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� Answer all the questions.

� The marks for each question are shown in brackets.

� Calculators are permitted.

� Do not start until you are instructed to do so.

� A Periodic Table is provided on the first page.
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consent to your data being handled in this manner.
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1. Please circle the correct answer. There is only one correct answer to each question.

(a) X, Y, and Z are all different elements in the first three periods:

� X and Y are in the same group of the Periodic Table.

� Y and Z are in the same period of the Periodic Table.

� Z has a larger atomic number than X.

Which of the following statements is false? [1]

A. X and Y can form ions with the same charge

B. An atom of Z has more electrons than an atom of X

C. X and Y will react to form an ionic compound

D. Atoms of X and Z have different numbers of electron shells

E. When Y and Z form ions they lose or gain electrons from the same shell

(b) Which of the following reactions does not involve oxidation and reduction? [1]

A. CaCO3 CaO + CO2

B. CH4 + 2O2 CO2 + 2H2O

C. Cl2 + 2KBr 2KCl + Br2

D. CuSO4 + Zn ZnSO4 + Cu

E. 2Na + 2H2O 2NaOH + H2

(c) The solubility of a salt in water increases if the charge on the ions is 1+/1− and there
is a large difference in the size of the ions. Based on this rule, which of the following
salts is the most soluble in water? [1]

A. BaO

B. AlN

C. LiF

D. KI

E. CsF

(d) A sample of H2 contains the isotopes 1H and 2H. The relative molecular mass of H2 in
the sample is 2.4. What percent of each isotope is in the sample? [1]

A. 1H: 90%, 2H: 10%

B. 1H: 80%, 2H: 20%

C. 1H: 75%, 2H: 25%

D. 1H: 60%, 2H: 40%

E. 1H: 50%, 2H: 50%
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(e) Element X has the following properties:

� X is stored in oil.

� The salts of X are white.

� X cannot displace sodium from its salts.

What is element X? [1]

A. K

B. Mg

C. Cu

D. Li

E. Cl

(f) Below are two consecutive elements from the Periodic Table in Groups 6 and 7 respec-
tively.

52 53

Te I
tellurium iodine
127.6 126.9

Which of the following statements about these elements is false? [1]

A. Every atom of iodine has more protons than every atom of tellurium

B. Tellurium forms anions with a more negative charge than iodine

C. All atoms of tellurium and iodine have more neutrons than protons

D. The average iodine atom has more neutrons than the average tellurium atom

E. They form compounds with hydrogen with the formulae H2Te and HI

(g) Pure NiSO4 can be made by the following reaction:

NiO(s) + H2SO4 (aq) NiSO4 (aq) + H2O(l)

When this reaction is carried out, excess NiO is added to H2SO4 but excess H2SO4 is
never added to NiO.

What is the best explanation for this? [1]

A. To reduce the vigour of the reaction

B. Excess NiO is easier to remove than excess H2SO4

C. H2SO4 is more dangerous than NiO

D. To ensure the reaction has the highest possible rate

E. To ensure the reaction goes to completion
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(h) Catalytic reforming is used to turn long-chain alkanes into more useful substances. A
reaction for the reformation of decane is given below.

C10H22 X + 2C2H4 + 2H2

What is a possible structure of X?

A.

B.

C.

D.

E.
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(i) Four molecules of ammonium perchlorate decompose to give four molecules of hydrogen
chloride, two molecules of nitrogen, five molecules of oxygen, and six molecules of water.
What is the formula of ammonium perchlorate? [1]

A. NH4ClO4

B. NH2ClO2

C. N2H4ClO5

D. NH4ClO3

E. N4H16Cl4O16

(j) KNO3 is a very soluble salt, with a solubility of 316 g/100mL. 15.8 g of KNO3 is
dissolved in a volume of water. The water has to be reduced to 20% of its original
volume to just form a saturated solution. What was the original volume of water? [1]

A. 1mL

B. 4mL

C. 5mL

D. 20mL

E. 25mL

Total for Question 1: 10
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2. Swimming pools need to be disinfected to stop bacteria growing. The compounds used
to disinfect swimming pools are hydrogen hypochlorite, ClOH, or the hypochlorite anion,
ClO–.

(a) Draw a dot-and-cross diagram for ClOH showing outer electrons only. [2]

One way to disinfect water is to dissolve chlorine in it.

