
2.5 gk
Mass % of CaCO; = 722 x 100 = 29.4% (03) + (02)
8.5 G S
(if) Caloulate the percentage of impurities, other than CaCQO,, in the siderite sample.
Mass of FeCOj in 8.5 g of Siderite sample = 0.05 x 116
| - 58g 03)
For molar mass of 116 for FeCOs—— P e A meer01)
Mass of FeCOs and CaCO3 = 2.5+ 58 = 83 ¢ _ (03)
| o ety s @2

% of impurities = == x 100 Sl (03)
= 2.35% ¢ 2 xtoo g (02

R.5 _
' _9(b)(-ii) 12 marks
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Alternate answer for 9(b) (ii)

Mass % of CaCQO3z = 29.4%

Mass of FeCO3 = 0.05x116 or 5.8¢ (02)

For molar mass of 116 for FeCO4 ' (01)
Mass % of FeCO3 = 22 x100%~—_ ©2) A4
= 68.24% - 02y S

Total % = 29.4 + 68.24 = 97.64% | | 03)

% of impurities = 100 - 97.64 =2.36% 02)

Ignore the difference in the second decimal place

9(b)(ii) 12 marks

(i) When 8.5 g of the siderite sample. was' 1herma11y decomposed in the presence of oxygen
FeCO, decomposes. giving Fe;0, and Fe,0, in 1:1 molar ratio. whereas CaCO, decomposes
o Ca0.

Caleulate the wass of the remaining residue afier thiy' thermial decommposition.
8.5 g of Siderite sample has 0.05 moles of FeCO3
SFeCOs; + O3 —» Fex03 + FesOs + 5CO: (06)

moles  0.05 . 0.01 0.01 01+ (01)+ (01)*
Mass of Fe203 = 0.01 x 160 = 1.6 g 02) *These 03 marks
can be awarded
For molar mass of Fe2Ozas 160 o e (O1) here or using these
mole values in the
_ calculations 1o
CaCO; ~——» Ca0+CO; :
moles 0.025 0.025 (01) + (01)* | *These 02 marks
can be awarded
. here or using these
Mass of Fe;0s = 0.01 x 232 = 232¢g (02) | mole values in the
calculations
-For molar mass of Fe304 as 232———————+——(01)
Mass of CaO = 0.025x56 = 14 g 02) 7
For molar mass of 56 for CaQ — 01)
Mass of the residue = 1.6 + 2.32 +1.4 +0.2 = 5. 52 g (03) + (02) /J
7 _ ;
gm‘«i‘“* M
PV
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Alternate answer for 9(b) (iii)

5FeCO; + Oy — Fe:05 + FesOs + 5C0; (06)

moles 0.05  0.01 0.05 (01) + (01) + (01)*
CaCO3; — Ca0+CO; |
moles  0.025 0.025 0D + (01)*
| *These 05
5 ., T : marks can be
Initial {n.as:: of the Siderite sample: awarded here or
8.5 g Siderite sample + 0.0l mol (0.32¢) = 8.83g  (03) using these mole
values in the
Loss of weight = 0.05 x44 + 0.025 x 44 (03) calculations
(from FeCO3) (from CaCOs)
22g  + I[.L1g= 33g (03) ‘
Mass of the residue = 8.82 - 3.3 = 552 ¢ (03) + (02) o
9(b) (iii) 25 marks

9(b): 75 marks

10.(a) Consider the industrial manufacture of TiO,.
(i) Name the process by which TiO, is produced from rutile.

Chloride process (05)
(ii) Name the required raw materials (other than rutile) for the above process.

coke . AW\

Clz, (04)
Ox(air) T (04)
(iil) Name the two main steps associated with the above Process..
Chlorination : | (04) _
0X1dat10n : (0 4) r
|
(iv) Give | balanced chemical equations. for the reactions which take: placc under each of the f
above mentioned steps _ /
Chlorination )
TIOZ(S) + C(S) — Ti (S) + COy (g) ( A),— I e ok (05)
Stream of chlorine is passed over mixture of rutile and coke
Ti(s) + 2Cl2(g) — TiCli(g) H_______(B) s s {{F5)
OR _ '
Reactions (A) and (B) can be combined.
TiOx(s) + C(s) +2Clz — TiCli(g) + COs(g) - . - Qo)

