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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 /na‘r
required.

(@) The pairing of electrons in a particular subshell dees not take place
until all the orbitals of the subshell are singly occupied by electrons
with parallel spins.

(ii} The aiomic orbitals identified by quantum numbers » and 7
(@) w=4 {=1 () y=4 =0 (JII) n=3 I=2 can be placed in order Falue
of i increasing energy as (1) < (1)< (1), R

. (i) ‘The electron pair geometry of the SOF, molecule is square pyramidal. false
(iv) 'The second ionization energy of Li is less than that of Be.

¥ (vi) Among the atoms Be, C, 8i and §, the atonvic radii increase in the
order C<Be< S <8i
{vii) The boiling poist of CH;NH, is higher than that of CH,F. true

EITRE SRS & EY

(viil) The jonic radii of Ai 02' Fand §* decrease in the order false
S > F = 0 > Al ¥ L R R e

(04 marks X 8 = 32 marks)

1(a): 32 marks

{B) ) Draw the most. -accepi&ﬁié Lewis dot-dash structure for the molecule CISO,F.

»e
LX]

omm:o

e

—

'Cl . | (06 marks)

L]

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

| Award marks for (ii) only of the Lewis structure in (i) is correct.
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(iif) A stable Lewis dot-dash structure. for the HN,O, ion is gwen below. Draw two more
Lewis dot-dash structures (resonance qtructures) for this ion. Itidicate the stability of
each of the structures drawn by you, relative to the structure given, by writing stable,
umtable or less stable under the structire,

go
e @ o
\0
5.@ e n-@
: Q O
®_-0° 9 0 © @ 0
. S ) E H_ﬁ_N\.. i H-—N N\\\e..
o) Q: v
(less stable) (less stabley
(02 marks structure) + (01 mark stability)
(06 marks)

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

R - o s
¢ F - N=N=N—N-—H BN N

N1 NZ - 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 hnear angﬁlar! V/ | angular/ V/
atom -/ bent : " bent bent
IV | Hybridization of the ©ospt sp. Sp% sp’
atom - y foT ;

(01 mark x 16 = 16 marks)
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® Paris (v) io (vm} are based on the Lewis dot-dash structure gwen in part (iv). Labelling
of atoms is as in part (iv).

) Identify atomlefhybnd orbitals inyvolved in the formation of o bonds between the two
atoms given below.

LON'—F NTeeen. B e F L 2ROTSE

oL NZ—N? N2 .. P S— o T Sp2 R
IV :Nv".m‘N“‘ G sz ‘e s > N Sp3 .
V. NY—H  N*eeoSP 7 N A

(01 mark x 10 = 10 marks)

{(vi) Idcntify the atomic orbitals mvolved in the formation of # bonds between the two atoms

given below. 5 5
L ON'—N% N, p renran N2 p
m N2—N* N2 2p B e Zp . .

(01 mark x 4 = 04 marks)

(vii) State approximate values of bond angles around the N N2, N3 and N* atoms.

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

(01 mark x 4 = 04 marks)

(viil) Arrange N', N2, N¥ and N* afoms in increasing order of their elecfronegativities.

(04 marks)

1(b): 52 marks

(a) (i) Given below are the six successive ionization energies, IE,—IE, {(in kJ/mol) of an element
in the third penod ateu-tmg from the ﬁrst ionization energy {]EQ

. I E ] Ty b 1B | ;IES._ | IB
Identify the element and write its electron configuration.
. L element b v Bl £1L08 phgrous (02 marks)
2 1 ¥
H' EiECt[’DH COﬁﬁguIaﬁnDn A 152 2;51‘:3}? 35 *SIL{ s iaa (ﬂz_marks)
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(i) A molecule of formula AX, has five A—X ¢ bonds. Here A and X represent symbols
of ¢lements and A is the centrai atom.
Complete the table below by naming the possible molecular shape and giving an example
- (molecular formula required) for each. of the shapes.

: oy LS
molecular shape exatople Qo
I If AX; is polar square pyramidal  @C ]g/ BrFs/CIFs/1Fs /7T cfg Citgy 0NN+

It If AX, is nonpolar trigonal bipyramidal PCls/PF s

) (m@f'{(_: cnde }Feh‘ den H&U
(03 marks x 4 = 12 marks)
S

1(c): 16 marks

2. (@) (1) 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 cach element
is less than 20. Two of these elements belong to the p-block of the Periodic Table,
On heating A, a coloutless, nnn-tom, neutral, tri-atomic gas with & linsar structure is
evolved as one of the products. A is used as a fertilizer.

Hdeatity A ... NBNO2 _ o¥ ammonium aifcake

(ii) B is also a water soluble white coloured compound. It is composed of the same three
elements a5 A. These elements are in the ratio 4:2:2 (in the increasing order of atomic
mass). On heating B, a coloutless, odourless, homo diatomic gas having a high bond
dissociation energy is evolved. This gas is obtained industrially by fractional distiliation
of liquified air ik e
Tentify B ... 4NOz o amaomium N

(i) € is a white coloured foni¢ compound. Tt is composed of four elements in the ratio
8:2:4:1 (in the increasing order of atomic mass). The atomic numbier 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 BdCli(aq} to an aqueous soiutmn of C, & white precipitate that is insoluble
in dil. HCI 1% obtained.

'Idenﬂfy | B (NH4)ZSO4 ‘t_Ojf B

v

(iv) D is a white caloured 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 obfained as two of the pmducts

Tdentify D ... (NH4pCOs M \e.

D T T s

(v) E is a sirong acid. It i is compov.ed of the same” elemems as A and B. They are in the
ratio 3:1:1 (not in the increasing order of atomic mass). E is a strong oxidizing age'nt
E is manufactured usin X
- W n [4 f! c ac 0?

