H2 Chemistry 
2012 A-level Paper 3 Answer Scheme (MARK SCHEME)
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	(a)
	
	Aluminium oxide is amphoteric in nature due to its high charge density of Al3+ polarizing O2- [1] , causing Al2O3 to be ionic with partial covalent character. [1]
Al2O3 , like MgO acts like a base/ reacts with acid:

Al2O3 (s) + 6HCl(aq) ( 2AlCl3 (aq) + 3H2O (l)

MgO (s) + 2HCl(aq) ( MgCl2 (aq) + H2O (l) [1 for both equations]
Al2O3 , like P4O10  acts like an acid/ reacts with base:

Al2O3 (s) + 2OH- (aq) + 3H2O (l) ( 2[Al(OH)4]- (aq) [1]
P4O10 (s) + 12OH- (aq)  ( 4PO43- (aq) + 6H2O (l)) [1]
Note: Accept ionic / balanced chemical equations.
	[5]
	9.1 (h)

	
	
	
	
	

	

	(b)
	(i)
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	[1]
	3 (b)(ii)
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	(ii)
	Shape of AlCl3 = trigonal planar [1]

	[1]
	3 (c)

	
	
	
	
	

	

	
	(iii)
	By LCP, an increase of temperature results in the equilibrium position to shift to the right [1] to favour the endothermic reaction that will absorb the excess heat [1]. Hence, more AlCl3 (g) will be formed.


	[2]
	7 (b)

	

	
	(iv)
	PV = nRT

PV = (mRT)/Mr
Mr = mRT/PV 

= (1.5 X 8.31 X 500)/ [1.16X105 X 250 X 10-6]

= 215
 [1]

	[1]
	4 (c)

	
	
	
	
	

	

	
	(v)
	214.913 = 267 x + 133.5 y

x + y = 1

y= 1-x

214.913 = 267 x + 133.5 (1-x)

214.013 = 267 x + 133.5 – 133.5x

133.5x = 81.413
x= 0.6098 [1]
y= 0.3902 [1]

	[2]
	

	
	
	
	
	

	

	
	(vi)
	PAl2Cl6 = mole fraction x Ptotal

= 0.6098 X1.16 X 105

= 7.08 X 104 Pa 
PAlCl3 = 0.3902 X 1.16 X 105 = 4.53 X 104 Pa [1]
	[1]
	4 (c)

	
	
	
	
	

	

	
	(vii)
	Kp = PAlCl32/ PAl2Cl6 [1] = 2.89 X 104 [1] Pa[1]
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	7 e

	
	
	
	
	

	

	(c)
	(i)
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Compound A + B: [1] + [1]

	[2]
	10.2 (f) (i)

	
	
	
	
	

	

	
	(ii)
	Add alkaline iodine to each unknown, warm the mixture. 
Compound A: Brown solutions forms a yellow ppt of tri-iodomethane formed. 

Compound B: Brown solutions remains and no yellow ppt formed.  (observations) [1]
Product of Compound A: 
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	10.5 (e)
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	(a)
	(i)
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[1] – Cl2/ Cl- half cell
[1] – I2/ I- half cell

[1] – direction of electron flow or polarity of the electrode and salt bridge
	[image: image50.emf][3]
	6 (d) (ii)

	
	
	
	
	

	

	
	(ii)
	The oxidizing powers of chlorine and iodine can be measured through the above setup at 298K, 1 atm by measuring the potential difference, Ecell between the half cells of Cl2(g)/Cl-(aq) and  I2(aq)/I-(aq) with a voltmeter.

Cl2 + 2e 
[image: image6.emf] 2Cl-    Eϴ = +1.36 V

I2 + 2e 
[image: image7.emf]  2I-   Eϴ = +0.54 V 
Eϴcell = +1.36 – 0.54

= +0.82 V [1- calculation indicate potential difference]
Since Eϴred Cl2/Cl- is more positive than Eϴred I2/I- [1] (with quoted data booklet values)

This shows that chlorine has a greater oxidizing power than iodine [1]. 

