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It is not possible to stop some of the anhydrous MgCl2 dissolving in the

water instead of just forming the hydrate.

MgCl2(s) + 4H2O(l)
ΔH

MgCl2.4H2O(s)

MgCl2(aq)

−155 −39

ΔH = −155 − (−39) = −116 kJ mol−1

−116
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Use a measuring cylinder to put 50 cm3 of water into a polystyrene cup

(insulated container) with a lid, standing in a beaker.

Weigh about 0.8 g of anhydrous MgCl2 in a weighing bottle and record

the mass.

Record the temperature of the water every minute for 3 minutes (at

least 2 readings).

At 4 minutes add the MgCl2 and stir. Reweigh the empty weighing

bottle so the mass added is found by difference.

Keep stirring and record the temperature every minute for a further 6

minutes, until a clear cooling trend is seen.

Plot a graph of temperature against time. Extrapolate both lines to the

time of addition (4 minutes) and read off ΔT = Tfinal − Tinitial at that

time.

Heat released q = mcΔT, with m = 50 g of water and c = 4.18 J g−1

K−1.

Amount of MgCl2 = mass / Mr = 0.80 / 95.3 = 8.39 × 10−3 mol.

ΔHsoln = −q / 8.39 × 10−3, divided by 1000 to give kJ mol−1 (negative,

as the temperature rises).
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From the line: at 250 K, ΔG = −600.5;  at 280 K, ΔG = −595.5

Gradient = Δ(ΔG) / ΔT = (−595.5 − (−600.5)) / (280 − 250)

= 5.0 / 30 = 0.167 kJ K−1 mol−1

ΔG = ΔH − TΔS, so gradient = −ΔS

ΔS = −0.167 kJ K−1 mol−1

ΔS = −0.167 × 1000 = −167 J K−1 mol−1

stemup.co.uk

https://stemup.co.uk


−167

stemup.co.uk

https://stemup.co.uk


Electrophilic addition

H2C CH CH3

H O S

O

O

OH

H

H3C C+ CH3

O −

SO O

OH

H

H3C C CH3

OSO3H

CH3CH2CH2OSO3H

(H3C−CH2−CH2−O−SO2−OH)
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The major product is formed via the more stable carbocation: the

secondary carbocation is more stable than the primary carbocation.

This is because of the electron-releasing (positive inductive) effect of

the two alkyl (methyl) groups on the positive carbon, compared with

only one in the primary carbocation.

but-1-ene

E-but-2-ene

-but-2-ene
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Butanone

Oxidising agent

Fractional distillation

White misty (steamy) fumes

Acid (proton donor)

Iodine, I2

Sulfur, S

Hydrogen sulfide, H2S
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They provide a large (rough) surface area on which lots of small bubbles

form, which prevents very large bubbles forming suddenly.

Mass of ester = 1.05 × 5.0 = 5.25 g

Amount of ester = 5.25 / 150 = 0.0350 mol

Amount of NaOH = 30.0 × 2 / 1000 = 0.0600 mol

Ester and NaOH react 1 : 1, so only 0.0350 mol of NaOH is needed.

0.0600 mol > 0.0350 mol, so the NaOH is in excess.
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To make sure that all of the ester reacts (is completely hydrolysed).

The ester and ethanol are flammable, so a naked flame could ignite their

vapours.

Reflux returns the vapours of the volatile reactants to the reaction

mixture, so no reactant vapour escapes.

C6H5COONa + HCl → C6H5COOH + NaCl

Sodium benzoate is ionic, so its ions are attracted to (hydrated by) the

polar water molecules.

Benzoic acid is insoluble because, despite the polar COOH group (which

can hydrogen bond to water), the large benzene ring is non-polar.
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Dissolve the crude benzoic acid in the minimum volume of hot water

(solvent), to form a saturated solution.

Filter the hot solution to remove insoluble impurities.

Leave the filtrate to cool (then in ice) so that the benzoic acid

recrystallises; soluble impurities stay in solution.

Filter off the crystals under reduced pressure using a Buchner funnel and

flask.

Wash the crystals with a little cold water (solvent) and then dry them,

e.g. between filter papers or in a desiccator.
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The product was not dried (still contains water) or impurities

are present, so the mass is too high.

Mr of benzoic acid, C6H5COOH = 122

Amount = 5.12 / 122 = 0.0420 mol

% yield = (0.0420 / 0.040) × 100 = 105%

105
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pH 8.2 to 10.0 (e.g. phenolphthalein)

[H+][X−]
[HX]
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End point at 24.0 cm3 of NaOH
Amount NaOH = 24.0 × 0.100 / 1000 = 2.40 × 10−3 mol = amount of HX
[HX] = 2.40 × 10−3 / 0.0250 = 0.0960 mol dm−3

0.0960

Ka = [H+]2 / [HX], so [H+] = √(Ka × [HX])

[H+] = √(2.62 × 10−5 × 0.0960) = 1.59 × 10−3 mol dm−3

pH = −log(1.59 × 10−3) = 2.80

2.80

At half-neutralisation [HX] = [X−], so pH = pKa

pH = −log(2.62 × 10−5) = 4.58

4.58
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