_Identlfy B ioin e e R

2(a):; 08 x 5 =40 marks
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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 NHaNO3(s) —2— N20(g) + 2H,0(g)

B NHNNOxs) —2—» Nig) + 2H:0(g)
C (NH4)2804(s) —2— 2NH3(g) + HaS0u(g) oY 50, 4 o + 2 NS
D (NHs:2COs(s) —2— 2NHa(g) + COxAg) + H20(g)

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

2(b): 08 x 4 =32 marks

(¢) (i) Hdentify X based on the information given in part (af above.
| .‘?gﬁN!:.[s. o R R o e A A M b s B R R R .(04)

(it) Name the process by which E, identified in part (a)(v) above, is manufactured using X.
Ostwald Process _ (04)
(iii) State the other raw material/s used in the above process.
_ OztAlr)+HzO o C’f&fﬂ au) Gl Ha@' i, D2 RO 09
(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(g) + NH(g —» 3HCI(g) + NCh() | (04)
1. When Y reacts with water, 2 compound that can be used to disinfect water is
formed. Write' the balanced chemical equation for the réaction of Y ‘with waier,
NCls(l) + 3H20 "f‘*' ‘\THs(g) + 3I-IOCl(aq) . 04)

(v) Give -one chemical test to identify X, along with its abservatmn

Test : Xls reacted w1th conc. HCl W idhowt Conc ' [ust (O?:) W”fﬂé’
B T I E R AR R R R AR e 2 TR T F N R R T W Fm R e R e

Observation * whlte fumes are formed e (04 + 04)

or

- ol S B R N S L, e | ST ol

Observation : . bl‘OW]'l pl’&Clp ltatej colouratmn G A T R R

w Mo maks fer 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. (@) HX(ag) is a weak acid with pK, =4 at 25°C.
(iy Write the equation for ihe ionization of HX({ag) in an agueous solution.
HX(aq) + H,0(1) = H;0%(aq) + X (aq)

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

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

[H;0* (a][X™ (aq)] _ [H* @)X @) ' '
K, = [HX(aq)] - L B [HX(aq)] (05)

(i) Caloulate the pH of a 0.01 mot dm™ solution of HX(aq) at a tempersture of 25 °C.

HR(ag) + Ha00) < H;0*(ag) + X ()

/
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) 7.
Ko =10 x107 = 22 ~ X e (02+02H02)
g o2 0%
a0 w100
x = [H;0%(aq)] = 1. 0 x102 moldm=2 wW({)z-i-[il)*
= —log [H30+ (ag)] = - LQS)*
o Barany qusJ;- W ij ﬁ__,__[',:,3 EHSO mjcow

* The above steps can be combined.

Alternate answer:
Ka = antilog [-pK,] = antilog -4 3
=1x 10* mol dm™ ' (02)

e%“—’l  HX(aq) + H,0(l) = H;0%(aq) + X" (aq)
Initial.con.  C(1-0) - Cua Co moldm? (03)

+ 12 + r“;"
[H(afi)] = Ko X [HXQQ] [H(aq)] = [Ka X [HXaq] (02) .
[HE ] = VIx 107 % 0.01 | (02) '
[Hp] = 1% 1073 mol dm™> . (02+01)
pH = —log [H30*(aq)] = —log 1x1073 =3 L - 05) Y
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(ivy A volume of 10.00 cm® of 0.02 miol dm™ NaOH(aq) solution was added to 25.00 ¢cm?

of 0.01 mol dm™ HX(aq) solution 4t a temperature of 25 °C,

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

_____ HX(aq), H307 (ag), X" (aq), OH™ (aq), Na* (aq) and (H,0(D)) (01x 05)
It. What is this type of solution commonly known as?
Buffer solution (03)
TII. Write the expression for the caléulation of pH of this solation. ' _
[Naka] or [Solt]

HX{aq)}

: Le
pH = pK, + log ([X(QJ]) oy E’H = pka + <53 {‘wa’ﬂ (05) E(}ad]

V. Calculate the pH -of this solution. (fog values for 1-10 are gwen ‘below.)

‘number 1 2 31 4 5 6 | 7 B 9 {10!

log value | 0.00| 0.30 048 0.60 ] 0.70 | 0.78 | 0.85 0.90 0.95 | 1.00

HX(aq) + NaOH(aq)  — NaX(aq)+ H,0()- ~(03)
Or:
HX(ag) + = OH (ag) - X (aq) + H,0(D

Initial moles 0.01 x 25 x 1073  0.02x10 x 107 '
remaining moles  (0.01x 25 % 1073-0.02 x 10 ’8?'3} 0 0.02 x 10 x 1073 O 082y
Concentrations (mol dm) 0.05/35 ' 0:.2035 (01+01+01)

o Gz _ (X (aq)]
Substituting in pH = pKa + log (———{HX (aq)])
pH = 4+ log (%%%i) =44 log(4) =440.6=46 (03+02)

Marks can be awarded with the use of Ka expression

V. Caleulate the vclumf: of 0.02 mol dnr NpOH(aq) 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’

- X—
pH _—_.4. gLves 4=4+ log (“[[_I}J-(.(((:t%))]]-)

X el _ . &K (@@l _ 4. _ _
lo‘g([ﬂx.(aq)])“— 0; [HX(aq)] 1 bteq)l= [Hatog)]

(0.01x100x107% - 0.02xVx1073)
[HX(aq)] = - | mol dm

-3

(04)

-~ (02+01) |

02 - Chemistry (Marking Scheme} | G.C.E. (A/L) Examination 2025 | Amendments to be included.
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( 0.02xVx10~3)
(100 + V)x10~3

[X (aq)] = moldm™ (02+01) /

(0.01x100x1073 ~ 0.02xVx1073) _ ( 0.02x¥x1073) 02
(100 + V)x10-3 T (100 + V)x10-3 02) ] 0
(0.01x100x 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)
Thereiore the volume of 4o ﬁ the half equivelece point is _
;}- volume of s 25 em? (03)

3(a) 70 marks

(B) At 25°C, MgF,(s) is sparingly soluble in water (K = 6.4 % 107 molPdmr?). Caleulate the
thaximum mass.of MgF,(s) that is completely soluble i m 500.00 co® 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)

MgFy(s) = Mg**(aq)+ 2F(aq) (04)
Ko = [Mg** (a)][F (ag)]? (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 & o 3 25

Equilibrium concentration Xy S (25 +0.20) mol dm’ (04+01) } *

Kyp =64 X 107° = 5 (0.20 + 25)? "8(020)2 I E—— 02)

§ = 1.6 X107 mol dm ™ s *—"' e (0440 1)
Number of moles of MgFx(s) that can be dissolved in 500 cm® of NaF i
1.6 X107 x0.5=8.0X10"8 mol — .o o o (04401)
Mass of MgFa(s)= 8.0 X 1078 x 62 =496 x1076g. .. ... e (04+01)

3(b) 30 marks
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[ 4. (a) Consider the reaction schéme given below, in which,

® A is a hydrocarbon having the miolecular formila .

¢ D has the molecular formula C;H, 0, It exhibits opttcal isometism. When D is reacted
with aguéous Na,CO,, €0, is liberated.

