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Mg2+(g) + 2e− + O(g)

Mg2+(g) + e− + O−(g)

Mg+(g) + e− + O(g)
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ΔHf(MgO) = ΔHat(Mg) + ½ΔHBDE(O2) + IE1 + IE2 + EA1 + EA2 + ΔHLF

−602 = 150 + (½ × 496) + 736 + 1450 + (−142) + 844 + ΔHLF

−602 = 3286 + ΔHLF

ΔHLF = −602 − 3286 = −3888 kJ mol−1

−3888
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mole fraction NH3 = 0.80, so N2 + H2 = 0.20, in a 1:3 ratio

mole fraction N2 = 0.25 × 0.20 = 0.05, H2 = 0.75 × 0.20 = 0.15

pp = mole fraction × total pressure (150 kPa)

0.05 × 150 = 7.5

0.15 × 150 = 22.5

0.80 × 150 = 120

= (pNH3)2

(pN2) × (pH2)3
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Decreases

The forward reaction is exothermic (ΔH is negative), so

when the temperature increases the equilibrium shifts to the left, in the

endothermic direction, to reduce the temperature (oppose the increase in

temperature). So the partial pressure of NH3 falls and Kp decreases.

Kp = (1.10 × 103)2

(1.20 × 102) × (1.50 × 102)3

= 1.21 × 106 ÷ 4.05 × 108 = 2.99 × 10−3

units: kPa2 ÷ (kPa × kPa3) = kPa−2

2.99 × 10−3 kPa−2
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ΔS = ΣS(products) − ΣS(reactants)

= [(4 × 211) + (6 × 189)] − [(4 × 193) + (5 × 205)]

= 1978 − 1797

= +181 J K−1 mol−1

+181
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ΔG becomes more negative (less positive).

This is because the entropy change is positive, so as T increases the

TΔS term gets bigger, so −TΔS becomes more negative while ΔH stays

the same.

ΔG = ΔH − TΔS,   T = 600 + 273 = 873 K,   ΔS = 0.181 kJ K−1 mol−1

ΔG = −905 − (873 × 181 × 10−3) = −905 − 158 = −1063

−1063
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The reactants (NH3 and O2) are adsorbed onto the platinum surface at

the active sites.

Bonds in the reactants are weakened / broken, and the reaction occurs

on the surface, with new bonds made on the surface.

The products (NO and H2O) are then desorbed from the platinum

surface, freeing the active sites.

−3 to +2 (an increase of 5)

2NH3 + 2O2 → N2O + 3H2O
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1s2 2s2 2p6 3s2 3p6

In Ca+ the electron removed is from the 4s orbital (4th energy level),

whereas in K+ it is removed from the 3p orbital (3rd energy level).

So the electron removed from Ca+ is further from the nucleus and

experiences more shielding, so it is less strongly attracted and less

energy is needed.

Beryllium (Be)

Mg(OH)2
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Ba2+(aq) + SO4
2−(aq) → BaSO4(s)

Barium chloride (BaCl2)

10 cm3 of 0.15 mol dm−3 Na2SO4

Volume of Na2SO4 needed to react with all 1.5 × 10−3 mol BaCl2 = 1.5 ×

10−3 ÷ 0.15 = 0.010 dm3 = 10 cm3 of sodium sulfate solution, so the

filtrate contains only NaCl.

n(BaCl2) = (6 ÷ 1000) × 0.25 = 1.5 × 10−3 mol

n(Na2SO4) = (8 ÷ 1000) × 0.15 = 1.2 × 10−3 mol

1:1 ratio, so BaCl2 is in excess by 3 × 10−4 mol
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All the isotopes have the same electron configuration (the same number

of electrons and of outer shell electrons), and chemical properties

depend on the electrons.

138Ba+

Let abundance of 86Sr = x % and 87Sr = x %, so 88Sr = (100 − 2x) %

[86x + 87x + 88(100 − 2x)] ÷ 100 = 87.7

173x + 8800 − 176x = 8770

3x = 30, so x = 10 %

abundance of 88Sr = 100 − (2 × 10) = 80.0 %

80.0
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mass of one ion, m = (137 × 10−3) ÷ (6.022 × 1023) = 2.275 × 10−25 kg

v2 = 2KE ÷ m = (2 × 3.65 × 10−16) ÷ (2.275 × 10−25) = 3.2088 × 109

v = √(2KE ÷ m) = √(3.2088 × 109) = 5.6646 × 104 m s−1

v = d ÷ t, so d = v × t

d = 5.6646 × 104 × 2.71 × 10−5 = 1.535 m

= 1.54 m (3 s.f.)

1.54
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An acid that completely dissociates (ionises) in aqueous solution to

form H+ ions.

n(HCl) = 10.35 × 10−3 × 0.100 = 1.035 × 10−3 mol

n(Ba(OH)2) = 25.0 × 10−3 × 0.150 = 3.75 × 10−3 mol

n(OH−) = 2 × 3.75 × 10−3 = 7.50 × 10−3 mol

excess n(OH−) = 7.50 × 10−3 − 1.035 × 10−3 = 6.465 × 10−3 mol

total volume = 10.35 + 25.0 = 35.35 cm3

[OH−] = 6.465 × 10−3 ÷ 35.35 × 10−3 = 0.182885 mol dm−3

[H+] = Kw ÷ [OH−] = 1.47 × 10−14 ÷ 0.182885

= 8.0378 × 10−14 mol dm−3

pH = −log10(8.0378 × 10−14) = 13.09

13.09
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Because [H+] = [OH−] in pure water.
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= [CH3COO−][H+]
[CH3COOH]

n(HCl) added = 5.00 × 10−3 × 2.00 = 0.0100 mol

n(CH3COOH) = 500 × 10−3 × 0.0700 = 0.0350 mol

H+ + CH3COO− → CH3COOH

n(CH3COO−) = 0.025 − 0.0100 = 0.015 mol

n(CH3COOH) = 0.0350 + 0.0100 = 0.045 mol

[H+] = Ka × [CH3COOH] ÷ [CH3COO−] (volumes cancel)

= 1.76 × 10−5 × 0.045 ÷ 0.015 = 5.28 × 10−5 mol dm−3

pH = −log10(5.28 × 10−5) = 4.28

4.28
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The salt bridge contains mobile ions (e.g. K+ and NO3
−), which move

through it between the two solutions, carrying the charge and

completing the circuit.

