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TiCl4 + 2Mg → Ti + 2MgCl2

Reducing agent (electron donor)

Magnesium hydroxide is only sparingly soluble (sodium hydroxide is very

soluble), so it is much less corrosive.

Ca(OH)2

CaCO3
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Mg2+

Mg2+(aq) + 2OH−(aq) → Mg(OH)2(s)

stemup.co.uk

https://stemup.co.uk


Br− (bromide ion)

Ag+(aq) + Br−(aq) → AgBr(s)

The HNO3 reacts with and removes carbonate ions (and other

ions) which would also form a precipitate with the silver nitrate.

It is insoluble (so it is not toxic) and it absorbs X-rays, so it shows up

on an X-ray.
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Beryllium has the smallest atoms in Group 2, with the fewest shells, so

its outer electrons are closest to the nucleus with the least shielding.

So there is the strongest attraction between the nucleus and the outer

electrons.

Be+(g) → Be2+(g) + e−

Magnesium (Mg)
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Phosphorus (P)

Large jump from the 5th to the 6th ionisation energy, as the

6th electron is removed from the lower 2p energy level, closer to the

nucleus.

From Figure 1: log10(IE3) = 3.47

IE3 = 103.47 = 2950 kJ mol−1

2950
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1 (one), Cu2+ is 3d9

The O atom in water has a lone pair of electrons which it donates to

Cu2+, forming a co-ordinate (dative covalent) bond.

A blue-green precipitate forms

[Cu(H2O)6]2+ + CO3
2− → CuCO3 + 6H2O
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[Cu(H2O)6]2+ is octahedral, with six water ligands around Cu2+ (bond

angle 90°). [CuCl4]2− is tetrahedral, with four chloride ligands (bond

angle 109.5°).

The shapes are different because Cl− ligands are bigger than H2O

ligands, so only four Cl− ions can fit around the Cu2+ ion instead of six

water molecules.

Colour: when ligands bond to the Cu2+ ion, the d orbitals split into two

different energy levels (a ground state and an excited state).

When white light passes through the solution, some wavelengths

(frequencies) of visible light are absorbed by the complex. The energy

absorbed promotes d electrons from the ground state to the excited

state (d-d transitions).

The wavelengths that are not absorbed are transmitted (not emitted),

so we see the complementary colour to the light absorbed.

A different ligand and a different co-ordination number (shape) change

the size of the energy gap ΔE between the split d orbitals, so the

octahedral and tetrahedral complexes have different energy gaps.
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Since ΔE = hν = hc/λ, a different energy gap means a different

frequency (wavelength) of light is absorbed. So [CuCl4]2− absorbs

different wavelengths from [Cu(H2O)6]2+, and the light transmitted is

yellow instead of blue.

Yellow solution turns to a deep blue solution

[CuCl4]2− + 4NH3 + 2H2O → [Cu(NH3)4(H2O)2]2+ + 4Cl−
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2MnO4
− + 5C2O4

2− + 16H+ → 2Mn2+ + 10CO2 + 8H2O
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353

Potassium (K)

(28.60 + 28.50) ÷ 2 28.55

n(MnO4
−) = 28.55 × 10−3 × 0.0200 = 5.71 × 10−4 mol

n(C2O4
2−) = 5.71 × 10−4 × 5/2 = 1.4275 × 10−3 mol (in 25.0 cm3)

n(C2O4
2−) in 250 cm3 = 1.4275 × 10−3 × 10 = 1.4275 × 10−2 mol

n(complex) = 1.4275 × 10−2 ÷ 2 = 7.1375 × 10−3 mol

(2 C2O4
2− per complex)

Mr = 2.52 ÷ 7.1375 × 10−3 = 353

Mr of [Cu(C2O4)2(H2O)2] = 63.5 + 2(88.0) + 2(18.0) = 275.5

Mr of 2M = 353 − 275.5 = 77.5

Ar of M = 77.5 ÷ 2 = 38.8

M has a +1 oxidation state (complex ion is 2−), so M is potassium
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Standard pressure of 100 kPa and a stated temperature, usually 298 K.

575

ΔH = Σ ΔHf(products) − Σ ΔHf(reactants)

ΔH = (2 × −602) + (4 × 34) − (2 × −790) = +512 kJ mol−1

ΔS = (2 × 27) + (4 × 240) + 205 − (2 × 164) = +891 J K−1 mol−1

ΔS = +0.891 kJ K−1 mol−1

Feasible when ΔG = ΔH − TΔS ≤ 0, so T = ΔH ÷ ΔS

T = 512 ÷ 0.891 = 575 K
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ΔH = Σ(bonds broken) − Σ(bonds made)

−1132 = (12 × 388) + (7 × 496) − (8 × N–O) − (12 × 463)

8 × N–O = 4656 + 3472 − 5556 + 1132 = 3704 kJ mol−1

N–O = 3704 ÷ 8 = 463 kJ mol−1

463
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The forward reaction is exothermic (ΔH is negative).