® J has the molecular formula C,H, J gives a precipitate with ammonical AgNO,,

JE @ HB: o :ac‘{ueaﬁs-&(fﬁfi - H*-/Ig@;fj;:}?.} s PCl,
| Peroxide

¥

[t

H,/Pt
o B

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

CHy | CH3
CHsCH,C=CH, - CH4CH,CHCH,Br

CHy | CH,
' CH4CH,CHCH,OH | CH3CH20HCO2H

CH; 1 CH;
CH3CH,CHCOC CH3CHQCHCONH2

CHy " | CHy
CH3CH,CHCH,4 HC=C-CHCH,

06 X 8 =48 Marks
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® When J is reacted with HgSO,/dil. H,80,, K is formed. K can be converted to G in

(b) For the reactions given below,

one (01) step.
(i) Draw the structore of K and give the reagent/s that can be used to convert K 1o

G in the relevant boxes.

0
§ Il
CH3CCHCH,
CHj

Zn(Hg)/Conc. HCI

06 x 2 =12 Marks
4(a) 60 Marks

write the fype of reaction [mucleophilic: addition (Ay),

electtaphthc addition (A), nucleophilic substitution (S)s glectrophilic substitution (S),
elimination (E)] and the majer pmduct in the relevant cages in the mble

(i)

(i)

Reaction Bﬂ;‘:;m Majar prod uct
| CH; . Br Br“
CH,CH= c[: cH, . 1A CHSCH GCH3
| i CHs
CH,_,_CH_Z'(EH.CHZ-_CHg mihydrous_ ALD, CHCH=CHCH,CHs
- OH bt | B }
: ' HBr ’
C1{3CP17CH2GH S S SN : CH3;CH,CH,Br
2
03 x 6 =18 Marks
s Sy 4(b) 18 Marks
N\
“
\\\.

02 - Chemistry (Marking Scheme) | G.C.E.\WL}‘I_Ehxgmination 2025 |
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(c) Draw the structire. of the major product L of the reaction given below. Write the mechanism

of this reaction.

C(CHa)s
anhydrous

N+ (CHY.cl il
e 2 AlCt, | @

‘mechanism?

(CH3}CCl  + AICl; <=  (CHgaC  + A, if ¢he corbocadon S

#{Clt_c—
- 9@ ;

= v C(CHy)
A AlC| 3/3
+ (CHj3)3C C(CH3)y —— O/ 4+ AICl + HCl
4(c) 22 Marks
) 3 : ! : Cﬁfé'(fj '}'qf:t.;f 5
,7[\, @hl/pl (:;2{_,%’ r?S Q.CC’@P"L_’{;E [Oj;)&(s .Sb(ia?(_ (Cf 6() ('_"CJ((S n
i & e
i
]
|
|
|
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_ PART B — ESSAY -
. Answer twa questions. only. (Each question carries 150 marks.)

NOTE: PHYSICAL STATES ARE NECESSARY
5, (a) At450°C, 1.0 mot of N,(g) and 2.0 mol of H,(g) were mixed in & 1.0 dm® previously evacuated
closed-rigid container and allowed to reach the equilibrium given below.
N,(g) + 3H;(g) = NHg)
It was found that 1.0 mol of NHL(g) was present at the equilibrium. - .
(i) Calculate the total pressure of the equilibrium system at 450°C (RT=6x10°J mol
at-450 °C),

Nz(g) +3H,(g) = ZNH;(g)

Initial con 1.0 : 2.0 9 mol dm’
Changed con -x -3x 2% mol dm??

Eqm con, 1-x ' 2-3x Lo mol Am ez ((044-01)

=

At equilibrium 1.0 mol of NH3(g) is present 7
.. Equilibrium Concentration of NH3(g): 2x=1: x=0.5 mol dmd—-=(01+01)
.. Egm mixture con. 0.5 0.5 Lo | mol dm* (02+01)
Total number of moles in the mixture at equilibrium = 2 mol '

{Assuming ideal gas behavior: PV =nRT : " (03)

3 =1
p= I _Zmox®dvimol ) _ 120 x 107 Pa (04+01)

vV 1.0 x 1078 m?

i
e

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

Py,y = 5 % 120 X 107 Pa = 3.0 x 10°Pa (03+01)

Py, = = X 120 X107 Pa =3.0 X 10°Pa - (03+01)

Puity, == X 1:20 X 107 Pa = 6.0 x 10° Pa (03+01)
(OR use PV = aRT for three gases) '

(i) Calculate the equilibriun Gonstant K, of the' system at 450°C;-

2 '
PNHE(,g} _ (6.0 X106 Pa) 2

= ~13 py—2 -
T (3.0x105Pa) (3.0 x106Pa)3 4.40 x 107" Pa

Lok 501 g
@3+02-+04+01)
(e

Kp=

9

PNag) Piagg

\./F"-\_,/"’-;I_--"'-__.'r 4 . - —
[ 05D S '
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(iv) Using the value obtained for K, in, (iii) bove, calculate the equilibrium constant K. of
the system at 450 °C.

UsingKp = Ko(RT)2* : An= <2 (03+02)

Kc = Kp(RT)? = 440 x 103 Pa~2 (6 x 10° ] mol~1)2 O (03) sels

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

(¥) State what changes, if aty, take place in the values of partial pressures of N,(g), H(g)
and NH,(g) and the value of K, when 1.0 mol of Ar(g) is added to the above system at
450 °C {(calculations are not required),

€
There is no change in partial pressures and Kp. o Chav\f}x.. ". no - (03+02)
. mofles .

S5(a): 60 marks

() Assume that AH® and AS® of the reaction N,(g) + 3H,(g) = 2NH,(g) do not change with
the temperature, _ (
(i) Prediot the- effect o the equilibrium conceritration of N, (8) when the temperatuge ‘of the
system s increased. 3

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

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)

&

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)

02 - Chemistry (Marking Scheme) | G.C.E. {A/L) Examination 2025 | Amendments to be included.. 26
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(ii) For the above reaction, AH® = -90 ki mol™ and AS® =200 J K mol™,
Show that the prediction you made in @) above is corréct by calculating the AG® values
of the veaction at 27 °C and 527 °C.

Applying AG® = AH® —

27 °C (300 K) and 527 °C (800 K)
OGS0k = —90 kf mol™1 — 300 K x (—200 P( X 103 kJ K1 mol“l)

AG?.UGK = _30 kj mOl &

TAS® for two temperatures of

e ety

e (O HO2H01)

AGS = —90 kf mol™ — 800 K x(—zook x 1073 kj K~1 mol~1)

AGSpox = +70 k) mol™ e

AGQ beccmes pUblthG dt hlgher tempemﬂlres ......... b R g g e R

.. The prediction made in (i) is correct.

- (02+02+01)
-(05)

{
AN

(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) Cons;der the reaction 2NHj(g) = z(g) o+ 3}12(g) ‘oceutring ifi & clmggl;glé containgr at

450.°C.

