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1. (a) (i) Only a small part of the diagram in the question
represents the visible spectrum (around 3 × 10 6 m�1

to 2 × 10 6 m�1). 1

(ii) Balmer series 1

(b) An electron is excited from its ground state to a higher
energy level. (1)
On its return it emits energy (1)
equal to the ∆E between the two energy levels involved. (1)

3

(c) E = hc/λ = hcν  for one photon
E for 1 mol = Lhcν

(Note: the question reminds you �mol�1�,
so L is  needed.) (1)

= 6.02 × 1023 × 6.63 × 10�34 × 3 × 108

× 11 × 106 (1)
= 1317.1 × 103 J mol�1

(Check the units by �fitting� them in the
above equation.)

= 1317 kJ mol�1 (1)
3

(d) The first ionisation energy  1
(9)

2. (a)  1s2 2s22p6 1

(b)  N3�  or  Al3+ 1

(c) When electrons occupy degenerate orbitals, these orbitals
are filled singly, keeping spins parallel, before pairing
occurs. 1

(d) Consider three factors for each of these three elements
(taken in the order C, N, O) and predict the effect each factor
has on ionisation energy (IE).
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Nuclear charge: increases regularly;  regular increase in IE
Atomic size: decreases regularly; regular increase in IE
Shielding effect: constant; no effect on IE

The net effect of these three factors is to predict that IEs
should increase regularly. (1)

This does not agree with the given values.  The increased
stability provided by a half-filled energy level leads to a
higher value of IE for N than expected. (1)

2
 (5)

3. (a) (i) The principal quantum number indicates the shell
to which the electron belongs (counting from the
nucleus). 1

(ii) Degenerate orbitals are those with exactly the same
value of energy. 1

(b) 3s fills completely before 3p starts to fill, because 3p is of
higher energy. (1)
The three degenerate orbitals are half-filled (singly filled)
before doubly filling as pairing of electrons requires
more energy. (1)

2
 (4)

4. (a) Ti3+ 1s2  2s2 2p6  3s2 3p6 4s0 3d1 1
(The second last term may be omitted.)

(b) Al [ Ne ]  3s2 3p1

Ti [ Ar ]  4s2  3d2 (1)

The 4th IE for Al represents the removal of an electron
from the stable octet, hence the dramatic rise after the
3rd value.
The 4th  IE for Ti removes the last 3d electron only and
does not involve breaking into a stable octet
arrangement. (1)

2
 (3)
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5. (a) p-type 1

(b) n-type 1
 (2)

6. (a) Fossil fuels: pollution or an example of pollution or CO2

linked with greenhouse effect or finite resources, etc. (1)
Nuclear fuel: risk of (large-scale) accident or finite
resources or disposal of dangerous waste, etc. (1)

2

(b) Si, As, P, B, Al, Ga, Sb (any 4 × ½) 2
(c) (i) An n�type semiconductor consists of Si doped with

As, P or Sb. (1)
A p�type semiconductor consists of Si doped with
Al, B or Ga. (1)
These are arranged as shown to create a p�n
junction. (1)

3

(ii) Electron-hole pairs are created at the p�n
junction by solar radiation.  Electrons migrate
towards the n-type and holes towards the
p-type, (½ + ½)
i.e. a  potential difference is set up. (1)

2

(iii) Photovoltaic effect 1
 (10)

7. (a)

(1)
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(b) (i) 8:8 in CsCl 1
(ii) Each Cs+ ion is surrounded by 8 Cl� ions and each

Cl� ion is surrounded by 8 Cs+  ions. 1

(c) The relative sizes of the positive ion and the negative ion
are very different.
or The Cs+ ion is much bigger than the Na+ so it is more
stable with more  Cl� ions around it  (and vice versa ). 1

(d) Na+/Cl� = 95/181 Cs+/Cl� = 174 /181 K+/F� = 133/133
= ~ 0.5. = ~ 1  (0.96) = 1 (1)

KF may take  a CsCl but  not an NaCl structure.                (1)
2

(6)

8. (a) (i) Covalent  (or polar covalent) (1)
(ii) Ionic (1)

2

(b) Relative formula mass for  AlCl3 = 27 + 106.5 = 133.5
This is exactly half the measured value, so  a dimer is
indicated,  i.e. the formula is Al

