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The mixture is heated to its boiling point for a prolonged time, with

a vertical (water-cooled) condenser fitted on top of the flask.

Vapour that is formed escapes from the liquid mixture, is condensed

(changed back into liquid) in the condenser and returns to the liquid

mixture in the flask.

This is necessary because ethanal is very volatile: under reflux any

ethanal and ethanol that initially evaporate are returned to the flask

and can then be oxidised, so oxidation to ethanoic acid is complete.

CH3CH2OH + H2O → CH3COOH + 4H+ + 4e−
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Heat the mixture gently in a round-bottomed flask (warm water bath).

Fit a still head containing a thermometer.

Connect a water-cooled condenser to the still head, leading to a

collecting vessel cooled in an ice bath.

Collect the sample that distils at the boiling point of ethanal, 21 °C.

The cooled collection vessel is needed to reduce evaporation of the

volatile ethanal, minimising its loss.
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There is hydrogen bonding in ethanol and ethanoic acid but no

hydrogen bonding in ethanal.

The intermolecular forces in ethanal (dipole-dipole) are weaker than

hydrogen bonding, so ethanal has a much lower boiling point.

Test for ethanal: add Tollens' reagent to a sample of the liquid (made

by adding 1 drop of aqueous sodium hydroxide to aqueous silver

nitrate, then enough aqueous ammonia to dissolve the precipitate

formed).

Warm the mixture in a water bath.

Result: a silver mirror forms, so ethanal (an aldehyde) is present.

Test for ethanoic acid: add sodium hydrogencarbonate (or sodium

carbonate) solution to a fresh sample.

Result: no effervescence is observed (no CO2), hence no acid is

present.
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n(NaOH) = 3.20 × 2.00 × 10−1 / 1000 = 6.40 × 10−4 mol

= n(acid) in the 10.0 cm3 sample

n(acid) in 250 cm3 at equilibrium = 25 × 6.40 × 10−4 = 1.60 × 10−2 mol

acid reacted = 8.00 × 10−2 − 1.60 × 10−2 = 6.40 × 10−2 mol

= moles of ester and of water formed = 6.40 × 10−2 mol

ethanol at equilibrium = 1.20 × 10−1 − 6.40 × 10−2 = 5.60 × 10−2 mol

Kc = [CH3COOCH2CH3][H2O] / [CH3COOH][CH3CH2OH]

volumes cancel: Kc = (6.40 × 10−2)2 / (1.60 × 10−2 × 5.60 × 10−2)

Kc = 4.5714 = 4.57 (3 s.f.)

4.57
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4.50 4.00 4.20 3.95

mean of titres 1 and 3 = (4.00 + 3.95) / 2 = 3.975 = 3.98

3.98

Titres 1 and 3 are concordant (within 0.10 cm3);

titre 2 is not concordant and the rough titre is ignored.

Thymol blue
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Use a lower concentration of NaOH (e.g. dilute the NaOH ten times),

so that a larger titre is required, which reduces the percentage

uncertainty in the titre.

% uncertainty = 0.15 / 3.98 × 100 = 3.77

3.77
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Wearing plastic gloves: essential, to prevent contamination from the

hands onto the plate.

Solvent depth not more than 1 cm: essential, because if the solvent is

too deep (above the pencil line) it will dissolve the mixture from the

plate.

Solvent rising to the top: not essential, because the Rf value can be

calculated if the solvent front does not reach the top of the plate.

Drying in a fume cupboard: essential, because the solvent is toxic

(hazardous) and its vapour must not be breathed in.
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Spray the dried plate with a developing agent (e.g. ninhydrin) or view it

under UV light to locate the spots; mark each spot with pencil.

Measure the distance from the initial pencil line to the centre of each

spot (x).

Measure the distance from the initial pencil line to the solvent front

line (y).

Calculate Rf value = x / y for each amino acid.

Different amino acids have different polarities (different R groups).

Therefore they have different retention on the stationary phase (silica)

and different solubility in the developing solvent, so they travel different

distances.
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Both acids are of the form RCOOH: in ethanoic acid R = CH3, whilst

in ethanedioic acid R = COOH.

The un-ionised COOH group in ethanedioic acid contains two very

electronegative oxygen atoms, so it has a negative inductive

(electron-withdrawing) effect, pulling electron density away from the

other COOH group.

The CH3 group in ethanoic acid has a positive inductive

(electron-pushing) effect, pushing electron density towards its COOH

group.

So the O−H bond in ethanedioic acid is more polarised (the H

becomes more δ+) than in ethanoic acid, and the H is lost more

easily.

Therefore ethanedioic acid dissociates more into H+ ions and is a

stronger acid than ethanoic acid.
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n(OH−) = n(HOOCCOO−) formed = 6.00 × 10−2 mol

n(HOOCCOOH) remaining = 1.00 × 10−1 − 6.00 × 10−2 = 4.00 × 10−2 mol

Ka = [H+][A−] / [HA]   so   [H+] = Ka × [HA] / [A−]

[H+] = 5.89 × 10−2 × (4.00 × 10−2/V) / (6.00 × 10−2/V)

[H+] = 3.927 × 10−2 mol dm−3

pH = −log10(3.927 × 10−2) = 1.406 = 1.41

1.41
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5H2C2O4 + 6H+ + 2MnO4
− → 2Mn2+ + 10CO2 + 8H2O

n(MnO4
−) = 20.20 × 2.00 × 10−2 / 1000 = 4.04 × 10−4 mol

n(H2C2O4) = 5/2 × 4.04 × 10−4 = 1.01 × 10−3 mol

concentration = moles / volume (in dm3)

= 1.01 × 10−3 × 1000 / 25.0 = 4.04 × 10−2 mol dm−3

4.04 × 10−2
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m/z = 104: [CH3OCOCOOH]+ (methyl hydrogen ethanedioate ion)

m/z = 118: [CH3OCOCOOCH3]+ (dimethyl ethanedioate ion)

The positive ions are accelerated by an electric field to a constant

kinetic energy (all ions have the same kinetic energy, KE = ½mv2).

The positive ions with m/z of 104 have the same kinetic energy as

those with m/z of 118 but are lighter, so they move faster.

Therefore the ions with m/z of 104 arrive at the detector first, so the

two species reach the detector at different times and give two peaks.
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