This reaction is endothermic O - .= T IIrTum——
The forward reaction is favored at higher temperatures

[NH; (g2

U Nap] [Hygl?

\‘1_

ratlo decreases

{ Nﬁa(g)]z }
[N, (&[H, {g)]

= (05)

(05)

1. Comiment on the time taken for the reaction above to reach the equilibrium in the
presence and gbsence of a catalyst at 450 °C.

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

1L, Explain your answer in. Il above.

In 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

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

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 W@SJ’Mﬁ ok sTondod coad. L\%?@awam{ﬂ»

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

CCL (D = CCLy(g) OR  CCl(g) = CClL (D (05)
. L
e |
(i) Given that, AH(q =95 KImol,  AHG  =-1281J mol™!
s.’l.‘."a‘“cc1 @ = 3097 Kt mci &S‘E,Q&) =214 J K mol™

Caleulate the nortal boiling point of CCL().

0?2 o2 yof _ -

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

AS8,. = 309 —214 =95 jK— mol™1 = 95 x 1073 kJ K~ " mol~* (02+02+01)

[ 29

Applying AG® = AH® — TAS®

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

. o o2+ o1
T, =8  33kmal = 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) + CIZ(g) — 2NOCl(g) at 25 °C.
The results of an initial-rate experiment carvied out at 25 °C for the reaction dbove are shown below:

[N@LE)]Q and [L!Z(g)]ﬂ are tlfm imtlal cnns@ritranons o:f NO(g) and, Clz(g), rﬁspéﬁ:lmly

—ALCE > 2
Experiment | NO(@)l,/mol i | [C1,(g)] /mol di? ﬁwﬁ[ &:(g)] fmol dm® !
1 i 025 050 | - 075
2 025 | 1.00 | 300
3 | 050 1 200 2400

) (x) erte the exp::essmns for the rate of the reaction with IﬁSp&‘cl to ;zach species appeamng_

in the equation of the reaction,

2NO(g) + Cl,(g) = 2NOCl(g) quvew

—-A[NO(g)] . —A[Ci(g)] | AINOCLg)]
2t At 4 20t

g

Rate ; (02x3)

(u) Wiite the tate expression/law for ‘the reaction if the order of the reaction with respect to
Nﬂ(g) and Cl?_(g} are a and b respectively, and the rate constant is &

. Rate = KINO(@)(CL () (04)

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

From expeﬁments. 1and 2; .
k(0.25)%(0.50)" = 0.75 (D Y ()
k(0.25)%(1.00)" = 3.00 @) e ssamsnsesgos 5 w0 zfé :
o Z—E%= R R ()}
i:‘ G)b L R e (04
(OR: when I[NO(g)] is constant, [Cl5{g)] Iis 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) ,
3, k(0.50)%(2.0)? o 200 o ' (04) 12
(2  k(0.25)2(1.00)? 3.00 .
(2)%(2)* =8 = (2)@*? o
G4+ D=3 ¢ 4=T- o . (04)
Overall order=(2+1) =3 _ ... - S e (04)
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(iv) Calculate thie rate constant k of the reaction at 25 °C.

Rate = k[NO(9)][CL2(g)]? o (04) {

From experiments 1; | : \é
1(0.25)(0.50)% = 0.75 | | 04) 1%
k = 12 dm® mol % s~ (04-+01)

(v) Calculate the iate of disappeatance of Cly(g) at 25°C when the mmal ‘concentrations of
NO(g) and CL{g) are 0.50 and 0.10 mol dm™®, respectively.

Rate of dissapearence of Cl,(g) = W
=12 x (0.50)(0.10)% = 0.06 mol dm™2 s~ """ (02+01)

(vi} Calculate the rate of formation of NOCH(g) at 25 °C when the rate of dxsappsamnw of
Cly(g) is 4.5 mol dm?'s! at 25°C.

AINOCI(G)]

(Rate of formation of NOCI(g) = —

In the reaction; 2 mol NOCl(g) = 1mol Cl,(g)

AINOCUg)]  _ —AlCt(g)]
2 At At
AINOCI(g)] _ 2A[Cla(g)] '
=2%X45 =9.0moldm™3s™1 (04+01)

(vii} Calculate the rate of Hfortmation of | NOCl(g) at 25°C when the initial concentrations of

NO(g) and CL(g) are 0.20 and 0.30 miol dm™?, respectively.
a9 o9 o

Rate of reaction = 12 x (0.20)(0.30)? = 0.216 moldm=3 s (02+01+01) a8
Rate of formation of NOCI(g) = 2 X 0.216 = 0.432mol dm™3 s~'(02+01+01) ~ -
oL o o1 ’

6(a): 75 marks

/
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{b) The reaction of Cu powder with nitric acid results in the formation of & red-brown gas contammg
N and O. In an experiment carried out at 33 °C, the produced ges was collected to a 150 o’

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 Heg = 133.3 Pa, N= 14, O =16) -
Assuming the ideal gas DERAVIOL; e wmrmmmrs s i imis oo os (05)
peEw__
M= dlfT d: density of the gas = ﬁ; =2gdm3

= S0 SR (05+05)
1(05 fot silbstituti()n and 05 for answer) P

.. The gas is NOz——" R SR oA e e (05)

6(b): 35 marks

(c) Two identical containers A and B, contain equal volumes of pure water and 3.0 mol dm>
glycerol agucous solution, r%peetwely, at a given temperature. Giving reasons, compare,

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

Vapor pressure of gl}ifcerol 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 tontents in A and B,

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

6(c): 15 marks

{d) At a given temperature, an ideal bivary liquid mixtwe was prepared by mixing liquids C and
D in a closed container. At this ‘temperature, vapour pressures of C and D are P, and Py,

regpectively, and saturated vapour pressures: of C and D are A and P;_s, respectively. The mole
fractions. of C and D) jn 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'diIIg 1;0 the Roultz 1aw, we can write PC - PCQ XC S S T 4(05)
Lowering of the vapor pressure of the component C = P§ — PC = P} — P2 X, (05)
Pg(l - Xe) = Pc(Xn)

RguRE Xp. (05

~. Relative lowering of the vapor pressure of C =
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(ii) A solution was prepared by dissolving 1.0.mol of glycerol in 900 g of water at 25°C,
Calculate - :
1 the relative lowering of the vapour pressure (mm Hg)

Pg—pPc _ _ _np L _ 1 '
P T Ay = nptng — 1+(?00/ )T 51 T 0.02 (02+03)

IL. the vapour pressure (mmHg) of the solution.

= = 002 P = 2352 mmHg (02+02+01)

At25°C, saturated vapour pressure of ‘water is 24 mmHg. (H=1, O= 16)

C, satyrated vapour pressure of glycerol is negligible.

