
PRINCIPLES OF CHEMICAL REACTIONS

ANSWERS TO ADDITIONAL QUESTIONS (AH CHEMISTRY) 2 7

UNIT 2

1. (a) Iodide ions 1

(b) Starch indicator 1

(c)  n = v × c  = 24.8 × 10�3 ×  0.1  =  2.48 × 10�3 1

(d) Moles of Cu2+ = 2.48 × 250/25 = 2.48 × 10�2 (1)
Mass of Cu = 2.48 × 10�2 ×  63.5 = 1.575 g (1)
Percentage of Cu= 1.575/2.63 × 100 = 59.89% (1)

3
(6)

2. Fe(NH4)2(SO4)2.6H2O = 392
Moles of Fe2+ = 1.8/392 = 4.6 × 10�3 (1)
From redox equation Fe2+: MnO4

� = 5:1 (1)
Moles of MnO4

� = 4.6 × 10�3/5 = 9.2 × 10�4 (1)
Concentration = 9.2 × 10�4/0.04 = 0.023 mol l�1 (1)

(4)

3. (a) (i) AgCl =143.4
Mass of Ag in precipitate = 107.9/143.4 × 0.6

= 0.451 g (1)
Mass of Ag in coin = 1000/100 × 0.451 = 4.51 g (1)
Percentage of Ag in coin = 4.51/10 × 100 = 45.1% (1)

3

(ii) Add some AgNO
3
 to filtrate.  There should be no

more precipitate. 1

(b) CuCNS = 121.6
Mass of Cu = 63.5/121.6 × 0.31 = 0.1618 (1)
Mass of Cu in coin = 1000/100 × 0.1618 = 1.62 g (1)
Percentage of Cu in coin = 16.2% (1)

3
(7)
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4. (a) Add more AgNO
3
 � no further precipitate. 1

(b) 2AgNO3  +  MgCl2  →  2AgCl  +  Mg(NO3)2

Moles of AgCl = 2.01/143.4 = 0.014 (1)
Moles of MgCl2 = 0.014 × 1/2 × 500/100 = 0.035 (1)
Mass of MgCl2 = 0.035 × 95.3 = 3.336 g (1)
%MgCl

2
= 3.336/4.5 × 100 = 74.1% (1)

4

(c) Moles AgNO
3
 = 0.014/4 = 0.0035 (1)

Volume  = moles/conc. = 0.0035/0.1 = 0.035 litres
(35 cm3) (1)

2
 (7)

5. (a) Moles of HCl = 15 × 10�3 × 1.0 = 1.5 × 10�2 (1)
Moles of Na2CO3 = 1/2 × 1.5 × 10�2 = 7.5 × 10�3 (1)
Mass of Na2CO3 = 7.95 × 10�3 × 106 × 250/25 (1)

= 7.95 g (1)
4

(b) Mass of water = 16 � 7.95 = 8.05 g
Moles of water = 8.05/18 = 0.447
Moles of Na2CO3 = 7.95/106 = 0.075 (1)
Ratio of moles = 0.447/0.075 = 5.96 = 6 (i.e. 6H

2
O) (1)

2
(6)

6. (a) Moles of  NaOH = 18.2/1000  × 0.1 = 1.82 × 10�3 (1)
Moles of CH2(COOH)2 = 9.1 × 10�4 (1)

2

(b) Mass of acid = 9.1 × 10�4 × 250/25 × 104 = 0.946 g (1)
Mass of water = 1.28 � 0.946 = 0.334 g (1)

2

(c) Moles of water = 0.334/18    = 0.0186
Moles of acid = 0.946/104  = 0.0091 (1)

n = 0.0186/0.0091 = 2 (1)
2

 (6)
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7. (a) Mass of BaSO
3

= 1.09 g (1)
Moles of BaSO3 = 1.09/217 = 0.005 (1)

2

(b) Moles of Na2SO3= 0.005 × 250/50 = 0.025 (1)
Mass of Na2SO3 = 0.025 × 126 = 3.15 g (1)
%Na

2
SO

3
= 3.15/5.02  × 100 = 62.75% (1)

3
(c) It is a good oxidising agent.

or  It can oxidise SO
3

2� but not SO
4

2�. (1)
It acts as its own indicator. (1)

2
(7)

8. (a) (i) Yield = 50% 1
(ii) side reactions  or  impurities 1

(b) The suggestion is wrong. (1)
A catalyst only brings the reaction to the same
equilibrium more quickly. (1)

2

(c) K is a constant at a fixed temperature and altering the
alcohol concentration will not change the value of K. (1)
It will, however, increase the yield of the ester as the
forward reaction will be increased. (1)

2
(6)

9. (a) (i) K = [SO3]/[SO2]
2[O2] 1

(ii) No units 1

(b) (i) Le Chatelier�s principle states that if a system is
subjected to any  change, the system readjusts itself to
counteract the applied change. 2

(ii) Increased temperature favours ∆H +ve.  Thus the
backward reaction is favoured and the equilibrium
position moves to the left. 1

(iii) K will decrease. 1
 (6)
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10. (a) A 1; B 3; C 1; D 2; E 2
Reactions A and C are going from a larger volume to a smaller
volume therefore an increase in pressure favours the
products.

