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SECTION A
Answer all the questions in the spaces provided.

1.  The diagram shows the apparatus used to study the rate of reaction between calcium carbonate
and hydrochloric acid.

CaCO,(s)+2HCl(aq) — CaCl, (aq)+H,0 (1) + CO,(g)

Q?i cotton wool

dilute hydrochloric acid
calcium carbonate

(a) The quantities of reactants added to the flask in one experiment carried out at room
temperature were:

mass of single piece of CaCO,(s) =5.00g
volume of 1.00 moldm™ HCI(aq) = 50.0 cm’

The balance was set to zero at the start of the experiment.

The graph shows how the mass of the flask and contents changed during Experiment 1.

0.00

Mass of flask
and contents /g

Time/min

(This question continues on the following page)

0212



NO08/4/CHEMI/SP2/ENG/TZ0/XX

(Question 1 continued)

(1)

(i)

(iii)

(iv)

8808-6105

Explain why the mass decreased.

[1]

[2]

Use your answers to (a) (ii), and the equation for the reaction, to deduce which
reactant was added in excess.

[1]

The experiment was repeated with small pieces of calcium carbonate. Draw two
lines (labelled 2 and 3) on the graph to show how the mass of the flask and contents
changes in the following experiments at the same temperature.

Experiment

Mass of small pieces
of CaCO,(s)/g

Volume of 1.00 moldm™
HCl(aq)/cm’

2

2.50

50.0

3

5.00

25.0

[4]

(This question continues on the following page)
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(Question 1 continued)

(b)  Further experiments were carried out using the reaction in part (a), making only one

8808-6105

change to Experiment 1. In Experiment 4, the mass of small pieces of calcium carbonate
used was 5.00 g. In Experiment 5, the temperature of the mixture was increased by 30°C.
In both cases, the reaction was faster than in Experiment 1.

(1)  Use the collision theory to explain the main reason why Experiment 4 was faster
than Experiment 1. [2]

(i) Use the collision theory to explain the main reason why Experiment 5 was faster
than Experiment 1. [2]

0412
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2. (a) Define the term isotopes. [2]

(b) A sample of krypton contains these isotopes.

Isotope Percentage abundance
“Kr 15.80
“Kr 65.40
“Kr 18.80

(i)  Calculate the relative atomic mass of krypton in this sample. Give your answer to

two decimal places. [2]
(i) Deduce the number of each sub-atomic particle in an atom of *'Kr. [2]
Protons L
NeUITONS .o
Electrons .. ...

NI
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3. (a)
(b)
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Three types of covalent bond (single, double and triple) are present in the molecules in the
following equation.

2C,H,(g) +50,(g) = 4C0O,(g) + 2H,0(1)

(i) Identify one bond in these molecules that is correctly described by the following. /4]

Apolarsingle bond L
Apolardouble bond ..
Anon-polar double bond . ...

Anon-polar triple bond ...

(i1) Identify the shortest bond in these molecules. [1]

The equation for the reaction that occurs when ammonia gas dissolves in water is
shown below.

NH;(g) + H,0 (I) = NH; (aq) + OH" (aq)

(1)  State how the equation indicates that ammonia is a base. [1]

(i1)) State how the equation indicates that ammonia is a weak base. [1]

(111) Identify which pH value is approximately correct for ammonia solution.

pH 1 3 7 11 13 [1]

(This question continues on the following page)
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(Question 3 continued)

(c) Complete the table to show the Lewis structure of each ion and the name of the shape
of each ion.

NH; H,0"

Lewis structure

Name of shape [4]

I
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SECTION B

Answer one question. Write your answers on the answer sheets provided. Write your session number
on each answer sheet, and attach them to this examination paper and your cover sheet using the tag

provided.

4. (a) (1) Define the term average bond enthalpy.

(i1)) Explain why the H-H bond cannot be used as an example to illustrate average
bond enthalpy.

(ii1)) The equation for an important reaction of ethene is given below.
O

CH,=CH,(g)+;0,(g) > H,C—CH,(g)

Use information from Table 10 in the Data Booklet to calculate the enthalpy change
for this reaction.

(iv) Draw a labelled enthalpy level diagram to represent the reaction in part (a) (iii).

(v) Predict the sign of AS® for the reaction in part (a) (iii) and explain your choice.

(b) The standard enthalpy changes for the following reactions can be found in Table 13 of the
Data Booklet.

C(s)+0,(g) = CO,(g)
H,(g) +;0,(g) = H,0())
CH (D) + 12%02 (g) > 8CO,(g) +9H,0 (1)
(1)  Use this information to determine the standard enthalpy change for the formation of
octane from its elements.
8C (s)+9H, (g) - C,H,,(1)

(i1) Predict which of the following reactions has the most negative enthalpy change,
and explain your choice.