	[3]
	6 (d) (ii)

	

	

	

	
	(iii)
	Cl2 + 2e 
[image: image8.emf] 2Cl-    Eϴ = +1.36 V

I2 + 2e 
[image: image9.emf]  2I-   Eϴ = +0.54 V 

Overall: Cl2 (g) + 2I- (aq) 
[image: image10.emf] I2 (aq) + 2Cl- (aq) [1]
Note: State symbols are not required and no need to quote.
	[1]
	6 (h)

	
	
	
	
	

	

	(b)
	(i)
	Fe3+ + e 
[image: image11.emf] Fe2+    Eϴ = +0.77 V

I2 + 2e 
[image: image12.emf]  2I-   Eϴ = +0.54 V 

Overall: 2Fe3+(aq) + 2I - (aq) 
[image: image13.emf] I 2 (aq) + 2Fe2+ (aq)  [1]
Note: no need to quote.
	[1]
	6 (h)

	
	
	
	
	

	

	
	(ii
	[Fe(CN)6]3-(aq) + e 
[image: image14.emf] [Fe(CN)6]4-(aq)    Eϴ = +0.36 V 
[Fe(H2O)6]3+ + e 
[image: image15.emf] [Fe(H2O)6]2+     Eϴ = +0.77 V  
In the presence of CN-, the Fe(III) ion is less oxidizing than it is in water as the Eϴred is more negative. [1] (with quote)
Thus, equilibrium shifts left. [1]

	[2]
	6 (f)

	

	

	(c)
	
	The hydrolysis of C2H5X will increases in reactivity (C2H5Cl < C2H5I) . This is because the bond length of C-Cl <C- I, hence, it is most difficult to overcome C-Cl bond  > C-I bond. [1] 
	[1]
	10.3 (c)

	
	
	
	
	

	

	(d)
	(i)
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	(ii) *
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	(e)
	(i)
	H2SO4 (aq), heat (acidic hydrolysis) or NaOH(aq), heat (alkaline hydrolysis) [1]

	[1]
	

	
	
	
	
	

	


	
	(ii)
	For NaOH (aq), Heat (alkaline hydrolysis)
For phenylbutazone:
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For phenobarbital: 
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For H2SO4(aq), Heat (acidic hydrolysis)
For phenylbutazone:
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For phenobarbital: 
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Note: Students must give hydrolysed products depending on medium specified in (e)(i).
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	(i)
	Mg(NO3)2 (s) ( MgO (s) + 2NO2 (g) + ½ O2 (g) [1]

	[1]
	9.2 (c)

	
	
	
	
	

	

	(a)
	(ii)
	As the cationic radius of M2+ increases down the group, the charge remains constant down the group but the charge density of the cation decreases down the group. [1] Hence, the polarizing power of the cation decreases and M2+ is less able to distort the electron cloud of the anion. N-O covalent bond is respectively less weakened. [1] Hence, more energy is required to decompose the compound down the group as the stability of the nitrates increases.  

	[2]
	9.2 (c)

	
	
	
	
	

	

	(b)
	(i)
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	(ii)
	Overall: 2N2O5 ( 4NO2  + O2 [1]

	[1]
	

	
	
	
	
	

	

	
	(iii)
	Working: (no marks)

N2O5 ( (NO2  + (NO3
2(NO3 ( N2O6

N2O6 ( 2(NO2 + O2
[image: image29.png]



[1]: Arrows

[1]: Intermediates
	[2]
	10.2 (c)

	
	
	
	
	

	

	
	(iv)
	The first step is the slow step [1] because this is a first order reaction with respect to N2O5 where one 1 mole of N2O5 will be in the rate determining step. [1]

	[2]
	8 (b) (iii)

	
	
	
	
	

	

	(c)
	(i)
	When N2O5 is in solution, there is presence of the electrophile NO2+ and NO3-. Since, there is H+ as a by-product of electrophilic substitution, which will possibly react with NO3-, hence, HNO3 (nitric acid) could be formed. [1]

	[1]
	10.2 (g) (i)

	
	
	
	
	

	


	
	(ii)
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Arrows, intermediate, slow  – [1]
H+ reacting with NO3- – [1]


	[2]
	10.2 (g) (i)

	

	
	
	
	
	

	

	(d)
	(i)
	+92.5 = +33.2 + X – (5.0)

X = + 64.3 kJ mol-1

ΔHf of NO3 = + 64.3 kJ mol-1 [1]

	[1]
	5 (e) (i)

	
	
	
	
	

	

	
	(ii)
	Y= 2(33.2) – 2(64.3) [1]
Y = -62.2 kJmol-1
ΔH of reaction 2 = -62.2 kJmol-1[1]
	[2]
	5 (e) (i)

	
	
	
	
	

	

	(e)
	
	For reaction 1 and 2, the ΔS is positive (due to the increase in the no. of moles of gaseous molecules hence more disorderliness [1]) 
Since ΔH is positive for reaction 1 and using ΔG = ΔH –TΔS [1],  ΔG  is negative and spontaneous only at higher temperatures. [1] For reaction 2, ΔH is negative hence ΔG is negative and more spontaneous at all temperatures. [1] Hence reaction 2 is likely to be more spontaneous.
 
