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Mn2+(g) → Mn3+(g) + e−

Aluminium has the lower first ionisation energy.

The outer electron in Al is in the 3p sub-level (orbital), whereas in

Mg the outer electron is in the 3s sub-level.

The 3p electron is higher in energy and slightly further from the

nucleus, so it is easier to remove and less energy is needed.
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58Ni+ (lightest ion, so it travels fastest)

Ar = [(58 × 61.0) + (60 × 29.1) + (61 × 9.9)] ÷ 100

= (3538 + 1746 + 603.9) ÷ 100

= 5887.9 ÷ 100 = 58.879

58.9

stemup.co.uk

https://stemup.co.uk


2Fe(s) + 3/2O2(g) → Fe2O3(s)

ΔH = ΣΔfH(products) − ΣΔfH(reactants)   (ΔfH of Fe = 0)

−19 = 3ΔfH(CO2) − [(−822) + 3(−111)]

3ΔfH(CO2) = −19 + (−822) + 3(−111)

3ΔfH(CO2) = −1174

ΔfH(CO2) = −1174 ÷ 3 = −391 kJ mol−1

−391
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The data book value is a mean value derived from N–H bonds in a

number of different compounds, not just in ammonia (NH3)

molecules.

N2 + 3H2 → 2NH3:  ΔH = bonds broken − bonds made

−92 = 944 + 3(436) − 6(N–H)

6(N–H) = 944 + 3(+436) + 92

6(N–H) = 2344

N–H = 2344 ÷ 6 = +391 kJ mol−1

+391
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Amount ZnSO4 = 1.00 × 50/1000 = 0.0500 mol

Amount Mg = 2.08 ÷ 24.3 = 0.0856 mol

1 : 1 ratio and 0.0856 > 0.0500, so Mg is in excess

(Zn2+ is the limiting reagent)

Magnesium (Mg)

Q = mcΔT,   ΔT = 61.2 − 23.9 = 37.3 K

Q = 50.0 × 4.18 × 37.3 = 7795.7 J = 7.796 kJ

Energy released per mole = 7.796 ÷ 0.0500

= 155.9 kJ mol−1, exothermic so ΔH is negative

ΔH = −156 kJ mol−1

−156
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Heat loss to the surroundings (the glass beaker is not insulated and

has no lid), so the temperature rise measured is too small and the

value is less exothermic.
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1. Improve the insulation: use a polystyrene cup instead of a glass

beaker, and put a lid on it (insulate the cup). This reduces heat

loss to the surroundings, so the measured temperature rise is closer

to the true value.

2. Improve the temperature recording: record the temperature of the

zinc sulfate solution for a suitable time (e.g. every minute for 3

minutes) before adding the magnesium. This establishes an accurate

initial temperature.

Then, after adding the magnesium, keep stirring and record the

temperature at regular time intervals (e.g. every 30 seconds) for

several minutes after the maximum, and plot the temperature results

against time on a graph.

3. Improve the analysis: draw a line of best fit through the cooling

part of the graph and extrapolate the cooling back to the time the

magnesium was added (e.g. the 4th minute). This establishes the

theoretical maximum temperature, so ΔT is corrected for the heat

lost while the mixture was cooling (a cooling correction).
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2x

Volume = 1.0 dm3, so concentration = amount in moles

Kc = (2x)2 ÷ (1 − x)2 = 3.6

√3.6 = 2x ÷ (1 − x)   (positive root only)

1.897 − 1.897x = 2x

1.897 = 3.897x,  so x = 0.487

[R] = 2x = 2 × 0.487 = 0.974 mol dm−3

0.97
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The power of an atom to attract the pair of electrons in a covalent

bond.

Chlorine is more electronegative than hydrogen, so the difference in

electronegativity makes the H–Cl bond polar: Hδ+–Clδ−.

Each HCl molecule has a permanent dipole, and there is an

attraction between the δ+ H on one molecule and the δ− Cl on

another molecule.

Tetrahedral

Trigonal pyramidal

Linear

Tetrahedral

stemup.co.uk

https://stemup.co.uk


SO2 causes acid rain, which damages buildings and the

ecology (plants and lakes).

SO2 is toxic and causes breathing problems.

8 19 8 2 2 14 8

1 2 6 1
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Moles Cu = (4050 × 1000) ÷ 63.5 = 63 780 mol

1 mol CuFeS2 gives 1 mol Cu, so moles CuFeS2 = 63 780 mol

Mr CuFeS2 = 63.5 + 55.8 + 2(32.1) = 183.5

Mass CuFeS2 = 63 780 × 183.5 = 1.17 × 107 g

Mass rock = 1.17 × 107 × 100 ÷ 1.25 = 9.36 × 108 g

= 9.36 × 105 kg = 936 tonnes

936
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Total Mr of reactants = 2(63.5 + 16.0) + 12.0 = 171

% atom economy = (2 × 63.5) ÷ 171 × 100

= 127 ÷ 171 × 100 = 74.27

74.3% (3 s.f.)
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Ba2+

Ba2+(aq) + SO4
2−(aq) → BaSO4(s)

OH− (hydroxide)

Mg2+(aq) + 2OH−(aq) → Mg(OH)2(s)
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+3

+2

NO2
− + 2H+ + e− → NO + H2O

2I− → I2 + 2e−

2NO2
− + 2I− + 4H+ → I2 + 2NO + 2H2O

Oxidising agent (it accepts electrons from I−)
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Moles ClO3
− = 0.0200 × 27.40/1000 = 5.48 × 10−4 mol

Moles NO2
− = 5.48 × 10−4 × 5/2 = 1.37 × 10−3 mol

[NaNO2] = 1.37 × 10−3 ÷ (25.0/1000) = 0.0548 mol dm−3

Mr NaNO2 = 23.0 + 14.0 + 2(16.0) = 69.0

Concentration = 0.0548 × 69.0 = 3.78 g dm−3

3.78

stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk


stemup.co.uk

https://stemup.co.uk