2
Cl

6 
 in the vapour phase. 1

(c) Al2Cl6 + H2O → 2Al(OH)3 + 6HCl (�½ per error)
2

 (5)

9. (a)
Lithium hydride Hydrogen bromide

Types of bonding Ionic  (½) Covalent  (½)

Effect on moist Reacts to form Ionises to form
pH paper  an alkali  (½) an acid  (½)

2

(b) (i) 2H�          →        H2         +        2e� (1)
(ii) 2Br�           →        Br2        +    2e�  (1)

2
 (4)
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10. (a) (i) No two electrons can have the same four quantum
numbers, i.e. exactly the same electron address. The
nearest any two can come is to differ only in their
spin, e.g. in 1s or 2s or 2p. 1

(ii) In degenerate orbitals, e.g. 2p, the electrons fill all
the orbitals singly first before doubly filling. 1

(b) (i) All three orbitals are of exactly the same energy. 1

(ii) They are orientated at right angles to each other. 1

(c) 1s2  2s22p6  3s23p6  4s0  3d5  (The 4s term may be omitted.)   1
(5)

11. (a) The ligand causes ∆ to be of a value that absorbs the
red/orange (1)
so green is transmitted. (1)

2

(b) CN� creates a larger split in the d orbitals, i.e. ∆ is
greater. (1)
This  means absorption would probably include yellow
and green as well as the red/orange (1)
transmitting blue or violet. (1)
or The value of ∆ may be even greater still (1)
absorbing say yellow/green/blue/indigo/violet (1)
and the red/orange might then be transmitted. (1)

3

(c) Fe(II) has the electronic arrangement [Ar] 4s0 3d6 in
both complex ions. (1)
In the hexacyano complex the value for ∆ is larger than
the hexaaquo complex. (½)
The larger value of ∆ the less likely electrons are to be
promoted, (½)
i.e.

(1)
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The hexaaquo complex is probably paramagnetic (with
four unpaired electrons) but not the cyano complex
(with no unpaired electrons). (1)

4
(9)

12. (a) (i) ICl
3

= 0
I + [(�1) × 3] = 0

I = +3 1

(ii) HIO3 = 0
(+1) + I + [(�2) × 3] = 0

I = +5 1

(b) (i) Reaction A  (The oxidation numbers of  I and of Cl
have not changed.) 1

(ii) Hydrolysis 1

(c) (i) Tetrachloroiodate
(ii) Square planar 1

1
 (6)

13. (a) Each has a lone pair to donate in the formation of a dative
covalent bond. 1

(b) (i) Tetrachlorocobalt(II) 1
(ii) Hexaamminecobalt(II) 1
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(c)

(Clues: intense red; high % absorbance
intense red; blue end of spectrum is absorbed.)

The Data Booklet, page 14, reminds you how to match
colour to wavelength.) 2

 (5)

14. (a) Adsorbed 1

(b) (i) [Ar]  4s2  3d6 1

(ii) The d orbitals of  Fe form easily reversible bonds
with reactants. (1)
This loosens other bonds within the reactants.
or This holds one or more reactants in a suitable
orientation for a successful  collision. (1)

2

(c) (i) The surface area is extremely large. 1

(ii) Smaller surface area per unit mass 1
(6)

15. Metal oxides are basic/alkaline and non�metal oxides are
acidic. (1)
Al

2
O

3
 is amphoteric,  i.e. it shows both basic and acidic

properties. (1)
(2)

16. (a) 2Fe3+(aq)  +  2I�(aq)  →  2Fe2+(aq)  +  I2(aq) 1



ANSWERS TO ADDITIONAL QUESTIONS (AH CHEMISTRY)7 0

EXTRA QUESTIONS

(b) n(I�) = c × v
= 0.1 × 40/1000 = 0.004 mol (1)

so n(I2) = 0.002 mol (1)
2

(c) 1 mol I2  ↔  2 mol S2O3
2�

n(S
2
O

3
2�) = 0.004 mol (1)

c = n/v = 0.004/15 × 1000 mol l�1

= 4/15= 0.267 mol l�1 (1)
2

(d) Starch added as an indicator would lose its blue colour
at the end-point. 1

 (6)