The equilibrium shifts in the endothermic direction (to the left) to

oppose the increase in temperature, so less NO2 forms.
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Chlorine molecules are smaller, with fewer electrons (smaller Mr) than

bromine molecules.

So the van der Waals forces between chlorine molecules are weaker, and

less energy is needed to separate the molecules.

3 bond pairs and 2 lone pairs on Br; electron pairs

repel each other to be as far apart as possible.

+3 −1

Br

F

F

F T-shaped
(3 bond pairs, 2 lone pairs)
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H2SO4 + NaBr → NaHSO4 + HBr

White misty (steamy) fumes of HBr

H2SO4 + 2H+ + 2Br− → SO2 + Br2 + 2H2O

Orange/brown fumes (of bromine)

2Cu2+ + 4I− → 2CuI + I2
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H2 + 2OH− → 2H2O + 2e−

O2 + 2H2O + 4e− → 4OH−
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OH− ions are used up at the negative electrode but are produced again

at the positive electrode, so they are not used up overall.

At the negative electrode hydrogen is oxidised and releases electrons.

These electrons flow through the external circuit (the motor) to the

positive electrode, where oxygen gains them and is reduced.

Carbon dioxide (CO2)

Liquid hydrogen occupies a much smaller volume than the gas, so more

can be stored.
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Both cells have the same overall reaction: 2H2 + O2 → 2H2O
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d block

Vanadium is a metal: the layers of atoms (positive ions) can slide over

one another (the metallic bonding is not broken).

V2O5 + SO2 → V2O4 + SO3

V2O4 + ½O2 → V2O5
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VO2
+ + 4H+ + Sn → V3+ + Sn2+ + 2H2O

Vanadium(III) sulfate is ionic: a giant lattice of oppositely charged V3+

and SO4
2− ions.

There are strong electrostatic attractions between the oppositely charged

ions, so a lot of energy is needed to overcome them.

Sn (−0.14 V) reduces VO2
+ → VO2+ → V3+ but cannot reduce V3+

to V2+ (−0.26 V is more negative), so V3+ is the only vanadium product.
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V2(SO4)3 + 12H2O → 2[V(H2O)6]3+ + 3SO4
2−

V3+ has a high charge and a small size (high charge density).

It attracts electrons from the O–H bonds in the water ligands,

weakening (polarising) the O–H bonds, so H+ is released and forms

H3O+ ions.

C33H34N4VO4 + H+ → C33H35N4VO4
+

602
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98.5%

Let % of 51V = x, so % of 49V = 100 − x

[51x + 49(100 − x)] ÷ 100 = 50.97

2x + 4900 = 5097,  so x = 98.5
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0.82

HNO3 is fully dissociated, so [H+] = 0.150 mol dm−3

pH = −log10[H+] = −log10(0.150) = 0.82

[H+] = 10−pH = 10−2.89 = 1.29 × 10−3 mol dm−3

Ka = [H+]2 ÷ [CH3CH2COOH]   (as [H+] = [A−])

[CH3CH2COOH] = [H+]2 ÷ Ka

= (1.29 × 10−3)2 ÷ 1.35 × 10−5

= 0.123 mol dm−3

0.123
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The added OH− ions react with H+ ions to form water.

The equilibrium CH3COOH ⇌ H+ + CH3COO− shifts to the right to

replace the H+ ions, so [H+] and the pH stay almost constant.
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0.03

n(CH3COOH) at start = 0.120 × 50 ÷ 1000 = 0.00600 mol

n(CH3COO−) at start = 0.656 ÷ 82.0 = 0.00800 mol

n(H+) added = 0.200 × 1.50 ÷ 1000 = 0.000300 mol

H+ + CH3COO− → CH3COOH

n(CH3COOH) after = 0.00600 + 0.000300 = 0.00630 mol

n(CH3COO−) after = 0.00800 − 0.000300 = 0.00770 mol

[H+] = Ka × [HA] ÷ [A−] = 1.78 × 10−5 × 0.00630 ÷ 0.00770

[H+] = 1.46 × 10−5 mol dm−3

new pH = −log10(1.46 × 10−5) = 4.84

pH change = 4.87 − 4.84 = 0.03 (pH decreases)

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

