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Nucleophilic substitution

Excess ammonia (NH3)

H C C C O H

H

H

H

H

H

H

n(CH3CH2CH2Br) = 25.2 ÷ 122.9 = 0.2050 mol

n(CH3CH2CH2NH2) = 0.2050 × 0.750 = 0.1538 mol

Mr(CH3CH2CH2NH2) = 59.0

mass = 0.1538 × 59.0 = 9.07 g  (3 s.f.)

9.07
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Tertiary amine (3° amine)

NaOH dissolved in ethanol (ethanolic NaOH), heat

(Base) elimination

N

H3C C C Br

H

H

H

H

OH −

→  CH3CH=CH2  +  H2O  +  Br−
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gradient = 0.50 ÷ 10.0 = 0.050

0.050
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rate ∝ [A]2, so [A]2 must increase by a factor of 1.7

new [A]2 = 1.7 × (0.50)2 = 0.425

new [A] = √0.425 = 0.50 × √1.7 = 0.652

0.65
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k = rate ÷ ([C][D])

k = 3.1 × 10−3 ÷ (0.48 × 0.23)

k = 2.81 × 10−2

units = mol dm−3 s−1 ÷ (mol dm−3)2

2.8 × 10−2 mol−1 dm3 s−1
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ln k = ln(2.8 × 10−2) = −3.58

Ea = RT(ln A − ln k)

Ea = 8.31 × 298 × (16.9 − (−3.58))

Ea = 8.31 × 298 × 20.48 = 50 716 J mol−1

Ea = 50.7 kJ mol−1 ≈ 51 kJ mol−1

51
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2-hydroxyhexanenitrile

Pass plane-polarised light through each sample (in a polarimeter).

The two enantiomers rotate the plane of plane-polarised light by

the same angle but in opposite directions (one clockwise, one

anticlockwise).

The carbonyl group (C=O) in the aldehyde is planar.

The nucleophile :CN− can attack the carbonyl carbon from either

side of the plane (above or below) with equal probability.

So equal amounts of the two enantiomers are produced, giving a

racemic mixture.

stemup.co.uk

https://stemup.co.uk


It has no chiral centre: the central C is attached to two identical

ethyl groups, so not to 4 different groups.

C

OH

CN

CH3CH2 CH2CH3
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H3C C O CH2 CH2 O C CH3

O O

0.060 0.145 0.290

CH3COOH reacted = 0.470 − 0.180 = 0.290 mol

diol reacted = 0.290 ÷ 2 = 0.145 mol

diol left = 0.205 − 0.145 = 0.060 mol

C6H10O4 formed = 0.145 mol ;  H2O formed = 2 × 0.145 = 0.290 mol
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Equal numbers of moles on each side (3 and 3), so

the volume V cancels out in the Kc expression.

Kc =
[C6H10O4][H2O]2

[CH3COOH]2[HOCH2CH2OH]

V cancels, so Kc = (0.802 × 1.152) ÷ (n2 × 0.264)

n(CH3COOH)2 = (0.802 × 1.152) ÷ (6.45 × 0.264)

= 1.0606 ÷ 1.7028 = 0.623

n(CH3COOH) = √0.623 = 0.789 mol

0.789
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H3N+ CH C O −

OCH2

H2N CH COO−

CH2OH

H2N CH C N CH COOH

O HCH2 CH2OH

H2N CH C N CH COOH

O HCH2OH CH2
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Nucleophilic addition-elimination

N-ethylpropanamide

CH3CH2 C

O

Cl

CH3CH2 NH2

CCH3CH2

O
−

Cl

N
+

CH3CH2 H

H

(H+ removed by a second CH3CH2NH2)

CH3CH2 C

O

N

H

CH2CH3 +  HCl  (or CH3CH2NH3
+Cl−)
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Test 1 (on all four): add sodium hydrogencarbonate solution,

NaHCO3(aq). K and M (carboxylic acids) give effervescence and

the gas (CO2) turns limewater milky. L and N show no change

(no fizzing).

Test 2 on K and M: warm with acidified potassium

dichromate(VI), K2Cr2O7/H2SO4. K (a secondary alcohol) turns the

solution from orange to green. M has no alcohol group, so it stays

orange.

