1.
(a)
(i)
H = B (bonds broken) - B(bonds formed)  (1)
Effective reaction (all else same on both sides):

1 × (C=C) + 1× (H-H) 1× (C-C) + 2× (C-H)


612
436
348
2× 413  (1)
 H = 612 + 436 – (348 + 826)


= 126 kJ mol–1  (1) 

(ii)
3 of the above double bonds are hydrogenated

 H = 3 × –126 = –378 kJ mol –1  (1)
(iii)
ethylbenzene  (1)
3 double bonds in benzene ring are delocalised

OR  system in benzene ring  (1)
6

(b)
(i)
CaCl2(s)  Ca2+ (aq) + 2Cl- (aq)  (1)
Ca2+ (g) + 2Cl– (g)  CaCl2(s)  (1)
Ca2+(g)  Ca2+ (aq)  (1)
State symbols must be shown

(ii)

H[image: image1.wmf]/kJ mol–1
CaCl2 (s)  

Ca2+ (aq) +2Cl– (aq)
–123

Ca2+ (aq) 

Ca2+(g)
+1650

Ca2+ (g) + 2Cl– (g) 

CaCl2 (s)
–2255

2Cl– (g) 

2Cl– (aq)
–728

Hhyd (Cl–(g) = [image: image2.wmf]2

728

–

 = –364 kJ mol–1
3 equations (3) answer  (1)
OR via cycle: 3 steps (3) answer  (1)
7

[13]

2..
(a)
H1 formation
(1)

H2 atomisation / sublimation (of Cs not Cl)
(1)

H5 electron affinity (of Cl)
(1)
3

(b)
–433  =  79  +  376  +  121  –  364  +  H6
(1)

H6  =  –645 (kJ mol–1)
(1)
2


both marks for correct answer alone
allow 1 mark for +645 or 645

(c)
Cs has larger radius / larger atom (not ion) / more shells / 
more orbitals / more sub-shells
(1)

correct reference to shielding 
(1)

less powerful attraction (of nucleus) for (outer) e– in Cs
(1)
3

[8]

3.
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)


0

= –H[image: image4.wmf]+ H[image: image5.wmf] + H[image: image6.wmf] + H[image: image7.wmf] + H[image: image8.wmf] + H[image: image9.wmf]
H[image: image10.wmf]
=  H[image: image11.wmf] + H[image: image12.wmf] + H[image: image13.wmf] + H[image: image14.wmf] + H
H[image: image15.wmf]
=  + 146 + 121 + 736 – 364 – 753

H[image: image16.wmf]
= – 114 kJ mol –1 (3)
[–1 for each error]
3

H[image: image17.wmf]=  H[image: image18.wmf](MgCl2) – H[image: image19.wmf](MgCl) = –653 –2 ( –114) = –425 kJ mol–1
1

S[image: image20.wmf]  0 since 2 mol solid  2 mol solid
1

if S[image: image21.wmf]= 0, then G[image: image22.wmf] = H[image: image23.wmf]
1

So G[image: image24.wmf] for the reaction is  0 (at all T)– hence MgCl2 is always favoured over MgCl
1

[11]

4.
(a)
Ha =  Hf products –  Hf reactants or

=  Hf CO2– (Hf CH4 + 2 Hf H2O) (1)
= –393.5 + (74.8 + [2×241.8]) (1)
= +164.9 kJ mol–1 (1)
3

(b)
(i)
The number of moles of gas increases from 3 to 5 (1)
More moles gas gives more disorder (1)
(ii)
S 
= S prducts – S reactants (1)

= (213.6 + [4×130.6])–(186.2 + [2 × 188.7]) (1)

= +172.4 JK–1 mol –1 (1)
5

(c)
(i)
G
= H – TS or H = TS (1)
T 
= 164.9 × 1000/172.4 (1)

= 956.5 K (1)

Marked consequentially

(ii)
Above this temperature (1)
this reaction is feasible or spontaneous (1)
5

 [13]

5.
(a)
H[image: image25.wmf] 
H[image: image26.wmf] = H[image: image27.wmf] (products) – H[image: image28.wmf](reactants) (1)


 = –201 + 110


 = –91 kJmol–1  (1)
S[image: image29.wmf] 
S[image: image30.wmf] = S[image: image31.wmf] (products) – S[image: image32.wmf] (reactants)  (1)

 = +240 – 2 × 131 – 198

 = –220 JK–1 mol–1  (1)
4

(b)
Feasible reaction 
One for which G  O  (1)

Temperature 
G = H – TS  (1)

For G = O, T = H/S = –91×1000/(–220)

= 414 K  (1)
3

 [7]

