2 @ @ Elemem C H N 0
194 6.4 226 51.6
. Mass% 150 10 .40 160
M.C.Q. Answers 1.62 6.4 1.6 3.2
| 4 1 2
(n-4 (16)-5 (an-2 (46) -4 12x(02)
@)-3 (1mn-1 (32) -4 47 -2 CH,NO, 106}
{3)'5 (18)-5 (33)- 4 (48) - 5
4)-2 (19)-3 (34)-5 (49) - 1 (i) CHN,0, {fﬂj
5)-4 (20)-5 (35)-3 (50) -1 {iiiy Ammonium oxalate (10)
(©)-2 @n-4 (36)- 5 (51)-2 2 (a) = 50 marks
m-1 (22)-2 (37)-4 - (32)-3 - (b (i) The enthalpy change when one mole of CO, (g} is
8)-1 (23)-2 (38)-2 (53)-4 formed from C (granite) and O, (g) at a specified
: temperature and at | atm pressure. - (1m
9-3 (24)-3 (39)-3 {54)-all
. 25) - | (40) - 1 55). i) 1. A. C co - - CO
(10-3 . ) i29)s2 Mass % 6 8 ;66
(n-5 (26)-5 (41)-4 (56) - 4 N
No. of moles _6 28 66 -
(12)-5 27)-4 @2)- 1 (57)-3 ' 20 280 40 OF9
(13)-1 (28)-all (43)-5 (58)-1.4 Mole ratio =05 =10 =15 3
(14)-4 (29) - 2 (44) - 4 (59)-3 12 . 3 3
us)-2 - (30)-4 (45)-2 (60) - 5 B. 7208 x 2 )
120gmol’ 6
PARTA-STRUCTURED ESSAY = 2mol )
Answer all four questions on this paper it self { Each question c 72.0¢ x 3 2)
c_arries 10 marks) ‘ E | Tﬂs%ol" 3
I [a}.l.'}lh the mass of on atom of '2C (isotope) (10 = 3mol ' (2)
. \
) G) D. _2mol x 111 k) mol' + 3mol x 394 k] mol"!
F . s 2(141
: F P F b
—_ i S @)
Sp N i (15)+(19) Il. CO@ + 1120, —> COp _
P /;f\\ \ Enthalpy change when 1 mol of CO, is formed
e N F Pl F
* { P = -394kJ - (-1 1 1k)) (2+2)
‘e =.283 kJ ‘I‘*I’
F
AF" AF- Reaction is exothermic 16)
1 4
' 2 (b} = 50 marks
i) VIIA (or 17 or halogen group or group VII) . (10) ’
. " 1
. 03. (& (i 2CHO +—(4x.y-27) O—> 2xCO, + yH.O
© i)y ‘x+ * ! | T2 i ) ?
X+ Be = o+ Y (2+2) (2+2)  (2+2)
il X.a paricle or He (i) C,H,O. o, -x'CO, + YHO
Y . n or neutron (5% 5) 62 mmol 88 mmol S4mmoil
(d 62 44 18
. I mmol 2 mmol 3 mmol {4
Alomic number Z | Ze1| Z2| Ze3 | Z4a |
- CHO, ~..x=2 Sy=6
Ioniwioq Energy/ KJ mol* [1402] 1313] 1681 2081| 495 (4) 4)
oS My=12x2+1x6+162=62
G x5) ooz =2 (4
100 marks
h;'""-—-—-—;_
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iy 62 m mal of x give

62
That is, [ m mol of X gives | m mol

Na reacts with | mol of Ol BP: Biv
- x hns 2 OH gps {4)
xS CH;-CIll

s 2 mmol of H,
2

of H, (4)
¢ 1/2 mol of H, (4}

(4)
on ol
: 3(a)=44 marks

} 1n ethanol : hydrogen bonding / dipole - dipole
@)

attractive forces
In methanoic acid hydrogen bonding / dipole - dipole
altractive forces (4)
In propanc : Vandcrwaa
Dispersion forces/ attractive forces
molecules