6(d): 25 marks

" NOTE: PHYS;AL STATES ARE NECESSARY

7. (a) The following electrochemical cell was cotistructed to study the electrochemical behaviut of the
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? AuNO;),(aq) solution and a Pi(s) electrode in anc her
beaker filled with a solution containing 1.0 -mol dor? each of CuNO,(ag) and Cu(NC ):(a).
‘The two half-cells were connected via a salt-bridee filled with saturated KNO,(aq) solution: and
a voltmeter. ' '

Bt camuy = 150V 808 Eozv gy = 016V at 25 °C.

(i) Draw a sketch of the electrochemical cell,

(05)

e _'@) T e

™

1
Since this is a sketch, marks
can be aliowed even two sides 3
are interchanged ‘ 3

(05)

(05)

Lgﬁ)

(ii) Identify the anode and the cathode of the cell and write the respective half reagtions,

Cathode: Auiy,| Augsy : half — reaction : Audls +3e - Aug (02+03)
Anode: Cully| Culy.y : half — reaction : Culygy = Cully +e (02+03)
% Wo wovls & = _srzw .
(ifi) Identify the positive and negative terminals of this electrochemical cell,
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Positive terminal : Audl )| Aug (Au electrode) (03)
Negative terminal : Cu(zjq)l ¢ ua}lq) (Pt electrode) (03)
(iv) Calculate £, at 25 °C.
s -0 0 :
Egeu - ERD - EB or Egathode - Egnodeor EAuf:q}fAu(s) - ECu%; ‘f)-l—gl.ff‘_’i‘) (04)
02 o2 +0 ' Cee |0
= (1.5-0.16)V =134V (02+02+01)
(v) Does the mass of the Pt(s) electrode increase, decrease or remain the éame' as the cell
operates? Explain your answer.
ok 0% o3
Remain the same :Pt(s) does not react and no Cu(s) formed (04+03+03)
(vi) State ‘the fonic species present in the Aufs)-half. cell before and ‘after the cell operates,
Before: Azfg;:g and NO3q) O1+01)
After: Au(:q), NO;(EE) and K.(E.‘?) (01+01+01) .
- i
(vii) After the cell bas operated for 30 minutes at 25°C, 0.197 g of Au(s) was deposited on |
the Au(s) electrode, |
L Calculate the number of Au moles deposited. (Au = 197 g mol™) o !_
_ . - 0.1979 _ : ._3
Au(s) moles formed e 1.0 x 10™° mol (04+01)
I Caleulate the current (mA) which passed through the cell during the 30 minute petiod, I
assuming the current remained consiant. o ;
_a N _:i.
Current, [ = - oo Ve ¢ 9 ) (05) _!
% e |
-3
= s 6;@: 161mA or0.1614 che Y (04+01)
Substitution of any value or symbol to Faraday constant award the above 05 marks, i'
£ ohew a pe L{‘Mi‘\'cuu.[-g:sf & camacedec | 0 = “|  7(a): 75 marks l I
b—ﬁ wv\*’l"f.g;({e'\ d:p( Cﬂ’lﬁ WLL& Cffpl-sq | :
.
;
II
il
oo
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& @O A, B.C. D and E are coordination compounds. They have an octahedral geometry.

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

Na', Cut, Cu®, Br, - NH,
A : An equal number of two types of 11gands are coordinated to the metal ion.
Ity complex ion hag a char

-:-Tw(y types of ligands are caurdmated to the metal fon, On addition of

Ag ) to an aqueous solution of B, a pale yollow prempxtate soluble
in conc. NH,OH is formed,

C and D : € and D contain the same clements.- However, the complex iou of C has
& charge of -2, while that of D has a charge of -3.

E :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 ligands coordinated to it

B

\/ shoud be deent
A: Na[CuBrz(NHz)zz/Q%M be cffedhe £ T 10)
B: [CuBr(NH3)s]Br (10)
C: Nay[CuBrsi(NHs);] or Nay[CuBrs(NHa);] (10)
D:  Na[CuBrs(NHs)] or Nas[CuBrs(NHz)] (10)
E:  [Cu(NH:)]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 IUPAC name of E, no mede if £’ e cowect-

hexaamminecopper(I) 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.

'I‘hey have a square planar geomeiry,

"X : Only ethylenediamine is coordinated to M.

Y : Eihylenediamine and H,0 are coordinated to M.

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

Note ® A complex on has one metal fon with multiple ligands coordinated to it,
e Structure of ethylenediamine ‘NH2~—— CH,—CH,—NH,.
® Ethylenediamine coordinates to M) through both N atoms.
# Use “en” to denofe ethylenediamine in the structural formula.

X: [M(en)* | i |
- —2+ - ~2+ ; iN K:‘-a j
E { j e@ "“‘@“ | ’ILN/‘Y"} W

N @\/ i'J ¥ g@ NHJ /

= H2 Hg _ or s ] 'l_-_. e 2

Y: [M(en)fOH,),*
e A - N Nz ]

Hy f H,C
H,0 N HO_ ’ZC\A i*/
"\ ANT |7 Sy
HZO/ N H,0 | d,2 z

Note: Covalent bonds could be given instead of dative bonds. (05 x4 =20 marks)

l 7(b): 7-‘5 marks
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PART C — ESSAY
Answer two questions only. (Each question carries 150 marks.)

8, (4} Given below is 4 reaction scheme for the preparation of compound §-using 2-methylpropanamide
as the starting compound.

I Reaction 1 pam Reaction 2 . Reaction 3
CH,CHCONH, — s P 002 o N7 g

Z—nlt,tllylpmpanamjde

| Reaction 4

CHS—'CH"—CH—:N_. :
5 ==/

Complete the above reaction schieme 'ny drawmg the structures: of compounds B, Q:_and R, and
writing the ‘appropriate reagents for feactions 1 — 4, salecimg only fmm Lhe hs .\ gwen below.