6.
(a)
(i)
enthalpy / energy change / energy required / energy evolved 
when 1 mol of ionic solid / crystalline solid / crystals / compound
/ solid  (not molecules) (is formed from)
(1)

its gaseous ions 
(must be stated, not transferred by inference from (ii)
(1)
2

(ii)
Na+(g)    +    Cl–(g)    ®    NaCl(s) 
allow NaCl(s)    ®    Na+(g) + Cl–(g) if definition reversed
(1)
1

(iii)
larger (cations) not atoms, Li, Na
(1)

same charge on the cation / ratio of charge:size decreases / 
lower charge density not effective nuclear charge
(1)

therefore weaker attractions between cation and anion
(1)
(must clearly mean attraction between cation and anion)

3

(iv)
smaller (cations) not atoms, Mg, Na 
allow this mark if ‘repeated error’ from (iii)
(1)

greater charge on the Group 2 cation / ratio of charge: 
size increases / higher charge density
(1)

therefore stronger attractions between cation and anion
(1)
(must clearly mean attraction between cation and anion)

3

 [9]

7.
(a)
(i)
diagram shows in top box Rb+(g) + e– + I(g) / e– must be there  (1)
diagram shows in lower box Rb(s) + ½ I2(s)  (1)
2

(ii)
H1 = electron affinity (of iodine)/allow correct symbols including I2, I–,  (1)
H2 = lattice enthalpy / energy (of RbI)  (1)
2

(iii)
H1 = –(+402) – (+107) – (+85.8) + (–328) – (–609)  (1)

= –314 (kJ mol–1)  (1)
2


give 1 mark for +313.8 or +314
assume + if no sign given
significant figure penalty for 310

 [6]

8.

(i)
A is (enthalpy change) of formation(1)

B is lattice enthalpy (1)
2

(ii)
negative sign (only if a calculation) (1)

883 kJ mol–l (1)
(only give both marks if working and answer correct)

hydration / solvation enthalpies (of Li+ and Cl–) (1)
3

[5]

9.
(a)
(i)
Steps

Sublimation/atomisation enthalpy or Hfus + Hvap       Ca(s)  Ca(g)
(1)
First ionisation enthalpy of calcium                              Ca(g)  Ca+(g) + e–
(1)
Second ionisation enthalpy of calcium                       Ca+(g)  Ca2+(g) + e–
(1)
Dissociation enthalpy/bond energy/2 × Ha chlorine   Cl2(g)  2Cl(g)
(1)
2 × First electron affinity of chlorine                      2Cl(g) + 2e–  2Cl–(g)
(1)
Lattice dissociation (or formation) enthalpy          CaCl2(s)  Ca2+(g) + 2Cl–(g)
(1)
Enthalpy of formation of calcium chloride        Ca(s) + Cl2(g)  CaCl2(g)
(1)


7

(ii)
2nd IE needed when CaCl2 formed or only 1st IE for CaCl  (1)
BE of Cl2 needed when CaCl2 formed but BE/2 for CaCl (or equivalent)  (1)
2 × electron affinity when CaCl2 formed but 1 × EA for CaCl  (1)
LE of CaCl2 greater (or different) than LE CaCl  (1)
4

(b)
(i)
[image: image33.wmf]C
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+LE + (HhydCa2+) + 2(HhydCl–) – Hsoln CaCl2 = CaCl2 = 0 or correct cycle  (1)
Hsoln CaCl2 = 2255 – 1650 – 768  (1)

= –163 kJ mol–1  (1)
3

(ii)
Marked consequentially to answer in (c)(i)
Solubility decreases  (1)
Enthalpy of solution negative or exothermic  (1)
Equilibrium displaced as predicted by Le Chatelier (1)
3

(c)
(i)
H[image: image34.wmf] (CH2)4 = 4H[image: image35.wmf] CO2 + 4H[image: image36.wmf] H2O –H[image: image37.wmf] (CH2)4  (1)
–2558 = (4 × –393.5) + (4 × –245.1) – H[image: image38.wmf] (CH2)4  (1)
H[image: image39.wmf] (CH2)4 = +3.6 kJ mol–1  (1)
3

(ii)
Enthalpy put in to break bonds

4 × C – C = 4 × 347  (1)  = 1388
8 × C – H = 8 × 413  (1)  = 3304
6 × O = O =  6 × 498  (1) = 2988

Total

= 7680


Enthalpy given out when bonds made

8 × C = O = 8 × –805  (1) = –6440
8 × O – H = 8 × –464  (1) = –3712

Total

 = –10152

Enthalpy change = Enthalpy in – enthalpy out

  = 7680 – 10152  (1)

  = –2472 kJ mol–1  (1)
marked consequentially

Explanation
Mean bond enthalpies used or bond enthalpies depend on environment  (1)
Cyclobutane less stable than suggested by mean bond enthalpies  (1)
Cyclobutane a strained structure or bond angles 90°  (1)
10

Stability of cyclobutane marked consequentially.

