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Aluminium (Al)

The outer electron in aluminium is in a 3p sub-shell

(orbital), which is higher in energy than the 3s sub-shell.

It is also slightly more shielded by the 3s electrons, so less energy is

needed to remove it than to remove the 3s electron from magnesium.

Na2+(g) → Na3+(g) + e−
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Phosphorus (P)

There is a large jump in ionisation energy between the 5th

and the 6th ionisation energies.

This is because the 6th electron is removed from the second (principal)

energy level (2p), which is closer to the nucleus and less shielded than

the third energy level.

So X has 5 electrons in its outer shell (Group 5), and the Period 3

element in Group 5 is phosphorus.
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Mean titre (concordant 1 and 3) = (19.60 + 19.55) ÷ 2 = 19.575 cm3

n(H2SO4) = 0.150 × 19.575 ÷ 1000 = 2.936 × 10−3 mol

n(NaOH) in 25.0 cm3 = 2 × 2.936 × 10−3 = 5.873 × 10−3 mol

n(NaOH) in 200 cm3 = 5.873 × 10−3 × (200 ÷ 25.0) = 0.04698 mol

mass = n × Mr = 0.04698 × 40.0 = 1.879 g

1.88
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Drops of acid left in the funnel could drip into the burette during the

titration, making the reading on the burette lower, so the titre recorded

would not be the true volume added (too small).

There is less chance of splashing or losing any of the solution when the

flask is swirled.
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The (weighted) average mass of an atom of an element, compared to

1/12th of the mass of an atom of carbon-12.

Ar = [(82 × 6) + (83 × 1) + (84 × 28) + (86 × 8)]

          ÷ (6 + 1 + 28 + 8)

= 3615 ÷ 43 = 84.07

84.1
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m of one ion = (84 ÷ 1000) ÷ 6.022 × 1023 = 1.395 × 10−25 kg

KE = ½mv2  so  v2 = 2KE ÷ m

v2 = (2 × 4.83 × 10−16) ÷ 1.395 × 10−25 = 6.925 × 109

v = √(6.925 × 109) = 83 218 m s−1

d = v × t = 83 218 × 1.72 × 10−5 = 1.43 m

1.43
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The heat energy change (measured) at constant pressure.

Improving the apparatus: measure the 50 cm3 of acid with a burette (or

pipette) instead of a measuring cylinder, as it is more accurate.

Use a polystyrene cup with a lid instead of a glass beaker (or insulate

the beaker) to reduce heat loss to the surroundings.

Reweigh the watch glass after tipping the calcium carbonate into the

acid, so the exact mass of solid added is found by difference.

Use powdered calcium carbonate so the reaction is faster and the

maximum temperature is reached more quickly, so less heat is lost.

Temperature measurements: measure and record the temperature of the
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acid every minute for a few minutes (e.g. 4 minutes) before adding the

solid, to get a steady initial temperature.

Add the calcium carbonate at a recorded time (e.g. at 4 minutes) and

stir. Then measure and record the temperature at regular intervals (e.g.

every minute) for at least 8 minutes after the addition, until a steady

cooling trend is observed.

Determining ΔT: plot a graph of temperature (y-axis) against time

(x-axis). Draw a best-fit line through the readings before addition and a

best-fit line through the cooling readings after the maximum.

Extrapolate the cooling line back to the time of addition. ΔT is the

difference between the extrapolated temperature and the initial

temperature at the time of addition. This corrects for heat lost to the

surroundings while the reaction was happening.
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Increase the concentration of both solutions (using the same volumes),

so the temperature change is larger.

n(HCl) = n(NaOH) = 50.0 × 0.500 ÷ 1000 = 0.0250 mol

q = −ΔH × n = 57.1 × 0.0250 = 1.4275 kJ = 1427.5 J

q = mcΔT, mass of mixture = 100 cm3 × 1.00 = 100 g

ΔT = q ÷ mc = 1427.5 ÷ (100 × 4.18) = 3.4 °C

Final temperature = 18.5 + 3.4 = 21.9 °C

21.9
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Mg2+ ions have a higher charge than Na+ ions and are smaller, and Mg

has more delocalised electrons (two per atom) than Na.

So there is a stronger attraction between the positive ions and the

delocalised sea of electrons, so magnesium has stronger metallic bonding

which needs more energy to break.

2Mg + TiCl4 → 2MgCl2 + Ti

The oxidation state of Mg increases from 0 to +2, so

magnesium loses electrons (is oxidised), while titanium is

reduced from +4 to 0 and gains these electrons. Mg donates electrons,

so it is the reducing agent.
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White precipitate forms

No visible change (stays colourless)
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Pyramidal (trigonal pyramidal)

109.5°

There are 4 bonding pairs and no lone

pairs of electrons around the N.

The electron pairs repel equally and get as far apart as possible, so the

shape is tetrahedral with a bond angle of 109.5°.
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To kill bacteria (microorganisms), sterilising / disinfecting

the water.

The health benefit of killing harmful bacteria outweighs the

risk, because chlorine is only used in very small quantities (low

concentrations).

Cl2 + H2O ⇌ HCl + HClO
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2I− → I2 + 2e−

Hydrogen sulfide, H2S

H2SO4 + 6H+ + 6e− → S + 4H2O

6H+ + 6I− + H2SO4 → 3I2 + S + 4H2O
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To make sure that all of the halide ions (both the chloride and the

iodide ions) are precipitated, so they are all removed from the solution.

n(AgI) = mass ÷ Mr = 0.315 g ÷ 234.8

= 1.34 × 10−3 mol
1.34 × 10−3
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n(NaI) = n(AgI) = 1.34 × 10−3 mol

mass of NaI = 1.34 × 10−3 × 149.9 = 0.201 g

0.201

mass of NaCl = 600 − 201 = 399 mg

% NaCl = (399 ÷ 600) × 100 = 66.5%

66.5%
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The calculated Mr would be greater (higher) than the actual value.

The mass recorded would be higher than the mass of gas actually in

the syringe, and a lower volume of gas would be recorded, so fewer

moles are calculated. Mr = mass ÷ moles, so dividing by too small a

number of moles gives too large an Mr.

pV = nRT  so  n = pV ÷ RT

p = 100 kPa = 100 000 Pa;  V = 178.0 cm3 = 178.0 × 10−6 m3

T = 120 + 273 = 393 K

n = (100 000 × 178.0 × 10−6) ÷ (8.31 × 393) = 5.45 × 10−3 mol

mass of A = 11.295 − 10.835 = 0.460 g

Mr = mass ÷ n = 0.460 ÷ 5.45 × 10−3 = 84.4

84.4
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mass of A = 11.295 − 10.835 = 0.460 g (two readings)

% uncertainty = (2 × 0.001) ÷ 0.460 × 100

= 0.435%

0.435%
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