13.2 EXTRA QUESTIONS MARK SCHEME

1.
(a)
Kp = (pHI)2 / (pH2) × (pI2)  (1)
Do not allow [ ]
1

(b)
PV = nRT   or   n = PV/RT  (1)
= 200 × 1000 × 5 × 10–3 / 8.31 × 700  (1)
= 0.172  (1)
Allow Max one if numbers correct but decimal point incorrectly placed
3

(c)
HI + NaOH    NaI + H2O  or 1:1 ratio
(1)
Molarity of HI = 27.0 × 0.5 / 25 = 0.540 M
(1)
Moles HI in 250 cm3 = 0.540 / 4 = 0.135
(1)
0R other correct method

e.g. Moles NaOH = 27 × 0.5 × 10–3  (1)  = 0.0135

 25 cm3 HI contains 0.0135 moles (1) (Scores 2 as includes equation mark)

 250 cm3 HI solution contains  0.135  (1)
3

(d)
(i)
Moles H2 + moles I2 + moles HI = 0.181
Moles H2 + moles I2 = 0.181 – 0.143 = 0.038  (1)
Moles H2 = moles I2  (1)
= 0.038/2 = 0.019  (1)
Transfer marks for moles H2 and I2 from (ii) if omitted in (i)

Allow one for division by two

(ii)
Partial pressure = mole fraction × total pressure  (1)
Allow stated or used

pH2 = pI2 = 0.019 × 250 / 0.181 = 26.2 (4)  (1)
pHI = 0.143 × 250 / 0.181 = 197.5  (1)
Allow 197 – 198

Ignore units in d(i) and d(ii)

(iii)
Kp = (197.5)2/(26.24)2  (1)
= 56.7  (1)

Allow 56.4 – 57.1
Penalise one if any units given
Mark conseq to part (ii)

Notes: If answer correct and 0.038 in d(i), and pressure of 250 used in d(ii) score 8



8
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2.
(a)
(i)
Kp = [image: image1.wmf])
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(ii)
px = mole fraction x × Ptotal (1)
pSO3 = 0.9 × 120 = 108 kPa
pSO2 + pO2 = 120 – 108 = 12 kPa (1)
pSO2 = 2/3 × 12 = 8 kPa (1)
pO2 = 1/3 × 12 = 4 kPa (1)
(iii)
Kp 
= [image: image2.wmf]4
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3.

(a)
Kc = [image: image3.wmf]2
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(1)
dimensionless or no units
(1)
(b)
K = [image: image4.wmf]2
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(c)
water is in vast XS, so its concentration is constant
(1)

[4]

4.
(a)

Kc = [image: image5.wmf]2
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  (1)
0.05 or 1/20  (1)
2

(b)
(i)
forward rate increases  (1)
reverse rate increases  (1)

allow 1 mark for just ‘increased’
allow 2 marks for ‘both increased’
2

(ii)
no change  (1)
1

(iii)
no change  (1)
1

[6]

5.
(a)
(i)
endothermic reaction (+ reasoning) (1)
high temperature increases magnitude of Kp (1)
(ii)
Kp unaffected by pressure (1)
3

(b)
C2H6(g) [image: image6.wmf] C2H4(g) + H2(g)
0.64 mol
0.36 mol
0.36 mol at equilib. (1)
total mols
1.36

partial pressure = mol fraction × total pressure (1)
p(C2H4)  p(H2) = [image: image7.wmf]36
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p(C2H6) = [image: image8.wmf]36
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Kp = [image: image10.wmf])
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7

[10]

6.
(a)
Homogeneous;
All reactants in the same phase or state
(1)
Dynamic; 
Continuous or 'on-going' 
(1)
Equilibrium:
Concentrations of reactants and products constant

or rates of forward and backward reactions equal
(1)
Equation;
2NH3 [image: image12.wmf] N2 + 3H2 (Must be decomposition)
(1)
Kc;

[N2][H2]3/[NH3]2 
(1)
5

(b)
Conditions:
decomposition favoured by high temp
 (1)


since the reaction endothermic or logical 

statement with application of Le Chatelier's 

principle
 (1)


decomposition favoured by low pressure
 (1)