17. (a)    Fe3+   or   +3    or   III 1

(b)    Ti3+(aq) → Ti2+(aq) + e� (1)
Fe3+(aq) + e� → Fe2+(aq) (1)

2

(c)    (i) 22.63 cm3 (½ for number + ½ for units)
The rough titre should be ignored (½)
and an average of three concordant titres is our best
estimate. (½)

2

(ii) n(Ti3+) = c × v = (0.10 × 22.63)/1000
= 2.263 × 10�3 mol (1)

so n(Fe3+) = 2.236 × 10�3 mol
= 55.8 × 2.263 × 10�3 g Fe
= 0.0126 g  Fe in 25 cm3 aliquot
= 0.126 g in 250 cm3 (1)

so  %Fe = 0.126/2.65 × 100 = 47.65% (1)
3

(8)

18. (a) K = [NH3]
2/[N2][H2]

3 1

(b)     (i) 0.4 mol NH3   requires
0.2 mol N2, leaving 1.8 mol unreacted (1)
0.6 mol H

2
, leaving 1.4 mol unreacted (1)

2
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(ii) K = 0.42/(1.8 × 1.43) = 0.16/4.94 = 0.0324 l2 mol�2 1

(c) K will decrease (1)
because raising T favours the endothermic reaction,
i.e. [reactants] increases ↔ lowering K (1)

2
(6)

19. (a) K = [H2][I2]/[HI]2 1

(b) K = (0.11 × 0.11)/0.782 (1 + 1)
= 0.02 (1)

(�½ if units given)
3

(c) (i) Increases (Le Chatelier) 1
(ii) No change (same number of gaseous molecules

on each side of the equation) 1

(d) Less than that for HI 1
(7)

20. (a) The solute is distributed between the two solvents in a
definite ratio called the partition coefficient. 1

(b) Yes 1

(c) 0.081/0.00026 = 311.5
0.11/0.00035 = 314.3 average = 310.7
0.16/0.0052 = 307 (Note: this is a ratio and
0.31/0.001 = 310 therefore has no units.) 2

(d) By shaking, say, equal volumes of, the two solvents with
varying amounts of ammonia (1)
and by titrating aliquots of these two solvents with a
standard solution of a strong acid. (1)

2

(e) Water 1

(f) Water is a polar solvent capable of forming H-bonds
with ammonia. (1)
Ether is a non�polar covalent solvent with
no such strong attraction for ammonia solvent. (1)

2
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(g) 0.5 1

(h) Water and alcohol are miscible. 1
(11)

21. (a) Pencil lead  (a mixture of clay and graphite) is insoluble in
the solvents and will not move. 1

(b) Rf = distance moved by spot ÷ distance moved by solvent
front

For spot A Rf = 4/5 = 0.8; for spot B Rf = 3/5 = 0.6 1

(c)    (i) Allow the chromatogram a longer run, e.g. by using
descending chromatography. 1

(ii) Find a �better� solvent mixture. 1

(d) No, since either spot may consist of two or more dyes with
very similar Rf  values 1

(e) Either less was spotted or the concentrations are less in
sample 2. 1

 (6)

22. (a) A base is a proton acceptor. 1

(b) CH3COOH is the base. 1

(c) NO
3

�(aq) 1
 (3)

23. (a) C 1

(b) Phenol red 1

(c) (i) The mixture consists of a weak acid (methanoic acid)
and its sodium salt (sodium methanoate) � the
ingredients for a buffer. 1

(ii) If H+(aq) is added it will be neutralised by reacting
with the methanoate  ions (available in large
amounts from the salt) to form molecules of the
weak acid, (1)

i.e. HCOO� + H+ HCOOH (1) 2
(5)
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24. (a) 1 cm3 ammonia has a mass of 0.88 g
Mass of ammonia in 1 cm3 = 0.88 × 28/100 = 0.2464 g (1)
No. of moles of ammonia per 1 cm3 = 0.2464/17

= 0.01449 mol (1)
= 14.49 mol l�1 (1)

3

(b) Because it is so volatile, the concentrated solution loses
NH3 gas, so the concentration is constantly falling. 1

(c) Salt of a strong acid with a weak base has a pH below 7 (1)
so bromocresol green is the indicator to use, with a
pK

a
 value below 7. (1)

2
 (6)