Reaction B goes from a small volume (no gas) to a large
volume therefore an increase in pressure favours the
reactants.

Reaction D has two volumes of gas on both sides therefore
pressure does not affect the result.

Reaction E has no gas therefore pressure change has no
effect.

(5 × (1) for correct answer with correct explanation) 5

(b) It will have the same general shape but it will be less
steep. 1

(6)

11. (a) K = [NO
2
]2/[NO]2 [O

2
] 2

(b) K > 1 therefore equilibrium favours the products. 1

(c) Increasing temperature favours ∆H +ve
therefore the products are favoured (1)
therefore K decreases. (1)

2
(d) 15 = [NO2]

2/[0.1]2 × [0.1]
[NO

2
] = √0.015 (1)

= 0.12 mol l�1 (1)
2

(7)

12. (a) [Ba2+] = √1 × 10�10 = 1 × 10�5 mol l�1 1

(b) BaSO4 = 233.4 g mol�1 (1)
Mass dissolving = 233.4 × 1 × 10�5 (1)

= 2.334 × 10�3g (1)
3
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(c) (i) K
sp

 is a constant therefore stays the same. 1

(ii) The equilibrium moves to the left therefore [Ba2+]
decreases. 1

 (6)

13. (a) (i) Ether 1
(ii) Ether is less dense than water. 1

(b) K = [X
ether

]/[X
water

] = 12 (let V grams be extracted)
12 = (V/100)/(1.1 � V)/100 = V/(1.1 � V) (1)
V = 1.0154 g (1)

2

(c) 12 = V/50/(1.1 � V)/100
V = 0.943 g
Mass now dissolved in the water = 1.1 � 0.943 = 0.157 g(1)
12 = V/50/(0.157 � V)/100
V = 0.106 g
Total extracted = 0.943 + 0.106 = 1.049 g (1)

2
(d) Many organic compounds are non�polar and dissolve

in non-polar solvents such as ether (water is polar). 1
(7)

14. (a) Moles of acid originally = 2.36/118  = 2 × 10�2 1

(b) (CH
2
COOH)

2
 + 2NaOH → (CH

2
COONa)

2
 + 2H

2
O

Moles of NaOH = 34.8/1000 × 1 = 3.48 × 10�2 (1)
Moles of acid  = 1.74 × 10�2 (1)
Moles in ether = (2 × 10�2) � (1.74 × 10�2) = 2.6 × 10�3 (1)

3

(c) K = 2.6 × 10�3/0.1/1.74 × 10�2/0.1 = 0.149 1

(d) Use two 50 cm3 portions of ether (or 4 × 25 cm3),
i.e. do two or four extractions from the aqueous layer. 1

(6)
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15. (a) (i) The solvent mixture 1
(ii) The chromatography paper 1
(iii) 3 1
(iv) Glycine  �  if the solvent were allowed to move

further up the paper  then the component may
not travel the same distance as glycine. 2

(v) Solvent front 1

(vi) Base line

1

(b) (i) To prevent the solvent evaporating away or to ensure
the atmosphere in the tank is saturated with the
solvent. 1

(ii) R
f
 values are used to identify substances. The same

substance has the same Rf value for the same
conditions. 1

(iii) The ink may dissolve in the solvent. 1

(iv) The component is held very strongly by the paper on
the baseline. (Do not answer in terms of solubility.) 1

(v) A mixture of solvents gives better separation; more
components are  likely to be soluble. 1

(vi) Yes (mobile and stationary phases) 1

(vii) The components are colourless and so must be
reacted with a developing agent to make them
visible. 1

(14)

16. (a) (i) Nitrogen or argon 1
(ii) It will not react with the alkanes. 1
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(b) The time it takes for the compound to move through the
column from the  point it was injected at to the point
where it is detected. 1

(c) (i) A � methane, E � 2,2-dimethylpropane,
F � 2-methylbutane 3

(ii) Peak F is at 9.3, which is the value for 2-methylbutane.
Peak E is at about 8.7 and therefore the alkane must
be an another isomer of pentane.
Peak A is at about 1.7 and therefore the molecule
must be smaller than ethane. 3

(9)

17. (a) H2O 1
(b) OH � 1
(c) NH3 1

(3)

18. (a) (i) The HSO3
�(aq) provides an H+(aq) ion. 1

(ii) The SO3
2�(aq) is the conjugate base. 1

(b) HSO3
�(aq)  +  H+(aq)  H2SO3(aq) 1

 (3)

19. (a) pH = ½pKa � ½ logc (1)
= ½ × 4.77 � ½ log0.01 (1)
= 2.385 � (�1)
= 3.4 (1)

or Ka = [H+]2/[CH3COOH] (1)
Therefore [H+] = √(1.75 × 10�5 × 0.01) (1)