2 mole gas giving 4 moles gas or more gas moles 

on right 
 (1)
4

(c)
In practise
low pressure means low production
 (1)

low pressure means low rate
 (1)


high temperature means high rate
 (1)

high temperature expensive
 (1)
Catalyst
equilibrium yield unaffected
 (1)

rates of forward and backwards reactions 

increased by an equal amount
 (1)

more hydrogen produced in a given time
 (1)
Max 6

[15]

7.
(a)
fractional or primary distillation not just distillation  (1)

crude oil is useless  (1)
or products are more useful / valuable than crude oil
2

(b)
heat / high temperature (400 °C – 600 °C) (1)

catalyst / steam / high pressure /
named catalyst known to work eg Al2O3  (1)
C4H10  C2H4 + C2H6 or C4H10  2C2H4 + H2  (1)
3

(c)
high pressure  (1)
decrease in gas moles / (gas) volume / fewer gas molecules  (1)
low temperature  (1)
reaction exothermic  (1)
mark these points independently
4

 [9]

8.
(a) (i)
increase temperature moves reaction in endothermic direction 
 


which is forwards (1) 








increase pressure moves reaction towards side with fewer moles 
 


which is backwards (1)







2



(ii)
Kc=[NO2]2/[N2O4](1)





























Kp=(pNO2)2/pN2O4(1)







2

(iii)
original moles of N2O4  = 1/92 = 0.0108 
(1)





moles of N2O4 at equilibrium = 0.723 x 0.108 = 7.86 x 10-3 


moles of NO2 at equilibrium = 0.277 x 0.0108 x 2 = 6.02 x 10-3 (1)

concentration at equilibrium = moles at equilibrium because volume is 1 dm3 (1)         Kc = (6.02 x 10-3)2/(7.86 x 10-3) = 4.61 x 10-3 
(1)




moldm-3 (1)







5


(iv)
K = 4.61 x 10 x (298 x 8.31)+1 
 = 11.4 (1) 
Pa (1)



2

[11]

(b)
Number of moles of alkali needed for control flask = 0.1 x 10/1000 = 1 x 10-3




number of moles of HCl in both experiments = 1 x 10-3




1


number of moles of alkali needed for 1 cm3 of experiment flask



 = 0.1 x 27.6/1000 = 2.7 x 10-3 






1


total number of moles of acid in experiment flask (10 cm3) = 2.7 x 10-3 x 10 = 0.027
1


number of moles of ethanoic acid in flask at equilibrium = 0.027 - 1 x 10-3 = 0.026
1


original mass of ethanoic acid = 1.05 x 2 = 2.1 g



moles of ethanoic acid before reaction = 2.1/60 = 0.035




1


original mass of ethanol = 0.79 x 3  = 2.37 g



moles of ethanol before reaction = 2.37/46 = 0.052




1


original mass of ethyl ethanoate = 0.92 x 2 = 1.84 g



moles of ethyl ethanoate before reaction = 1.84/88 = 0.021



1


original mass of water = 1 x 2 = 2 g



moles of water before reaction = 2/18 = 0.11





1


moles of ethanoic acid reacted = 0.035 – 0.026 = 0.009




1


moles of ethanol remaining at equilibrium = 0.052 – 0.009 = 0.042521739

1


moles of ethyl ethanoate remaining at equilibrium = 0.021 + 0.009 = 0.02990909

1


moles of water remaining at equilibrium = 0.11 + 0.009 = 0.120111111


1


K = ([ethyl ethanoate][water])/([ethanoic acid][ethanol])




1



= 3.25










1
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9.
(a)
(i)
exothermic  (1)

yield decreases as temperature increases  (1)
(this mark dependent on first mark)
2

(ii)
vanadium (V) oxide / vanadium pentoxide / V205  (1)


yield of sulphur trioxide unchanged  (1)
not just reference to position of equilibrium


(both / forward and reverse reaction) rates increase  (1)
equally  (1)
4

(iii)
advantage – higher yield of (sulphur trioxide) / equilibrium moves to the right  (1)
not “saves energy costs”
disadvantage – slower rate of reaction / lower throughput  (1)
2

(b)
(i)
rate increased  (1)
1

(ii)
% yield increased / more SO3 / equilibrium shifts to the right  (1)

fewer (gas) moles on right hand side of equation increased pressure favours  (1)
smaller number of mols / molecules / volume
2

[11]

10.
(a)
(i)
0.86 (1)

(ii)
total moles = 0.86 + 0.43 +0.085 = 1.375 (1)
 mole fraction of H2 = [image: image13.wmf]375

.