Test 2 on L and N: warm with Tollens' reagent. N (an aldehyde)

gives a silver mirror. L (a primary alcohol, no aldehyde) gives no

change, the solution stays colourless.

So all four compounds are identified using only two tests on each.
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HNO3 + 2H2SO4 → NO2
+ + H3O+ + 2HSO4

−

Electrophilic substitution

O2N
NO2
+

O2N

+

H

NO2

O2N NO2

+  H+
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The balance between its solubility in the moving (mobile) phase,

the solvent, and its retention by (attraction to) the stationary

phase.

The solvent level in the beaker must be below the start line.

1,2-dinitrobenzene is more polar; 1,4- is non-polar

1,4-dinitrobenzene is non-polar, so it is less attracted to the polar

stationary phase (plate) and more soluble in the non-polar hexane,

so it moves further.
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Yes. Ethyl ethanoate is polar, so the solvent is more polar than

hexane alone.

The polar 1,2-dinitrobenzene is more attracted to / more soluble in

this solvent than before, so it travels further and its Rf is greater.
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A (nitrogenous) base, e.g. adenine

A phosphate group

N N

O

O

CH3

H
[DNA strand]
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(Z)-2-methylpent-2-enoic acid

145

C6H10O2 + 7½O2 → 6CO2 + 5H2O

V(CO2) = 335 − 155 = 180 cm3 = 180 × 10−6 m3

n(CO2) = pV ÷ RT = (105 000 × 180 × 10−6) ÷ (8.31 × 298)

n(CO2) = 7.632 × 10−3 mol

n(P) = 7.632 × 10−3 ÷ 6 = 1.272 × 10−3 mol

Mr(C6H10O2) = 114.0

mass = 1.272 × 10−3 × 114.0 = 0.145 g = 145 mg
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Broad O–H (acid) absorption at 2500 to 3000 cm−1, so a

carboxylic acid (C=O at about 1700 cm−1).

4 peaks, so 4 carbon environments; peak at about 180 ppm (160

to 185) shows C=O of an acid.

COOH
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R has 4 C atoms next to a C=O (2 CH3 and 2 CH2); S has only

2 (the CH2 groups).

So R has two peaks in the range δ 20 to 50 (C–C=O), S only one;

the CH3 of S gives a lower peak (δ 5 to 40).

R: 3 peaks; S: 3 peaks (both have three)
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R: both peaks are singlets (CH3 and the equivalent CH2 groups, δ

2.1 to 2.6, have no H on adjacent C).

S: CH3 peak (δ 0.7 to 1.2) is a triplet; CH2 peak (δ 2.1 to 2.6) is

a quartet.

R: 2 peaks; S: 2 peaks (both have two)
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Condensation (polymerisation)

O OH3C

O C

CH3

H

(CH2)3 C

O
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The main chain contains only strong, non-polar C–C bonds, which

cannot be attacked by nucleophiles, so cannot be hydrolysed.

The polar ester group is only in the side chain, so even if it is

hydrolysed the polymer chain is not broken.

CH2 C

CH3

COOCH2CH3
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Base strength depends on the availability of the lone pair of

electrons on the N atom to accept a proton (H+).

In E, the N is bonded directly to the benzene ring, so its lone

pair is delocalised into the ring. The lone pair is much less

available to accept H+, so E is the weakest base.

In F, the N is attached to an alkyl group (CH2CH2), not to the

ring. The alkyl group has a positive inductive effect, pushing

electrons towards the N, so the lone pair is more available to

accept H+. F is the strongest base.

In G, the N is attached to an ethyl group, which pushes electrons

onto the N (inductive effect), but the N is also bonded to the

ring, so its lone pair is partly delocalised into the ring. So G is a

stronger base than E but weaker than F.

Order of increasing base strength: E < G < F
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Step 1: methylbenzene is converted to (chloromethyl)benzene,

C6H5CH2Cl (intermediate 1).

Reagents and conditions: chlorine, Cl2, with UV light.

Step 2: C6H5CH2Cl is converted to phenylethanenitrile, C6H5CH2CN

(intermediate 2).

Reagents and conditions: KCN in aqueous ethanol (both ethanol

and water), heat under reflux.

Step 3: C6H5CH2CN is reduced to amine F, C6H5CH2CH2NH2.

Reagents and conditions: hydrogen, H2, with a nickel catalyst.
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