Note: Physxcal states not required to award marks for the balanced equation

L]
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Oxidation

TiClu is reacted with oxygen and TiO; is formed.
TiCla(g) + Oa(g) — TiOa(s) + 2Cl2(g) (05)

Note: Physical states not required

(v) Explain how thie above process contributes to ‘Global Warming.
compustion-

Burning of fuel / coke N2 marls i Ma_ﬁ : (05)
Production of CO2 during the process (05)
10¢a): S50 marks

() NO, NO,, 80,, CH,, CF,Cl, and CF,HC] are among the pollutants that contribute 1o various

env:tonmental pmblems Except for the two halogenated compounds; the others are released
into the environment through both. natural processes and human activities.

(i) State two natural processes and two human activities that release: NO to the environment.

Natural processes: lightning, nitrifying bacteria, volcanic eruptions

Any two
Human activities: motor vehlcie emissions, 1ndustrlal emissions, any combustion in
air above 900 °C A ‘Shuet . EeH ent Any two
2.
dhe Xemp - ot (oas

(02 x 4 = 08 marks)

no il Ao \hg'ﬂ«*mf’

{ii) Acid rain, global warming, ozone layer depletion and photochemical smog are four major
atmosphiric problems. Briefly describe eachi of these pheromena and identify two gases
each from the aboye list that make a significant contribution fo each of the phenomena.

Acid rain: precipitation of acidic compeunds from the atmosphere
Global warming: increased atmospheric temperature due to the increasing levels of
greenhouse gases

Ozoné layer depletion; reduction of stratospheric ozone levels due to the radicals that
catalyse the destruction of ozone

Photochemical smog: formation of smoke and fog due to a series of chemical
reactions in the lower atmosghcrc under the influence of sunhght

(02 x 4 = 08 marks)

Contributors to acid rain: NO, NO2, SO
Contributors to global warming: CH4, CF2Cly, CFHC1 -
Contributors to ozone layer depletion: NO, NO2, CF>Cly, CF2HCI

Contributors to photochemical smog: NO, NO»
' Any two

Mark the first two answers only in each case

(02 x 8 =16 marks)
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(iii) Explain. why CFZHCI was introduced as an alternative. to CF (1‘12 as an attempt to protect

the ozone layer.

J  CF2Cl is nonreactive in the troposphere (2). The presence of an H in the CF,HCI
.XW"N{‘W& makes it more reactive than CF2Cl; (2). Thus, the chance of reaching CF2HCI to the
Sﬂ&b:, ¢© °  stratosphere is lower than that of CF2Cls (2). Hence, the contribution of forming CI

radicals due to CF,HCI is less than that of CF2Cl; (2).
' (02 x 4 =08 marks)

(i) Tn an mdustna.l zone where sulfur containing coal is used as a fuel, it is reported. that

) )

fish “are dying i nearby lakes. Giving reasons suggest a svitzble method to-cohirol this
environimental problem.

Burning of S-containing coal releases SO; into the atmoéphefé (2). In the atmosphere,
S0z 1s oxidised and dissolves in H2O to form H2804 acid, contributing to acid
precipitation and killing fish ¢2). To prevent acid precipitation, SO; should be removed

before it is released to the atmosphere (2). Bases such as CaCOs or dolomite (or any
MW})I@ (2) can neutralise the acid, reducing the problem (2). |

L —

(02 x 5 =10 marks)

10(b): 50 marks

1. Give the clasmiicatmn of polymers according to the type of reaction taking: place during
‘the' polymerization process.”
Addition polymers .
Condensation polymers S
. (04 x 2 = 08 marks)
II. Draw two structures each, for each of the classes of polymers you stated: in (I} above.
Addition polymers: .
_CHQCH20H2CH2‘— or ‘(‘CHzCHz)ﬁ
(lll _ (;JI ?I '
—CH,CHCH,CH— or —GCHECHJH
—CF,CF,CF,CFy—  or ~{CF,CFy -
—CH,CHCH,CH—  or ~{CH,CHY--

56 &

Any two
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Condensation polymers