[30]

10.
(a)
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One mark for each correct step

6

Calculation. e.g. Cycling clockwise about (*)

2×HaNa+2×1st IE Na +½BE O=O +1st EA O +2nd EA O+LE(formation)–HfNa2O= 0
(1)
Substituting; +(2×107) + (2×496)+(1/2×249) + (–141) + (2nd EA)+(–2478)–(–414) = 0
(1)
Hence 2nd EA = + 874.5 (kJ mo1–1.)
(1)
3

(b)
The negatively charged O–ion
(1)
Repels the incoming electron
(1)
2

(c)
Na+ and O– :
O– does not have a full shell or a stable electronic configuration
(1)
Lattice energy less than Na2O
(1)
Hf less negative or more positive than Na2O
(1)
max 2


Na+ has a full shell or stable electronic configuration or
Na2+ not full/stable
(1)
Second ionisation energy of sodium very large
(1)
Increased lattice energy insufficient to compensate
(1)
Hf less negative or more positive than Na2O
(1)
max 2

[15]

11.
(a)
(i)
Standard enthalpy change: HR = [image: image41.wmf]SD

Hf products – [image: image42.wmf]SD

Hf reactants (1)
HR = (–804 – 394) – (–940) (1) N.B: If answer wrong statement worth 2

= -258 (kJ mol–1; ignore units completely) (1)

Allow +258 (2) marks 

Standard entropy change: [image: image43.wmf]SD

S products – [image: image44.wmf]SD

S reactants (1)
S = (252 + 214) – (49.9 + 5.7 + [2 × 223]) (1) N.B: If answer wrong statement worth 2

= –35.6 (kJ mol–1; ignore units completely) (1)

Allow +35.6 (2) marks
Mark –36 AE minus one
Allow max one for +187

(ii)
T = [image: image45.wmf]ΔS

ΔH

 or T = [image: image46.wmf]above

 

from

 

 value

ΔS

above

 

from

 

 value

ΔH

 (1)

Penalise wrong sign

T = [image: image47.wmf]35.6

-

1000

 

258

-

´

 = 7245 to 7250 (1)

Ignore letter after value
Ignore  even if wrong way around
Mark answer conseq to H and S values from above
If negative temperature given max 2*
If °C used incorrectly max 2*
* But only penalise one of these errors



9

 [9]

12.
(a)
Heat (energy)/ internal energy change (not energy change)  (1)
Measured at constant pressure  (1)
2

(b)
[image: image48.wmf]M
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max 5

Notes:– Ignore electrons in cycle

Penalise missing labels by max 2

Penalise missing state symbols in ‘active step’ by max 2

Penalise incorrect chemistry every time

Allow steps written horizontally

Calculation:HaMg + 1st IE Mg + 2nd IE Mg + Ha O + 1st EA O + 2nd EA O + LE Form –MgO HfMgO = 0  (1)
Hence; 148 + 738 + 1451 + 249 – 141 + 798 + LE + 602 = 0  (1)
(NB This scores 2)

LE formation MgO = –3845 (kJ mol–1)  (1)
(Allow +3845 Max 2)

(c)
For the reaction  MgCl2(s) + [image: image49.wmf]2

1

Cl2(g)    MgCl3(s)

Hr   =     HfMgCl3 – HfMgCl2
= +3904 – (–653)  = 4557 (kJ mol–1)  (1)
S is negative/ entropy decreases (as order increases)  (1)
G = H – TS  (1)
G must (always) be positive (since Hr and – TS are both positive)  (1)
Reaction never/not feasible (or equivalent)  (1)
[15]

13.
(a)
Spontaneous when G <0 or G = 0
(1)
G = H – TS
(1)
Calculation of H;  Hreaction = HProlucts – HReactants
(1)

= (2 × –110.5) – (–3935) = + 172.5  Allow 172 – 173 kJ mol–1
(1)
Calculation of S;  Sreaction = SProducts – SReactants
(1)

= (2 × 197.6) – (5.7 + 213.6) = 175.9 J mol–1 K–1
(1)
Calculation of T     G = 172.5 – T × 175.9/1000 = 0
(1)
T × 175.9/1000 = 172.5

T = 172.5 × 1000/175.9 = 980.7 K
(1)
8

(b)
Calculation of HVaporisation;

3675 J vaporise 1.50 g water

3675 × 18/1.50 vaporise 1.00 mole water

= 44.1 kJ mol–1
(1)
Calculation of S;
G = 0 = 44.1 – 373 × S/1000 or S = H/T
(1)

S = 44.1 × 1000/373 = 118.2 J mol–1 K–1
(1)
3

[11]

