
stemup.co.uk

S T E M U P M O D E L S O L U T I O N

https://stemup.co.uk


Phosphorus is in Group 5 so it has 5 electrons in its outer shell.

Each of the 3 fluorine atoms shares one electron with P, so there are

a total of 8 electrons in the outer shell of P.

These form 3 bonding pairs and 1 non-bonding (lone) pair of electrons

around P.

Electron pair repulsion theory: electron pairs repel each other and

arrange themselves to be as far apart as possible, so 4 pairs give a

tetrahedral arrangement.

A lone pair repels more strongly than a bonding pair (lone pair to

bond pair repulsion > bond pair to bond pair repulsion).

Therefore the shape of PF3 is trigonal pyramidal and the bond angle is

reduced from 109.5° to about 107°.
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1s2 2s2 2p6 3s2 3p6 3d7

There are too many electrons in the d sub-shell (d orbitals), so the d

electrons do not behave as simple bonding or lone pairs.

Tetrahedral

109.5°
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Across the period the number of protons increases, so the nuclear

charge increases (shielding stays about the same).

Therefore the attraction between the nucleus and the outer electrons

increases, pulling them closer.

S8 molecules are bigger than P4 molecules (larger surface area and

larger Mr).

Therefore the van der Waals (London / dispersion) forces between

molecules are stronger in sulfur, so more energy is needed to overcome

them.

Sodium oxide is ionic and contains O2− ions.

These O2− ions react with water forming OH− ions:

O2− + H2O → 2OH−
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P4O10 + 12OH− → 4PO4
3− + 6H2O
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The ions in the ionic substance in the salt bridge move through the

salt bridge,

to maintain charge balance in each half-cell and complete the circuit.

F− (fluoride ion)
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E⊖(SO4
2−/SO2) = +0.17 V is less than E⊖(Br2/Br−) = +1.07 V, so SO4

2−

is a weaker oxidising agent than Br2 and cannot oxidise Br−.

A fuel cell converts more of the available energy from the hydrogen into

kinetic energy of the car; an internal combustion engine wastes more

energy as heat.

EMF = E(O2/OH−) − E(H2O/H2) = +0.40 − (−0.83)

1.23
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Mean bond enthalpies are averages and are not the same as the actual

bond enthalpies in CO2, CH3OH and H2O.

Bonds broken = 2(C=O) + 3(H−H) = 2 × 743 + 3(H−H)

Bonds formed = 3(C−H) + (C−O) + 3(O−H) = 3 × 412 + 360 + 3 × 463

ΔH = broken − formed:

−49 = [2 × 743 + 3(H−H)] − [3 × 412 + 360 + 3 × 463]

3(H−H) = −49 − 2 × 743 + 2985 = 1450

H−H = 1450 / 3 = 483 kJ mol−1

483
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The carbon dioxide (produced when methanol is burned) is used up in

this reaction, so there is no net increase in CO2.

There are 4 mol of gas on the left and only 2 mol of gas on the right.

At high pressure the position of equilibrium moves to the right, to the

side with fewer gas moles, to lower (oppose) the pressure.

This increases the yield of methanol.

Impurities (such as sulfur compounds) adsorb onto and block the active

sites, so the catalyst is poisoned.

stemup.co.uk

https://stemup.co.uk


CO2  +  3H2  ⇌  CH3OH  +  H2O

initial:   1.0      3.0          0            0

eqm:     0.14     0.42        0.86        0.86

(1.0 − 0.86 = 0.14;  3.0 − 3 × 0.86 = 0.42)

Total moles of gas = 0.14 + 0.42 + 0.86 + 0.86 = 2.28

partial pressure = mole fraction × ptotal

p(CO2) = 0.14 / 2.28 × 500 = 30.7 kPa

p(H2) = 0.42 / 2.28 × 500 = 92.1 kPa

p(CH3OH) = p(H2O) = 0.86 / 2.28 × 500 = 188.6 kPa

Kp = p(CH3OH) × p(H2O) / [p(CO2) × p(H2)3]

= 188.6 × 188.6 / (30.7 × 92.13)

= 1.483 × 10−3 = 1.5 × 10−3 (2 s.f.)

units: kPa × kPa / (kPa × kPa3) = kPa−2

1.5 × 10−3 kPa−2
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ΔS = ΣS(products) − ΣS(reactants)

= (238 + 189) − (214 + 3 × 131) = −180 J K−1 mol−1

T = 250 + 273 = 523 K

ΔG = ΔH − TΔS

= −49 − (523 × (−180) / 1000)

= −49 + 94.1

= +45.1 kJ mol−1

+45.1 kJ mol−1
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molecules is a strong enough force to hold the molecules together in a

liquid, so methanol is easy to liquefy.

When ΔG = 0, ΔH = TΔS, so T = ΔH / ΔS

T = −49 × 1000 / −180 = 272 K

272

H3C O

H δ+

δ−

H
δ+

O
δ−

CH3

hydrogen bond

(δ+ H attracted to a lone pair on O of the other molecule)

Hydrogen bonding between methanol
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(a pipette only delivers one fixed volume), so NaOH can be added in

small portions.