(i) propane < ethanol < methanoic @

{iiiy Hydrogen bonding is stronger than Vandcmaals forces. (4)
Between 2 molecules, ethanol has 1 hydrogen bond
and methanoic acid has 2 hydrogen bonds -

(b G

s attraction / Lendon forces!
between non-polar

(4)
cid 4)

RC)] . -
() _3(b)"‘24 marks
(0K /.
HO -CH .’
(4x4)
H_O 5
@ Eos "3 "_(.lc).'=' 16 marl;;-s
) ﬁl i |
CH; - C-C-Chy (16)
G, H;s :
3 (d) = 16 marks
04. (@ (D
. MgB
Lociiy ! gBr
g AT
- (2) CHy (]
: B
) - _
ﬁll—c: rim3
I
@/ o /C=CHy
CH, @
@) ) )




(D [Reaction 1|2]3]4
Reaction type S [Ad| S| E
2 (2 (2 (2
. Aclive Electrophile/
() |Reaction Specics Nucleophile
1 CH,C'= O [ Electrophile
(2
|__2 CH, ) Nucleophile @
4{“)‘24 mﬂﬂu
thy

|
CH,C OH

0
CH,C NHCH,CH,

(6)

G

Conc.1IND,
Conc. H,S0,
—_—

(3

CH,

(5)

{5)

(3)

Ethanpl
) Conc H,50,
1. 8n, Cene HCI
. 2. aq. NaOH

-—
{5)

CO,CH,

- NH

5x8=40
4 (b) = 76 marks

5.0 i)

X

gk

—————
—_—

Initially

20

........

Ateqm. 2.0(1-25/100) .

2 x 2.0x (25/100) mo!
] 2x{2-D

(2+1)

1.5 1.0 mo!

L. Total amount of X(g) and Y(g) at equilibrium
= 1.5+ 1,0 mol
]
=2.5 mol =
Mole fraction of X(g) = 1.5 mol /2.5 mol
= 3/5 (or 0.6)
= 1.0 mol / 2.5 mol
=2/5 (or 0.4)

(h

Mole fraction of Y(g) 3



i Kp (P
Py
E (ZSPY' (P = total pressure or 6.0x10* Nm?) (3)
357
= 4/15P
gubstituting for P\
K = 4/15x 6.0x 10* Nm? (2+1)
i = 1,6 % 10* Nm*? (2+1)
a (i) =30 marks
Ay X, == 2 ,==127
Initially 2.0 = © e mol
Ategm. 10O 05mol OR
Amount of X dissociated = 1.0 mol (2+1)
Amount of Y initially formed =2.0 mol (2+1)
Amount of Y then dissociated to yield 0.5 mol of Z :
=1.0 mol (2+1)
Amount of y remained at equilibrium = 2.0 - 1.0 mol (2+1)
= 1.0 mol 2+1)
(B X, s Y ==
Ateqm. 1.0 1.0 {}Smul
Total amount of X(g} Y(g)and Z(g) at ethbnum
= 1.0+ 1.0+ 0.5 mol
=2.5 mol (2+1)
-Mole fraction of X(g) =1.0mol/25mal -
=2/5(or0.4) . (3)
Mole fraction of Y(g) -~ =1.0mol/2.5mol -
- = 2/5 (or 0.4) 3
Mole fraction of Z(g) =0.5mol/2.5mol . -
= 1/5 (or 0.2) ~(3)- -
1C)  Apply pV =nRT at the two temperatures -~ (3)

Total number of moles and the volume have not changed
6.0 x 10° Nm?= 450k

(24+1)
p 600k
p =8.0x 10' Nm? (2 +1)
(P
b K = v
p Px .
_ (@&5py (P = total pressurc or 8.0x10° Nm?) (3)
2/5P
= 25P, (3)
Substituting for P, Kp = 2/5 x 8.0 x 10° Nm? (2+1)
= 3,2 x 10° Nm? (2+1)

1. Ideal behavior (3)

2. The containcr does not expand OR
volume does nol change. {3)
(B} Kp hasincreascd when the temperature is increased from
450 K to 600 K 3)
Therefore, the reaction is endothermic (3)

