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(Free) radical substitution

UV light (ultraviolet radiation)

Initiation: Cl2 → 2Cl•

Propagation:

CH3CH2CHClCH3 + Cl• → CH3CH2CHClCH2• + HCl

CH3CH2CHClCH2• + Cl2 → CH3CH2CHClCH2Cl + Cl•
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Further substitution can happen, giving polychlorinated products

such as trichlorobutanes.

Substitution can happen at other positions, giving other isomers

(e.g. 2,2- or 1,3-dichlorobutane).

KOH (or NaOH)

Hot, ethanolic solvent, heat under reflux

Chlorine, Cl2
Electrophilic addition

CH3CHClCHClCH3  (2,3-dichlorobutane)

Cl

Cl
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Ƶ-3-methylpent-2-ene (the Ƶ isomer)

There is restricted rotation about the C=C double bond (it

cannot rotate),

and each carbon atom in the C=C has two different groups attached.

M has a chiral centre (C3 has four different groups

attached), so it forms two non-superimposable mirror images.

CH2=CHCH(CH3)CH2CH3 (3-methylpent-1-ene)

stemup.co.uk

https://stemup.co.uk


CCH3CH2

CH3

CH2CH3

Br−
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Chloroethene

The C–C bonds in the polymer chain are non-polar (and strong), so

they are not attacked by nucleophiles and cannot be hydrolysed.

It makes the PVC softer and more flexible (it lowers the glass

transition temperature).

C C

H

H

H

Cl
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(Nucleophilic) addition–elimination

C8H11O2

2-ethylhexan-1-ol, CH3CH2CH2CH2CH(CH2CH3)CH2OH

2 (CH3)2CHCH2OH H2O
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The more fat a food contains (and the less water), the greater the

mass of DEHA absorbed.

DEHA is non-polar (hydrophobic): it has long alkyl (hydrocarbon) chains

and no O–H groups, so it cannot form hydrogen bonds with water.

Fats also contain long hydrocarbon chains, so (relatively strong, many)

van der Waals' / London forces form between DEHA and the fat

molecules, so DEHA dissolves in fat.

So butter absorbs most DEHA and milk (mostly water) the least.
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ClOC(CH2)4 C

O−

Cl

N

H

H

(CH2)6NH2
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N2O gas is produced; it is toxic (its hazard is unknown, so it should be

treated as toxic) and can cause respiratory problems. Concentrated nitric

acid is also corrosive and gives harmful fumes.

Oxidising agent
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Dissolve the impure solid in the minimum volume of hot methanol, to

make a saturated solution.

Filter the hot solution quickly (hot gravity filtration, not Büchner) to

remove insoluble impurities.

Leave the filtrate to cool (then in an ice bath) so that crystals of

hexanedioic acid form; soluble impurities stay in solution.

Filter off the crystals under reduced pressure (Büchner funnel).

Wash with a little ice-cold distilled water, then dry the crystals between

filter papers or in a warm place.

Hexanedioic acid is slightly soluble in water, so water at room

temperature dissolves some of the product and washes it away. Ice-cold

water dissolves less product.
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Water is used to heat the sample (in the boiling tube).

Water boils at 100 °C, so the temperature will not get

high enough (152 °C) to melt the sample.

The sample is much higher than the bulb at the bottom of the

thermometer.

The temperature of the sample will be lower than

(different from) the reading on the thermometer.
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Glucose is a

renewable feedstock (from plants), and the E. coli bacteria are

renewable. The Pt catalyst can be reused.

It is a two-stage

process that uses hydrogen gas (non-renewable, from fossil fuels), high

pressure (350 kPa) and a platinum catalyst mined from the earth.
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CH3

+  3HNO3

CH3

O2N NO2

NO2

+  3H2O

Mass of methylbenzene = 1050 × 0.867 = 910.35 g

n(C6H5CH3) = 910.35 ÷ 92.0 = 9.895 mol

1 : 1 ratio, so with 42.5% yield:

n(TNT) = 9.895 × 0.425 = 4.205 mol

Mass of TNT = 4.205 × 227.0 = 954.6 g = 955 g (3 s.f.)

955
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HNO3 + 2H2SO4 → NO2
+ + 2HSO4

− + H3O+

Electrophile

CH3

NO2

+
CH3

H

NO2+
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D2O is polar, so lysine (polar / ionic) dissolves in it

but not in non-polar CCl4.

