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(Potassium) carboxylate salt

Soap

CH2 OH

CH OH

CH2 OH

C3H5(COO)3 part: Mr = 173; R = CH3(CH2)n = 15 + 14n

638.0 = 173 + 3(15 + 14n)

638 − (173 + 45) = 420

42n = 420
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n(HCl) = 0.100 × 15.65 ÷ 1000 = 1.565 × 10−3 mol = n(KOH left over)

initial n(KOH) = 0.421 ÷ 56.1 = 7.50 × 10−3 mol

n(KOH) used = 7.50 × 10−3 − 1.565 × 10−3 = 5.939 × 10−3 mol

n(triester) = 5.939 × 10−3 ÷ 3 = 1.980 × 10−3 mol

mass of triester = 1.980 × 10−3 × 638.0 = 1.263 g

percentage by mass = (1.263 ÷ 1.450) × 100 = 87.1 %

87.1 %

stemup.co.uk

https://stemup.co.uk


Ethanol dissolves the oil and water dissolves the KOH, so it acts

as a mutual solvent for both reactants.

Heat the mixture using a water bath (or electric heater),

not a Bunsen flame.

Ethanol is flammable, so this prevents the risk of fire.
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A group (mixture) of hydrocarbons with similar boiling points (similar

chain lengths, C5 to C12).

Zeolite (aluminosilicate)

The C=O bonds in CO2 vibrate at the same frequency as infrared

radiation, so they absorb its energy (the C=O bonds are polar).

C6H14 2C5H10
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2-aminoethanol

Base (proton acceptor): the lone pair on its N removes an H+ ion

from the N+ of the intermediate.
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Smaller (107° in XNH2, 109.5° in [XNH3]+)

N in XNH2 has a lone pair; lone pair-bond pair repulsion is

greater than bond pair-bond pair repulsion.

N
X

H

H
107°

N

H

X
H

H

109.5°

+
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Bioethanol is produced from crops such as sugar cane or maize. As the

plants grow they take in CO2 from the air by photosynthesis:

6CO2 + 6H2O → C6H12O6 + 6O2

The glucose is then fermented by yeast (enzymes) at about 35 °C

under anaerobic conditions, which releases some CO2:

C6H12O6 → 2C2H5OH + 2CO2

The ethanol is separated by fractional distillation and burned as a fuel.

Combustion releases CO2:

2C2H5OH + 6O2 → 4CO2 + 6H2O

Carbon neutrality: in theory the 6 mol of CO2 taken in by

photosynthesis equals the 2 mol released in fermentation plus the 4 mol

released in combustion (6CO2 in and 6CO2 out), so there is no net CO2

added to the atmosphere.

However, bioethanol is not actually carbon-neutral, because fossil fuels

are burned to provide energy for farming machinery, making fertilisers,

harvesting, transporting the crops, distillation and distribution of the fuel,

which releases extra CO2.

Other environmental disadvantages: land is used to grow fuel crops

instead of food crops (sacrificing land that could be used for food), and

stemup.co.uk

https://stemup.co.uk


forests may be cut down to make space (deforestation), which reduces

the CO2 taken up by trees and causes loss of habitats and biodiversity.

Evaluation: the carbon-neutral claim is only partly true, so it does not

clearly outweigh the disadvantages. The statement is an overstatement,

unless the crops are grown on land not needed for food or forests and

renewable energy is used in production.
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Glass is a poorer conductor of heat than copper, so less

heat reaches the water.

The tripod and gauze absorb heat, reducing heat transfer,

and fix the height above the flame.

Reading
Initial temperature of water / °C
Final temperature of water / °C
Temperature change, ΔT / °C
Mass of burner + heptane at start / g
Mass of burner + heptane at end / g
Mass of heptane burned / g

Value
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Heat is lost to the surroundings (and to the copper

calorimeter).

Incomplete combustion of the heptane.

Use a wind shield around the burner and calorimeter (to reduce heat

loss).
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The π electrons are delocalised around the ring, which lowers the energy

compared with three localised C=C bonds.

