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Experiments 1 and 2: [B] is constant and [A] increases × 3, and the

rate increases × 9 (= 32), so the reaction is 2nd order with respect

to A.

Experiments 2 and 3: [A] increases × 2, so the rate should increase

× 22 = 4, but it only increases × 2. So halving [B] halves the rate,

so it is 1st order with respect to B.

Rate equation: rate = k[A]2[B]
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rate = k[C]2[D]  so  k = rate ÷ [C]2[D]

k = 7.2 × 10-4 ÷ ((1.9 × 10-2)2 × (3.5 × 10-2))

k = 7.2 × 10-4 ÷ 1.2635 × 10-5 = 57.0

57.0 mol-2 dm6 s-1

rate = 57.0 × (3.6 × 10-2)2 × (5.4 × 10-2)

= 3.99 × 10-3

3.99 × 10-3
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A reaction only occurs when colliding molecules have energy greater

than or equal to the activation energy (E ≥ Ea).

Doubling the temperature causes many more molecules to have this

energy (far more molecules in the Maxwell-Boltzmann distribution

have E ≥ Ea).

Whereas doubling [E] only doubles the number of molecules with this

energy, so the rate only doubles.

ln k = ln A − Ea/RT   so   Ea = RT(ln A − ln k)

ln A = ln(2.57 × 1010) = 23.97;   ln k = ln(6.51 × 10-3) = −5.03

Ea = 8.31 × 300 × (23.97 − (−5.03)) = 72 300 J mol-1

Ea = 72 300 ÷ 1000 = 72.3 kJ mol-1

72.3 kJ mol-1

stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


Tangent: change in [butadiene] = −0.0160, change in time = 7800

s, so gradient = −(0.0160 − 0) ÷ (7800 − 0) = −2.05 × 10-6, so

rate at 0.0120 = 2.05 × 10-6 mol dm-3 s-1

Initial rate ÷ rate at 0.0120 = (4.57 × 10-6) ÷ (2.05 × 10-6) =

2.23

Initial concentration ÷ concentration where tangent drawn = 0.018 ÷

0.012 = 1.5

If the order is 2, the rate should increase by a factor of (1.5)2 =

2.25. This is approximately equal to 2.23, therefore the reaction is

2nd order with respect to butadiene.
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2,2,4-trimethylpentane
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C20H42 → C8H18 + 2C3H6 + 3C2H4

Mainly alkenes are formed (propene and ethene).

4

H3C C C C CH3
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C8H17
35Cl = 96.0 + 17.0 + 35.0 = 148.0

C8H17
37Cl = 96.0 + 17.0 + 37.0 = 150.0

Mr = (1.5 × 148.0 + 1.0 × 150.0) ÷ 2.5 = 148.8

148.8

% Cl = 100 − 24.6 − 2.56 = 72.8%

C : H : Cl = 24.6/12 : 2.56/1 : 72.8/35.5 = 2.05 : 2.56 : 2.05

÷ 2.05:  1 : 1.25 : 1

Whole number ratio (× 4) = 4 : 5 : 4, empirical formula C4H5Cl4

Isooctane has 8 carbons, so MF = 2 × C4H5Cl4

C8H10Cl8
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3-methylbutan-2-ol

Elimination

H3C C C CH3

CH3

H O

H3C C C CH3

CH3

H

H3C C C CH2

CH3

H H

stemup.co.uk

https://stemup.co.uk


Position isomerism

C, B, A (lowest boiling point first: C < B < A)

H3C C CH2CH3

CH3

OH

H3C C CH2OH

CH3

CH3
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Secondary structure

Nitrogen and oxygen are very electronegative atoms (much more

electronegative than carbon and hydrogen).

Therefore the C=O and N-H bonds are polar: the O is δ− and the H

on the N is δ+.

This results in the formation of a hydrogen bond between the O of a

C=O group and the H of an N-H group further along the chain.

In the hydrogen bond, a lone pair of electrons on the oxygen atom is

strongly attracted to the δ+ H atom.
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2-amino-3-hydroxybutanoic acid
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(but P does not have a C=O group).

Therefore Q can be attacked by nucleophiles (e.g. water or OH−

hydrolysing the ester links), leading to breakdown of the polymer

chain.

Q is biodegradable.

Q contains polar C=O groups, so it has a δ+ C atom
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2-deoxyribose
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Base A (cytosine) forms a pair with guanine.

