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Marking Scheme

SECTION A  (60%)

1.
(a)
(i)
2 peaks
1M




The m/e value of most intense peak = 35  (35Cl+)
0.5M



(ii)
3 peaks
1M




The m/e value of most intense peak = 70
1M




The most intense peak corresponds to (35Cl2)+.
0.5M


(b)
(i)
Boiling points are expected to increase with number of electrons in the




molecule due to increasing van der Waal’s forces
1M



(ii)
The intermolecular attraction between HF molecules is H-bond
1M




which is stronger than the van der Waal’s forces between




HCl molecules.
1M
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(iii)  CO:               bond order = 3, it is shorter.
1M



CO2:     O=C=O  bond order = 2, it is longer.
1M



(c)
(i)
P4(s)             P4(g)              4 P(g)




BE(P–P)
=
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= +318.1 kJ mol-1
1M



(ii)
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    H = – 303 kJ mol-1



Energy absorbed in bond breaking in reactants




= +318.1+
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 = +681.1 kJ mol-1
1M




Total enthalpy change of reaction 
=
681.1 – 3(BE(P–Cl)





– 303
=
681.1 – 3(BE(P–Cl)





BE(P–Cl)
=
+328 kJ mol-1
1M



(iii)
PCl3(g) + Cl2(g) ( PCl5(g)
H = – 93.0 kJ mol-1



Assuming the 3 P–Cl bonds in PCl3 remain intact in PCl5,




BE(Cl–Cl) – 2(BE(P–Cl)
=
– 93.0
1M





+242 – 2(BE(P–Cl)
=
– 93.0





BE(P–Cl)
= +167.5 kJ mol-1
1M

1.
(c)
(iv)
The two axial P–Cl bonds are longer than the 3 equatorial P–Cl bonds,
1M




because the axial P–Cl bonds have smaller bond energies than




equatorial P–Cl bonds.


1M


(v)
average bond enthalpy = 
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1M



(vi)
N, a period 2 element, does not have low-lying vacant d-orbitals in




its valence shell.
0.5M




Hence N cannot accommodate more than 8 electrons.
0.5M




To form NCl5, 10 electrons have to occupy its valence shell.
0.5M




Therefore, NCl5 does not form but only NCl3.



P, period 3 element, has vacant 3d orbitals.




Hence P forms PCl5 as well as PCl3.
0.5M

2.
(a)
(i)
At anode:
Zn(s) ( Zn2+ (aq) + 2e-
1M




At cathode:





2MnO2(s) + 2NH4+(aq) + 2e- ( Mn2O3(s) + 2NH3(g) + H2O(l)
1M




Overall:




Zn(s)+2MnO2(s)+2NH4+(aq) ( Zn2+(aq)+Mn2O3(s)+2NH3(g)+H2O(l)
1M



(ii)
Zn(s) | Zn2+(aq) ( [2MnO2(s)+2NH4+(aq)] , [Mn2O3(s)+2NH3(g)] | C(s)
2M



(iii)
(1)
If a current is drawn for some time, NH3(g) will accumulate





at the cathode,
0.5M





the equilibrium will shift to the left,
0.5M





leading to a drop in electrode potential.
0.5M




[or
if a current is drawn for some time, Zn2+(aq) will accumulate





at the anode, the equilibrium will shift to the left, making the 





electrode potential of Zn(s)|Zn2+(aq) less negative.]




(2)
If the cell is allowed to stand for some time, NH4+ which is an acid





will react with Zn:
0.5M





Zn(s) + 2NH4+(aq) ( Zn2+(aq) + 2NH3(aq) + H2(g)
0.5M





This will decrease the [NH4+(aq)], the electrode potential will





also drop.
0.5M

2.
(b)
(i)






V-shaped
1+1M



(ii)






T-shaped
1+1M


(c)
(i)
Standard enthalpy change of formation is the enthalpy change of the




reaction when one mole of a substance is formed from its constituent




elements in their standard states under standard conditions.
2M



(ii)
(I)
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Hf = – 110 kJ mol-1
1M
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Hf = – 393 kJ mol-1
1M



(II)
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Energy absorbed for bond breaking





= –(– 393) + 0





= +393 kJ mol-1
0.5M





Energy released for bond formation





= 2(– 110)





= – 220 kJ mol-1
0.5M





H = – 220 + 393 = +173 kJ mol-1
1M




(III)
The reaction is endothermic.
1M





High temperature is necessary for reasonable yield.
1M
3.
(a)
(i)
Elements with partially filled d-orbitals.
1M