List of reagents:
L1A1H4;dry ether, NENG dil, HCL,, Pyridinium chloroc¢hromate: (PCC), CH5NH2

dﬁf/{l\f)’—tr[’ of ,&M :
CHs 1. LIAIH/dry e ether CHs NaNO, Gt
CH5CHCONH, o —» CHACHCH,NH, T CH3CHCH,OH
N J¥. P ’ Q7

~

FHa- CoHsNH,  GHa
CH3CHCH—_—N -t——— CH3CHCHO
S A  — R
Deduct 01 mark if diy ether is not written in Reaction 1
Alternate marking scheme for 8(a)
dil. HCl/heat '
i Uiheat, CHs 4 LiaHgdry ether Sy
CH3CHCONH, » CHZCHCO,H > CH,CHCH,OH
NaNO./dil. HC! : © 2.dil. HCI
LY J P \\ _) Q
Y '
- e
Loty CeHsNH, - GHs
CH3CHCH N -t——— (CHyCHCHO
S \ v /R

| | ' lPCC

Deduct 01 mark if dry ether is not written in Reaction 2 7| 8(@): 35 marks
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{b) Consider the reaction of 2-methyl-2-butene with HBr.

(iy Give the stryetures of the two products that could possibly be formed in this reaction.

The two products that could be formed are:

Br Br ’
: .
CH3CHCHCH CH3CHZCCH, @ s
CH,4 ' CHg

and

(ii) Stating the ".ty_p’e of the reaction and copsidering the mechanism of the reaction, explain
which of these two products is the major product. e

e (30 ‘marks)
The reaction is an electrophilic addition reaction, and it takes place viag carbocation.

The two carbocations that could be formed are:

* " +
CHyCHCHCH, CH3CH,CCH; _
A) (B) :

and

the reaction proceeds through carbocg\fglon B ) :
S 03 .
Therefore, the major product is: S« &

o .
CHsCH;CCH; e o

CHs,
o

8(b): 30 marks

{¢) Consider the two cofipounds, phenol and acetie acid.

&

(i) State which of these two. ‘compounds is. more acidic.

i O aeeke agich
( ) CH3C/: o el L edy
OH '
(i) Write the chemical equations for the equilibria existing in aqueous medium for each of
the compounds. '

OH o
(ii) o+ i

- —_—— o H cas

+c>l—£{20 ?h + 1-.'3_?.,. ey,
@ oy —= @ coan H cagy

L 0 " P
CHsC! + Hy0 === CHC/_ + H0 or HY
OH 0 . =o om ¢ Ol

# -

s o —d - H '
Ot = O oy + M |

o
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(iif)

(iii)

II

Draw the resonance structures of the organic chemical species written in the answer to
(i) above,

B 0o
I CH3C\0H - CHSC\\SH
0 o
| CHiCL . - CHSC\\O
. * + +
OH OH OH OH OH
0

O Cbd-ds

E 2

, Award 01, mark for each cotfect

(iv) Considering the resonance structures, explain’ your answer to {iy 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 stabilizationfof 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.

rescnauce Stablizaltca = not  resongace Stab: /IC]%‘{

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 mrarks)
R - HO-CHGH,
Xy CH3COC NaBHdcr::ethanel
| ] — .
# anh. AlCl 1_LWH4!ether—’*
. A |
2. H*/H,0 COH
- (19
conc. HpS0, @\ @
NO,
NO, /

OR
{______A.._‘,\ 7 —A T
COCH, OzH
@ CH3COC! @ KMnO/H* @ conc.HNO;
—_—— ———
anh, AlCl; ooor conc. sto4
chr297;H+

conc. H2804

l HO-CHeH, ~ (10)

NO, |
9 |
CHy |

8(d): 35 marks

Note: There may be other reaction schemes given as aﬂswers by the students.
Marks should be awarded as follows.

However, IF the answer contains more than 5§ st;eps, NO marks for any step.

e Introducnon of a suitable group through a C — C bond to the &wnzene rmg 15 marks
o Tsterification reaction between the correct alcohol and acid - - 10 marks
¢ Other reactions in the scheme, if completely correct . - 10 marks
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Camed out in sequence to identify these camms

9. (a) An. aqueous solition. ¥ contding four cations P, Q, R and §. The followmg experiments were:

Fxpetiment

dbs'er'vatmn'

1 X was acidified with dil. FCl,

a white preciptea’se {P,)

ﬂu'ough the resulting filtrate.

2 P, was separated by filtration and H;S was bubbled | o precipitate

3 The ahove filtrate was boiled to completely remove the | a brown precipitate (Q.)
: H,S. A fow drops of conc, HNO, were added, the solution
was boiled, cooled and NH, CLNH OH were added.

ihtough the resulting filtrate.

| 4 Q; ‘was separated by ﬁltranon and H:,S was bubhled 2 black: 1ﬁrec‘ipita‘te (RI}

d o completely remove the.

ZCG}J(aq) was added in, excess.

3 Ry wis separated by Hlfvation, the resulting fltrate |a. white precipitate sy
was boiled , cooled and | d
OH were added. Thiy Sthon was warmed |

. The faﬂowmg tests were cmned out- fm; ’rha preclpmtes,_

Precipitate Test

ziOhséwdﬁun

P, |Gl NH,OH was added o B,

separately to aliquots of P,
I Na$,0,(aq) /A

‘The following solutions were added|

a colourless solution (P,)

a dark yellow precipitate (P,)

la Hia'ck precipitate {1’4}

‘of the resulting solution.
L NH,SCN(aqg)
| I K, [Fe(CN)J(aq)

Q_1 Q; was-dissotved indil. HNC) The fo]lomng;
'  solutions were: added separamiy to: aliquots

| a deep red solation - (Qz)
& dark blue pnecip:tate Q)

Ry IR, was dissolved in warm il FICL, the
solution was cooled and the following
solutioris were added separately to. aliguots
‘of the resulting solution,
| L a few drops of il NHQGH
0. excess dil. NH,0H

UL a few drops of dil-NH,OH/
djmeﬁlylglyoxme .(DMG)

a green. precipitate (RZ)
& deép blue solution (R,)
a deep red precipitate (R,)

solutmns were addéd sepm-ately to--aliguots

| S Was subject to. the flame test.

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

2 ‘white: precipitate: that was
msafuhle in dil. HNO, (S,)

a pale green flame

Identlfy the four cat:ﬂns P Q..

Notef Chemrcal .eaqu.mn_s an@i Teasons are net: required.

R and 8, Wrate chemical formulae of the campaundsfspecles
S, associated -with each cation.

I P
S P

02 - Chemistry (Marking Scheme) | G.C.E. (A/L) Examination 2025
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(@)

LR e

Qs

Ru:
Rz:
Ra:
R4:

v

Si:
S
Ss:

Ag'
Fe?* or Fe**
Ni%*

Ba?*

AgCl
[Ag(NHs)]*
Agl

Agz S

Fe(OH)3

Fe(SCN); or [Fe(SCNYH:0)s]**

Feq[Fe(CN)s]s
[’@r( WK Ee CleCcme]).