1

86

.

0

 = 0.625 (1)

(0.62 - 0.63)

Conseq on (i)

(iii)
pp = mole fractn × total P (1)

= 0.625 × 1.75 × 104

= 1.09 × 104 (kPa) (1)

or 1.1(0)
Ignore units
Conseq on (ii)



5

(b)
(i)
Kp = [image: image14.wmf]CO
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 (1)

Penalise [  ]

(ii)
Kp = [image: image15.wmf])
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 = 2.37 (2.4) × 10–9  (1)

OR 2.37 × 10–15

Units: kPa–2 (1)

or Pa–2
not conseq to wrong Kp expression



3

 [8]

11.
(a)
Kp = (pCO2)(PH2)4/(pCH4)(pH2O)2 (1)
1

(b)
Moles of CH4 
1–0.2 = 0.8 (1)
Moles of H2O 
2(1–0.2) = 1.6 (1)
Moles of H2 
4× 0.2 = 0.8 (1)
3

(c)
(i)
Partial pressure 
= mole fraction × total pressure (1)
(ii)
Total moles 
= 0.8 + 1.6 + 0.8 + 0.2 = 3.4 (1)
Mole fraction CO2
= 0.2/3.4 (1)
Partial pressure CO2
= (0.2/3.4) × 3000 = 176.5 (1)
marked consequentially



4

(d)
Kp = [image: image16.wmf]2
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= 3.11 × 104 (1)
Units kPa2 (1)
marked consequentially
3

[11]

12.
(a)
Total moles 
n = pV/RT  (1)

= 1.59 × 106 × 1.04 × 10–3/(8.31 × 380) = 0.524 moles  (1)
         Moles of methanol 
0.524 – 0.122 – 0.298 = 0.104 moles  (1)
3

(b)
Kc = [image: image17.wmf]2
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298

.

0

04

.

1

122

.

0

104

.

0

÷

ø

ö

ç

è

æ

´


     = 10.4  (1)
     dm6 mol–2  (1)
3

(c)
(i)
Kp = [image: image19.wmf]2
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OH)

p(CH

  (1)
(ii)
x (CH3OH) = [image: image20.wmf]524

.
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104
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 = 0.198  (1)
x (CO) = [image: image21.wmf]524
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0
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 = 0.233  (1)
x (H2) = [image: image22.wmf]524
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 = 0.569  (1)
(iii)
partial pressure = mol fraction × total pressure  (1)
= [image: image23.wmf]÷
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(iv)
Kp = [image: image24.wmf]233
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13.
(a)
Equation 
N2 + O2 [image: image26.wmf] 2NO (1)
Kc 
[NO]2 / [N2] [O2] (1)
2

(b)
[image: image27.wmf]K
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As temperature increases Kc increases (or yield increases) (1)
Hence reaction endothermic (1)
2

(c)
The product yield is very small (1)
Yield does not justify cost of producing high temp (1)
2


(d)
(i)
2NO + O2 [image: image28.wmf] 2NO2 (1)
(ii)
Change in equilibrium position 
Displaced to the right (1)
Change in equilibrium constant 
No change (1)
3

 [9]

14.
(a)
Kp = [image: image29.wmf]2
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 correct pressures in expression and right way up  (1)

 correct powers  (1)

do not give first mark, if [ ] used
ignore round brackets
allow one mark for correct Kc expression
2

(b)
(i)
reaction is exothermic  (1)

as temperature increases, equilibrium moves R  L or
as temperature decreases equilibrium moves L  R  (1)
this mark dependent on first mark

not just ‘increase in temp. favours the endothermic reaction’


or equilibrium position changes with temperature (1)
ratio of concentration or pressure of products: reactants changes (1)

or rate constants for forwards and backwards reactions vary
with temperature (1)
Kp is ratio of these rate constants (1)
2

(ii)
conversion faster at 450 °C  (1)
compromise between rate and yield  (1)
catalyst less effective at lower temperatures / doesn’t work under 450 °C  (1)


max 2

(c)
(i)
3 mol  2 mol (of gas) / 3 volumes  2 volumes /
smaller number of (gas) molecules on r.h.s.  (1)
1

(ii)
good yield at normal pressures  (1)

high cost of high pressures not justified  (1)
high cost must be associated with running or construction not safety
2

[9]
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