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

1. (a) State whether the following statements are true or false on the dofted lines. Reasans }m
required.

(i) 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 paraltel spins,

(iiy The atomic orbitals identified by quantum numbers » and /
(D) w=4 =1 () n=4 [=0 () n=3 /=2 can be placed in order false
of increasing energy as {III) < (ID-< (1.

FatanrraVaNAT s

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

W aeai e s g R

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

false
“{v) The eleciron gain energy of fluorine is a negative value {¥ile

‘ - : . . . R e e
¥ (vi) Among the atoms Be, C, S8i and 8, the atomic radii increase in the false

Qrdef c < BG { S < Sj.u L T BRI R
{vii) The boiling point of CH;NH, is higher than that of CH,F. true

(viii) The jonic 1'ad11 of Ai 02 Fand §© decrease in fhe order

false
S } F > 0 > Ai " R e R L P
(04 marks X 8 = 32 marks)

1(a): 32 marks

{b) (i) Draw the muost. -aoce_pi&ﬁié Lewis dot-dash structure for the molecule CISO,F.

. ﬁ H
-Cl ﬁ F e (06 marks)
:0:
(i) Give the oxidation state of S in the structure drawn in (i) above.
l+5 or HVI
(02 marks)

| Award marks for (if) only of the Lewis structure in (i) is correct. -

02 - Chemistry (Marking Scheme) | G.C.E. {A/L) Examination 2025 | Amendments to be includad. 14
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(iit) 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 fon. 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 structure,

£
ve @ A"
5.@ L AL @
S 0 e O
@/Q 3 .o /f @/ e

(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 E? # . : ‘
:F - N=N=N—N—H BN e N N
N! N? N3 N4
I | The number of 3 2 3 4
VSEPR pairs around "
the atom
Il | clectron pair trigonal linear trigonal tetrahedral
geometry around the planar : planar
atom
III | Shape around the angular/ V hinear angllglar/ V/ | angular/ V /
atom / bent T bent bent
IV | Hybridization of the sp? sp. SPZ. sp°
atom - [ .
(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) to (viii} are based on the Lewis dot-dash structure given in part (iv). Labelling

of atoms is as in part (iv).

(v) Identify atomic/hybrid orbitals involved in the formation of @ bonds between the two
atoms given below.

:[ _Nl —F . Nl ........ SRS ——— | CRT——— e RE R e bk
0 N'—N? N sz e B2 e P e
: . 8 ' ! s
OL N2=N° N2 oo, Wi —
. ; ; ] ;
W, NI—=N* NP O N oD s,
‘{* Nq e H :N‘d:s'- LERRR T s -.S"P'M PR RA R Sy

(01 mark x 10 =10 marké)

(vi) Tdentify the atomic orbitals involved in the formation of 7 bonds between the two. atoms
given below. '
gl.. S - 2p . , 2p

5 ; _ 2 ; Z
]-[. NZ_N3 N’2 Frpanane ey :-l?r_- R N3 e T T -I.). Crgnaeasn ey

(01 mark x 4 = 04 marks)

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

ashaea R I3 P T . B 4 Baraesresden

(01 mark x 4 = 04 marks)

unge N1, N2, N* and N* afoms in increasing ordpr of their electronegativities,
N¢ N2

(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,).

012 | 1903 | 2910 | 4956 | 6248 | 22230

Identify the -element and write its electron configuration,
1. element PERTI, L phos i) horouws .

R o PSR e

2 . e PO
1L lectron configwation : ... L2203

(02 marks)
(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 atom.
Complete the table below by naming the possible molecular shape and giving an example
- (mnolecular formula required) for each. of the shapes.

s : by
molecular shape example Qo
I If AX; is polar square pyramidal QhC]g{ BrFs/CIFs/1Fs /-’Idggﬂ?l e

IL If AX, is nonpolar trigonal bipyramidal PCIs/PFs

o Lm@ﬂg (ncle fé't’; deﬂ H&JJ
(03 marks x 4\= 12 marks)

1(¢): 16 marks

2. (@) (i) A is a 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, tii-atomic gas with & linear structure is
evolved as one of the prodncts. A is vsed as a fertilizer.