NiS
[Ni(OH).]
INi(NH3)e]™
[Ni(DMG)]

BaCO;
BaSO4
BaCrQq4

(©03)
(05)
(05)
(04)

(04)

(04) may have OII or Cl" as counter ion

(04)

(04)
(04)
(04)
(04)

(04)

(04)

©04)

(0 4) sk

. **Ni-DMG complex can be accepted

(04)
(04)
04

~

vary from 1-6 but correct
“charge allocation has to

Fnumber of SCN may

be done accordingly

9(a): 75 marks
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(&) The mineral named siderite, eontains mainly FeCOy: Siderite is formed when calcium -ions
(La:”) of CaCQ, in Imclesione arg replaced by im‘ous ions (Fe?*) over a long period of
time; Therefore, FeCOf3 in giderite is mixed with CaCD In addition, siderite also containg
impurities such as silica i small quantities. -

8.5 g of sich a siderite sample was thermally decompused at 900 °C under oxygen fiee conditions
until, & constant tmass was obtaited. The mass of the remaining sample was 5. .2 g. During
therroal decomposition, CaCO; is converted to Ca0O and FeCO, is converted. to FeO.
Another 1.7 g of thé: above sldeme sample was dissolved in. excess dilitte H,80, acid, filtered,
and the resulting solution was diluted fo 100.00 em® with distilled w.iter When 2500 om?®
of the resulting solution was fitrated with 0.04 mol dum? K.Mn() the and~pomt reading of
KMnO, was 12.50 cfir’.

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

I _ (i) Caloulate the mass percentage of €aCO; in the siderite sample.

FeCO; ——  FeO + CO; 02)
CaCO3 —» (Ca0 + CO» (02)
Amount of CO; produced = 22832E - (475 mol (02) + (02)

Total moles of FeCO3 + CaCO3 = 0.075 mol = ' (02)

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

h = 0.04 x 125 10° or 5 x 10" mol (03)7

|' i Amount of KMnOjs required to react with 100 cm® of Fe?" solution

5};' . (or Amount of KMnOs4 required to react with 1.7 g of Siderite sample) *Z teeps can

i = 5x10%x —12—059- or 2x 107 mol (03) [ combined

; Amount of KMnOy4 required to react with 8.5 g of Siderite sample

{ | _- =2x10°x 2 or 0.01 mol 03

i 5Fe* + MnOy + 8H'—»  5Fe’ + Mn®" + 4H;0 | | | oy -

(balanced ionic or chemical equation)
Amount of FeCO;3 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 25¢ {03)
For molar mass of 100 for CaCOs.._ .. oo 0 e (01)
- Mass % of CaCO; = E‘ 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 KMnO, required = 0.04 x 125 x 10° or 5 x 10 molewee......(03)

5Fe* + MnO4s +8H'—>  5Fe™ + Mn?* +4H:0 o (04)
Amount of Fe?" in25cm® =5x10%x5 =25x103molom e (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 = ﬁ%jﬂx 85¢g

= 0.05mol o L (03)

Moles of CO; from FeCO3 =0.05 x 44 g mol’

For molar mass of 44 for COZ W e e L |||
: 5\

Total mass of CO; =85g - 520=33 g e 02)

Mass of COz from CaCO3; =33g-22g=1l.1g - 02)

Moles of CaCOQ; - = 22E22E 0025 mol ¥ o 01)

Mass of CaCO;3 = 0.025 mol x 100 g mol”*

=25¢g o | (03)
For molar mass of CaCOs— S A ' 01)
2.5 9@
Mass % of CaCO; = —g x 100 = 29.4% (03) + (02)
8.5 PV :

(if) Caloulate the petcentage of impurities, other than CaCO,, in the sideritc sample.
Mass of FeCOs in 8.5 g of Siderite sample = 0.05 x 116
| =58g (03)
For molar mass of 116 f;n:‘ e | (] )

Mass of FeCOs and CaCO3 = 2.5+ 58 = 83 ¢ _ (03)
: 1 = L el Doty 2 @2 -

% of impurities = 8'"; 58'3 x 100 Bl 03)

= 2.35% 0-2 xook o (02)

3.5

| 9(b)(i) 12 marks
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Alternate answer for 9(b) (ii)

Mass % of CaCQO3z = 29.4%

Mass of FeCO;3 = 0.05x116 or 58¢g (02)

For molar mass of 116 for FeCOs ' (01)
Mass % of FeCO3 = 2= x100%~ —(02) Sk
= 68.24% - 02

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

FeCQ dacmnpases g;vmg Fezﬁ) and Fe30 in 1 1 molar ratio- whe.reas CaCG decnmpnses
to CaO
Caleulate the mass of the remaining residue afier this theimal deécomiposition.

8.5 g of Siderite sample has 0.05 moles of FeCO3
5FeCOs + O —* Fex05 + FesO4 + 5CO; (06)

moles  0.05 . 0.01 0.01 0D+ (01)+ (01)*
Mass of Fe203 = 0.01 x 160 = 1.6 g 02) *These 03 marks
can be awarded
For molar mass of Fe2Os3 as 169_“__*_,_7__7___,____,‘____,_ e (O1) here or using these
mole values in the
calculations 1o
CaCOs  ~——» Ca0+CO; :
moles 0.025 0.025 (01) + (01)* | *These 02 marks
can be awarded
g 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————nx——(01)
Mass of CaO = 0.025x 56 = 14 g 02)
For molar mass of 56 for CaO — (01)
Mass of the residue = 1.6 + 2.32 +14 +02 = 5, 52 g (03) + (02) J
7 _ .
sm‘vi"‘““ M
N
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Alternate answer for 9(b) (iii)

5FeCO; + 02 — Fe05 + Fes04 + 5C0O; (06)

moles  0.05  0.01 0.05 (01) + (01 + (01)*
CaCOs —> Ca0 +CO; |
moles  0.025 0.025 (01) + (01)*
*These 05
“ _ o . marks can be
Initial 1}1_&55 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 x 44 + 0,025 x 44 03) caleulations
(from FeCO3) (from CaCOs)
22g  + I.1g= 33g (03) ‘
Mass of the residue = 8.82 - 3.3 = 552¢g (03) + (02) -
9(b) (iii) 25 marks

9(b): 75 marks

10.{a) Consider the industrial mamifacture 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 . L

Cly (04)
Oa(air) T (04)

(111) Name the two main steps associated with the aboye Process.
Chlorination | (04) _
Oxidation : 04y

(i) Give balanced chemical equations for the reactions which take plece under each of the
above nientioned steps.

