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A catalyst provides an alternative reaction route (pathway) with a lower

activation energy.

So more of the particles have energy greater than or equal to the lower

activation energy, so there are more successful collisions per second.

Increasing the concentration means there are more H2O2 particles in the

same volume, so they are closer together.

So successful collisions (with energy at least equal to the activation

energy) are more frequent, so the rate of reaction increases.
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Water would dilute the sodium hydroxide, which would change (lower) its

concentration and make the titre larger.

25.2 23.90 23.70 24.00

Concordant results: titrations 1 and 3 (within 0.10 cm3)

Mean titre = (23.90 + 24.00) ÷ 2 = 23.95 cm3

23.95
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Percentage uncertainty = (0.15 ÷ 23.95) × 100 = 0.626%

0.63

Moles of NaOH = (23.95 ÷ 1000) × 0.0500 = 1.198 × 10-3 mol

Ratio citric acid : NaOH = 1 : 3

Moles of citric acid in 25.0 cm3 = 1.198 × 10-3 ÷ 3 = 3.992 × 10-4 mol

Moles in 250 cm3 = 3.992 × 10-4 × 10 = 3.992 × 10-3 mol

Mass = 3.992 × 10-3 × 192.0 = 0.766 g = 766 mg

766

Percentage purity = (766 ÷ 784) × 100 = 97.7%

97.7
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Moles of CH3COOH = (25 ÷ 1000) × 2.0 = 0.050 mol

(NaOH = 0.050 mol, so neither is in excess)

Heat released, q = 0.050 × 56.1 = 2.805 kJ = 2805 J

Mass of solution = 25 + 25 = 50 cm3 × 1.0 g cm-3 = 50 g

q = mcΔT, so ΔT = q ÷ mc

ΔT = 2805 ÷ (50 × 4.18) = 13.4 °C

13.4
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ΔT = 11.4 − 17.2

−5.8
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Nonane is unbranched, so its molecules can pack closer together and

have a greater surface area of contact.

So nonane has stronger van der Waals' forces between molecules, which

need more energy to overcome.

CnH2n+2

Mr = 12.0n + 1.0(2n + 2)

14.0n + 2.0

stemup.co.uk

https://stemup.co.uk


C9H20 + 14O2 → 9CO2 + 10H2O

Nitrogen and oxygen from the air (drawn into the engine) react

together.

This happens at the very high temperature inside the jet engine: N2 +

O2 → 2NO

Thermal cracking

C C

H

H

CH3

H n
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C : H = 87.8/12.0 : 12.2/1.0 = 7.32 : 12.2

Divide by the smallest: 1 : 1.67, then multiply by 3 to give 3 : 5

So the empirical formula is C3H5

Mr of C3H5 = 3(12.0) + 5(1.0) = 41.0 and 82.0 ÷ 41.0 = 2

So the molecular formula is C6H10

It decolourises bromine water, so it contains a C=C double bond. Two

possible structures are:

The reaction of the hydrocarbon with bromine water is electrophilic

addition: bromine adds across the C=C double bond.

cyclohexene

CH2=CHCH=CHCH2CH3

hexa-1,3-diene
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3-chloro-2,4-dimethylpentane
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Nucleophilic substitution

:OH−

→  (CH3)2CHCH(OH)CH(CH3)2  +  Cl−

alcohol B (2,4-dimethylpentan-3-ol)

stemup.co.uk

https://stemup.co.uk


Elimination

Base (proton acceptor)

:OH−

→  (CH3)2C=CHCH(CH3)2  +  H2O  +  Cl−

alkene C (2,4-dimethylpent-2-ene)
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Alkene C: there is no broad O–H absorption at 3230 to

3550 cm-1, and there is a C=C absorption at about 1650 cm-1 (1620 to

1680 cm-1).
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The C–Br bond is weaker than the C–Cl bond (C–Br has a lower bond

enthalpy), so the C–Br bond breaks more easily.
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Test 1: add Tollens' reagent (ammoniacal silver nitrate) to a sample of

each of the four compounds and warm in a water bath.

Only butanal (an aldehyde) gives a silver mirror. The other three show

no change, so butanal is identified.

Test 2: add acidified potassium dichromate(VI) (K2Cr2O7 with dilute

H2SO4) to a sample of each compound and warm.

Butanal and butan-2-ol (a secondary alcohol) are oxidised, so the

solution turns from orange to green. Butanone and 2-methylpropan-2-ol

(a tertiary alcohol) do not react, so the solution stays orange.

Butanal is already identified by Test 1, so the other compound that

turns green is butan-2-ol.
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This leaves butanone and 2-methylpropan-2-ol. These can be

distinguished using infrared spectroscopy.

Butanone has a strong C=O absorption at 1680 to 1750 cm-1 and no

broad O–H absorption.

2-methylpropan-2-ol has a broad O–H (alcohol) absorption at 3230 to

3550 cm-1 and no C=O absorption at 1680 to 1750 cm-1.

(Alternatively, mass spectrometry: the molecular ion peak for butanone is

at m/z = 72.0, but for 2-methylpropan-2-ol it is at m/z = 74.0.)

stemup.co.uk

https://stemup.co.uk


There is no effect on the yield of methanol.

A catalyst increases the rate of both the forward and reverse reactions

equally (by the same amount), so the position of equilibrium does not

change; equilibrium is just reached faster.

Kc =
[CH3OH]

[CO][H2]2
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[CO] = 0.340 ÷ 0.250 = 1.36 mol dm-3

[H2] = 0.190 ÷ 0.250 = 0.760 mol dm-3

[CH3OH] = 0.0610 ÷ 0.250 = 0.244 mol dm-3

Kc = 0.244 ÷ (1.36 × 0.7602) = 0.3106

0.311

Kc (reverse) = 1 ÷ Kc (forward) = 1 ÷ 0.311 = 3.22

3.22

mol2 dm-6
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