(b) Chlorine is produced by reacting sodium chloride with water by passing an electric
current through it. The products of this reaction are chlorine gas, hydrogen gas, and a
soluble salt which increases the pH of the solution. Write a balanced equation for this
reaction. [2]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Chlorine and water react and disinfect the water by producing hydrogen hypochlorite:

Cl2 (aq) + H2O(l) HCl (aq) + ClOH(aq)

(c) The solution produced by this reaction is unsafe for swimmers to use. Suggest why
this is and how this might be solved. [2]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A safer way to disinfect swimming pools is to dissolve Ca(ClO)2 in the water.

(d) i. What is the percent by mass of the hypochlorite anion, ClO–, in Ca(ClO)2? [3]
[You may find the following Ar values helpful: Ca = 40, Cl = 35.5, O = 16]
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ii. It is recommended that a swimming pool be disinfected with 2 parts per million
(ppm) by mass of ClO–. An Olympic-sized swimming pool is 50m long, is 2m
deep, and has 10 lanes each 2.5m wide. What mass of Ca(ClO)2 is needed to
disinfect an Olympic-sized pool?
The density of water is 1000 kgm−3.
[ppm is like percent but smaller: 1 ppm means 1 part in 1,000,000, compared with
1% meaning 1 part in 100] [3]

(e) The distinctive ‘swimming pool smell’ is chloramine, formed when urea from swimmers’
urine and sweat reacts with hydrogen hypochlorite in the water.

CO(NH2)2 + 2ClOH 2X + H2CO3

What is the formula of chloramine, labelled X in the above reaction? [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Pools can also be disinfected with a compound called Trichlor.

(f) The displayed formula of Trichlor is given below. It reacts with three molecules of water
to produce three molecules of hydrogen hypochlorite and one molecule of cyanuric acid.
Draw the displayed formula of cyanuric acid. [2]

Total for Question 2: 15
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3. Chemists often want to know how much energy is released or absorbed by a chemical
reaction. This energy change is given the symbol ∆H.

(a) One way chemists can do this is by using average bond energies. Average bond energies
are the mean energies required to break a particular type of bond, averaged over many
different compounds.

To work out the energy change of a chemical reaction using average bond energies,
calculate the total energy of the bonds broken in the reactants and subtract the total
energy of the bonds formed in the products.

i. The equation for the combustion of methane is:

CH4 + 2O2 CO2 + 2H2O

Draw the displayed formulae of all the reactants and products in this reaction
showing all the bonds. If a reactant or product appears more than once in the
balanced equation, draw the correct number of separate molecules. [2]

ii. Using these values of average bond energies calculate the energy change for the
combustion of methane. You may not need to use all the values. [3]

Bond C H C O C O O O O O O H

Energy / kJ 412 358 742 144 498 464

iii. The actual value for the combustion of methane is −890 kJ. Suggest a reason why
this is different from the value calculated above. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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The energy of formation (∆fH ) of a substance is the energy change when one molecule of
that substance is made from its elements. For example, the equation which represents ∆fH
for NaCl is: Na + 1

2 Cl2 NaCl

(b) Give the equation which represents ∆fH for the following substances:

i. H2O [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ii. NH3 [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

iii. C2H5OH [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(c) Explain why the energy of formation for an element is always 0 kJ. [1]

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Energy changes in chemical reactions have a special property. It doesn’t matter which
reaction pathway you take from the reactants to the products the energy change will always
be the same. This is called Hess’ Law.

This means we can draw a cycle of reactions with the reactants going to the products via
their elements. This is called a Hess Cycle:

Reactants
∆rH

Products

∆fH(products)

Elements

∆fH(reactants)

Because of Hess’ Law, the energy change of the reaction (∆rH ) can be expressed as:

∆rH = − ∆fH (reactants) + ∆fH (products)
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(d) The thermal decomposition of CaCO3 produces calcium oxide and carbon dioxide.
However the energy change of this reaction cannot be measured directly. It can be
calculated from a Hess Cycle with the formation energies. Draw a Hess Cycle for this
reaction and calculate the energy change of the thermal decomposition of CaCO3. [3]

∆fH (CaCO3) = −1207 kJ ∆fH (CaO) = −635 kJ ∆fH (CO2) = −394 kJ

Energy changes can be shown using an energy level diagram. For the combustion of methane
in part (a), the energy change is −890 kJ, so the products are at a lower energy than the
reactants and to show this an arrow points downwards from the reactants to the products.

Energy (H)

CH4 + 2O2

CO2 + 2H2O

∆H = −890 kJ

(e) Draw an energy level diagram for your Hess Cycle in part (d). You should clearly show
the substances at each energy level and an arrow indicating whether the formation
energies and reaction energy is going up or down. [2]

Total for Question 3: 15

End of Paper
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