(ii)
[Ar] 3d5
1M




(iii)






1M

3.
(a)
(iv)







0.5M




trans-tetraamminedichlorocobalt(III) chloride

0.5M







0.5M




cis-tetraamminedichlorocobalt(III) chloride

0.5M


(b)
(i) 
Converting k to ln(k) and T to 1/T:
1M
	k / s-1
	ln (k)
	T / K
	1/T  / K-1

	2.46 ( 10-5
	–10.61
	273
	3.66 ( 10-3

	4.75 ( 10-4
	–7.65
	293
	3.41 ( 10-3

	5.76 ( 10-3
	–5.16
	313
	3.19 ( 10-3

	5.48 ( 10-2
	–2.90
	333
	3.00 ( 10-3







1M for the curve, 0.5M for each axis





2M







0.5M




EA
= – R ( slope





= –8.31JK-1 mol-1((–11646K)
1M





= +96.8 kJ mol-1
0.5M




(Accept answers from 87.0





 to 106.0 kJ mol-1)
3.
(b)
(ii)
From the graph, at 353K, ln(k) = –0.92,
0.5M



therefore k = 0.40 s-1
1M



(Accept answers from 0.35 to 0.44 s-1)



For first order reaction,
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i.e.
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1M



(Accept answers from 1.56 to 1.90 s-1)


(iii)
Titrate the concentration of dicarboxylic acid using a standard solution



of an alkali.
1M



(or measure the volume of CO2 liberated / gas pressure at a fixed volume.)

(c)
(i)
rate = k[O3]2
1M



Order of reaction gives exact relationship between




variation of rate with concentration of reactant,
1M



k is the proportionality constant in rate equation.
1M


(ii)
(I)
unit of rate = mol dm-3 s-1
1M



(II)
rate = (3.38(10-5)(2.5(10-3)2 = 2.11(10-10 mol dm-3 s-1
1+1M
4.
(a)
(i)
For binary mixtures, Dalton’s law of partial pressures states that the



total vapour pressure of the mixture is the sum of the partial vapour pressures



of each components,
1M



while Raoult’s law states that the partial vapour pressure of a component



in a mixture is equal to the vapour pressure of the pure component



multiplied by its mole fraction in the liquid mixture.
1M


(ii)
PA
= Ptotal ((A) 




= 101 kNm-2(0.65)
0.5M




= 65.7 kNm-2
0.5M



PB = 101 – 65.7 
0.5M




= 35.3 kNm-2
0.5M



If the system is ideal, PB = PB0((B) = 82 (0.5) = 41.0 kNm-2 
1M



Since the actual value of PB (35.3 kNm-2) is less than Raoult’s law



Predicts (41.0 kNm-2), therefore it is not an ideal solution,
0.5M



but it shows a negative deviation from ideal behaviour instead.
0.5M
4.
(b)
(i)
The steamy fumes are hydrogen chloride (HCl).
1M


(ii)
AlCl3(s) + 3H2O(l) ( Al(OH)3(s) + 3HCl(g)
1M


(iii)
Since Al3+ ion is very small and highly charged, it has high polarizing




power.  It attracts electrons on oxygen causing extra polarization



on O–H bond.
0.5M



Therefore, the Al–O bond is strengthened while O–H bond isweakened.
0.5M



As O–H bond is weakened, another water molecule attracts the hydrogen



and remove as proton.
0.5M




The proton formed reacts with Cl- to form HCl.
0.5M


(iv)
Hydrated aluminium chloride dissolves in water to give [Al(H2O)6]3+(aq)



and chloride ions.
0.5M




[Al(H2O)6]3+(aq) may undergo further dissociation to give an acidic solution



by cation hydrolysis:
1M


[Al(H2O)6]3+(aq) + H2O(l) [image: image10.png]


 [Al(H2O)5(OH)]2+(aq) + H3O+(aq)

0.5M



This solution is acidic due to the presence of protons.