Il (A) Assumption :

Total for part (a) {ii) = 60 marks -

-

6 a

[E]Clicl

T, o

Let C = Concentration of E, in mol dm™ . in the
aqueous phase before partiticninge.
Amount of E initially present

= C mol dm? x 0,075 dn?’

b)) K=

(2+1)

After partition equilibrium,
Amount of E remaining in the equcous phase
= C mol dm? x 0.075 dm’ x ( 1-75/100) {(2+1)

[E]“—Cmoldm X 0.075 dm?® x ( 1-75/100} (2+1)
0.075 dm*
= C x 25/100 mol dm” (2+1)
Amount of E transferred to the organic phase
’ = C mol dm? 0.075 dm’ x ( 75/100) (2+1)
[Elewer, = 3 0,075 dm? x ( 75/100 (2+1)
mc.l’ 0.050 dm? .
= Cx 3/2 x 75/100 mol dm™ (2+1)
Kk, =-Cx 3/2 x 75/100 mol dm* (2+1)
C x 25/100 mol dm? :
= 9/2 (or4.5) (3)
. [E]" 0 . d
Note: K, =2/9if K, = b 15 USE
[ i‘:ucn._‘

Total for part (E} {i) = 30 marks

=(.75 (3)
=025 (5)
=025:075 orl:3 (5y-

i} Mole fractionof Y
Mole fraction'of X
Mole ratioof X :Y

1. Distill the mixture and collect the distillate &)
According to the diagram, it will have more Y
. compared to the initial mixture (3).
Distill it again . (3
The distillate will have even more Y compared 1o that of
the first distillate (3}
Continue this process until the distillate contains only Y.

X 3
Total for part (b} (ii} = 30 marks

Total for part (b) = 60 marks
0 Point A
Concentration of H* from excess acid
=(0.3C0mol dm?x 25.00cm’ - 0.300 mol dm™ x 12.5cm
37.50 em® (3+2)
= 0.300 moldm™x 12.50 cny’
37.50 cm’ (3+2)
= 0.100 mol dm™ (3+2)
Point B -

Concentration of H* from excess acid.”

= 0,300 mal dm?x 25 00cm’ - 0.300 mol dm x 25.00cm
S000em’

0 : 13+2




OR. ' Trial3 : [OH])= 1.0 x 10" mol dm? !