Because the concentration of Cu2+ ions is not 1.0 mol dm−3 (it is 0.15

mol dm−3), so it is not a standard electrode.

+0.18
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Cu(s) | Cu2+(aq) || Cu2+(aq) | Cu(s)

The concentration of Cu2+ ions increases, because Cu is oxidised to Cu2+

at the left-hand electrode.

The concentrations of Cu2+ ions in

the two solutions become equal (the same), so the two electrode

potentials become the same and there is no potential difference.
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AlCl3 + 6H2O → [Al(H2O)6]3+ + 3Cl−

[Al(H2O)6]3+ + H2O → [Al(H2O)5(OH)]2+ + H3O+

A white precipitate forms.

Effervescence (bubbles of gas, CO2).

2[Al(H2O)6]3+ + 3CO3
2− → 2[Al(H2O)3(OH)3] + 3CO2 + 3H2O
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A white precipitate forms.

The white precipitate dissolves in excess KOH to form a

colourless solution.

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

[Al(H2O)3(OH)3] + OH− → [Al(H2O)2(OH)4]− + H2O
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Sodium has metallic bonding. It is a giant metallic lattice of positive

Na+ ions surrounded by a sea of delocalised electrons, and the bonding

is the electrostatic attraction between the positive ions and the

delocalised electrons. Each Na atom only donates one electron and Na+

is relatively large, so this attraction is relatively weak.

Sodium bromide and sodium iodide have ionic bonding. They are giant

ionic lattices, in which there are strong electrostatic attractions between

oppositely charged ions (Na+ and Br−, or Na+ and I−) in all directions

throughout the lattice.

NaBr has a higher melting point than Na because the ionic bonds in

NaBr are stronger than the metallic bonds in Na: the attraction

between the oppositely charged ions is stronger than the attraction

between the Na+ ions and the delocalised electrons, so more energy is

needed to overcome it.

NaBr has a higher melting point than NaI because the Br− ion is

smaller than the I− ion (both have the same charge). So the Br− ion

can get closer to the Na+ ions, and there is stronger attraction between

the oppositely charged ions in NaBr than in NaI. More energy is needed

to break the ionic bonds in the NaBr lattice.

So the stronger the bonding in the giant lattice, the higher the melting

point, giving the order NaBr > NaI > Na.
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2Na + 2H2O → 2NaOH + H2

mass of Na = 250 mg = 0.250 g

n(Na) = 0.250 ÷ 23.0 = 0.0109 mol (1.087 × 10−2)

n(H2) = 0.01087 ÷ 2 = 5.435 × 10−3 mol

T = 25 + 273 = 298 K,   P = 101 kPa = 101 000 Pa

pV = nRT, so V = nRT ÷ p

V = (5.435 × 10−3 × 8.31 × 298) ÷ 101 000

= 1.33 × 10−4 m3

= 1.33 × 10−4 × 106 = 133 cm3

133

[Na+] = 0.01087 ÷ (500 × 10−3) = 0.0217 mol dm−3

0.0217
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There are 4 electron pairs around N (2 bonding pairs and

2 lone pairs), and these electron pairs repel each other to be as far

apart as possible.

Lone pair/lone pair repulsion is greater than lone pair/bonding pair

repulsion, which is greater than bonding pair/bonding pair repulsion, so

the bond angle is reduced from 109.5° to 104.5°.

N

H H −

bent (V-shaped)

104.5°
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Fe2+ (e.g. iron(II) sulfate solution)

E⊖ for Fe3+/Fe2+ (+0.77 V) is less positive than E⊖ for

VO2
+/VO2+ (+1.00 V), so Fe2+ reduces VO2

+, but more positive than E⊖

for VO2+/V3+ (+0.34 V), so it cannot reduce VO2+ further.

+4
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Cis-trans (geometric / E-Z stereo) isomerism

2NH4VO3 → V2O5 + H2O + 2NH3

V2O5 + SO2 → V2O4 + SO3

V2O4 + ½O2 → V2O5

V

H2O

H2O

H2O Cl

Cl OH2

+

stemup.co.uk

https://stemup.co.uk


n(HCl) added = 200 × 10−3 × 0.250 = 0.0500 mol

n(NaOH) in titration = 26.60 × 10−3 × 0.150 = 3.99 × 10−3 mol

NaOH + HCl → NaCl + H2O, so n(HCl) in 25.0 cm3 = 3.99 × 10−3 mol

excess HCl in 250 cm3 = 3.99 × 10−3 × 10 = 3.99 × 10−2 mol

n(HCl) reacted with Na2CO3.xH2O = 0.0500 − 0.0399 = 0.0101 mol

Na2CO3 + 2HCl → 2NaCl + H2O + CO2

n(Na2CO3.xH2O) = 0.0101 ÷ 2 = 5.05 × 10−3 mol

mass = 627 mg = 0.627 g

Mr = 0.627 ÷ 5.05 × 10−3 = 124.2

Mr(Na2CO3) = 106.0, so xH2O = 124.2 − 106.0 = 18.2

x = 18.2 ÷ 18.0 = 1.01, so x = 1
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1
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