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Mark Schemes

Q1.

(@)

(b)

(©)

(d)

(e)

(f)

Bonds broken = 2(C=0) + 3(H-H) =2 x 743 + 3 x H-H

Bonds formed = 3(C-H) +(C-0) + 3(0O—-H) =3 x 412 + 360 + 3 x 463
Both required

—49 = [2 x 743 + 3 x (H-H)] — [3 x 412 + 360 + 3 x 463]

3(H-H) =—-49 -2 x 743 + [3 x 412 + 360 + 3 x 463] = 1450
Both required

H-H = 483 (kJ mol™)
Allow 483.3(3)

Mean bond enthalpies are not the same as the actual bond enthalpies in CO, (and / or
methanol and / or water)

The carbon dioxide (produced on burning methanol) is used up in this reaction
4 mol of gas form 2 mol

At high pressure the position of equilibrium moves to the right to lower the pressure /
oppose the high pressure

This increases the yield of methanol

Impurities (or sulfur compounds) block the active sites
Allow catalyst poisoned

Stage 1: moles of components in the equilibrium mixture
Extended response question

COy(g) + 3Hi(g) — CHOH(g) + H,O(g)

Initial 1.0 3.0 0 0
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moles

Egm (1-0.86) (3—3x0.86)
moles =0.14 =042

Stage 2: Partial pressure calculations
Total moles of gas = 2.28

Partial pressures = mol fraction X pa

Pcoz = Mol fraction x pw = 0.14 x 500 / 2.28 = 30.7 kPa

P2 = Mol fraction X pyy, = 0.42 x 500/ 2.28 = 92.1 kPa
M3 is for partial pressures of both reactants
Alternative M3 =
PPcoz = 0.0614 x 500
ppu2 = 0.1842 x 500

Pchzon = Mol fraction x py = 0.86 x 500/ 2.28 = 188.6 kPa

Pr2o = mol fraction x pyy = 0.86 x 500 / 2.28 = 188.6 kPa
M4 is for partial pressures of both products
Alternative M4 =

PPchson = 0.3772 x 500
PPH2o = 0.3772 x 500

Stage 3: Equilibrium constant calculation
Kp = Pchzon X Przo / Peoz X (Pr2)®

0.86 0.86

Hence K, = 188.6 x 188.6 / 30.7 x (92.1)° = 1.483 x 103 = 1.5 x 103

Answer must be to 2 significant figures

Units = kPa™
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Q2.

M1 (K, =) [CHCH,OH]
@ [CH, = CH,]H,0]

Penalise missing brackets or use of (); allow correct molecular

formulae in correct expression (and allow CH,CH,); ignore powers
shown as 1

M2 mol™ dm?

Units must be in simplest form on one line (or dm® mol™)

Units are consequential on expression in M1 (mol™ dm?® only scores if it
is the units for the expression in M1)

440,

>0 220 4.40

M1 200" e — Y %220
070, 120, o 035.080 O 070<1.20

) 200" '2.00

10.5 (3sf) scores both marks;

Correct value to 2sf (10) or 4sf or more (10.476...) scores 1 mark
Volume not used is CE=0

If use incorrect expression for K¢ in part (b) then no marks in part (b)

M2 10.5 (must be 3sf)

If a value from the question is copied incorrectly into the expression,
could still score M2 if then used correctly in calculation (AE -1)
Ignore units

(4]
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