The titration is between a strong acid and a strong base, (3) i
H+ ions are only dug 1o the ionization of water. . 0.024 mol drrr’s" oc [0.020 mol A= (1, 0\1&.
pH 7.00 (5) ) 3
- ‘ o 022 ( _ @‘H
Point C @ 0.020
_Concentration of OH" from excess base — v
= (0,300 mol dm~x 50.00 cm® - 0.300 mol dm™ x 25,00cm? me 2
75.00 cm? ; (3+2) '
= 0.100 mol dm>. C(3+2) % 0.024 =“.(I.{lx 10° )n 5)
pOH = -log (0.100) = 1.00 | 0.0025 1.0x 107 : 5
pH = 14.00 - 1.00 = 13.00 ® L el
: n=
Total for part (a) (i) = 40 marks "
- Total for part (b ]
iy ) (= 30 Mark
i) () Rate is increased when the temperation is inc
Titration Volume of NaOH added, cm’ (I Mechanism is not changed when the tcrnperanmd {3)
1250 2500 5000 K increased. re is
I increased | unchanged | decreased Order with respect to c'fmh reactant is not changeg, 5,
. . art (b =
{1 increased | increased - | unchanged Tot:l fm(- p] a{rjtt)(b) 10 EEEE h
v increased | increased decrcased | 7. @{i) AgNO;(aq) - NaBr(aq) === AgBrs). NaNg "
9 answers x 4 marks = 36 marks -or Ag'aq) « Brilaq) == AgBr(s) (4)
Total for part (a) (ii) = 36 marks L [Ag]),, = 4.00x L07mol dm? x 25.00 dm’ /100,00 ¢
' = 1.00 xll]"mo] dm (341)
i) PointA_ - ’ ‘
CH COOH is a weak acid OR lonization of CH,COOH [Br l,,= 8 OU %107 mol dm?x 75.00cm®/ 100.00cm
is mcomplete (2) - S = 6.00 x10°mol dm" G Y
[H*) in titration [1I < [H] in titration [ at the same point (2) '
pH in titration 11I'> pH in titration 1 (or pH is incrcased) : [Ag‘]_q[Br ].q='[ 1.00 x10*mol dm?)x (6.00 x10°mol d’
. . . . =6.00x10*mol? dm* (3+1)
Point B . - >K of AgBr (4)
CH,COOH has been completely converted to ' © precipitation occurs H
CH,COONa (2) : : - :
CH,COONa solutions are basic 2 1. Limiting reagent is AgNO,(aq) or Ag’(aq) |
pH > 7 (or pH in titration 111 >pH in titration 1) ~ or NaBris in excess or Br is in excess |
Point C Mass of precipitate :
. . : . —4G0x10‘moldm’x0{}250dm4x ISEUET""
This point characterized by the excess N?OI.I ' (2) . Or = 1.00 x10°mol dm" x 0.100dm’ x 188.0g mol* [
Volume and the concentrations of the acids in titrations 1 = 00188 ¢
and Il are the same ~ (2) . B . - "
Concentration of the base is the same (2) _ Total for part (a) (i) =40 ™
- pH is unchanged
part (a) (iii} = 14 marks . ii. Mass of Ag,CrO, dissolved in 50'0 Cm50dm
Total for part (a) =90 marks =8.4 xlO’mol dm?x 332.0 g dm'x 0.0 el
' =0.00139g (3 f
' This is less than the mass of Ag,Cr0, used
b) i Let m = order of the reaction with respect o ClO,and . is is less e rcc:pllﬂ‘c ofagC
n = order of the reaction with respect to OH lnmalgia reddish brown p
obsev o)
rate [CIO,]" [OH] or ' ) £100
F— k ]C]O m [OH]° | (10) : Concentration of CI" in the 11 final soluuog::n]
i Sk (GO : e ~2.00 x10* mol dm* x (50.0 cm* /100 (3+1)
— -3 Am?
Triall: [OH]= 1.0 x 10*mol dm?  (3+2) =1.00 x10% mol dm

Al
ded to precipit®t® A !

0022 mol dm?s" «[0.060 mol dm™]" [1. 0x107 mol dm”J* LConclemration of Ag™ need

@ (4+1)

. = Ksp [AgCL] /ICTdl -
Trial 2 = prIO‘mmolldm"' /1.00 x][)" m__ol [3+I1
rial 2 : ‘ ) ! "
0.0025mol dm™s* ec [0.0201mol dm?]"(1.0x 107 mol dm?]" = |.8 x10~* mol dm

, (D) (4+1) ' : :
@ ' M



Concentration of Ag® in a saturated solution of Ag,CrO
1

=2x (8.4 x10?) mol dm* : 3+
=1.7x 10¢mol dm? E3+:;
This is greater than the required toncentration  (4)
Therefore, AgCl precipitates as o white solid (4)
Alternative unswer |
Concentration of Ag® in n saturated solution of Ag,CrO
=2 (8.4 x10*) mol dm? !
= |.7x 10*mol dim? (6+2)

M.‘.‘-'Ud‘]w: (1.7x107 mol dm™) x (1:00 x10* mol dm?)’
= L. 7x10° mol* dm™

(6+2)
>K,, (AgCl) @
Therefore, AgCl precipites as a white solid. (4)

Alternative answer 11 _

Concentration of Ag" needed to precipitate AgCl
=K_lAgCl/[Cr], (3+1)
=1.8x 10" mol dm* / 1.00 x10° mo! dm*
= .8 x 10" mol dm? (3+1)

Mass of Ag,CrO, that would produce the above concentration

= 1.8x 10* mol dm>x (1/2)x 0.100 dm’x 332g mol* (3+1)
= 0.00030 ¢

{3+1)
Mass of Ag,Cr0,(0.166g) is higher (4)
Therefore, AgCl precipitates as a white solid (4)
Molar selubility of AgCl = (1.8 x10™) mol drn?®
: . OR '
= 1.3 x 10" mol dm? (3+1)

