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Temperature

Measure the temperature of the mixture at the start and at the end of

the reaction and calculate the mean (average) of the two values.
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From the graph at 60 °C, 1000/t = 70

t = 1000 ÷ 70 = 14.3 s

14.3
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Most particles have less energy than the activation energy. A small

increase in temperature means many more particles have energy greater

than or equal to the activation energy (the Maxwell–Boltzmann

distribution shifts to the right).

So there are many more successful collisions per unit time (a much

greater frequency of successful collisions), so the rate increases a lot.
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Step 1: Add Tollens' reagent to a sample of each of the four compounds

and warm gently in a water bath. Only 2-methylpropanal (the

aldehyde) gives a silver mirror, so it is identified. The other three

compounds show no change.

Then add acidified potassium dichromate(VI) to fresh samples of the

remaining three compounds and warm. Only 2-methylpropan-1-ol (a

primary alcohol) is oxidised, so the solution changes from orange to

green. The two carboxylic acids do not react, so the solution stays

orange.

The Tollens' test must be done first, because the aldehyde would also

turn acidified potassium dichromate(VI) from orange to green, so it

could not be told apart from the alcohol.

The two compounds left are butanoic acid and 2-methylpropanoic acid.

Both give effervescence with sodium carbonate solution (carbon dioxide

is produced), which confirms they both contain the carboxylic acid

group.

Step 2: Distinguish the two acids using infrared spectroscopy. Both have

the same functional groups, so both spectra show a broad O–H (acid)

absorption at 2500–3000 cm-1 and a C=O absorption at 1680–1750 cm-1,
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so these cannot be used.

Instead, use the fingerprint region (below 1500 cm-1) of each spectrum.

Compare the fingerprint region of each unknown acid with the spectra

of known samples of butanoic acid and 2-methylpropanoic acid (e.g.

from a database). The acid whose fingerprint region is an exact match

with butanoic acid is butanoic acid, and the other is 2-methylpropanoic

acid.
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1,2-dibromopropane

1,3-dibromopropane

OH

C: 17.8 ÷ 12.0 = 1.48     H: 3.0 ÷ 1.0 = 3.00     Br: 79.2 ÷ 79.9 = 0.99

÷ smallest:  C = 1.48 ÷ 0.99 = 1.5    H = 3.00 ÷ 0.99 = 3    Br = 1

C : H : Br = 1.5 : 3 : 1 = 3 : 6 : 2

C3H6Br2
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n(TNT) = 1000 ÷ 227.0 = 4.41 mol

n(gas) = 4.41 × (3 + 5 + 12) ÷ 2 = 4.41 × 10 = 44.1 mol

T = 1250 + 273 = 1523 K

pV = nRT  so  V = nRT ÷ p

V = (44.05 × 8.31 × 1523) ÷ 101000 = 5.52 m3

5.52

stemup.co.uk

https://stemup.co.uk


but-1-ene: n = 4, so 3n/2 = 6 mol O2 per mol

200 × 6 = 1200

1200

O atoms on right = 2n + (n + 1) = 3n + 1

x = (3n + 1) ÷ 2
(3n + 1)/2
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Nucleophilic substitution

CH3 CH2 CH2 I
δ+

δ−

NH3

(− I−)

CH3 CH2 CH2 N
+

H

H

H

NH3

CH3CH2CH2NH2  +  NH4
+  (+ I−)
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mass = 5.0 × 1.75 = 8.75 g

n = 8.75 ÷ 169.9 = 0.0515 mol

molecules = 0.0515 × 6.022 × 1023 = 3.10 × 1022

3.10 × 1022

n(1-iodopropane) = 10.3 ÷ 169.9 = 0.0606 mol

n(propylamine) = 2.3 ÷ 59.0 = 0.0390 mol

% yield = (0.0390 ÷ 0.0606) × 100 = 64.3 %

64.3 %
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CHCl2F + •Cl → •CCl2F + HCl

•CCl2F + Cl2 → CCl3F + •Cl

Mr CCl3F = 12.0 + 3(35.5) + 19.0 = 137.5

Mr SbF3Br2 = 121.8 + 3(19.0) + 2(79.9) = 338.6

Mr CCl4 = 12.0 + 4(35.5) = 154.0

% atom economy = 137.5 ÷ (338.6 + 154.0) × 100

= 137.5 ÷ 492.6 × 100 = 27.9 %

27.9 %
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•CCl2F + •CCl2F → CCl2FCCl2F
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Photosynthesis: 6CO2 + 6H2O → C6H12O6 + 6O2

Fermentation: C6H12O6 → 2C2H5OH + 2CO2

Combustion: 2C2H5OH + 6O2 → 4CO2 + 6H2O

The crops take in 6CO2 from the atmosphere to make one C6H12O6 by

photosynthesis. Fermentation gives out 2CO2 and burning the two

ethanol molecules gives out 4CO2, so 6CO2 are given out in total. The

CO2 taken in equals the CO2 given out, so there are no net CO2

emissions.

The silverskin must be transported from South America to Europe, which

burns fuel and produces CO2 (carbon emissions), so it has a larger

carbon footprint.
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Ethanol has the lowest environmental impact, because it releases the

most energy per mole of CO2 produced (685.5 kJ).

1371 ÷ 2 = 685.5

2673 ÷ 4 = 668.3

1786 ÷ 3 = 595.3
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n(propanone) = 1.18 ÷ 58.0 = 0.0203 mol

q = 0.0203 × 1786 = 36.3 kJ = 36300 J

q = mcΔT  so  ΔT = q ÷ mc = 36300 ÷ (260 × 4.18) = 33.4 °C

Final temperature = 22.3 + 33.4 = 55.7 °C

55.7
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Bonds broken: 3(C–C) + 9(C–H) + (C–O) + (O–H) + 6(O=O)

= 3(C–C) + 9(412) + 360 + 463 + 6(496) = 3(C–C) + 7507

Bonds made: 8(C=O) + 10(O–H) = 8(805) + 10(463) = 11070

ΔH = bonds broken − bonds made

−2504 = 3(C–C) + 7507 − 11070

3(C–C) = 1059

C–C = 1059 ÷ 3 = 353 kJ mol-1

353
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Electrophilic addition

CH3CH2 CH CH2

H O SO3Hδ+
δ−

CH3CH2CH2 CH2
+

O SO3H
−

CH3CH2CH2CH2OSO3H
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Butan-1-ol is made from W, which is formed via a primary carbocation,

and a primary carbocation is less stable than a secondary carbocation.

So most of the but-1-ene reacts via the more stable secondary

carbocation to form X, and very little W forms.
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