Burette

it can deliver variable volumes
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The change in pH is gradual, not rapid, at the end point (no steep

vertical section).

So an indicator would change colour over a range of volumes of sodium

hydroxide, not sharply with one drop.

[H+] = 10−pH = 10−11.8 = 1.58 × 10−12 mol dm−3

Kw = [H+][OH−] so [OH−] = Kw / [H+]

[OH−] = 1.0 × 10−14 / 1.58 × 10−12

= 6.33 × 10−3 mol dm−3

6.33 × 10−3
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Initial pH (from graph) = 4.6; at this point [NH3] = [H+]

so Ka = [H+]2 / [NH4
+]

[H+] = 10−4.6 = 2.51 × 10−5 mol dm−3

Ka = (2.51 × 10−5)2 / 2.00 = 3.15 × 10−10 mol dm−3

3.15 × 10−10

When [NH3] = [NH4
+], they cancel in the Ka expression,

so Ka = [H+] and pH = −log Ka

pH = −log10(3.15 × 10−10) = 9.50

9.50

stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


There is a big jump in ionisation energy after removal of the fifth

electron, so X has 5 outer electrons (4s2 3d3), like V.

Different colours of solution are observed as the reaction proceeds

(yellow, then blue, green and finally violet).

Each colour is due to vanadium in a different oxidation state (+5, +4,

+3, +2).
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Stage 1: moles

n(V) = 50.0 × 0.800 / 1000 = 4.00 × 10−2 mol

n(SO2) = pV / RT = (98 000 × 506 × 10−6) / (8.31 × 293)

= 2.04 × 10−2 mol

Stage 2: electrons added to NH4VO3

SO2 acts as a reducing agent and is oxidised to sulfate(VI):

SO2 + 2H2O → SO4
2− + 4H+ + 2e−  (two electron change)

moles of electrons released = 2.04 × 10−2 × 2 = 4.08 × 10−2

Stage 3: conclusion

In NH4VO3 vanadium is in oxidation state +5

4.00 × 10−2 mol V gains 4.08 × 10−2 mol electrons, so

1 mol V gains 4.08 × 10−2 / 4.00 × 10−2 = 1 mol electrons

(to the nearest integer), so new oxidation state = 5 − 1 = +4

+4
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A lone pair of electrons on the ligand

is donated from the ligand to the central metal ion, forming a dative

covalent bond.

A pale blue precipitate forms at first,

which dissolves in excess ammonia to give a dark (deep) blue solution.

[Cu(H2O)6]2+ + 2NH3 → Cu(H2O)4(OH)2 + 2NH4
+

Cu(H2O)4(OH)2 + 4NH3 → [Cu(NH3)4(H2O)2]2+ + 2OH− + 2H2O
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The Cu−N bonds formed have similar enthalpy (energy) to the Cu−N

bonds broken,

and the same number of bonds are broken and made (4 Cu−N each).

3 particles form 5 particles, so disorder increases and the entropy change

is positive.

Therefore ΔG = ΔH − TΔS is negative, so the reaction is feasible.

[Cu(NH3)4(H2O)2]2+ + 2H2NCH2CH2NH2 →

[Cu(H2NCH2CH2NH2)2(H2O)2]2+ + 4NH3
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Start a clock when the KCl is added to the water (record the water

temperature for a few minutes before mixing).

Record the temperature every minute for about 5 minutes after mixing,

stirring.

Plot a graph of temperature against time.

Extrapolate the cooling-curve line back to the time of mixing and

determine the minimum temperature there.

ΔT = 20.0 − 14.6 = 5.4 K

heat taken in, q = m × c × ΔT = 50.0 × 4.18 × 5.4 = 1128.6 J

moles of KCl = 5.00 / 74.6 = 0.0670 mol

ΔH = +1128.6 / 0.0670 = +16 839 J mol−1

= +16.8 kJ mol−1 (endothermic, 3 s.f.)

+16.8
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The magnesium ion is smaller than the calcium ion (same charge, so

higher charge density).

Therefore it attracts the chloride ions more strongly, giving stronger ionic

bonding and a larger lattice dissociation enthalpy.

ΔHsolution = ΔHlattice + ΔHhyd(Ca2+) + 2 × ΔHhyd(Cl−)

ΔHlattice = ΔHsolution − ΔHhyd(Ca2+) − 2 × ΔHhyd(Cl−)

= −82.9 − (−1650 + 2 × −364)

= +2295 kJ mol−1

+2295

stemup.co.uk

https://stemup.co.uk


calcium bromide (or magnesium bromide), CaBr2

aluminium chloride, AlCl3

iron(III) sulfate, Fe2(SO4)3
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Ba2+ + SO4
2− → BaSO4

[Fe(H2O)6]3+ + 3OH− → Fe(H2O)3(OH)3 + 3H2O

2[Fe(H2O)6]3+ + 3CO3
2− → 2Fe(H2O)3(OH)3 + 3H2O + 3CO2

[Fe(H2O)6]3+ + 4Cl− → [FeCl4]− + 6H2O
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