[dentify A ... NHNOs  o¥  amumonium nifate

(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 obfained industrially by fractional distillation

of liquified air $ribe.
Nt

entity B ... N0z oY  ammonium

{if) € is a white coloured ionic compound It is composed of four slements in. ‘the ratw
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 coloutless basic gas X having a strong smell, and a strong acid are formed. On
-addmou of BaClz(aq} 10 an aqueous solumn 0f C, a white precipitate that is insoluble
in dil. HCI is obtained.

dentify € ... NHapSO04 o .

(iv) D is a white coloured ionic compound. It s 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 obfained as two of the pmducts

Ldentity D ... (NHapCO3  6¥

T R S R T

(v} E is 3 sirong acid It is composed of the sama’elements as A and B. They are in the
ratio 3:1:1 (not i the mcraasmg order of ‘atomic mass). E is a strong oxidizing agent

E is manufactured using X.
HNOs oV niftic acid:
Ideﬂtlfy E P N R A L _.'-.:_.', AR
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 NHiNOss) —2— N20O(g) + 2H20(g)

B NHNOxs) —=— Na(g) + 2H:0(g)
C (NHi)2S04(s) —2—» 2NHi(g) + HaSO4(g) &7 SOy + fho + 2 NHS
D (NHy)COs(s) —2— 2NHi(g) + COxAg) + H20(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.
| ....‘nRXJ ﬁNH.B. R A IR R T W R A R B e R e R T B B R e R R A .(04)

(it) Name the process by which E, identified in part (4)(v) above, is manufactured using X.
Ostwald Process | (04)
(iii) ‘S‘t'até ¢ other raw material/s used in the above progess.
_ lr)+H20 ()1 Of& A iu) CMCP H,J C? _____ o L o2 ir"—’?) (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.

3Clx(g) + NHs(g) — 3HCI(g) + NCls(l) | (04)

R e I R e e R R R R R R T R T e

Il When Y reacis with water, 2 compound that can be used to disinfect waier is
formed. Write the balanced chemical equation for the reaction of Y with water,
NCls(l) + 3H20 "f‘*' NHz(g) + 3HOCl(aq) : 04)
NC{g *. .d.- [{HZO Mlﬁto[ﬂ- + -3 HOQ{ T R R TN g
(v) Give one chemical test to identify X, along with its abservanon

Test - : Xls reacted w1th conc. HCl Wr%ﬁau,f Comc (Mﬂ’f (09:) W"[‘ig

Observation Whltefumes areformed L

or

TeSt 5 Fiheaiais P T LN - T R T T T

Observation : .. b“’“’“ Pm‘p“ate" °°l°““‘“““ e et e

e | Mo mavks for Lidmus - | 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. (a) HX(aq) is a weak ncid with pK =4 at 25°C.
(i} Write the equation for the ionization of HX(ag) in an aqueous solution.
HX(aq) + H,0() = H;0%(aq) + X~ (aq)

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

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

[H30* (a][X" (aq)] _ H* @)X~ (aq)] ' -
Ky = [HX(ag)] - OF Kq [HX(aq)] (_05)

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

HX(aq) + H,0() = H30%(aq) + X (aq)

Initial con. 0.01 0 0 moldm?
Change con. -x x x mol dm>
Equi. con.  0.01 x x x  mol dm? (02+01)
- -4 i) o xz L - - : g ———
Ka=10 x10™ = ——— = ee(02+02+02) :
92 o2 0% 1+
P TOwI0C | ' ‘
2= [Hs0*agd] = 1.0 %1072 moldin = onnne s s inmn ,“\_.___,w__..,w,402«1-01)*
pH = —log [H30+ (aq)] = 3. seomiree G et R— {!)5)*
IR IR A Jq_s-[" E'U( lfvj g,....-[_crﬁ EH 30 mj O
* The above steps can be combined. r) (027
Alternate answer:
Ka = antilog [-pK,] = antilog -4 7
=1 x 10* mol dm™ ' : (02)
e%@ - HX(aq) + H,0(l) = H;0*(aq) + X" (aq)
Initialcon.  C(1-0) - Ca Ca moldm? (03)

+ 12 + ¥
[Hiog)? = Ko X [HXaq]  [Hiag] = (Ko X [HXyq] (02) _
[HE] = VIx107% % 0.01 | (02)