0 0 0 0 0 0
1l 11
=E':-@-5~0—CHZCH,_.—O-EQ—E—OHCHQCHZO— or {—c—@»c—o—CHQCHZ-o)—n

A ¢« 8 9 e 9
—~HN(CHz)ﬁNHC(CH2)4C-HN(CHz)BNHC(CH2)4C-— or {-HN(CHQ)BNHC(CHZhCJ—n
(03 x 4 =12 marks)
‘ 10c (i) 20 marks l

(i) L Draw the structure of the repeating unit of natial rubber,

HeC  H
\ /
C=C
/ \
‘_HQC CH2_

(04)

is used to change the elastic property of ‘hatyral
in: the process.

ﬂ ‘Write the name of the process ‘that
tubber and name the substance used

Vulcanization (03)
Sulphur (03)

10¢ (ii) 10 marks

(i) L Give a balanced chemiical equation to show the synthesis of biodiesel ‘tsing a tiiglyceride
and methanol,

g \lo-w ) : N@u@t} (53
0 _ o - WQ 4" e
CHy-0-CR) o) wt
| o o 0 CHy OH
IfoCR* sohoH T 3R-C-OCH, . Ch-oH
2 . KOB- = s
CH,~0-C-R |

y _ ok Ba(oH)q.
{ Deduct 03 marks if NaOH is not written, -,
' (08)
1L Waite the name given to.the type of reaction used in the production of biodiese].

 Transesterification (04)
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——

HL Calculate the mass of biodiesel produced from 7.22 g of the tnglycende of CH:,(CI )12{:00}1
(H=1, C=12, O=16)

O
1]
CHy~0—-C—(CH5)2CH3
0 NaOH 9 CHy-OH
I _
HC_"O“'C—(CHz)1ZCH3 + 3CH3OH —_— 3 CHa(CHg)mC OCH3 + CH -OH

o) CH,-OH

1
CHp~0-C—(CHa)12CH;, Rel. molecular mass 242

Rel. molecular mass 722

722 g » 242x3=726g
722 ¢g » 7.26¢g
Calculation of relative molecular mass of triglyceride (01)
Calculation of the relatlve molecular mass of the methyl ester (01)
Molar ratio (02)
Answer ' (04)
10c¢ (iii) 20 marks

10(c): 50 marks

&k
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AMENDMENTS TO THE MARKING SCHEME — 2025 (CHEMISTRY)

(Date 21.12.2025)

Paper II - PART A - Structured Essay
2.-(¢) (iii)  O2(Air) and H2O (02 + 02)
(v)  Ifgiven as reacted with HC1 (02)

Award {04) marks only if given as cone, HCI

Paper I1 - PART B - Essay

6. (b) The allocation of marks was changed and value of 133.3 to be used instead of 133

Assuming the ideal gas behavior;

= =
PV =nRT = MRT

— m
P = o RT
__ dRT _ . ; __030gdm™ -3
M= = d: density of the gas = Sy T 2_9 dm
3 —1 gt =
M= dRT= 20gdm™2x8.314 ] K~ mol XBOGK:45_9= 469??‘101_1

P 8314 mm Hg x133.3 Pa

(05 for substitution and 05 for answer)

7.(b) ()  M(ID) or M?" can be accepted instead of the charge on the complex.

Lone pairs on metal M cannot be accepted.

Y : [M(en)2(OH2):** to be corrected as Y : [M(en)(OHz2)2]**

(05)

(05)
05)
(04+01)

(05+05)
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Paper U1 — PART C - Essay

8(c)(ii) The following can be accepted.

OH | o
" (aq) = @ @)  *H (aq)

O 0O +
CHaC»:OH (aq) —— CHaC:d (aq) + H (aq)

9, (a) Q3 KFe[Fe(CN)s] can be accepted (given in translation of Browning &
Joseph)

04)
19 (b) iii Alternate answer

CF2Cly is nonreactive in the troposphere (2). The C—H bond in CF2HCI is dissociated
by solar rays in the lower atmosphere (2). Therefore, (considerable part of ) this
compound is decomposed before it reaches the ozone layer (2). Hence, the contribution
of forming Cl radicals due to CF2HC is less than that of CF2Cl; (2).

(08)
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