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A central metal atom or ion surrounded by ligands (bonded to it by

co-ordinate bonds).

PF3 is a neutral molecule (it has no charge) and the complex Cr(PF3)6

is also neutral (no overall charge), so the chromium must be 0.

P

F
F

F
(bond angle about 107°)

Pyramidal (trigonal pyramidal)
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Cis-trans (geometric, E-Z) isomerism

[Cr(H2O)5Cl]Cl2
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To complete the circuit by allowing ions to move between the

two half-cells (keeps them electrically neutral).

Potassium nitrate, KNO3

No change (the EMF stays the same).
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Mg + 2HCl → MgCl2 + H2
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P4 + 5O2 → P4O10

SO2 + H2O → H2SO3

Mg + H2O → MgO + H2

Bright white light (white flame) and a white solid (powder)

is formed.

3MgO + 2H3PO4 → Mg3(PO4)2 + 3H2O

S

O−

O−

O O
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n(O2) = 0.120 mol, so n(NO) = 2 × 0.120 = 0.240 mol

n(NO2) = 0.317 − 0.240 = 0.077 mol

total moles = 0.077 + 0.240 + 0.120 = 0.437 mol

mole fraction NO2 = 0.077 ÷ 0.437 = 0.176

mole fraction NO = 0.240 ÷ 0.437 = 0.549

mole fraction O2 = 0.120 ÷ 0.437 = 0.275

0.176

0.549

0.275

p(NO2) = mole fraction × total pressure

= 0.176 × 120 = 21.1 kPa

21.1
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= p(NO)2 × p(O2)
p(NO2)2

partial pressure = mole fraction × total pressure (P)

59.7 = (0.460P)2 × (0.230P)
(0.310P)2

59.7 = 0.4602 × 0.230 × P
0.3102

P = 59.7 × 0.3102

0.4602 × 0.230

P = 5.737 ÷ 0.04867 = 117.9 kPa

118
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Decreases

No change

The forward reaction is endothermic (ΔH = +113), so the backward

reaction is exothermic.

At a lower temperature the equilibrium shifts to the left (backward

direction) to oppose the decrease in temperature, so less O2 forms.
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The temperature increases (goes up), because dissolving calcium chloride

is exothermic.

Fluoride ions (F−) are smaller than chloride ions with the same charge,

so F− has a higher charge density.

So there is a stronger attraction between the F− ion and the δ+

hydrogen atoms of the water molecules.

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

= +2237 + (−1650) + (2 × −364)

= +2237 − 1650 − 728 = −141 kJ mol−1

−141
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Ca2+(g) + 2e− + 2Cl(g)

Ca(g) + Cl2(g)

ΔHf = ΔHat(Ca) + IE1 + IE2 + 2ΔHat(Cl) + 2EA(Cl) + ΔHL

−795 = 193 + 590 + IE2 + (2 × 121) + (2 × −364) + (−2237)

−795 = −1940 + IE2,  so IE2 = −795 + 1940 = +1145 kJ mol−1

+1145
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The second electron is removed from a positive ion (Ca+), so the

electron is closer to the nucleus and more strongly attracted.

Perfect ionic model values: the value for calcium chloride (2223) is

much larger than the values for potassium chloride (690) and silver

chloride (770), which are similar to each other (CaCl2 > AgCl > KCl).

This is because the Ca2+ ion has a larger charge (2+) than K+ and Ag+

(1+) and is a smaller ion. So there is a stronger electrostatic attraction

between the oppositely charged ions (Ca2+ and Cl−), so CaCl2 has

stronger ionic bonding. Ag+ and K+ have a smaller charge and are larger

ions, so the attraction between the + and − ions in AgCl and KCl is

weaker.

Comparing with the Born-Haber values: for calcium chloride (2223 and
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2237) and for potassium chloride (690 and 701) the perfect ionic model

values are very similar to the Born-Haber cycle values.

This shows that CaCl2 and KCl have almost perfect ionic bonding: the

ions behave as perfectly spherical ions with point charges, just as the

perfect ionic model assumes.

For silver chloride the Born-Haber value (905) is much larger than the

perfect ionic model value (770), a difference of 135 kJ mol−1, which is a

much bigger difference than for the other two compounds.

This shows that the bonding in AgCl has some covalent character. The

Ag+ ion is more polarising: it distorts the electron cloud of the Cl− ion

towards itself, so there is extra attraction (partial covalent bonding)

between the ions. This makes the lattice stronger than the perfect ionic

model predicts, so more energy is needed to break it.
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Transfer (pour) the solution into a 250 cm3 volumetric flask using a

funnel.

Rinse the beaker and funnel with distilled water and add the washings

to the flask.

Make up to the 250 cm3 graduation mark with distilled water, adding

the last drops dropwise until the bottom of the meniscus is on the line.

Stopper the flask and invert it many times (shake) to mix the solution

thoroughly.