Chlorination

TiOZ(S) +C(s) > Ti (S) +COy (g) (A)— A (DY)
Stream of chlorine is passed over mixture of rutile and coke

Ti(s) + 2Cl(g) — TiCli(g) s B Yme sosmssmssassessost sasssnos: s {15
OR ' '

Reactions (A) and (B) can be combined.
TiOz(s) + C(s) +2Cl — TiCly(g) + COx(g) _ - (10)

Note: Physical states not required to award marks for the balanced equation
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Oxidation
TiCls 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 the above process contributes to Global Warming.

compustion-
Burning of fuel / coke N2 mards i ?_ﬁ‘_cg_a_.gd : (05)

Production of CO; during the process (05)

10¢a): S50 marks

() NO, NO,, 80,, CH,, CF,Cl, and CF,HCI are among the pollutants that coniribute to various
envltonmental pm‘blems Except for the two halogenated compounds; the others are released
into the environment through both. natural processes and human activities.

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

Natural processes: lightning, nitrifying bacteria, Volca.nic eruptions

Any two
Human activities: motor vehlcie emissions, 1ndustrlal emissions, any combustion in
air above 900 °C A S%\#ei cement Any two

the Xemp. _
ne s fe e g:‘f‘« temp’ %[M
{ii) Acid rain, global wearming, ozone layer depletion and photochemical smog are four major

atmosphieric ‘problems. Briefly describe each of these pheromena and identify two gases
each from the above list that make a significant contribution fo each of the phenomena.

(02 x 4 = 08 marks)

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 atmosphere under the influence of sunlight.

(02 x 4 =08 marks)

Contributors to acid rain: NO, NOz, SO,
Contributors to global warming: CHa, CF2Cly, CFHC] -
Contributors to ozone layer depletion: NO, NO2, CF2Cly, CF2HCl

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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(ii1) Explain why CF@ICI was introduced as an altertative. to CF Cl2 as an attempt to profect
the ozone layel

¥ CF:Cl is nonreactive in the troposphere (2). The presence of an H in the CF,HCI

&.xW"NLLﬂt makes it more reactive than CF2Cl; (2). Thus, the chance of reaching CF:HCI to the

L& stratosphere is lower than that of CF2Cls (2). Hence, the contribution of forming ClI
0 radicals due to CF,HCl is less than that of CF2Cl (2).

- / (02 ;( 4 = 08 marks)

(iv) Tn an industrial zone where sulfar containing coal is used as a fuel, it is reported. that

fish ‘are dying i nearby lakes. Giving reasons suggest a suitzble method to-cofirol this
snvitonmental problem.

Burning of S-containing coal releases SOz into the atmoS'phefé (2). In the atmosphere,
502 1s oxidised and dissolves in H20 to form H2SO4 acid, contributing to acid

precipitation and killing fish (2). To prevent acid precipitation, SOz should be removed .~~~

before it is released to the atmosphere (2). Bases such as CaCOs or dolomite (or any.
other appropriate example) (2) can neutralise the acid, reducing the problem (2). |

(02 x 5 =10 marks)

10(b): 50 marks

{e) () 1 Give the clasmﬁcatmn of polymers according to the type of reaction taking place during
_ ‘the ‘polymerization process.”

Addition Bolymers P

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: .
—CH,CH,CH,CH,—  or ~+CH,CH s

¢l ol ol
—CH,CHCH,CH—  or —(—CHonJ;

—CF,CFCF,CF,— or  —CFCFy)-

—CH,CHCH,CH—  or ~{CH,CH}

£

Any two




Department of Examinations - Srj Lanka Confidential

Condensation polymers

o o o o o o0
1l 11
=6-@—8~O—CHZCH2—o—%ﬂ@—&—o~CHQCH2~o— or {—CQC—O—CHQCHZ-O%‘

O 0O O

o) g 0 0
1 1] I I
HN(CHZ)sNHC(CH,),C-HN(CH,)sNHC(CH,),6—  or {—HN(CHQ)GNHS(CHZJK:J—“

(03 x 4 =12 marks)
‘ 10c (i) 20 marks ‘

(i) I Duaw the structure of the repeating unit of nataral rbber,

HyG  H
fC:C\
‘_HQC CH2_

(04)
I Write: the name of the process that is used fo change the elastic property of natural

tubber -and name the substance uged in the process.

Vulecanization

(03)
Sulphur

(03)
10c¢ (ii) 10 marks

(i) L Give abalanced chemical ‘equation fo show the synthesis of biodissel ‘tsing a tiiglyceride
and methanol, (- _ s
2 -2 ) G{&@(} (5

e g G
Ry foo B 1"
CHy-0-CR) 0% ™
HC—0O-C-R * 5 CH;0H 3 R-C-OCH; 4+ (;)H-—OH
Q | oH CHz OH
CH,~0-C-R nor Ba(oH)s.
| Deduct 03 marks if NaOH is not written, -,
' (08)
IL. ‘Write the name given to the type of reaction used in the production of biodiesel.
- Transesterification (04)
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1ML Caleulate the mass of biodiesel produced from 7.22 g of the mglycmda of CHL(CH ),,,CDOH
(H=1, C=12, O=16)

I}
CHy~0-C—(CHy){sCH3

0 o CH,-OH
i s 3cHoH PN 5 CH(CH)LE-OCH ¢
HC—0-C—(CH,)1,CH, 3 = i 3(CHa)iz 3+ CH-OH

O CH; OH

[H
CH;~0—-C—(CHz)12CH; Rel. molecular mass 242

Rel. molecular mass 722

722 g » 242x3=726g
722¢ » 126¢g
Calculation of relative molecular mass of triglyceride (01)
Calculation of the reiatwe molecular mass of the methyl ester (01)
Molar ratio (02)
Answer (04)
10¢ (iii) 20 marks

10(c): 50 marks

Hdck
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Paper Il - PART A - Structured Essay
2.-(¢) (iiiy  Oz(Air) and H2O (02 + 02)
(v) If given 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;

= =1
PV =nRT = MRT

150x10™3

L
= e RT
-3
M= i:;z-z ; didensity of the gas = L L L 2gdm™3

d RT 20gdm ™3 x8.314 J K P mol™! X306 K :
= 204 4 =459

M=
P 8314 mm Hg %x133.3 Pa

=46 gmol™*

(05 for substitution and 05 for answer)

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

Lone pairs on metal M cannot be accepted.

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

©5)

05)
(05)
(04+01)

(05+05)
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Paper 11 — PART C - Essay

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

OH | o
U (ag) === @ (aq) +H+(aq)

fo o *
CH3C:OH (aq) _ = CH:aC/:O— (ag) + H(aq)

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

04)
10 (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 CF2HCl is less than that of CF2Clz (2).

(08)
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