	[4]
	5 (i) 
5 (l)

	
	
	
	
	


	
	
	
	
	


	

	4
	(a)
	Particle

Charge/Mass

Angle

1H+

1/1

+ 15°
D-

½
- 7.5° [1]
T+

1/3

+ 5° [1]
He2+

2/4

+ 7.5° [1]

	[3]
	2 (b)

	
	
	
	
	

	

	(b)
	(i)
	x/12 => 5°

x/12 = 1/3

x = 4 

The overall charge of particle R is +4. [1]

	[1]
	2 (b)

	
	
	
	
	

	

	
	(ii)
	Mass number = 12

No. of neutrons = 12 – 6 = 6  [1]
No. of electrons = 6 – 4 = 2 [1] to give overall +4.


	[2]
	2 (a)

	
	
	
	
	

	

	(c)
	(i)
	Ionic radius:  Si4+  < Na+ < Cl-‑ <  P3- (quote from data booklet)
Na+ and Si4+ are isoelectronic hence, given the smaller nuclear charge of Na+, the shielding effect being the same, the effective nuclear charge of Na+ is smaller than Si4+, hence, less net electrostatic forces of attraction and larger in ionic size. [1]
The anions are bigger in ionic size because of the large inter-electronic repulsion experienced by the electron cloud of the anion due to the acquiring of extra shell of electrons [1].
P3- and Cl- are isoelectronic, hence, given the smaller nuclear charge of P3-, the shielding effect being the same, the effective nuclear charge of P3- is smaller than Cl-, hence, less net electrostatic forces of attraction and larger in ionic size. [1]

	[3]
	9.1 (a)

	

	
	
	
	
	

	

	
	(ii)
	Si > Na > P4 > Cl2  [1] (implied through explanation)
Si exists as a giant covalent molecule, held by strong tetrahedral network of covalent bonds, which require highest amount of energy to overcome than Na, hence, have highest melting point. [1]
Na exists as a giant metallic lattice, held by strong electrostatic forces of attraction, which requires the lesser energy to overcome than strong covalent bonds in Si, thus have a lower melting point. [1]
P4 and Cl2 are simple covalent molecules, held by induced-dipole induced dipole attraction (id-id) and require less energy to overcome than the metallic bonding in sodium. P4 has a larger electron cloud than Cl2 hence, require more energy to overcome stronger id-id compared to that of Cl2. [1]
[4] max [3].
	[3]
	9.1 (a)

	

	
	
	
	
	

	

	(d) 
	(i)
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[1]: side chain ionic interaction

[1]: N – C terminus ionic interaction.

	[2]
	

	

	
	
	
	
	

	

	
	(ii)
	[1]: H-bonding of the arginine residue and aspartic acid residue of each chain, Van der waals / disulfide linkages forces of attraction between the hydrocarbon groups of the arginine residues
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[1]: for each diagram, NOTE (any suitable examples will do to illustrate the interaction)
	[3]


	10.7 (n) 
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	(e)
	(i)
	Ester [1]
	[1]
	10 (b)

	

	
	
	
	
	

	

	
	(ii)
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	5
	(a)
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	[5]
	10.5 (b)
10.3 (a) (i)

10.6 (a)

	 

	

	

	(b)
	(i)
	
[image: image39.emf]HOOC

H

COOH

H

HOOC

COOH

H

H trans

cis

[1 for both cis and trans]
Geometric isomerism [1]

	[2]
	10.4 (a) (v)
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	(ii)
	Excess Concentrated H2SO4, 180°C [1]
	[1]
	10.4 (a) (v)

	
	
	
	
	

	

	
	(iii)
	The higher the pKa, the lower the acidity.

The isomer, K produce the more stable mono-anion as it has a very low pKa 1.9. This mono-anion is so stable that the second protonation does not take place very easily given the high second pKa  of K isomer. [1]

	[1]
	7 (j)

	

	
	
	
	
	

	

	
	(iv)
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This mono-anion K’ is more stable than J’ because intra-molecular hydrogen bonding is formed between the COO- and the adjacent non ionized COOH[1]. This makes the mono-anion very stable, shifting the acid dissociation equilibrium to the right, resulting in strong acidity. 
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	[2]
	3 (f)



	

	
	
	
	
	

	

	(c)
	
	Observation

Deduction

L reacts with NH3 to give M
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 [1]
L is a neutral compound

L does not contain any alcohol or carboxylic group [no mark]

L does not react with Na metal

L does not contain any – any alcohol or carboxylic group [no mark]

L does not give a ppt with 2,4 DNPH

L does not contain carbonyl group, could have O=C-O- group [no mark]


	
	10.6 (h)

10.2 (d) (1i)
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L (acid anyhydride) derived from K due to the promixity of COOH to eliminate water. [1- K and reason]
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	(d)
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	[3]
	10.4 (a) (iv)
10.5 (e)
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