C. Y. Yeung (AL Chemistry)

S7 Mock Examination (2004 – 2005)
Chemistry A-Level Paper 1

Marking Scheme

SECTION A  (60%)
1.
(a)
(i)
[H3O+(aq)] = 10-2.9 = 1.26(10-3 mol dm-3
1M



Degree of dissociation   = 
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(ii)
Ka  = 
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(b)





axis: @1/2M
1M




starting pH
0.5M




buffer region
1M





vertical region
0.5M

(c)
Hydrated Cu(OH)2 has a very low solubility in water.
1M


(OR  The concentration of [Cu(H2O)6]2+(aq) in the liquid portion is very low.)
(1M)


Therefore the solution has a very pale blue colour.



The extent of hydrolysis of NH4+(aq) is very small.
0.5M


[NH3(aq)] in NH4Cl(aq) is very low.


Thus, the concentration of [Cu(NH3)4]2+(aq) is low.
0.5M


NH3(aq) reacts with Cu(OH)2(s) to give a complex ion [Cu(NH3)4]2+(aq) which
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has a deep blue colour.
1M



OR
    Cu(OH)2(s) + 4NH3(aq)       [Cu(NH3)4]2+(aq) + 2OH-(aq)
(1M)
2.
(a)
(i)
Among the seven elements, X has the highest first ionization enthalpy.



Thus, X is a noble gas.




As the elements are in the second and third periods of the Periodic



Table, X cannot be Ar nor He. i.e. X is neon (Ne).
1M



Then, 
T --- carbon, 
U --- nitrogen,
V --- oxygen




W --- fluorine,
X --- neon,
Y --- sodium




Z --- magnesium


1M


(ii)
The electronic configurations of nitrogen and oxygen are [He] 2s2 2p3



and [He] 2s2 2p4 respectively.
1M



N has a half-filled electron subshell which has extra stability.
1M



Therefore the 1st I.E. of N is higher than that of O.

2.
(a)
(iii)
The electronic configuration of fluorine is [He] 2s2 2p5.
0.5M



Addition of an electron leads to completion of the octet.
0.5M



There is net attraction between the nucleus and the added electron.
0.5M



Thus the process is exothermic.
0.5M



Ne has an octet structure. The electron will be added to the electron shell



with principal quantum number n = 3.
0.5M



Thus, the process is endothermic.
0.5M

(b)
(i)
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Kp = 
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1M


(ii)
Colour of mixture becomes lighter instantaneously
0.5M



because there is an expansion in volume.
0.5M



As the reaction is endothermic,




the colour of mixture finally becomes darker




because equilibrium shifts to the right.
1M
3.
(a)
(i)
BaO dissolves
0.5M




forming colourless solution
1M




(heat evolved)
(0.5M)



(ii)
(1)
no change
1M




(2)
white precipitate / solution turns milky
0.5M





precipitate dissolves / solution turns clear again.
1M


(b)
Disproportionation is a redox reaction in which a species is simultaneously


oxidized and reduced.
1M


e.g.
Cl2 + 2OH- ( ClO- + Cl- + H2O
1M

(c)
Quantity of electricity = I(t = 5(5.5(60 = 1650C



no. of mole of e- passed = 
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1M
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1M



(  n = 2




(  the oxidation state of nickel in the compound is +2.
1M

4.
(a)
In ice, the intermolecular attraction is H-bond,



each H2O molecule is tetrahedrally surrounded by 4 other H2O molecules,
0.5M



with coordination number = 4, i.e. an open structure.
0.5M



In liquid water, the molecules are packed closer together,



therefore water has a higher density than ice.
1M



For the reaction: H2O(s)       H2O(g),



Increase in pressure, shifts the equilibrium to the right.
1M



Therefore melting point of ice decreases with increase in pressure.


(b)
(i)
(1)
Coordination no. of Ca2+ = 8
1M





Coordination no. of F- = 4
1M




(2)
Calcium ions: face-centered cubic structure (FCC)
1M





Fluoride ions: simple (primitive) cubic structure
1M



(ii)
(1)








1M




(2)
Caesium ions: simple cubic structure
0.5M





Chloride ions: simple cubic structure
0.5M


(c)
Stability:


 

<                       <
1M


is most stable, as it is stabilized by resonance effect.
0.5M



the positive charge on carbocation is dispersed.
0.5M


 

              is a secondary carbocation




while                       is a primary carbocation.
0.5M



Positive inductive effect of alkyl group stabilizes the secondary carbocation



to a greater extent.
0.5M

5.
(a)
reagent:      LiAlH4  /  NaBH4
0.5M



structure of K: 





0.5M


(b)
nucleophilic addition
1M






2M


(c)
M:

N:


P:

R:




4M


(d)
(i)



                          OR
1M


(ii)
Melting point determination:




compare the melting point of the red precipitates with those



from data tables.
1M

6.
(a)
(i) 



a:   HCN



b:
d:



c:   LiAlH4
e:  P2O5
3M


(ii)







f:  MnO4- / H3O+
j:  




g:




k:  Br2 / NaOH ; heat



h: 
(1)  PCl5 / PCl3 / SOCl2;



  
(2)
NH3
3M


(b)






2M
SECTION B  (20%)
7.
(a)
Place a known mass (m1) of copper (II) oxide in a combustion tube.
1M


Heat the copper (II) oxide while CO is passing through the tube until


the solid in the tube reaches a constant mass (m2).
1M


Data treatment:

2M
	
	Cu
	O

	mass
	m2
	m1 – m2

	mole ratio
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The mole ratio of Cu:O should be equal to 1:1.
1M


(b)
(i)
Functional group(s) that may be present:  –CH2OH,  CHOH, –CHO
1.5M



Functional group(s) absent: –CHO
0.5M



Functional group(s) that may be present:   C=C  ,  –C(C–
1M


(ii)
CH3–C(C–CH2OH,  H–C(C–CH2CH2OH,
1M



H–C(C–CH(CH3)OH,  H2C=CHCH2OH
1M



(accept other reasonable structures)
8.
(a)
(i)
no. of mole of IO3- in 250cm3 = 0.0240(
[image: image9.wmf]1000

100

= 2.4(10-3 mol
0.5M



no.of mole of I2 in 250cm3 = 3(2.4(10-3) = 7.2(10-3 mol
0.5M



[I2(aq)] = 
[image: image10.wmf]1000
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 = 0.0288 mol dm-3
1M


(ii)
Use starch solution as indicator.
1M



Add iodine solution until a blue colour is developed.
1M


(iii)
no. of mole of I2 reacted = 0.0288 (
[image: image11.wmf]1000

18

 = 5.184(10-4 mol
0.5M



no. of mole of ascorbic acid reacted = 5.184(10-4 mol
0.5M



relative molecular mass of ascorbic acid = 6(12) + 8(1) + 6(16) = 176



mass of ascorbic acid in 25 cm3 portion of grapefruit juice



= 5.184(10-4(176) = 0.0912 g
1M



mass of ascorbic acid in 1.0 dm3 portion of grapefruit juice




= 0.0912 (
[image: image12.wmf]25
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= 3.65 g
1M


(iv)
It acts as an anti-oxidant.
1M

(b)





2M
SECTION C  (20%)
9.
(A) Introduction
max. 1M

Group II elements: beryllium, magnesium, calcium, strontium and barium
0.5M

Outermost electronic configuration of elements: ns2
0.5M

(B) Variation in atomic / physical properties of elements
max. 4M

Atomic / ionic radius increases down the group

First ionization enthalpy decreases down the group


Enthalpy change of atomization decrease down the group

Metallic character increases down the group

Hardness decreases down the group

Electronegativity decrease down the group

Electrical conductivity increases down the group


Variation of standard reduction potential of metals


Variation in solid state structure of the elements


(C) Variation in chemical properties of elements
max. 2M

Tendency to form dipositive cation

Reactivity with water / non-metals: e.g. H2, Cl2, O2 increases down the group

Tendency of cation to form complex decreases down the group (excluding Be2+)

Anion stabilization increases down the group

Tendency to form covalent bond decreases down the group


Tendency to form ionic bond increases down the group


(D) Variation in properties of compounds
max. 3M

For a given anion, e.g. Cl-, lattice enthalpy increases down the group

Hydration enthalpy of cation increases down the group

Thermal stability of ionic compounds:



for small anions, e.g. OH-, thermal stability decreases down the group


for large anions, e.g. CO32-, thermal stability increases down the group

Solubility of compounds in water:



for small anion, e.g. OH-, solubility increases down the group


for large anion, e.g. SO42-, solubility decreases down the group

Hydrolysis of cations: only small cations, e.g. Be2+ will undergo hydrolysis


Tendency to form hydrates decreases down the group (excluding Be)

Basic properties of oxides increase down the group

Compounds of Goup II elements in flame test
10.
(A) Discussion on the rate in the absence of an Fe surface
max. 3M

Probability of a simultaneous collision of 4 gaseous molecules (one N2 and three H2)

in the gas phase is extremely small.

Breaking of the strong N(N bond imposes high activation energy on the process

Collision of molecules have high velocities should provide the necessary activation energy.

According to the Maxwell-Boltzmann distribution at moderate temperatures, the number of such high-velocity molecules is very small.


(B) Discussion on the rate in the presence of an Fe surface
max. 3M

The N(N bond is significantly weakened in the Fe surface, and therefore providing a different reaction path with smaller activation energy.

OR  Gaseous molecules (N2 and H2) covalent bond weakened.

All the gases involved are only weakly adsorbed on the Fe surface.

Thus N2 and H2 molecules are quite mobile on the Fe surface, and may encounter each other on this 2-dimensional plane or higher concentration of reactants on the surface, therefore surface becomes a better meeting place.

Instead of a 4-body collision in a 3-dimensional space in the gas phase, the presence of the Fe surface requires only that the adsorbed species be higher than the former event.

(C) Optional Mark
max. 3M

As a result of weak interaction of the product with the surface, NH3 desorbs easily.

Fe has 3-d electrons and many vacant 3-d orbitals, and is therefore capable of temporarily donating or accepting electrons form adsorbed species, making it one of the best catalyst in heterogeneous catalysis.  (OR  Variable oxidation states of Fe)

Steric effect is more important in the gas phaseL the 4 colliding molecules have to be in the correct orientations to yield the product.

The gas phase reaction may be speeded up by rasing the temperature, but at high temperature decomposition of NH3 is favoured, thus lowered the yield.

(D) The following diagrams are expected:
max. 1M

Diagram for Maxwell-Boltzmann distribution

Change of reaction path in the presence of the catalyst


Pictorial illustration of gas phase collision and formation of ammonia on the Fe surface
~ End ~
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