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The narrow neck reduces the loss of liquid droplets (acid spray) from

the flask, so mass lost is only due to CO2.

stemup.co.uk

https://stemup.co.uk


Cl is an electron-withdrawing group (negative inductive effect).

This weakens the O–H bond (increases the polarity of the O–H bond),

so H+ ions are released more readily.

chloroethanoic acid

gradient of tangent = (2.81 − 1.41) ÷ (3.40 − 0.60)
= 1.40 ÷ 2.80 = 0.50

0.50 g min−1
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Step 2

By the end of step 2, one H+ and two molecules of B have been

used, matching the rate equation; A only reacts after step 2 (zero

order).

1.00

0.16

1.35

Exp 2: only [A] changes and rate is zero order in A, so rate = 1.00
Exp 3: ([B] ÷ 0.20)2 = 0.64,  [B] ÷ 0.20 = 0.80,  [B] = 0.16
Exp 4: rate = 1.00 × (0.30 ÷ 0.20)2 × (0.06 ÷ 0.10) = 2.25 × 0.60 = 1.35
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Electrophilic substitution

Nucleophilic addition
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+NO2
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3-bromopropanenitrile
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(secondary carbocation is planar)

The two other isomers (enantiomers of 2-bromopropanenitrile):
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Reaction 1 is electrophilic addition. The C=C π bond attacks the δ+ H

of HBr and the H–Br bond breaks heterolytically, forming Br− and a

carbocation (2 curly arrows, as drawn on page 8).

If the H adds to the CH carbon, a primary carbocation forms,
+CH2CH2CN (H2C+–CH2–CN). Br− attacks this C+ to give W,

3-bromopropanenitrile.

If the H adds to the CH2 carbon, a secondary carbocation forms,

CH3–C+H–CN. Br− attacks this to give the other structural isomer,

2-bromopropanenitrile, CH3CHBrCN.

2-bromopropanenitrile has a chiral carbon: the C is bonded to four

different groups (H, CH3, Br and CN). So it exists as two optical

isomers (enantiomers), which are non-superimposable mirror images of

each other.

The secondary carbocation is planar (trigonal planar around the C+), so

Br− can attack from above or below the plane with equal probability.

This gives equal amounts of the two enantiomers (a racemic mixture).

So three isomers form in total: W and the two enantiomers of

2-bromopropanenitrile.
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KCN (potassium cyanide)

Aqueous ethanol as solvent (warm)

H2 with a Ni catalyst

NCCH2CH2CN + 4H2 → H2N(CH2)4NH2

stemup.co.uk

https://stemup.co.uk


5 repeat units, so x = 5;  10 monomers join by 2 × 5 − 1 = 9 amide links, so y = 9

5 9

C O

C O
(H2C)4

H N
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C=O

Ester: R–C(=O)–O–, the C of the C=O in an ester
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Quartet, so the neighbouring C has 3 H (a CH3); δ

4.10 means the CH2 is attached to the single-bonded O of an ester.

Triplet, so the neighbouring C has 2 H (a CH2); δ

1.26 means it is an R–CH3 (alkyl) group.
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The peaks at δ = 2.60 and 2.56 ppm overlap, so their splitting patterns

cannot be deduced, and the spectrum gives no integration values.
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(Dilute) sulfuric acid, H2SO4
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Test 2: cooling with Fehling's solution in iced water

Warm the mixture in a hot water bath instead.

Test 3: testing the gas with a lighted splint

Bubble the gas into limewater instead.

J and M

Orange solution turns green

M

Blue solution forms a brick-red precipitate

J and L

Effervescence; the colourless gas turns limewater

cloudy

K

Orange bromine water turns colourless (decolourised)

stemup.co.uk

https://stemup.co.uk


Fractionating column (packed with glass beads)

Water out

Water in

Liquids K and M are likely to have similar boiling points, so

fractional distillation separates them better.
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n(propanone) = 0.146 ÷ 58.0 = 2.52 × 10−3 mol

T = 95 + 273 = 368 K,   p = 103 kPa = 103 000 Pa

pV = nRT,  so  V = nRT ÷ p

V = (2.52 × 10−3 × 8.31 × 368) ÷ 103 000 = 7.47 × 10−5 m3

V = 7.47 × 10−5 × 106 = 74.7 cm3  =  75 cm3

75

At constant pressure, V is proportional to T (in K):

new V = 75 × (348 ÷ 368) = 71 cm3

decrease = 75 − 71 = 4 cm3

4
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% uncertainty in mass = (0.001 ÷ 0.146) × 100 = 0.685 %

uncertainty in volume = (0.685 ÷ 100) × 75 = 0.51 cm3

± 0.5

O2 used = 4 × 600 = 2400 cm3, so O2 left = 2800 − 2400 = 400 cm3

CO2 formed = 3 × 600 = 1800 cm3  (H2O is a liquid)

total gas volume = 1800 + 400 = 2200 cm3

2200
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3CH3(CH2)14COOH +

CH2 OH

CH OH

CH2 OH

Mr of CH3(CH2)14COOH (C16H32O2) = 256.0

n = 0.387 ÷ 256.0 = 1.51 × 10−3 mol

ΔT = 37.5 − 23.9 = 13.6 K

q = mcΔT = 150 × 4.18 × 13.6 = 8527.2 J = 8.527 kJ

ΔH = −8.527 ÷ 1.51 × 10−3 = −5641 kJ mol−1

ΔH = −5640 kJ mol−1 (3 s.f.)

−5640
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Less exothermic (less negative) than the data book value

Incomplete combustion of the palmitic acid

Acid rain, because the sulfur in the fuel burns to

form sulfur dioxide.

SO2

C H O S

% 37.08 5.15 24.72 100 − 67.0 = 33.05

÷ Ar 37.08 ÷ 12.0 5.15 ÷ 1.0 24.72 ÷ 16.0 33.05 ÷ 32.1

moles = 3.09 = 5.15 = 1.545 = 1.030

÷ 1.030 3.00 5.00 1.50 1

× 2 6 10 3 2

C6H10O3S2
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Bonds broken in glucose: 5 C–C, 7 C–O, 7 C–H, 5 O–H

= (5 × 348) + (7 × 360) + (7 × 412) + (5 × 463) = 9459 kJ mol−1

Bonds made in 2C2H5OH + 2CO2: 2 C–C, 10 C–H, 2 C–O, 2 O–H, 4 C=O

= (2 × 348) + (10 × 412) + (2 × 360) + (2 × 463) + (4 × 805)

= 9682 kJ mol−1

ΔH = bonds broken − bonds made = 9459 − 9682 = −223 kJ mol−1

−223
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ΔH = ΣΔfH(products) − ΣΔfH(reactants)

ΔH = (−235 + 0) − ((2 × −394) + (3 × −242))

ΔH = −235 + 1514 = +1279 kJ mol−1

+1279
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CnH2n−2O
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ln k = ln A − Ea ÷ RT,  so  ln(k ÷ A) = −Ea ÷ RT

ln(2.48 × 108 ÷ 1.00 × 1012) = ln(2.48 × 10−4) = −8.302

8.302 = 34 500 ÷ (8.31 × T)

T = 34 500 ÷ (8.31 × 8.302) = 500 K

500
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At T2 many more molecules have energy greater than or equal to Ea, so

there are more frequent successful collisions.

T1

T2

Ea Energy
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