25. (a) (i) Voltage of the cell  =  1.60 V 1
(ii) ∆G° = �nFEo  (1)

= � (2 × 96500 × 1.6)/1000 (1)
= � 308.8 kJ mol�1 (1)

3

(b) Conditions are not standard, e.g. [H2SO4] > 1 mol l�1 1

(c) Lead sulphate  (since Pb2+ is a product in both half
reactions and the solution has a high concentration of
sulphate ions). 1

(6)

26. (a )    Above 2100K (± 50K) 1

(b) Separation of gaseous products; building a furnace that
can withstand such  high temperatures; cost of maintaining
such high temperatures; Mg could well be extremely reactive
at this temp; cost of fuel/energy; etc. (any two earn two
marks) 2

(c) (+850  � 670 ) kJ mol�1 (1)
= +180 kJmol�1 (± 20 kJmol�1) (1)
(�1 for wrong or missing sign) 2

(d) +88 kJ  (Note: if incorrect accept an answer that is 92 kJ
less than (c) above.) 1
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(e) Reverse reaction is slower if concentration of  Mg is reduced
(or nil if  all Mg removed). or  If equilibrium is disturbed by
the removal of Mg then the equilibrium position moves in
favour of making more Mg. 1

 (7)

27. ∆H for reaction = �46.2 + (�92.3) � (�315.0)
= 176.5 kJ mol�1 (1)

∆S for reaction = +193 + 187 � 94.6 = 285.4 J K�1 mol�1 (1)
But ∆G = ∆H  � T∆S = 0  at minimum temperature (1)
i.e. T = ∆H/∆S

= 176.5 × 103/285.4 = 618.4K (1)
(4)

28. (a) Rate  =  k [RCl] or rate ∝  [RCl] 1

(b) Rate  =  k [R3 CCl ][I�] or rate ∝  [(CH3)3CCl ][I�] 1
(2)

29. (a) The order with respect to HgCl2(aq) is first. (½)
The order with respect to C2O4

2� is second. (½)
So rate = k [HgCl

2
]1 [C

2
O

4
2�]2 (1)

2

(b) k = 1.82 × 10�4 ÷ (0.128 × (0.304 )2) (½)
(applying units to this formula:  mol l�1 min�1 ÷ mol l�1

mol2 l�2) (½)
= 0.0154 mol�2  l2 min�1 (½ + ½)

2

(c) Rate = 0.0154 × 0.1 × 0.1 × 0.1
= 1.54 × 10�5 mol l�1 min�1 (½ + ½)

(remember the units!) 1
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(d)

The first mark is for a line graph that curves generally as
shown, representing a decreasing rate of change of
concentration. (1)
The second mark is for a tangent to the curve at time
zero. (1)

2
(7)

30. (a)

(1)

Neither C atom has four different groups attached. (1)
2

(b)

The methyl group could be R or any group. 1

(c) It will exist in two enantiomeric forms that are optically
active. 1

(4)
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31. (a) (i) By an addition reaction with hydrogen using a finely
divided Ni  catalyst. 1

(ii) To lower the melting point of the triglycerides in the
oil so that the margarine can have the desired
properties,  e.g. spread straight from the fridge. 1

(b)

(½ + ½ for each cis-arrangement)
(½ + ½ for double bond correctly placed on C

9 
and C

12
) 2

(c)

1

(d) trans-octadec-9-enoic acid 1

(e)   There is no chiral centre. or There is no optically active
carbon (½)
so it is not optically active. (½)

1
(7)

32. (a) Mass of C = 12/44 × 0.905 = 0.247 g (½)
Mass of H = 2/18 × 0.369 = 0.041 g (½)
Total mass of C + H = 0.288 g
So mass of O = 0.507 � 0.288 = 0.219 g (1)
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Elements C H O

Masses 0.247 0.041 0.219

Relative atomic mass 12 1 16

Ratio 0.021 0.041 0.014

Allowing for 21 41 14
experimental error 3 6 2

(�1 for each error) (2)

empirical formula =  C3H6O2 (1)
5

(b) C2H5COOH 1
(6)

33. (a) Mass = 60   therefore isomers are C3H6O

(i) CH
3
CH(OH)CH

3
   and (ii) CH

3
CH

2
CH

2
OH 2

(b) (i)