[H, ] = 1% 1072 mol dm™3 , (02+01)
pH = —log [H;0%(ag)] = —log 1x 1073 =3 o - ©05) Y
02 - Chemistry (Marking Scheme) | G.C.E. (A/L) Examination 2025 | Amendments to be included. 19
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(iv) A volume of 10.00 cm® of 0.02 moldm™ 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)

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

Buffer solution | ' (03)

TiI. Write the expression for the calculation of pH of this solution.
[Naxa] of {Sme

a = io
[x(q)]) ov ph pKa + A9 [ch—%ﬂ (05) E.ﬂ}aa]

pH = pK, + log ( X (a)]

IV. Caleulate the pH of this solution. (fog values for 1-10 are given below.)
‘number 1] 2131415167 7[819 10!
log value {0.00 | 0.30 0481 0.60 [ 0.70 | 0.78 | 0.85 | 0:90 | 0.95 | 1.00

A

HX(aq) + NaOH(aq)  — NaX(aq)+ H,0(D- ~(03)
Or:
HX(ag) + ~  OH (aq) - X~ (aq) + H0()
Initial moles 0.01 x 25 x 10~%  0.02x10x10°° '
remaining moles  (0.01x 25 x 10~%-0.02 x 10 61?_3} 0 0.02 x 10 x 1073 O 02y
Concentrations (mol dnr?) 0.05/35 ' 02085 (01+01+01)
10
o _ (X (aq)]
Substituting in pH = pKa + log (———[HX (aq)])
pH = 4+ log (%20—2’%) =4+ 109(4) =4+40.6=46 (03+02)
Marks can be awarded with the use of Ka expression
V. Caleulate the volyme of 0.02 mol diy3 NaOH(ag) solution required to be mixed
with 100:00 em® of 0.01 mol dm™ HX(aq) to obtain a solution of pH 4.00.
Volume of 0.02 mol dm™ NaOH needed : V cm’
=4 gi = X~ (aq)]
pH ~_4- gives 4 =4+ log ([HX(aq)])
@] _ o, K (e] _ .. - _
log (et} = 0; L0084 [x~(aq)] = [HX(aq)] o )
_ (0.01x100x1073 - 0.02xVx1073) _3 : .
[HX(aq)] = TR _ 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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__( 0.0z2x¥x10~3)

(X~ (@] = 503 vmaes moldm™ 02+01) /

(0.01x100x1073 ~ 0.02x¥x1073) _ ( 0.02x¥x107%)

(100 + V)x 103 (100 + V)x1073 02)f 40
(0.01x100x1073 ~ 0.02xVx1073)= 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)
Therefore the volume of D8O the half equivelece point is _
:1; volume of o *—;_(25 cm? (03)

3(a) 70 marks

(B) At 25°C, MgF,(s) is sparingly soluble 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 thére 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)
Kop = [Mg**(aq)][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 ¥, 0 ©  0.20 mol dm?
Concentration change & ® 3 2s
Equilibrium concentration < S (25 +0.20) mol dm™® (04+01) } *“
K;p =64 X 1.0"3 =5(0.20 + 25)? ~ S(O.ZO)__ZH___%WE .................... e (02)
§ = 1.6 X107 Mol M2 e cmmemmmmsimimemimicmresem ey s (4O L)
Number of moles of MgF(s) that can be dissolved in 500 cm? of NaF is
1.6 X107 X 05=8.0X 1078 mol — . e (04£01)
Mass of MgFa(s) = 8.0 X 108 x 62 =496 X109 ...(04+01)
P 3(b) 30 marks
S

hY
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4. (a) Consider the reaction schéme given below, in which,
® A is a hydrocarbon having the molecular formula C,H,,,
¢ D has the molecular formula C;H,;0, It exhibits Optlcal isomerism. When. D is reacted
with aguéous Na,CO,, €O, is. liberated.
® J has the molecular formula C;Hy. J gives a precipitate with ammonical AgNO,,

HBr o agueous KOH o HK,Cr,0, 5 PCl,
Peroxide o -

H/Pt

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

CH3 CHs
CH3CH,C=CH, CHacHZCHCHzBr
: CH3 CH3
CH3CH,CHCH,OH CH3CH20HCO2
E 5
CHs CHs
CH3CH20HCOCI CH3CHQCHCONH2
— e
(FH?, CHs;
CH3CH,CHCH, HC=C—CHCH,q

06 X 8 =48 Marks

02 - Chemistry (Marking Scheme) | G.C.E. (/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.
(i) Draw the strucore of K and give the reagent/s thet can be used to convert K to
G in the relevant boxes.