= √1.7 × 10�7

= 4.12 × 10�4

pH = � log H+ = �log 4.12 × 10�4  = 3.4 (1)
3

(b) CH3COOH(aq)  CH3COO�(aq) + H+(aq) acid
CH

3
COO�Na+(s) → CH

3
COO�(aq)  + Na+(aq) salt

(i) Add HCl � the H+ (aq) ions added react with
the excess CH

3
COO�(aq)  from the salt. (1 + 1)

2
(ii) Add NaOH � the OH�(aq) added reacts with

the H+(aq)  from the acid and more acid ionises
to replace the H+(aq)  ions removed. (1 + 1)

2
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(c)   pH = pK
a
 � log[acid]/[salt] = 4.77 � log 0.25/0.15 (1)

= 4.55 (1)
2

(9)

20. (a) The product of [H+(aq)] × [OH�(aq)] 1

(b) [H+]2  = 51.3 × 10�14,  therefore [H+] = 7.16 × 10�7 and
pH = 6.15 (1+1+1)

3

(c) An increase in temperature favours ∆H +ve. As the
temperature increases so does the value of K

w
 and

therefore more ions form. Thus the ionisation is
endothermic. 1

(5)

21. (a) NaH2PO4; Na2HPO4; Na3PO4  (any two, 1+1)
2

(b) Ka = [H+][ H2PO4
�]/[H3PO4] (1)

7.08 × 10�3  =  [H+]2/0.1
[H+]2 = 7.08 × 10�4

[H+] = 2.66 × 10�2 (1)
pH = 1.6 (1) 3
(You could use pH = ½pKa � ½log[C].)     (5)

22.    K
w
 at 288K = 0.45 × 10�14 (1)

[H+] = 6.71 × 10�8 (1)
pH = �log 6.71 x 10�8 = 7.17 (1)

(3)

23. (a) [Ca(OH)2] = 0.126/74  moles per 100 cm3

= 0.017 mol l�1 (1)
[OH�] = 2 × 0.017 = 0.034 mol l�1 (1)

2

(b) [H+] = 10�14/0.034 = 2.94 × 10�13 (1)
pH = � log 2.94 × 10�13 = 12.53 (1)

2
(4)
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24. (a) Methyl yellow  pH = 3.3; bromothymol blue  pH = 7;
thymol blue  pH = 8.9 (3 correct = 2; 1 or 2 correct = 1) 2

(b) Thymol blue. (1)
The titration involves a weak acid and strong alkali
therefore the salt will have a pH above 7. (1)

2
(4)

25. (a) 25 × 0.1/20  = 0.125 mol l�1 1

(b) Weak (1)
Acid neutralised at pH 9 (1)

2

(c) Indicator must change colour at a pH corresponding
to the neutralisation point. 1

(d)

2

(e)    No suitable indicator 1
(7)

Small point of inflection about pH 7.
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26. (a)    1.6/64.1 = 0.025 mol in 250 cm3 (1)
= 0.1 mol l�1 (1)

2

(b)    pH = ½ pKa � ½logc (1)
= (½ × 1.8) � (½ log 0.1) (1)
= 1.4 (1)

or
K

a
= [H+][HSO

3
�]/[H

2
SO

4
] (1)

H+ = √Ka × [H2SO4] = √(1.5 × 10�2) × (0.1) (1)
= 3.87 × 10�2

pH = � log [H+] =  1.4 (1)
(If the wrong equation is used then zero marks.) 3

(c)    It is volatile,  i.e. SO2 is given off from solution. or  It is
unstable. 1

(d)   Accept range within 7.5 � 10.5 but must have at least 1.5
of a difference between values. 1

(7)

27. Ka = [H+][A�]/[HA] = [H+]2/[HA] (1)
[H+]= √Ka × [HA] = √1.3 × 10�5 × 0.1 (1)

= 1.14 × 10�3

pH = 2.9 (1)
or
pH = ½pK

a
 � ½logc (1)

= ½ × 4.9 � ½log 0.1 (1)
= 2.95 (1)

(If the wrong equation is used then zero marks. )   (3)

28. (a) Find MgCl
2
 (s) → Mg2+(aq) + 2Cl�(aq)

Given  (1) Mg2+(g) → Mg2+(aq) ∆H �1923
(2) Cl�(g) → Cl�(aq) ∆H �338
(3) Mg2+(g) + 2Cl�(g) → Mg2+(Cl�)

2
 (s) ∆H �2326

∆H = � ∆H3 + ∆H1 + 2∆H2 (1)
= �(�2326) + (�1923) + 2(�338) (1)
=  �273 kJ mol�1 (1)

3

(b) MgCl2(s)  +  6H2O(l)  →  MgCl2.6H2O(s)
∆H = Σ∆Hp � Σ∆Hr (1)

= �2500  � (�642)  + 6(�286) (1)
= �142 kJ mol�1 (1)

3
(6)
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29. (a) Ionic bonding becomes weaker going down the series.  or
Halide ion increases in size going down the series (must
mention ionic/ion). 1