The top N-H of base A (on its NH2 group) forms a hydrogen bond

to a lone pair on the O of guanine.

The lone pair of electrons on the ring N of base A forms a

hydrogen bond to the H-N (ring N-H) of guanine.

A lone pair of electrons on the O of base A forms a hydrogen bond

to the lower H-N (of the NH2) of guanine.
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Use it in very small amounts, or target the application directly to the

tumour (e.g. inject it into the tumour).
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(Nucleophilic) addition-elimination

CH3 C

O

Cl

δ+

C6H5NH2

CH3 C

O
−

Cl

N
+

C6H5 H

H

CH3 C

O

NH

C6H5

+ HCl

stemup.co.uk

https://stemup.co.uk


To make sure the hot solution is saturated, so that crystals form

on cooling (and as little product as possible stays dissolved).

The product is more soluble when warm, so the yield would be lower

if the crystals were filtered off while warm.

So that air passes through the sample, not just round it, which

dries the crystals better.

To wash away soluble impurities from the surface of the crystals.
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The most likely impurity is water (the crystals were only in the

funnel for a few minutes, so they were still wet).

Improvement: press the sample of crystals between filter papers (or

leave it to dry in air) before measuring the melting point.

stemup.co.uk

https://stemup.co.uk


C6H5NHCOCH3 + NO2
+ → C6H4(NHCOCH3)NO2 + H+

Electrophilic substitution

Hydrolysis (of the amide)

Tin and hydrochloric acid (Sn / HCl)

Mr C6H5NH2 = 93.0;   Mr product C6H5NHCOCH3 = 135.0

1 : 1 ratio, moles = 5.05 ÷ 93.0 = 0.0543 mol

Expected mass = 5.05 × 135.0 ÷ 93.0 = 7.33 g

% yield = (4.82 ÷ 7.33) × 100 = 65.75 = 65.8%

65.8
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IR: the broad absorption at about 3360 cm-1 shows an O-H group,

so R is an alcohol (there is no C=O absorption at 1680 to 1750

cm-1).

NMR: there are 4 peaks, which indicates 4 different environments

of hydrogen.

The integration ratio is 1.6 : 0.4 : 1.2 : 2.4, so the simplest whole

number ratio is 4 : 1 : 3 : 6 (14 H in total, as in C6H14O).

The singlet with integration 1 (δ = 1.2 ppm) must be caused by

the H in the OH of the alcohol.

The singlet with integration 3 (δ = 1.1 ppm) must be due to a

CH3 group with no adjacent H (it is on a carbon with no H).

The quartet (δ = 1.5 ppm) and the triplet (δ = 0.9 ppm) suggest

a CH2CH3 group (CH2 next to CH3 gives a quartet, CH3 next to

CH2 gives a triplet).

Integration 4 for the quartet and 6 for the triplet indicates two

equivalent CH2CH3 groups.

So a central C with no H is bonded to OH, CH3 and two CH2CH3

groups: R is 3-methylpentan-3-ol, CH3C(OH)(CH2CH3)2.

H3C C OH

CH2CH3

CH2CH3
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CH3CH2COCH3 + 2[H] → CH3CH2CH(OH)CH3

Stage 1: The mechanism is nucleophilic addition. The hydride ion (H−)

from NaBH4 acts as a nucleophile and attacks the δ+ carbon of the

C=O group, then the O− formed is protonated (by H+ from the dilute

HCl) to give the alcohol.

The carbonyl group in butanone is planar (trigonal planar around the

C=O carbon), so the H− can attack from either side of the plane

(above or below) with equal probability.

Stage 2: The product is butan-2-ol, CH3CH2CH(OH)CH3. Carbon 2

has four different groups (H, OH, CH3 and C2H5), so it is chiral and

the product exists in two chiral forms (enantiomers).

Attack from one side gives one enantiomer and attack from the other

side gives the other, so equal amounts of each enantiomer are

formed: a racemic mixture.

Stage 3: Each enantiomer rotates the plane of polarised light by the

same amount but in opposite directions. In the racemic mixture the

effects cancel, so the product has no effect on plane polarised light.
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HBr (hydrogen bromide)

The major product, 2-bromobutane, is formed via the more stable

secondary carbocation. It has a chiral carbon and the planar

carbocation can be attacked by Br− from either side, so the major

product exists as a pair of enantiomers (two isomers).

The third isomer is 1-bromobutane, the minor product, because it is

obtained via the less stable primary carbocation.

Electrophilic addition
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