4

(c) Isomer B the has biggest intensity at m/z = 31. This
corresponds to CH2OH and is only possible with the primary
alcohol, structure (ii). 2

 (8)
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34. (a) CH
3
�CH

2
�OH  (1)       CH

3
�O�CH

3   
(1) 2

(b) (i) CH3�CH2�OH 1
(ii) 0  is TMS; 1.0 is CH

3
; 3.5 is CH

2
; 4.0 is OH  (4 × ½) 2

(c) (i) Integrals (1)
(ii) The length of the lines indicates the relative areas

under the peaks. (1)
In this case relative areas are 1:2:3 (A:B:C) 2

(d) The molecule is symmetrical with all the hydrogen atoms
in the same environment. There will only be one peak.

1
(8)

35. (a) The NMR operator sets the value to zero as it is the internal
standard. 1

(b) There are only two �types� of protons in compound G. 1

(c) From the integral ratio of the peaks of 2:1 no reasonable
structure can be drawn for CH3. Thus, try C2H6O but
molecule must be symmetrical.
The structure must be HOCH2CH2OH � it is the only one
to fit the data. 3

(d) A broad peak due to OH stretch between 3600 and
3300 cm�1 1

(6)
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36. (a) (b)

CH
3
CH

2
CH

2
CH

2
OH five peaks; five different hydrogen environments

butan-1-ol

CH
3
CHCH

2
CH

3
five peaks; five different hydrogen environments

OH
butan-2-ol

CH
3
CHCH

2
OH four peaks; four different hydrogen environments

2 × CH
3
 groups are identical

CH
3

methyl propan-l-ol

CH
3

CH
3

C OH two peaks; two different hydrogen environments
3 × CH

3
 groups are identical

CH
3

methyl propan-2-ol
(correct number of peaks ½ each;

(structures and names ½ each) correct explanation ½ each)
(6)

37. (a)

1

(b) (i) Cyclohexane has one peak (1)
Cyclohexane-1,4-diol has three peaks (1)

2
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(ii) All hydrogen atoms in cyclohexane are in the same
environment. (1)
In cyclohexane-1,4-diol there are three different
environments and three peaks, as shown.

(2) (�1 per error)
3

(6)

38. (a)

2

(b) (i) CH
3
CH

2
OH

(ii) CH3OCH3  (2 × ½ )
1
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(c)

Isomer Group Approximate δδδδδ Integral
value

CH3CH2OH CH3 0.8�1.3 3

CH2 3.5�4.0 2

OH 3.0�6.0 1

Isomer Group Approximate δδδδδ Integral
value

CH3OCH3 2 × CH3O 3.0�4.0 6

(8 × ½) (½ for approximate δ value and ½ for integral)

4

(d)

Both peaks in correct position, i.e. at correct approximate
δ value (ignore integral) 2

(9)

39. (a) C 70.59/12 = 5.88 H 5.88/1 = 5.88 O 23.53/16 = 1.47 (1)
(divide by 1.47)
C 5.88/1.47 = 4 H 5.88/1.47 = 4 O 1.47/1.47 = 1
Therefore empirical formula = C

4
H

4
O (1)

(which equates to mass of 68) 2

(b) Molecular mass = 136  so molecular formula = C
8
H

8
O

2
1
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(c) The infra-red absorption at 1710 indicates the presence
of a carbonyl group. (1)
Two oxygens present so ester or acid (1)
but acid ruled out because no large peak between
3500 and 2500 cm�1. (1)
NMR spectrum peak at 6�7 (integral 5) indicates a
monosubstituted benzene ring. (1)
Peak around 2 (integral 3) indicates a CH3 attached
directly to C=O. (1)

5
(8)

40. (a) (i) Agonist interacts with receptor to give response
similar to the natural compound. 1

(ii) Antagonist interacts with receptor to produce no
response and it prevents action  by  a natural
compound. 1

(b) Agonist acts like a good copy of a car key and is able to
switch the car engine on (1)
but an antagonist is a poor copy of the key which will go
in the lock but will not turn and so cannot switch the
engine on. (1)
It can also prevent the real key from being used if it
sticks in the lock. (1)

3

(c) There are three chiral carbons at atom numbers 3, 5 and 6
(�1 for each wrong answer.) 2

 (7)