(b) Enthalpy hydration = enthalpy solution � lattice enthalpy
(breaking) = 17.2 � 701 = �683.8 kJ mol�1 1

(c) The hydration enthalpy for Ca2+ will be more negative. (1)
Ca2+ has a  larger charge than K+ and therefore there is
stronger attraction between the Ca2+ and the water. (1)

2
 (4)

30. (a) C(s) + H�O�H(g) → C~O(g) + H�H(g)  ∆H = 130 kJ mol�1

Bond breaking C(s) → C(g) = 715; two O�H bonds =
2 × 458 = 916; total = 1631 kJ (1)
Bond making C~O; H�H = �432; total = �432 + C~O; (1)
C~O = 130 �1631 + 432 =  �1069 kJ mol�1

Energy given out in forming one mole of C~O bonds
= �1069 kJ (1)

3

(b) C�O = 358; C=O = 798; therefore the bond in CO is
C�O + C=O, i.e. C≡O 1

(c) CO poisonous; H2 could be explosive; CH3OH is flammable
(any two correct = 1+1) 2

(6)

31. (a) (i) 3C(s) + 4H2(g) → C3H8(g) �140 (1)
(ii) C(s) + O

2
(g) → CO

2
(g) �394 (1)

(iii) H2(g) + ½O2(g) → H2O(g) �286 (1)
3

(b) Find C3H8(g) + 5O2 (g) → 3CO2(g)
∆H =  ∆H(i) + 4 ∆H(ii) + 3∆H(iii)

= � (�104) + (4 × �286) + (3 × �394) (1)
= �2222 kJ mol�1 (1)

2
 (5)
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32. (a) (i) Sublimation enthalpy 109 kJ mol�1

(ii) Bond dissociation enthalpy 248.5 kJ
(iii) 1st ionisation energy 502 kJ mol�1

(iv) 1st + 2nd  electron affinity 703 kJ mol�1

(v) Lattice formation enthalpy �2481 kJ mol�1 (5 × 1)
5

(b)    2Na(s)  +  ½O
2
(g)  →  (Na+)

2
O2�(s) 1

(c) (i)

1

(ii) ∆H(b) = ∆H(i) +  ∆H(ii) + ∆H(iii) + ∆H(iv) +  ∆H(v)
= 2(109) + 2(502) + ½(497) + 703 + (�2481)
= �307.5 kJ mol�1 1

 (8)

33. (a) (i) ∆S = ΣS
p
 � ΣS

r
 = 208 � (201 + 2(187))

= � 367 J K�1 mol�1 1
(ii) ∆H = Σ∆Hp �  Σ∆Hr = (�166 � (227 + 2(�92.3)))

= � 209.4 kJ mol�1 1

(b) T = ∆H/∆S = 209.4/0.367 (1)
= 570.6K (1)

2
(4)

34. (a) Large entropy change or gas to solid 1

(b) Spontaneous  ∆Gθ �ve (1)
∆Hθ +ve  or endothermic, therefore drop in
temperature (1)

2
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(c) ∆G = ∆H � T∆S ∴∆ S = (∆H � ∆G)/T = (�92 � (�95))/298 (1)
= 10 J K�1 mol�1 (1)

2
(5)

35. (a) C
8
H

18
  →   C

8
H

10
   +  4H

2
(1)

∆S = ΣSp � ΣSr = (352 + 4(131)) � 463 (1)
= 413 J K�1 mol�1 (1)

3

(b)    At this temperature  ∆G = 0
T = ∆H/∆S (1)

= 227/0.413 (1)
= 550K (1)

3

(c) A small quantity of 2,3-dimethylhexane will form even if
K << 1.  Removal of 2,3-dimethylhexane in reaction B
disturbs the equilibrium in reaction A, promoting the
forward reaction. 1

(7)

36. (a) ∆S = ΣSp � ΣSr = (136 + 188.7 + 2213.8) � 2(102.1) (1)
= 334.1 J K�1 mol�1 (1)

2

(b) T = ∆H/∆S (1)
= 129/0.3341 (1)
= 386.1K (1)

3

(c)

Volume of  gas/cm3

290 390 490
Temperature/K

labels  (1)     shape at correct point  (1)
2

 (7)
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37. (a)
Zn(s) + O2(g) → ZnO2

∆G/kJ mol�1

2C(s) + O
2
(g) → 2CO(g)

Temperature/K

scale  (1)   labels  (1)   accurate points  (1) 3

(b) (i) Minimum temperature (where graphs cross) 1160K 1

(ii) ∆G for A +300; ∆G for B �490 (1)
∆G for reaction = �190 kJ mol�1 (1)

2

(c) Advantage � carbon is cheap and readily available. (1)
Disadvantage � it is a solid therefore the reaction is
slower. (1)

2
(8)

38. (a) At temperatures above 2250K 1

(b) ZnO + H2 → Zn + H2O 1

(c) 1400K  (above) 1

(d) Below A  solid + gas → solid
Above A  liquid + gas → solid (1)
therefore there is a greater decrease in entropy,
i.e. ∆S �ve. (1)
As gradient is �∆S then an increase in gradient means
that ∆S is more �ve. 2