Energy to break bonds in Kekulé benzene (to 6C(g) + 6H(g)):

(3 × 612) + (3 × 348) + (6 × 412) = 5352 kJ mol−1

6C(s) + 3H2(g) → 6C(g) + 6H(g): (6 × 715) + (6 × 218) = 5598 kJ mol−1

Hess: 83 + ΔH2 + 5352 = 5598

ΔH2 = 5598 − 5352 − 83 = +163 kJ mol−1

+163
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Electrophilic substitution

stemup.co.uk

https://stemup.co.uk


1 − x/2 1 − x x/2

O O

O O
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Kc =
[acid]2[diol]

[diester][water]2
(the volume V cancels, so amounts in mol can be used)

0.161 = (0.4522 × 0.273) ÷ (0.971 × n(H2O)2)

n(H2O)2 = (0.4522 × 0.273) ÷ (0.161 × 0.971) = 0.357

n(H2O) = √0.357 = 0.597 mol

0.597
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Use plane-polarised light: pass it through each sample separately (in a

polarimeter).

The two enantiomers rotate the plane of plane-polarised light in opposite

directions (by the same angle).

O

C C

H

CH3

CH(OH)CH3

H
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O

(3 C environments)

O

(3 C environments)
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The sharp peak at 2220 to 2260 cm−1 (C≡N) disappears.

A (broad) peak at 3300 to 3500 cm−1 (N–H) appears.

The fingerprint region (below 1500 cm−1) is different.
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Integration ratio 0.6 : 0.6 : 0.9 = 2 : 2 : 3, so Q has two CH2 groups

and one CH3 group.

δ 3.95: triplet, 2H, Cl–CH2, next to a CH2 (2 adjacent H, n + 1 = 3),

shifted by the Cl.

δ 3.65: triplet, 2H, O–CH2, next to a CH2 (2 adjacent H), shifted by

the O.

δ 3.35: singlet, 3H, O–CH3, no adjacent H so not split.

Structure of Q: CH3–O–CH2–CH2–Cl
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Dehydration (acid-catalysed elimination)

Concentrated sulfuric acid

Bromine (Br2)

Sodium hydroxide (aqueous NaOH), warm

+ Br2
Br

Br

Br

Br
+ 2NaOH

OH

OH
+ 2NaBr
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Nucleophilic addition-elimination

Less energy is used and the overall yield is better, because

there are fewer practical losses at each step.

Less waste (less pollution) is made, as more

of the raw materials end up in useful products, saving resources.

O
+

H

C

O−

Cl COCl
OH
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It absorbs harmful UV radiation (reducing the risk of skin cancer).

UV light breaks the C–Cl bonds homolytically, forming chlorine atoms

(Cl• radicals).

Cl• + O3 → ClO• + O2

ClO• + O3 → Cl• + 2O2

Propagation

Cl• + CH2F2

CHClF2 + Cl•
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The NaHCO3 neutralises the acid (HCl) catalyst, so the reaction stops

(is quenched) and the iodine concentration at that time can be found.

The concentration (amount) of propanone is much larger than that of

iodine, about 200 times larger (0.025 mol compared with 1.25 × 10−4

mol).

So the concentration of propanone stays almost constant during the

experiment; its change is negligible.
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The graph is a straight line with a constant gradient, so the iodine is

being used up at a constant rate.

So the rate of reaction does not change as the concentration of iodine

decreases: rate is independent of [I2], so the reaction is zero order with

respect to iodine.
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Points read from the line: (0.00128, −2.8) and (0.00180, −14.1)

Gradient = (−14.1 − (−2.8)) ÷ (0.00180 − 0.00128)

= −11.3 ÷ 0.00052 = −21 731 K

Gradient = −Ea ÷ R, so Ea = 21 731 × 8.31 = 180 583 J mol−1

Ea = 180 583 ÷ 1000 = 181 kJ mol−1

181
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