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C7H16 + 11O2 → 7CO2 + 8H2O

Zeolite (aluminosilicate)

Slight (moderate) pressure

C16H34 → C7H16 + C6H12 + C3H6

Cl• + CH3CH2CH2CH3 → CH3CH2•CHCH3 + HCl

CH3CH2•CHCH3 + Cl2 → CH3CH2CHClCH3 + Cl•
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Cl• (chlorine radical)

Cl• + O3 → ClO• + O2

ClO• + O3 → Cl• + 2O2

The Cl• radical is regenerated in the second step, so it is not used up.

It goes on to react with another ozone molecule, so a chain reaction

occurs and one Cl• can decompose many thousands of O3 molecules.
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3-bromo-2-methylpropan-1-ol

Bromine is more electronegative than carbon, so the C–Br bond is polar.

The carbon atom bonded to the bromine is partially positive (δ+), so it

is electron deficient.

The nucleophile (OH−) has a lone pair of electrons, which it donates to

the partially positive carbon atom, forming a new bond as the C–Br

bond breaks and Br− leaves.
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KCN followed by dilute acid
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Propanal molecules have permanent dipole-dipole forces between them

(but no hydrogen bonding).

Propan-1-ol and propanoic acid both have hydrogen bonding between their

molecules, because of their O–H groups.

Hydrogen bonds are stronger than dipole-dipole forces, so the forces

between propanal molecules are the weakest. Less energy is needed to

overcome them, so propanal has the lowest boiling point (49 °C) and

evaporates first, distilling off while the alcohol and acid stay in the

flask.
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Keep the temperature of the reaction mixture below the boiling point

of propan-1-ol (below 97 °C, e.g. about 60 °C), so the propanal distils

off but the alcohol does not.

Cool the collecting vessel (distillate) in an ice bath, so the volatile

propanal condenses and does not evaporate away.

Add a small amount of solid sodium carbonate (or sodium

hydrogencarbonate) to a sample of the distillate in a test tube.

If there is no effervescence (no bubbles of CO2), then no propanoic acid

is present; fizzing would show that the acid is present.
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ΔT = 40.2 − 25.1 = 15.1 K

q = mcΔT = 150 × 4.18 × 15.1 = 9467.7 J = 9.4677 kJ

n(ethanol) = 0.457 g ÷ 46.0 g mol−1 = 9.93 × 10−3 mol

ΔH = − 9.4677 ÷ 9.93 × 10−3 = − 952.99 kJ mol−1

= − 953 kJ mol−1 (3 s.f., negative as exothermic)

− 953
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Elimination

E-pent-2-ene (trans-pent-2-ene)

The C=C double bond cannot rotate (restricted rotation),

and each carbon atom in the double bond has two different groups

attached.
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H

OH

H+

CH3CH2CH2 C CH3

H

+OH2

CH3CH2CH2 C

H

+OH2

CH2

H

CH3CH2CH2CH=CH2 + H2O + H+

(pent-1-ene)
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Initial n(A) = (40 ÷ 1000) × 0.16 = 6.4 × 10−3 mol

A reacted = 6.4 × 10−3 − 3.9 × 10−3 = 2.5 × 10−3 mol = 2x

so x = 1.25 × 10−3 mol

B = 9.5 × 10−3 − 1.25 × 10−3 = 8.25 × 10−3 mol

C = 2.8 × 10−2 + 3(1.25 × 10−3) = 3.18 × 10−2 mol

D = 0 + x = 1.25 × 10−3 mol

8.25 × 10−3

3.18 × 10−2

1.25 × 10−3

=
[C]3[D]
[A]2[B]

mol dm−3
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Adding water dilutes the mixture, so the concentrations of all four

compounds fall.

The position of equilibrium shifts to the side with more moles, the right

(4 moles of C and D compared with 3 moles of A and B), to oppose

the decrease in concentration and keep Kc constant.

So more A reacts and the amount of A falls.

[A]2 = [C]3[D] ÷ (Kc [B])

[B] = 0.21 ÷ 0.500 = 0.42, [C] = 1.05 ÷ 0.500 = 2.10,

[D] = 0.076 ÷ 0.500 = 0.152 mol dm−3

[A]2 = (2.103 × 0.152) ÷ (116 × 0.42) = 1.408 ÷ 48.72 = 0.0289

[A] = √0.0289 = 0.170 = 0.17 mol dm−3 (2 s.f.)