(e) Although the reaction is feasible at room temperature it
does not occur in practice because the activation energy
for the reaction is too high.  or The rate of the reaction
at room temperature is too slow for the reaction to occur
at a measurable rate. 1

(6)
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39. (a) ∆G = (275 to 280) � 555 (1)
= �270 to �280 kJ

or �135 to �140 kJ mol�1 (1)
2

(b) Accept between 950 and 1020K 1

(c) Gas/solid reaction better than solid/solid reaction. 1

(d)   To remove impurities (silicates) or forming slag  or to
produce more CO2  (any one) 1

(e) CO could be burned to (pre)heat the air. 1
(6)

40. (a) Eθ
cell  

= Eθ
Ag 

� Eθ
M  ∴ ∴ ∴ ∴ ∴ Eθ

M  
= �1.03 + 0.8 = � 0.23 V 1

(b) ∆G = �nFE = �2 × 96500 × 1.03 (1)
= �198.79 kJ mol�1 (1)

2
(If student shows clearly that Ag+ is used and has n = 1
then accept 99.39 kJ.)

(c) Maximum work would not be obtained from cell or
thermodynamically  reversible conditions do not apply
or current would be drawn from cell (any one). 1

(d) A Group 1 metal (or  NH
4

+) nitrate. 1
(5)

41. (a) �0.28 V 1

(b) ∆G = �nFE (1)
= �2 × 96500 × 0.48 (1)
= 92.6 kJ mol�1 (1)

(�1 if n = 1; �1 if wrong voltage; �1  if ∆G = +nFE ) 3
  (4)
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42. (a) Combustion reaction or oxidation of fuel. 1

(b) To prevent the CO2 from reacting with the potassium
hydroxide  (OH�). 1

(c) H2  +  ½O2  →  H2O 1

(d) Cheaper than pure platinum or increase the surface area
or platinum is unreactive (any one). 1

(e) Fuel cells do not produce CO2, SO2 or radioactive waste;
fuels cells are not corrosive/toxic; fuels cells are silent
(any one). 1

(5)

43. (a) Rate = k[I
2
][H

2
] 1

(b) Rate = 6.43 × 102 × 0.5 × 0.5 (1)
= 1.61 × 10�2 mol l�1 (1)

2

(c)
T1

Number (fraction)                                       T2

of molecules with
given energy

(1)
Energy Ea (1)

label axis (1)
(If drawn on two separate graphs, then 1 only.) 3

 (6)
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44. (a) (i) Rate doubles as [H
2
] doubles (exp. 1 and 2)

therefore first order. 1

(ii) Rate increases four-fold as [NO] doubles (exp. 4
and 5) therefore second order. 1

(b) Rate = k[H2][NO]2 1

(c) k = 0.012/(0.005)(0.03)2 = 2666.67 = 2.67 × 103 mol�2 l2 s�1

value (1)  units (1) 2

(d)

Initial rate of

 N2 /mol l�1s�1

0.0 0.01 0.02 0.03
Initial [NO]/mol l�1 1

(6)

45. (a)
Experiment 1 2 3

Av. rate/mol l�1 min�1 0.1 0.2 0.4

Av. rate mol l�1 s�1 1.67 × 10�3 3.33 × 10�3 6.67 × 10�3

method (1)    arithmetic (1) 2

(b)    A � second order (1)
B � first order (1)
Rate =  k[A]2[B] (1)

3

(c) k = 0.1/(0.1)2(0.1) (1)
= 100 mol�2 l2 min�1 (1.67 mol�2 l2s�1) (1)

2
(7)

46. (a) NO
3
 + CO → NO

2
 + CO

2
(1)

1

(b) x = 4 (1)
y = 1 (1)

2
(3)
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47. (a) Rate does not depend on A. (1)
Rate is proportional to [B]2. (1)

(2)

48. (a) Step 1 (1)
Both propanone and OH� are in the rate-determining
step as both are in the rate expression. (1)

2

(b) (i) A blue/black colour (1)
The Br2 displaces the I2 from the KI. The I2 reacts
with the starch to give a blue/black colour. (1)

2

(ii) At the end-point it turns colourless. 1
 (5)
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UNIT 3

1. (a) T � Br*; U � HBr; V � C2H5
*; W � Br*; X � Br2; Y � C4H10;

Z � Br* (any 6 × ½) 3

(b) Endothermic (1)
Energy required to break bonds (1)

2

(c) (i) Propagation (1)
(ii) Termination (1)

2

(d) Once the Br* radical is produced, the propagation step
produces more of these radicals to keep the reaction
going. 1

(8)

2. (a) 2 1

(b) The 2s and 2p orbitals combine to form four hybridised
sp3 orbitals. (1)
Each occupied by one electron. (1)

2

(c) The C=C bond consists of a σ bond and a π bond (1)
but the C�C is just a σ bond. (1)

2

(d)

1
(6)

3. (a) Nuclophilic substitution 1

(b) They have a polar C�X bond. 1
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(c) React the alcohol with an alkali metal (Na). 1

(d) (i) Butanoic acid (1)
(ii) Propanoic acid (1)

2
(5)

4. (a) CH3CHBrCH3  or  full structural formula 1
(b) Nucleophile 1
(c) An ether (alkoxyalkane) 1
(d) Any hexanol isomer,  e.g.  CH3CH2CH2CH2CH2CH2OH  1

(e)

1

(f) Use infra-red to detect the presence of  C=O in R or its
absence in Q; ether has lower boiling point than ester;
ester can be hydrolysed with NaOH but ether cannot be 1
(any one).

