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Answer ALL the questions. Write your answers in the spaces provided.
SECTION A

1. (a) Write an equation for the reaction of calcium with oxygen to form calcium oxide,
CaO.

(b) Draw a ‘dot and cross’ diagram of calcium oxide, CaO, showing all the electrons.
Indicate the charges clearly on your diagram.

(2)
(¢) (1) Name the compound formed when calcium oxide reacts with water.

(1) Which pH or pH range would include the pH of a saturated solution of the
product of this reaction?

pH 04 5-6 7 &9 10-14

1)

(Total 5 marks)
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2. (a) The mass of one atom of the isotope ;3Bris 1.31 x 10>g. The molar mass of ;3Br
is 79.0 g mol .
Use this information to calculate a value for the Avogadro constant. Give your
answer to three significant figures.
2
(b) According to the Periodic Table, the relative atomic mass of naturally occurring
bromine is 80.
What information can you deduce from this about naturally occurring bromine?
(No calculation is expected.)
1 Q2
(Total 3 marks) ,_]
J
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3.

(a) The electrical conductivities of the elements in the Periodic Table show periodicity.

What is meant by periodicity?

(Total 4 marks)
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SECTION B
4. This question is about the reactions of a compound Z, CH;CH(OH)CHj.
(a) Name compound Z.
1)
(b) Explain, in terms of its structure, why Z is classified as a secondary alcohol.
(1)
(c) Write an equation for the complete combustion of Z using the molecular formula
for Z. State symbols are not required.
(2)
(d) A small piece of freshly cut sodium was added to Z. Give TWO observations which
would be made.
2
J

|
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(e) A few drops of Z were put in a boiling tube with a mixture of sodium dichromate(VI)
solution and dilute sulphuric acid and the mixture was warmed gently until a reaction
occurred.
(1) What colour change would be observed?
From ..o B0 e
(1)
(i1) Draw the displayed formula of the organic product of this reaction and name it.
INAINIE .ttt ettt s
2
(ii1) A pure sample of the organic product was mixed with Benedict’s solution.
State the colour of the mixture after it was warmed.
0y
J
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(f) A sample of Z was dehydrated using a solid dehydrating agent.
(1) Name a suitable solid dehydrating agent.
(i1)) Draw a labelled diagram of the apparatus you would use to dehydrate Z and
collect the gaseous product.
3 Q4
(Total 14 marks) T
,
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5. Sodium carbonate forms hydrated crystals. These contain water of crystallisation and
their formula can be written as Na,CO;.xH,0.
The value of x can be found by titrating a sodium carbonate solution, which is alkaline,
with hydrochloric acid as follows:
e 7.15 g of hydrated sodium carbonate crystals were dissolved in water and made up to
exactly 250 cm’.
e 10.0 cm?® of this solution was pipetted into a conical flask.
e The solution was titrated with hydrochloric acid of concentration 0.100 mol dm™.
e 20.0 cm® of the hydrochloric acid was needed.
The sodium carbonate in the crystals reacts as shown.
Na,COs;(aq) + 2HCl(aq) — 2NaCl(aq) + CO,(g) + H,O(1)
(a) Name a container suitable for making up exactly 250 cm? of solution.
(1)
(b) Suggest a suitable indicator for the titration and state the colour change you would
see at the end-point.
INAICALOT ...ttt ettt et e sttt e st e et esneeeteans
Colour change from .........cccccevevieeerieeerieeeie e O e
2
(c) Calculate the mass of hydrated crystals present in the 10.0 cm® sample.
0y
(d) Calculate the number of moles of hydrochloric acid used in the titration.
(1)
8
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(e) Use your answers from (c) and (d) to calculate the mass of the hydrated crystals -
which would react with two moles of hydrochloric acid.
(1)
(f) Deduce the molar mass of the hydrated sodium carbonate, using your answer to (e)
and the equation for the reaction.
(g) The molar mass of sodium carbonate, Na,COs, is 106 gmol™!. Use this value and
your answer to (f) to work out the value of x in the formula for the hydrated crystals.
If you did not get an answer to (f) use the value 196 (this is not the answer you would
get if you do the calculation correctly).
Use the Periodic Table as a source of data.
2 Q5
(Total 9 marks) ,_]
9
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6. The enthalpy change for the thermal decomposition of calcium carbonate cannot be blank

measured directly, but can be found by carrying out two reactions as shown in the Hess
cycle below.

AH, reaction

v

CaCOs(s)

CaO(s) + COx(g)

+2HCl(aq) +2HCl(aq)

AH, AH,

Y K
CaCl,(aq) + H,O(1) + CO,(g)

(a) Suggest ONE reason why it is difficult to measure AH,c,ciion directly by experiment.

(b) In an experiment to find AH;, a student added 2.00g of finely powdered
calcium carbonate to 20.0 cm® of 2.50 moldm™ hydrochloric acid solution (an
excess) in a polystyrene container. The temperature rose from 20.5 °C to 23.0 °C.

(1) Why is the calcium carbonate used in this experiment finely powdered, rather
than in lumps? Explain why this is important for an accurate result.

)
(i) Calculate the energy change using the relationship below.
Energy change = 4.2 x mass of solution x temperature change
/] /I g Kt /g /K
Assume that the mass of the solution is 20 g.
(1

10 U 0 R0 O
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(111) Calculate the enthalpy change, AH,. Include a sign and units in your answer.
[The molar mass of CaCO; is 100 g mol™]
(&)
(iv) In another experiment, the value of AH, was found to be —181 kJ mol .
Use this result and your answer to (iii) to calculate the value of AH caction
2
J
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(c) The student checked the experimental results using information from the Book of

data in another Hess cycle.

AH, reaction

CaCOs(s)

v

CaO(s) + COx(g)

Elements in their standard states

Name the enthalpy change represented by AHj.

(Total 10 marks)
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7. This question is about the chemistry of sodium and magnesium.
(a) Sodium and chlorine react together as shown in the equation.
2Na(s) + Cly(g) — 2NaCl(s)
Is sodium oxidised or reduced in this reaction? Explain your answer.
(1)
(b) (1) Sodium chloride and magnesium chloride can be distinguished by carrying out a
flame test. State the observation you would make for each.
Sodium chloride oo e
Magnesium ChIOTIAE ........cooviiieiiiiiiiieee e e s
2
(i1) Explain the changes which occur when electrons in sodium produce a flame
colour.
(2)
(ii1) Suggest ONE use for the coloured light produced by sodium.
1)
(c) Write the electron configuration of a magnesium ion, Mg?*, using s, p notation.
1)
J
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(d) The table below gives some ionisation energies for sodium and magnesium.

First ionisation Second ionisation
energy energy
/ kJ mol™ / kJ mol™
Sodium 496 4563
Magnesium 738

(1) Write the chemical equation, with state symbols, which corresponds to the first
ionisation energy of magnesium.

2

(i) Explain why the first ionisation energy of magnesium is greater than the first
ionisation energy of sodium.

Leave\
blank
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(i11) Predict a value for the second ionisation energy of magnesium. Explain your
choice.

(Total 15 marks)
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Q7

TOTAL FOR SECTION B: 48 MARKS
TOTAL FOR PAPER: 60 MARKS
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