Molar solubility of AgCl < Molar solubility of Ag,CrO, (4)

More Ag,CrO, will come into solution as Ag+ is precipitated
as AgCl ®

yellow coloured supernatant solution is observed

part (a) (i) = 60 marks

Total for part (a) .= 100 marks

b B (5)
i A _ o (5)
iii) Fe(s) = Fe*(aq) » 2¢ . (5
iv) 2H, 0l - O,(g) + 4e—>40H (aq) )

v) 2Fe(s) 2H,0(h -0 ¢gr—>2Fc* (aq) -40H1aq) ' (5)

vi) To show the formation of Fe?' :

Add a solution of K,Fe(CN), (3)
Appearence of blue colour (5)
Ta show the formation of OH' : ' =
Add a few drops of phenolphthalein  (5)
Red or pink colour (3)
vij) Corrosion or rust formation (5)

Total for part (b) = 50 marks

& @@ Balanced chemical equations
2MnQ; + 5C,0% +16H—>10 CO,+ZMn*" + 8H,0

OR - _

2KMnO +5H,C,0,+3H,50, —10 CO,+2MnSO, } 10
LT TR 0+K SO, 9
OR

MnQO7+ 8H' + 5¢ —Mn*' + 4HO (3

COI _, 2004 2 (5)

N+0H — HO
OrR ° } (5}

H;S0,+ 2NaOH —> Na,$SO,+ 2H,0

[l (A) Amount of MnQO7 in 24.0 cm!

=0.05x24.0 mol= 1.2 x 10*mol {3)
1000
Amount of CO}
=0.05x24.0 x5 mol= 3.0x (0*mol (5)
1000 x 2
Concenration of oxalicacid
=3.0x 107 x 1000 mo! dm™* (5)
250
=0.12 mol dm~ (3+2)
(B) .
Amount of H* Amount of H* Amount of 1 rAmount of
[ic-ns from H,SO.]=[ ions remaining +[H' ions uscd]- [H‘ ions fmm]
afier step (i) in step (i) oxalic acid
. (10}
Amount of H* remaining after step (i) _
=0.04 x 15.0mel = 6.0x 10*mol {5)
1000
Amount of H" ions used in step (i) =8 x 1.2 x 107 mol {3)
Amount of H* from oxalicacid =2 x 3.0 x 107 mol
=60x 10"mol ~ {5)

Amount of H* from H,SO,
=6x 10" mol + 8 x {1.2x 107 mol)- 2 x (3.0 x [0~ mol}

=4.2x 107 mol (3)

NO. of moles of H,50,in 25cm* of Y = 4.2 x 107 mol
. 2 (3)
Concentration of 1,80, =2.1 x 107 x 1000 mol dm" (5)
25 - .
. = 0.084 mol dm™ (3+2)

_ Total for part {a) = 80 marks

() i) (1)  Bleaching powder

CaCO, —, Ca0 + CO, (5)

Ca0 +H,0—Ca(OH), 5)
2Ca(OH), + Cl, ~ Ga(OCl),+ CaCl, + IO OR

3Ca(OH), +2C1,—>Ca(OCI), CaCl, Ca(OH) + 2H,0 }““’

(1 CaCO, — Ca0+CO,

3Ca0 + .0, ,Ca (PO ), OR
3Ca0 +211L,PO, _; Ca(PO,),+ 3H,0 (10
Balanced equations with CaCO, + H,PO, are also

accepted.

.