(g) Propanone 1
(7)

5. (a) Ethoxide ion 1

(b) (i) Sodium/alkali metal (1)
(ii) PCl

5
/PCl

3
/AlCl

3
(1)

2
(c)

1
(4)
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6.
(i) (ii)

(1) Substitution HBr/PBr
3
/PBr

5

(2) Elimination Alcoholic KOH

(3) Substitution KCN/NaCN/CN�

(4) Hydrolysis H+(aq)

(5) Condensation/ CH3OH
esterification (concentrated H

2
SO

4
)

(6) Neutralisation NH3

(7) Chlorination PCl5/PCl3 /SOCl2

(7 × 1) (7 × 1)
(14)

7. (a)

(1 + 1)
2

(b) Electrophilic (aromatic) attack (substitution) or nitration 1
(3)

8. (a) Phenol  or hydroxy benzene 1

(b) (concentrated) H
2
SO

4
 + HNO

3
1

(Note: phenols will react with HNO3 alone.)

(c) Reduction 1

(d) C6H4NH2OH → C6H4NHCOCH3OH
111 g → 153 g (1)
∴ 43.6 g → 60.1 g (1)
for 80% yield  get 60.1 × 80/100 = 48.1 g (1)

3
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(e)

(1 + 1)
2

(8)

9. (a) A reaction in which the carbon atoms of a hydrocarbon
are rearranged to produce a different carbon skeleton
by the action of heat and a catalyst. 1

(b) (Friedel�Crafts) alkylation (1)
using an alkyl halide (1)
in the presence of aluminium chloride. 2

(c) (catalytic) hydrogenation 1

(d) Detergent 1

(e) (i)

2

(ii) Condensation polymerisation 1
(8)

10. (a) (i) OH
(ii) RCHO
(iii) RCOR

(Note: if B were another primary alcohol then it may
be oxidised to a carboxylic acid and D = RCO2H.)

(3 × 1)
3

(b) Reagent acidified dichromate or Tollens� or Benedict�s
Change orange to blue-green or silver mirror formed

or blue to orange
Name of a correct reagent (1)
correct change described for C (1)
no change for D (1)
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or make a derivative (1)
measure melting point (1)
check with literature (1)

3

(c) 3500 to 2500 cm�1 and 1725 to 1700 cm�1 (1+1)
2

(8)

11. (a) Ratio of moles
Moles C = 69.77/12 = 5.81 5
Moles H = 11.63/1 = 11.63 10 (1)
Moles O = 18.60/16 = 1.16 1

C5H10O (1)
2

(b)  OH/hydroxyl/alcohol 1

(c) C
5
H

10
O (1)

cyclopentanol (1)
(also accept cyclobutylmethanol or cyclopropylethanol) 2

(d) Carbonyl/C=O 1

(e)

1

(f) Compound X or Y or unreacted 2,4-dinitrophenylhydrazine
or water (any one). 1

(8)

12. (a) Separate ether layer and distil (evaporate) off the ether. 1

(b) Advantage  �  lack of reactivity/good solvent/low
boiling point (1)
Disadvantage  � highly flammable/anaesthetic/toxic/
forms peroxides (1)

2
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(c) Ethanoic acid/CH
3
COOH (1)

1700 to 1725 cm�1 (C=O stretch) (1)
2

(d) In Grignard reagent Cδ� Mgδ+ Br therefore the Cδ�  acts a
nucleophile. (1)
In alkyl halide Cδ+ Brδ � therefore the Cδ+  acts as an
electrophile. (1)
(This difference is due to electronegativity differences.) 2

(7)

13. (a) (i) Carbon to carbon double bond 1
(ii) Geometric isomerism 1

(b) (i)

1

(ii) C=C does not allow rotation about this bond
whereas  C�C does allow  rotation. 1

(c) If the molecule has changed from cis- to trans- then the
enzyme will not recognise it. 1

(5)

14. (a) (i)

2

(ii) Pentane is a longer molecule and will have more
van der Waals� forces  between the molecules (1)
and thus will have a higher boiling point. (1)

2

(b) (i) Maleic acid is cis-butenedioic acid; fumaric acid
is trans-butenedioic acid. (1+1)

2
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(ii) The trans  isomer will be able to form hydrogen
bonds with neighbouring molecules but the cis
isomer will form hydrogen bonds with the other
acid group on the same molecule. (1)
The trans isomer will have the higher melting
point. (1)

2
(8)

15. (a) The two carbon atoms at either end of the molecule, i.e.