O ;
I -
CH;;C(FHCHS . Zn(Hg)/Conc. HCI | |
CH3 f‘
ohea 3 " is b roa s K alfe | engents 4 1
| wred - o et - ’
" 06 x 2 =12 Marks
4(a) 60 Marks
(b) For the reactions given below, write the type of reaction [nucleophilic: addition (Ay),
electrophﬂ:c addition (Ag), nucleophilic substitution (Sy)s electrophilic substitution (SE),
elimination (E)] and lshe majer product i the relevant cages in the mble
Reaction . Rﬂ;(::m | Major pmduct .;;
o B B ~{
L PR R Bry _ - (CH3CH GCH, |
Gy CH3..<3§=C.,_..CH3 : = Ae g oo CH;,
(ii): C%CHZ?HCHZCI% anhydmus AIZOE : CH 3GH‘_‘~"‘CH(£H »CHs3
Ol bt | B }
- | HBr : ’
(iii)| CH,CH,CH,0H ~-—— W2 Sn CH3CH,GH,Br
7
03 x 6 = 18 Marks
By 4(b) 18 Marks
L
T T B
S

02 - Chemistry {(Marking Scheme) | GCE‘WLanmInatlon 2025 | Amendments to beincluded. - 23
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(€) Draw the structure of the raajor product L. of the reaction given below. Write the mechanism

of this reaction,

anhydrous

C(CHa),

* (CHS)B ool _A_iC[J

‘mechanism:

(CH3)sCCl  + AICI, o (CH3)3C+

# @m/{"L (—;ﬁ"]@; ‘5 ct.ace{},{g
Hecl
(Cotly (5 ot arcepied)

@ ;

+ AIC, 1 Fhe corb ocadan ¢S

GJYmg no

@ @

mefles  frv
ACL,™

9 C(CHg),
AlCl, _
C(CH3)3 T } + AiCI3 + HCI

4(c) 22 Marks

Cf. Odbecs shea (f be C-&?ﬂfgé'homme

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

NOTE: PHYSICAL STATES ARE NECESSARY
5. (@) At450°C, 1.0 mol of Ny(g) and 2.0 mol of H,(g) were mixed in 2 1.0 dm?® previously evacuated
closed-rigid container and dllowed to resch the equilibrium given below.
N,(2) + 3H,(g) = 2NH(g)
(i) Caloulate the tofal pressure of the equilibrium. sysfem at 450°C (RT = 6 x10° J mol!
at-450 °C).

N,(g) +3H,(g) = 2NH3(g)

Initial con Lo . 2.0 0 mol dm™
Changed con -x -3x 2x mol dm
Eqmecon. ~ 1-x ' 23x L0 mol dmdasmmeremme e (4 401) <
At equilibsium 1.0 mol of NH;(g) is present 4
.. Equilibrium Concentration of NH3(g): 2x=1: x=0.5 mol dm-r---(01+01)
*. Eqm mixture con. 0.5 0.5 Lo mol dm* (02+01) 14
Total number of moles in the mixture at equilibrium =2 mol ' -
fAssumJng ideal gas behavior: PV=nRT . 7 (03)
B nRT __ 2mol x(leﬂjlmol 1 = 1.20 x 107 Pa (04+01)
v 1.0 X 1073 3 : .

(ii) Calculate the partial pressares of N(g), H,(8) and NH(g) at 450 °C in the equilibrium system.

Using P; = X; P ' ©02)
Py, =2 x 120 x107Pa =30 x 10°Pa 03+01) [ 14
Puy, == X 120 x107Pa =3.0 x10°Pa 03+01)
Puiiyyy == x 120 x 107 Pa = 6.0 x 10° Pa (03+01)

(OR use PV =nRT for three gases)

(i) Calculate the equilibrium Constant K, of the' system at 450°C.

P;%st) ' (6.0 X106 Pa) ? -13 p,—2 .
Kp = PNE(Q) P T (3.0 x10% Pa) (3.0 X106 Pa)$ 4.40 x 10 P_a
. 2@ _ v (o4 "J‘"O'-)os
Nl T, o i B3+02-+04+01
( 5 - (@3+02 )
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