I H,(g) + %Oz(g)—>H20(g)
I H,(g) + %Oz(g)—>H20(l)

[2]

[1]

[3]

[2]

[2]

[4]

[2]

(This question continues on the following page)
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(Question 4 continued)
(c) (i) State the name of the energy change represented by AG®. [1]

(11)) The standard enthalpy and standard entropy changes for a reaction are given below.

CH, (g) + 2H,0(g) — 4H,(g) + CO,(g) AH® =+178 kJ
AS® =+174J K™

Explain how the spontaneity of this reaction is affected by changes in temperature. /3]

0912
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5. (a) The reaction between chlorine and bromide ions is a redox reaction.

Cl,(g) + 2Br (aq) — Br, (aq) + 2CI (aq)

Define the term oxidation in terms of electron transfer and identify the species that is

oxidized in this reaction.

(b) The oxidation number of oxygen is —2 in most compounds containing oxygen.
Identify the oxidation numbers of all the other elements in both reactants and products in

the following equation.

TiO, (s) + 2CL,(g) + C(s) — TiCl, () + CO, (g)

(c) By referring to oxidation numbers, deduce what happens, if anything, in terms of

oxidation and reduction, to the named element in each of these reactions.

(i) Chromium in

2K,CrO,(aq) + 2HCl (aq) — K,Cr,0, (aq) + 2KCl(aq) + H,O(1)

(i1) Chlorine in

Cl,(g) + H,0(1) = HCl(aq) + HCIO (aq)

(d) The table shows some reactions involving the metals W, X, Y and Z.

Reaction Reactants Products
1 W+ Z(NO,), Z+W(NO,),
2 X+YCl, no reaction
3 Y +ZSO, no reaction
- Z+XO X+ZO

(1)  Use the information to arrange the four metals in a reactivity series, starting with
the most reactive. Explain with reference to each of the metals how you decided

which metal was the least reactive.

(i1)) Metal V forms compounds in which it has an oxidation number of +3. It is more
reactive than any of the metals in the table. Predict the equation for the reaction

between metal V and the oxide of metal X.

8808-6105

(This question continues on the following page)
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(Question 5 continued)

(e) The diagram shows two half-cells connected together by a salt bridge. The metal in the
left-hand cell is more reactive than the metal in the right-hand cell. The reading on the
voltmeter is 1.6 V.

voltmeter

O

salt bridge
magnesium metal Q
N 4
solution of compound P solution of zinc sulfate

(1) Describe the purpose of the salt bridge and identify one substance that might be

used in it. [2]
(i1)) Identify compound P and metal Q. [2]
(ii1)) Deduce the half-equation for the reaction in the left-hand cell. [1]

(iv) The voltmeter is replaced by a battery with a voltage of 2.0 V so that the reaction in
part (e) (ii1) is reversed. Deduce the half-equation for the reaction in the right-hand
cell when the battery is connected. [1]

It
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6. Several straight-chain organic compounds have the molecular formula C,HO,.
Compound A is acidic but compounds B, C and D are neutral liquids with characteristic smells.
None of the compounds contain C=C bonds.

(@) (1) Deduce the empirical formula for these compounds.
(i1)) Deduce the structural formula and name of compound A.
(i11) State the name of the functional group present in compounds B, C and D.

(b) (1) Compound A can be prepared by the oxidation of butan-1-ol. Identify the reagents
used for the oxidation. Predict the name of the organic compound that can be
formed when butan-1-ol is partially oxidized. Suggest how the reaction can be
controlled to give a low yield of this compound formed by partial oxidation and a
high yield of compound A.

(i1)) Compound B is formed when ethanol and ethanoic acid are warmed together.
Give the equation for this reaction and name compound B.

(ii1)) Draw the structural formulas of compounds C and D.

(iv) Predict, with reference to the intermolecular forces in each case, which of the
compounds A and B has the higher boiling point.

(c) The compound butan-2-ol exists as optical isomers. Describe the molecular feature
responsible for this and draw 3-dimensional structures for each optical isomer, showing
the relationship between them. State how separate samples of each isomer could be
distinguished using plane polarized light.

(d) Areaction similar to that in part (b) (i1) occurs when the compounds HOOCC H,COOH
and HOCH,CH,OH react together. Deduce the structure of the repeating unit of the
polymer formed.

[1]
[2]

[1]

[4]

[2]
[2]

[2]

[4]

[2]
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