So that any water left in the pipette does not dilute the solution, so

the titration is done with the known concentration of Ba(OH)2.

n = 0.100 × 250 ÷ 1000 = 0.0250 mol

mass = 0.0250 × 171.3 = 4.28 g
4.28
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Drops of acid left in the funnel could fall into the burette during the

titration, so you would no longer know how much acid has been added

from the burette (the titre would be too low).

n(Ba(OH)2) in 250 cm3 = 0.952 ÷ 171.3 = 5.557 × 10−3 mol

n(Ba(OH)2) in 25.0 cm3 = 5.557 × 10−3 ÷ 10 = 5.56 × 10−4 mol

Ba(OH)2 + 2HCl → BaCl2 + 2H2O

n(HCl) in 24.50 cm3 = 2 × 5.56 × 10−4 = 1.11 × 10−3 mol

[HCl] = 1.11 × 10−3 × 1000 ÷ 24.50 = 0.0454 mol dm−3

0.0454

(0.05 ÷ 25.0 × 100) + (0.15 ÷ 24.50 × 100)

= 0.20 % + 0.61 % = 0.81 %

0.81 %
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1s2 2s2 2p6

Al2(SO4)3 + 12H2O → 2[Al(H2O)6]3+ + 3SO4
2−

Al3+ is a small ion with a high charge (high charge density), so it is

very polarising.

It attracts electrons from (polarises) the O−H bonds in the water

ligands, weakening them, so H+ is released and forms H3O+ with water:

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

The solution is colourless: Al3+ has no d electrons, so there are no d-d

transitions and it does not absorb visible light.
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White precipitate forms

[Al(H2O)6]3+

[Al(H2O)6]3+ + 3NH3 → Al(H2O)3(OH)3 + 3NH4
+
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n(EDTA4−) added = 50.0 × 0.0100 ÷ 1000 = 5.00 × 10−4 mol

n(Zn2+) = 18.00 × 0.0105 ÷ 1000 = 1.89 × 10−4 mol

Zn2+ reacts 1:1 with EDTA4−, so excess EDTA4− = 1.89 × 10−4 mol

n(EDTA4−) reacted with Al3+ in the 25.0 cm3 sample

= 5.00 × 10−4 − 1.89 × 10−4 = 3.11 × 10−4 mol  ( = n(Al3+), 1:1 )

n(Al3+) in 250 cm3 = 3.11 × 10−4 × 10 = 3.11 × 10−3 mol

each Al2(SO4)3.xH2O contains 2 Al3+, so

n(Al2(SO4)3.xH2O) = 3.11 × 10−3 ÷ 2 = 1.555 × 10−3 mol

Mr = mass ÷ moles = 1.036 ÷ 1.555 × 10−3 = 666.2

342.3 + 18x = 666.2

18x = 666.2 − 342.3 = 323.9

x = 323.9 ÷ 18 = 17.99, so x = 18

666.2

18
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O2 + 4H+ + 4e− → 2H2O

CH3OH + H2O → CO2 + 6H+ + 6e−

E⊖ = 1.20 + 0.03 = +1.23 V

The reactants (fuel and oxygen) are supplied continuously.

Methanol is a liquid, so it can be stored and transported more easily

than hydrogen gas.
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Sr(g) + e− → Sr+(g) + 2e−

d = 95.0 cm = 0.950 m

v = d ÷ t = 0.950 ÷ (9.47 × 10−4) = 1003 m s−1

KE = (1/2)mv2, so m = 2KE ÷ v2

m = (2 × 7.02 × 10−20) ÷ 10032 = 1.396 × 10−25 kg

mass of one ion = 1.396 × 10−22 g

mass of 1 mol of ions = 1.396 × 10−22 × 6.022 × 1023 = 84.0 g

so the mass number = 84

84
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The positive ions hit the detector and each ion

gains an electron, which generates a current.

The size of the current is proportional

to the abundance of that ion.

Electrospray is a soft ionisation method, so the protein (ion) does not

break up (fragment).

86Sr + 87Sr = 100 − 82 = 18 %,  so 87Sr = 18 × 2 ÷ 3 = 12 %

12

Ar = ((82 × 88) + (12 × 87) + (6 × 86)) ÷ 100

= (7216 + 1044 + 516) ÷ 100 = 87.76 = 87.8

87.8
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Thymol blue

= [H+][CH3CH2COO−]
[CH3CH2COOH]

Ka = 10−pKa = 10−4.87 = 1.35 × 10−5 mol dm−3

[H+] = [CH3CH2COO−], so Ka = [H+]2 ÷ [CH3CH2COOH]

[H+] = √(1.35 × 10−5 × 0.100) = 1.16 × 10−3 mol dm−3

pH = −log10(1.16 × 10−3) = 2.94

2.94
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This is a weak acid (butanoic acid) and weak base (ethylamine)

titration, so the pH change at the equivalence point is too gradual (no

steep, vertical section on the pH curve), so the indicator colour change

is not sharp and is difficult to judge.

n(butanoic acid) = 25.0 × 0.100 ÷ 1000 = 2.50 × 10−3 mol

n(NaOH) = 20.0 × 0.100 ÷ 1000 = 2.00 × 10−3 mol

acid left (HX) = 2.50 × 10−3 − 2.00 × 10−3 = 5.0 × 10−4 mol

salt formed (X−) = 2.00 × 10−3 mol

Ka = [H+][X−] ÷ [HX], so [H+] = Ka × [HX] ÷ [X−]

(the total volume is the same for both, so it cancels)

[H+] = 1.51 × 10−5 × 5.0 × 10−4 ÷ (2.00 × 10−3)

= 3.775 × 10−6 mol dm−3

pH = −log10(3.775 × 10−6) = 5.42

5.42
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