() CaCO, _,Cal +CO,
Ca0 +3C (coke) —p CaC,+ CO {3)
CoC,+2H,0 — CH,+ Ca(OH), (10

(iiy Harmful to fauna (animals, fish) Harmful 1o flora
{plants) Harm{ul 10 eorals

Lowering of pH, Evolution of hear,
Evolution of €Q,, Evolution of Cl, {and other halogens )

any five - 5x 05 =(25)
part (b} = 70 marks

9. Kl Fe(S0), BaCl, K [Fe(CN),] (solutions are dilute

identification by colour not accepted)

The two solutions that give a white ppt when mixed are
Fe,(SO,), and BaCl,. (5) Take one of these solutions {we
don't know which is which) and to the other wo. (5} If
the added solution does not produce any observale change
(5), then the solution added is BaCl, (5). The other
solution is Fe(50,), (5)

—_ .
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o AN he two remaining
Add this Fe (80,), solution to .
solutions (K1, K [Fe(CN) ) (5). That which .lar:;;j!uc;s
abluc colorntion / ppt is K, [Fe(CN), . the other i - (. [)
OR that which produces o brown colour (due to | S8 K,
the other is K [Fe(UN)]

v React the twe metn powders separately with the two

Mo A
B
C
D
E

' (3)
solutions
he solontion that dissolves the metal powders s NoOF {g)
The ether is NHC | (3)
Now add NILCT solution, to the two solutfony af the
metal powders in NaOIL (i)
he solution that produces a white ppl. (3) contalns Al (5)
The other comtains Zn (No ppt is formed here) (3)

part (b) = 70 marks

= (NI1,),Cr,0, (15)
- Cr0, (10)
- N, (10)
= Mg,N, (19
= NH, _ (10)

(NH).Cr,0,=Cr0, + N, + 4H,o

3Mg 4N, Mg,N

1

Mg,N,+ 6H,0 — 2NH, + 3Mg(OH),
(NH,),Cr,0,+2Na,CO,— 2NH,+2Na,Cr0 +H,0+2C0,
Cr,0,+ 4NaOH +3H,0, = 2Na,CrO, +5H.0

OR _

Cr,0,+ 40H" + 3H,0,—> 2Cr0,* +5H.0

10.2) 1)

5x5=25
Total for part (b) = 80 marks
Reactions

M +40IT+0, —» 2MnO,(s) + 2H,0
OR

MnS0O, + 20H —> Mn(OH), + SO%,

2Mn(OH)(s) + O faq) —> 2MnO(OH)(s)
OR

2Mn(OH)(s) + O,faq) —>2Mn0,s) + 2H,0
MRO,+ 4H'+ 2 - Mn¥" + 2H0 +1,
L+ 25,0, 2r+5,0>
(4x 5=20)

Imol O,= 2mol MnO, = 2mol 1, & 4 mol 8,0

The sample of water (250 ¢cm?) required 10.0cm’ 0f 0.02
mol dm” Na,S,0,

No. of moles of $,0,! required for titration
=002 x 10=2x]0*

5
1000 . ®
Amount of dissolved 0, = (2x 10*) 4 mol

(5)
= 5.0 x 10 mol
Concentration of disselved 0,
=50 u!f;’xlﬂ[}(} mol dm? {5)
50
*2x10°x32gdm?® =0,0064 gdm? (L
= 64 mg dm> (3+42)
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(5)
(3)

, 21 2 ~» 2110
0,! Nl 2c

e ($Horno wihih excess (5) of g
he termted [, with standarq Sr{_JlJ

in h 1,0,
]l,“: -+

“ H L Y Vi Illﬂ
¥ na n '

) 1 l'l'l!.'l n l

Sl."lllll'ilil'l t-i]‘ [ "H“l‘ t

{5)
oR (5) of 1,0, with standarg ($)

wh volunic

o o
neld et

port (h) =70 murks

* No marky for
Nacl or Bripe

Concentration

1.CaCO,Cas0)
2Mgso,  °

D (any (wo)

e

14 x (4)=3

¥ atF INHCI+ CatOH) —»3NH. + CaCl,+ 2HO ¥

v atG 2Natico S b
(vii} In tower | » > Na,O,+ €O, + H,0

NI+ HO<a NI+ + 1
COfg) + HO == HCO] + b ’
LI '
z:'-”’Nﬂ'*r Cl + HCO; —» NaHCOs) +NHE
on’ NIC+CO,+ 10 — Natico, (s) + NIO

NH, +C0=+ HO
2

> NF -
NIJICO L1CO, 0

~> NaHCO, + NH,C]

part (o) =7