(c)




2M



Hsoln = Hhyd –Hlattice



For the hydroxides of Group II metals, the sizes of anions and cations



are of the same order of magnitude.
1M



From Mg2+ to Ba2+, less and less energy is required to break the lattice.
0.5M




However, the change of Hhyd is comparatively small.
0.5M



Consequently, the Hsoln becomes more and more exothermic, and
0.5M



the solubility of hydroxides of Group II metals increases down the



group.
0.5M

(d)
[Fe(H2O)6]3+(aq) is more acidic than [Fe(H2O)6]2+(aq).
0.5M


This is because that the Fe3+ ion is both smaller in size
0.5M



and more highly charged than Fe2+ ion,
0.5M



making it more polarizing.
0.5M


So, in the [Fe(H2O)6]3+(aq) ion, the iron attracts electrons form O–H bond


of a water molecule to a larger extent than Fe2+ does.
1M
SECTION B  (40%)

5.
(a)
(i)
It is a soft fatty solid
0.5M



because the fat contains unsaturated hydrocarbon chain
0.5M



which prevents the molecules from efficient packing.
0.5M


(ii)
(I)
The C=C double bond in the lard molecule is under attack by




oxygen and water vapour in air.
1M



(II)
Aldehydes, ketones and carboxylic acids.
1.5M



(III)
The lard should be kept un refrigerators
1M





or adding antioxidants to the lard.
1M


(iii)
It is the number of grams of iodine that reacts with 100g of the fat / oil.
1M


(iv)
Vegetable oils, because they contain more C=C double bonds.
1M


(v)
Vegetable oil is more susceptible to rancidity as it contains more



C=C double bonds.
1M

(b)
(i)
J:  HOOC(CH2)4COOH
1M



(ii)
K:
L:




1+1M


(iii)
M:  P2O5, heat
1M


(iv)
N:  H2NOH
1M

(c)
(i)
formula mass of CH3COCH2CH3 = 72.104



formula mass of HCN = 27.028



formula mass of CH3CH2CH(OH)CN = 99.132



no. of moles of CH3COCH2CH3 = 
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no. of moles of HCN = 
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CH3COCH2CH3 is the limiting reactant.
0.5M


(ii)
no. of moles of CH3CH2CH(OH)CN =
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% yield = 
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1M
5.
(c)
(iii)
Nucleophilic addition
1M





2M
6.
(a)
(i)
a: sp3;  b: sp2;  c: sp2;  d: sp
2M


(ii)





0.5M




2M






0.5M


(b)
(i)





1M



(ii)





1M


(iii)
(I)
2-hydroxypropanoic acid
1M



(II)
Step A: NaBr, conc. H2SO4, reflux
1.5M




Step B: alcoholic NH3, heat
1.5M
6.
(c)
(i)













3M



(ii)











4M



(iii)






2M
7.
(a)
(i)
G moves faster than H 

0.5M



and thus G is less tightly bounded to the stationary phase.
0.5M



G is less polar than H.

1M



G:
H:




1+1M


(ii)
Reagent to be used: PCl5 / PCl3 / SOCl2
1M



Only H will give misty fumes of HCl.
1M



(or, Reagent to be used = Na, 




 only H will react with Na to give gas bubbles. [H2(g)])
7.
(a)
(iii)
H shows an IR absorption at 3200 – 3700 cm-1 but G does not,
1M




because H has an –OH functionality whereas G does not.
1M

(b)
(i)
Any TWO of the following:
2M



refrigerant / aerosol propellant /




solvent to clean microchips and electronic parts /



blowing agent in foam plastics manufacture / fire extinguishing material


(ii)
Ozone acts as a filter for harmful UV radiation from the sun.
1M


(iii)
In the stratosphere, CFCs absorb UV radiation to give Cl(:
0.5M



CF2Cl2               (CF2Cl  +  Cl(
0.5M



The following free radicals chain reaction then occurs
0.5M



and each (Cl produced can cause the removal of a large amount of O3.
0.5M




Cl( + O3            ClO( +  O2
0.5M




ClO( + O3            Cl( +  2O2
0.5M



(iv)
CF3CH2F / butane, etc.
1M


(v)
O3 reacts with unburnt hydrocarbons and NO2
0.5M



(from automobiles exhaust) giving rise to the formation of



photochemical smog.
0.5M




(or  O3 is toxic / has adverse effects on the respiratory system.)

(c)
The appearance of cloudiness is due to the formation of haloalkanes
0.5M


which are immiscible with water.
0.5M



Due to the formation of relatively stable tertiary carbocations,
0.5M


which is stabilized by positive inductive effect,
0.5M


tertiary alcohols reacts rapidly with Lucas reagent through SN1 mechanism.
0.5M



Primary carbocation is relatively unstable.
0.5M


The reaction of primary alcohol with Lucas reagent proceeds



through a mechanism which is unfavoured in acidic conditions (conc. HCl),
0.5M


thus the reaction rate of primary alcohol is slow.



The reaction rate of secondary alcohols with Lucas reagent is moderate.
0.5M
~ End ~
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