D2O has no 1H atoms, so the solvent gives no peak

in the 1H NMR spectrum.
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N

HN

H2N

O

OH
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α-helix

β-pleated sheet
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C6H12

Look for a peak at 1620–1680 cm−1, due to C=C. If this peak

is present, P is the alkene (2,3-dimethylbut-2-ene); cyclohexane has no

C=C so does not have this peak (it only shows C–H at 2850–3300

cm−1).

84.09396 = (6 × 12.00000) + (12 × 1.00783) = 72.00000 + 12.09396

C C

H3C

H3C

CH3

CH3
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13C NMR: there are 5 peaks, so there are 5 different carbon

environments (one for each carbon in C5H8O2).

Two peaks at about 200 ppm (in the range 190–220 ppm), so there are

two different C=O carbons in aldehyde / ketone groups. There is no

peak at 160–185 ppm, so Q is not an ester or carboxylic acid.

Three peaks between 5 and 50 ppm (about 7, 23 and 29 ppm), so

these are C–C carbons (alkyl carbons, including R–CO–C carbons).
1H NMR chemical shifts: there are 3 peaks, so 3 different proton

environments.

The peak at about 1.1 ppm (range 0.7–1.2) is due to R–CH3.

The peak at about 2.3 ppm (range 2.1–2.6) is due to the H in

R–CO–CH3.

The peak at about 2.8 ppm (range 2.6–2.8) is due to the H in

R–CO–CH2–.

There is no peak at 9–10 ppm, so there is no aldehyde H (CHO); both

C=O are ketone groups.
1H splitting (n + 1 rule): the peak at 1.1 ppm is a triplet, so this CH3

is next to a CH2 (2 adjacent H).

The peak at 2.3 ppm is a singlet, so this CH3 has no H on the

adjacent carbon (it is next to a C=O).

The peak at 2.8 ppm is a quartet, so this CH2 is next to a CH3 (3
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adjacent H). So there is a CH3CH2CO– group.

The two C=O groups must be next to each other, joining the

CH3CH2CO– and the –COCH3 groups.

So Q is pentane-2,3-dione: CH3CH2COCOCH3
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Volume of Y = 110 − 5 = 105 cm3 = 105 × 10−6 m3

T = 155 + 273 = 428 K        p = 101 kPa = 101 × 103 Pa

Mass of Y = 3.873 − 3.471 = 0.402 g

pV = nRT  so  n = pV ÷ RT

n = (101 × 103 × 105 × 10−6) ÷ (8.31 × 428)

n = 10.605 ÷ 3556.68 = 2.982 × 10−3 mol

Mr = mass ÷ n = 0.402 ÷ 2.982 × 10−3

Mr = 134.8 = 135

135
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Two balance readings, so uncertainty = 2 × 0.0005 = 0.001 g

% uncertainty = (0.001 ÷ 0.402) × 100 = 0.249%

0.249%

Total % uncertainty = 0.95 + 0.12 + 0.249 = 1.32%

Uncertainty in Mr = 135 × 1.32 ÷ 100 = ± 1.8

Mr range = 135 − 1.8 to 135 + 1.8

133.2 to 136.8

stemup.co.uk

https://stemup.co.uk


The seal prevents evaporation (loss) of the volatile liquid Y from the

needle, so the mass of Y injected (found by difference) is recorded

more accurately.

Let volume of CH4 = a cm3, so volume of C3H8 = (40 − a) cm3

Volume of O2 needed = 2a + 5(40 − a) = 170

200 − 3a = 170  so  3a = 30,  a = 10 cm3

Volume of C3H8 = 40 − 10 = 30 cm3

10

30
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Insoluble silver bromide (AgBr) forms as a precipitate, so the mixture

goes cloudy and hides the cross.

View the cross from the same distance and angle each time, with the

same person judging when it disappears.
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3.08 × 10−3
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2.90 2.95 3.00 3.05 3.10 3.15 3.20

1/T scale in units of 10−3 K−1  (2.90 × 10−3 to 3.20 × 10−3)
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Gradient from points on line (2.90 × 10−3, 2.38) and (3.20 × 10−3, −0.84):

gradient = (−0.84 − 2.38) ÷ (3.20 × 10−3 − 2.90 × 10−3)

gradient = −3.22 ÷ 3.00 × 10−4 = −10 733 K

gradient = −Ea/R  so  Ea = −gradient × R

Ea = 10 733 × 8.31 = 89 193 J mol−1

Ea = 89 193 ÷ 1000 = 89.2 kJ mol−1

89.2
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Br is more electronegative than C, so the C–Br bond is polar: the C is

δ+ and the Br is δ−.

The lone pair of electrons on the OH− (nucleophile) is attracted to /

attacks the δ+ carbon (the C+ after the C–Br bond breaks).
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