1

(b) Three 1
(2)

16. (a) (i) 2,3-dimethylbutane 1
(ii) Hexane 1

(b) No (1)
Four of the C atoms have more than one H atom
attached, and two have methyl groups attached therefore
none of them has four different groups attached. (1)

2

(c)

1
(5)

17. (a) 2�hydroxypropanoic acid 1

(b)

2
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(c) It is a racemate (racemic mixture), i.e. it consists of equal
amounts of the two enantiomers. 2

(5)

18. (a)

1

(b) (i) No difference 1
(ii) No difference 1

(c) +10°. 1

(d) It could be a racemate (racemic mixture) of the two
enantiomers. 2

(6)

19. (a) Optical isomerism 1

(b) (i) a  C=C 1
(ii) an asymmetric C atom 1

(c) (i) B or H 1
(ii) D or F 1

(5)

20. (a) Molecule A reacts with acidified dichromate solution/
hot copper oxide/Benedict�s  solution/Tollens� reagent,
but B does not. (1)
Molecule A decolourises bromine solution but B does
not. (1)

2

(b)

2
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(c) (i)

(1)

The chiral C has four different groups attached (1)
2

(ii) A racemate (racemic mixture) of the two isomers
will be formed. 1

(7)

21. (a) (i) Structural formulae (ii) CH3CH2CH2CH3

(iii) C=C (iv) A chiral carbon

6

(b)

1

(c)

1

(d)

1
(9)
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22. (a) Mass of  C = 12/44 × 0.630 = 0.172 g
Mass of  H = 2/18 × 0.258 = 0.0287 g
Mass of  O = 0.315 � (0.172 + 0.0287) = 0.1143 g
(�1 for each error) 2

Mole ratio
Moles of C = 0.172/12 = 0.0143 2
Moles of H = 0.0287/1 = 0.0287 4
Moles of O = 0.1143/16 = 0.00714 1 (1)
The empirical formula is C

2
H

4
O (1)

2
(4)

23. (a) Mass of water = 0.610 g ∴∴∴∴∴  moles of water = 0.61/18 = 0.034
∴∴∴∴∴  moles of hydrogen = 2 × 0.034 = 0.068
∴∴∴∴∴  mass of hydrogen = 1 × 0.068 = 0.068g (1)
Volume of CO2 = 610 cm3  ∴∴∴∴∴  moles CO2 = 610/24000
= 0.0254
∴∴∴∴∴  moles of carbon = 0.0254
∴∴∴∴∴  mass of carbon = 12 × 0.0254 = 0.305 g (1)
Mass of oxygen = 0.508 � (0.068 + 0.305) = 0.135 g (1)

Mole ratio
Moles of  C   0.305/12 = 0.0254 3
Moles of  H  0.068/1 = 0.068 8 (1)
Moles of O  0.135/16 = 0.0084 1
Empirical  formula  is C3H8O, CH3CH2CH2OH (1)

5

(b) To improve the reliability of the results 1
(6)

24. (a) CO+ 28; COH+ 29; CH3O
+ 31; CH3OH+ 32. 2

(b) Relative abundance of each ion formed. 1

(c) At  m/z = 14; 14.5; 15.5; 16 1
(4)
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25. (a)

2

(b) A (1)
Molecule B cannot be fragmented into all of these
parts. (1)

2
(4)

26. (a)

1

(b) The peaks at 112 and 114 correspond to the two isotopes
of chlorine, 35Cl and 37Cl, being present. 1

(c) A molecular ion is formed from the molecule with the
loss of only one electron. (1)
C6H5Cl+ (1)

2

(d) (i) It is part of the molecule with a positive charge. 1
(ii) There is only one peak at 77 therefore the two

isotopes of Cl are not present. 1
(iii) C6H5

+  has a mass of 77.  1
(7)

27. (a) Vibration in the molecule, i.e. specific bonds lengthen
and shorten rapidly. 1

(b) The presence of different types of bonds, e.g. C=O, O�H,
etc. 1

(c) Compare the infra-red spectrum of the distilled sample
with that of a pure sample of   the expected distillate. (1)
They should be identical. (1)

2
(4)
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28. (a) The sample is not used up nor changed during analysis
and can be recovered and used again. 1

(b) X�ray or infra-red of liquid sample 1

(c) No, because the sample is used up. 1
(3)

29. NMR � radio; infra-red � infra-red; colorimetry � visible (3 × 1)
(3)

30. (a) It produces a magnetic field. 1

(b) (i) Lined up with or against the magnetic field. 1
(ii) The one that is lined up against the magnetic field. 1

(c) The nucleus changes orientation from high to low spin,
i.e. changes from being aligned against to being aligned
with the magnetic field. 1

