2.1 TEST MARK SCHEME

1.
(a)
Enthalpy (Energy) to break a (covalent) bond (1) OR dissociation energy
Varies between compounds so average value used (1) QL mark

OR average of dissociation energies in a single molecule / e.g. CH4
Do not allow mention of energy to form bonds
but with this case can allow second mark otherwise 2nd mark
consequential on first



2 

(b)
(i)
1/2 N2 + 3/2 H2  NH3 (1)

Ignore s s

(ii)
H = ()bonds broken – ()bonds formed (1)

 = 1/2 × 944 + 3/2 × 436 – 3 × 388 (1)

 = –38 kJ mol–1 (1)

Ignore no units, penalise wrong units
Score 2/3 for -76
1/3 for +38
Allow 1/3 for +76



4

(c)
4 (C–H) + (C=C) + (H–H) – (6 (C–H) + (C–C)) = –136 (1)
(C=C) + (H–H) – ((C–C) + 2 (C–H)) = –136
2 (C–H) = 836 (1)
(C–H) = 418 (kJ mol–1) (1)

Note: allow (1) for –836
another (1) for –418



3

[9]

2.
(a)
H = (bonds broken) – (bonds formed) (or cycle)
1

= +146 – 496/2 (or 2 × 463 + 146 –(2 × 463 + 496/2)
1

= – 102 (kJ mol–1)
(1)
1

(accept no units, wrong units loses a mark; +102 scores (1) only)

(b)
C(s) + 2H2(g)  CH4(g) equation (1) Correct state symbols (1)
2

(c)
(i)
Macromolecular
1

(accept giant molecule or carbon has many (4) bonds)

(ii)
H = Hf(products) – Hf (reactants) (or cycle)
1


= 715 + 4 × 218 – (–74.9)
1


= 1662 (kJ mol–1)
1

(accept no units, wrong units loses one mark, allow 1660 to 1663, –1662 scores one mark only)

(iii)
1662/4 = 415.5
1

(mark is for divide by four, allow if answer to (c)(ii) is wrong)

[10]
3.
(a)
The enthalpy change when 1 mol of a compound is completely
burnt in oxygen under standard conditions, all reactants and
products being in their standard states.
2

(b)
(i)
C2H6 + 3½O2  2CO2 + 3H2O (1)
(ii)
H = 2 × H[image: image1.wmf](CO2) + 3 × H[image: image2.wmf](H2O) – H[image: image3.wmf](C2H6) (1)

   = – 788 – 858 – (–85)

   = – 1561 kJ mol–1

(1)
(1)


4

 [6]

4.
(b)
H = Hοc (reactants) – Hοc (products) 
1
= (7x – 394) + (4 x – 286) – (– 3909) 
1
= + 7 kJmol–1
1

(b)
q = mcT = 250 x 60 x 4.18 = 62700J = 62.7kJ

1


Number of moles = 2.5/92 = 0.0272

1


H = -62.7/0.0272 = -2310 kJmol–1

1

(c)
H = Hreactants – Hproducts (1)
(or cycle [image: image4.wmf]2C  +  3H   +  S               C  H  SH

2

2

2

2

2

c

5

2

5

CO         H  O   SO

–H  C  H  SH

D

)
= (2 × –394) + (3 × –286) + (–297) – (–1170) (1)
= –773 (1)
3

ignore units even if wrong

Allow 1/3 for +773

[9]

5.
(a)
(i)
enthalpy (or heat or heat energy) change when
3
1 mol of a substance (1) (QL mark) is formed from its elements (1)
all substances in their standard states (1) (or normal states at 298K,
100 kPa or std condits)

not STP, NTP

(b)
enthalpy change (or enthalpy of reaction) is independent of route (1)


H = Hf[image: image5.wmf] prods - Hf[image: image6.wmf] reactants (or cycle) (1)
minimum correct cycle is:

[image: image7.wmf]MgO  +  2HCl               MgCl  + H  O

Mg  +  Cl   +  H   +    O
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2



H = -642 – 286 – (–602 + 2 × –92) (1)

 = –142 (kJ mol–1) (1)
4

penalise this mark for wrong units

+142 scores 1 mark out of the last three

(c)
H = mcT (1)
(or mcT)

 = 50 × 4.2 × 32 = 6720 J = 6.72kJ (1)
mark is for 6720 J or 6.72 kJ


moles HCl = [image: image8.wmf]1000

vol

 × conc = [image: image9.wmf]1000

50

 × 3 (1)

= 0.15 (1)
if error here mark on conseq.


Therefore moles of MgO reacted = moles HCl/2 (1) (mark is for/2, CE if not/2)

= 0.15/2 = 0.075


Therefore H = 6.72/0.075 (1)
8

= –90 kJ (mol–1)

kJ must be given, allow 89 to 91

value (1)
sign (1); this mark can be given despite CE for /2


Note various combinations of answers to part (c) score as follows:


–89 to –91 kJ (8) (or –89000 to 91000J)

no units (7)

+89 to +91 kJ (7) (or + 89000 to +91000J)

no units (6)

–44 to –46 kJ (5) (or -44000 to -46000J)

no units (4) if units after 6.72 or 6720 (5)


+44 to +46 kJ (4) (or +44000 to + 46000)

if no units and
if no units after 6.72 or 6720 (3)
otherwise check, could be (4)

[15]