0.17
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k = rate ÷ ([BrO3
−][Br−][H+]2)

= 2.4 × 10−2 ÷ (0.10 × 0.20 × 0.302) = 13.33

13 mol−3 dm9 s−1

0.15

0.27

0.45

Exp 2: rate × 1.5 so [BrO3
−] = 1.5 × 0.10 = 0.15

Exp 3: rate = 13.33 × 0.20 × 0.40 × 0.502 = 0.267 = 0.27

Exp 4: [H+]2 = 2.7 × 10−2 ÷ (13.33 × 0.10 × 0.10) = 0.2025, [H+] = 0.45
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3.31 × 10−3

−3.30
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−2.0

−2.4

−2.8

−3.2

−3.6

−4.0

ln(1/t)

Gradient = (−4.01 − (−2.02)) ÷ (3.50 × 10−3 − 3.20 × 10−3)

= −1.99 ÷ 0.30 × 10−3 = −6633 K = −6.63 × 103 K

Gradient = −Ea ÷ R, so Ea = −gradient × R

Ea = 6633 × 8.31 = 55 120 J mol−1 = 55.1 kJ mol−1

55.1
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Bonding: each carbon atom in benzene forms three covalent (σ) bonds,

two to the neighbouring carbon atoms and one to a hydrogen atom.

Each carbon atom has one spare electron in a p orbital. The p orbitals

overlap sideways, above and below the plane of the ring, to form a π

cloud, so the six π electrons are delocalised over all six carbon atoms.

Shape: benzene is planar. The six carbon atoms form a regular hexagon

(6 carbon ring) with bond angles of 120°. All the C–C bonds are the

same length, in between the length of a C–C single bond and a C=C

double bond.

Stability: hydrogenation of one C=C bond in cyclohexene has ΔH⊖ =

−120 kJ mol−1, so for the hypothetical cyclohexa-1,3,5-triene, with three

C=C bonds, the expected ΔH⊖ of hydrogenation = 3 × (−120) = −360

kJ mol−1.

The actual ΔH⊖ of hydrogenation of benzene is −208 kJ mol−1, which is

152 kJ mol−1 less exothermic than expected (−360 − (−208) = −152 kJ

mol−1).
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So more energy would be needed to break the bonding in benzene:

benzene is 152 kJ mol−1 lower in energy than cyclohexa-1,3,5-triene, so

benzene is more stable, because of the delocalisation of its π electrons.

Suggested value: −230 kJ mol−1

In cyclohexa-1,3-diene the two C=C double bonds are separated by one

single bond (alternating double and single bonds).

So the p orbitals can overlap, allowing some delocalisation of electrons,

which makes the diene slightly more stable than two separate C=C

bonds. Its enthalpy of hydrogenation is therefore a little less exothermic

than 2 × (−120) = −240 kJ mol−1.
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CH3CH2COCl + AlCl3 → CH3CH2C+=O + AlCl4−

+

C CH2CH3

O

+

H COCH2CH3

COCH2CH3

+ H+

(H+ + AlCl4− → AlCl3 + HCl)
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1-phenylpropan-1-ol

NaBH4

Nucleophilic addition

Misty (steamy) white fumes of HCl are given off.

(Nucleophilic) addition-elimination

CH3 C
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O C

CH2

CH3

H
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The H atom bonded to N is electron deficient (δ+), because nitrogen is

much more electronegative than hydrogen.

This δ+ H atom is attracted to a lone pair of electrons on the δ−

oxygen atom of a C=O group in the other chain.

CH2 S S CH2
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Tertiary (structure)
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C B A
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With halogenoalkanes, the primary amine formed can react further with

more halogenoalkane, giving secondary and tertiary amines and a

quaternary ammonium salt, so a mixture of products (impure product)

forms.

Reduction of a nitrile has no further reaction, so the primary amine is

the only (single) product.

N
H

N
H

N
H

NH2

(butan-2-amine)
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The Universal Indicator turns (from green to) blue.

C6H5NO2 + 6[H] → C6H5NH2 + 2H2O

The phenylamine reacts with the excess HCl, so it is

present as an ionic salt, phenylammonium chloride (C6H5NH3
+Cl−), which

dissolves in water.

CH3CH2CH2NH2 + H2O ⇌ CH3CH2CH2NH3
+ + OH−
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4

Triplet

The adjacent CH2 group (on the neighbouring carbon) has

two hydrogens, so the peak is split into n + 1 = 3. The N next to a

has no H atoms, so causes no splitting.

H2N NH2 (hexane-1,6-diamine)
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