(d) Absorption as energy is required to bring about the
change. (1+1) 2

(e) (i) The chemical environment, i.e. the other atoms close
to the hydrogen atom. 1

(ii) The number (proportion) of hydrogen atoms in the
same chemical environment. 1

(8)

31. (a) 12 1

(b) All the H atoms are in CH3 groups attached to the central
silicon. 1

(c) 0.0 1
(3)

32. (a) Tetramethylsilane (1)
It is used as a reference and is given the chemical shift
value of 0. (1)

2
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(b) The chemical shift of the peak is where the CH
3
 peak is

found. (1)
The area under the curve/integral shows three
H atoms. (1)

2

(c) Peak A has a chemical shift of 3.6 and has an integral of 2,
therefore it corresponds to CH2. 1

Peak B has a chemical shift of 2.8 and has an integral of 1,
therefore it corresponds to the H in the OH group. 1

(6)

33. (a) Peak D is the reference peak (TMS). 1

(b) (i) Integral 1
(ii) It gives the relative number of hydrogen atoms in

the same environment. 1

(c)

The phenyl group has five H atoms; the CH
2
 has two H

atoms; the CH3 has three H atoms and this agrees with
the integral values of 5; 2; 3. (1)
Also, the chemical shift values from the Data Booklet
agree. (1)

3
(6)

34. (a) CH3CH2CH2OH (1)
CH

3
CH(OH)CH

3
(1)

2

(b) (i) CH
3
CH

2
CH

2
OH 1

(ii) 3 1
(iii) 6 (2 × CH3 ): 1 (CH): 1 (OH) 1

(c)    CH3CH2OCH3, therefore expect three peaks. 1
(6)
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35. (a) (i) CH
4
;  C

2
H

6
(1+1)

2

(ii) All the H atoms are in the same chemical
environment for CH4 and for CH3CH3. (1)
For the CH3CH2CH3 and the CH3CH2CH2CH3

expect two peaks from the CH
3
 and the CH

2

groups. (1)
2

(b) CH3CH(CH3)CH3 2 peaks � one for the CH3 groups
and one for the CH  group (1)
CH

3
CH

2
CH

2
CH

3
2 peaks � one for the CH

3 
groups

and one for the CH2 groups (1)
2

(c)

2
(8)

36. (a)  The atom has only one electron. 1

(b)

1

(c)

1
(3)
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37. (a) X�ray crystallography 1

(b) Helps to find mode of action  or allows vitamin B12 or
related compounds  to be synthesised 1

(c) (i) A carbon atom has fewer electrons and would
appear smaller. 1

(ii) They have only one electron and so their electron
density is too small for them to be easily seen. 1

(d) (i)

1
(ii) At the centre of the concentric circles. 1

(iii)

1
(7)

38. (a) A receptor is a large protein molecule situated in the cell
membrane. 1

(b) Receptors bind the body�s chemical messengers, e.g.
neurotransmitters or hormones, and this produces a
response in the cell. 1

(c) An agonist has the same effect on the cell as the body�s
own chemical messengers and produces a biological
effect. 1

(d) An antagonist has no effect on the cell when it binds to
the receptor. (1)
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However, by binding to the receptor, it blocks the
body�s own chemical messengers from binding and thus
prevents them having their usual effect on the cell
(this could then lead to a biological effect). (1)

2
(5)

39.

(2)

40. (a) Pharmacologically active � a substance that alters the
biochemical processes of the body. (1)
Derivative � another molecule with a significant part of
its structure the same as the chosen molecule, and
which is found to be pharmacologically active. (1)

2

(b) The pharmacophore is the structural fragment of the
molecule, that confers  pharmacological activity
(alters the biological processes in the body). (1)
Look for a common structural fragment. (1)

2

(c) Many tests are carried out in the laboratory on animals
then on humans � checking toxicity, side effects, checking
all isomeric forms of the derivative, test effectiveness
of medicine, etc. (some appreciation of testing shown). 1

(5)

41. (a) Moulds, land plants and seaweeds, etc. 1

(b) (i) A pharmacophore is the structural fragment of the
molecule that confers pharmacological activity
(alters biological processes in the body). 1

(ii) The structure of a (lead) compound can be altered
to give a large number of derivatives. (1)
As long as the pharmacophore is retained, there is
a good chance these derivatives will be biologically
active. (1)

2
(4)
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42. (a)

1

(b) Tests on both optical isomers are carried out.  1
(2)

43. (a) X�ray crystallography 1

(b) (i) Pharmacophore 1
(ii) It has to fit into the receptor site in the cell

membrane. 1

(c) Computers can have a large database of molecules. They
can examine many molecular  structures quickly looking
for a possible pharmacophore. 1

(4)

44. (a) They will only work as an enzyme for one specific
biological reaction. 1

(b) (i) The surface shape at the active site of the enzyme (1)
is such that only a specific molecule with a
definite shape can fit into the active site. (1)

2

(ii) Once the reaction has taken place at the active sites,
the products leave the  site. The enzyme is now
available, leaving it free for another reactant to fill
the site. 1

(4)
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