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Section A (40 marks)
Answer all questions. Write your answers in the spaces provided.

Al A barium meal, also known as upper gastrointestinal series is a procedure in which
radiographs of the oesophagus, stomach and small intestine are taken after barium sulfate

is ingested by 1 patient. Reacting barium hydroxide with sulfuric acid can produce barium
sulfate.

(&) Suggest a reason why barium sulfate is safe to be ingested and used as part
of the procedure. [1]

(b) The progress of the reaction between an impure solution of barium hydroxide
and sulfuric acid can be followed by measuring the electrical conductivity of
the barium hydroxide solution as shown in the setup below.

— 0.35 mol dm™3
- - -'—'—_-'—-
conductivity : sulfuric acid
measuring ]
device 1
. ]
stirrer

=

20 cm® impure
barium hydroxide
solution

1cm® of sulfuric acid is added at a time and after each addition, the
conductivity was measured. The results obtained are shown in the graph
below. _ o

electrical cor_lductlwty

-~

o volumeofsulfugric
0 2 46 81012 1416 18 20  acid added/cm

(1) What volume of sulfuric acid is needed to neutralised 20cm? of impure
barium hydroxide solution? [1]
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(i)

(iii)

(iv)

(v)

Barium hydroxide solution is formed by dissolving 25.0 g of impure
sample of barium hydroxide in 1 dm? of distilled water.

Assuming that the impurities are not soluble in sulfuric acid, calculate
the percentage purity of barium hydroxide sample. [3]

In another experiment, water was accidentally spilled into the sulfuric
acid solution.

Would you expect a change in the volume of aqueous sulfuric acid
required to neutralise the barium hydroxide solution? Explain your

answer. [1]

Explain why barium hydroxide solution conducts electricity. [1]

Using your answer in (b)(iv), explain the shape of the graph. [3]
Total [10]
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A2  Trichloromethane, CHCI3, also known as chloroform, was used as an anaesthetic in
surgery. It is not used today as it naturally reacts with oxygen in air to form a highly toxic
gas phosgene, COCI; and hydrogen chloride gas.

(&) Write the balanced equation for the reaction of trichloromethane with oxygen. [1]

(b) 10g of chloroform were reacted with excess oxygen and the gases formed
were bubbled through aqueous ammonia and collected. Calculate the volume
of gas collected. [2]

(c) In phosgene, the carbon atom is in the centre of the molecule and is attached
to both chlorine atoms and to the oxygen atom.

(1) Draw a Lewis structure of the phosgene molecule. [1]

(i)  State the number of sigma (c) bonds and the number of pi (r) bonds
present in a single phosgene molecule. [1]

number of sigma bonds:

number of pi bonds:

(iii)  Suggest the shape of the phosgene molecule and explain how you
derive at your answer. [2]
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(iv)  Explain why phosgene molecule is polar. [1]

Total [8]
A3  Reaction of an amine, CgHsNH,, with bromine produces hydrogen bromide.
CeHsNH»> + 3Bro —> CgHoNH»Br3; + 3HBr

The table below shows the effect of concentration of each reactant on the rate of reaction
measured by the concentration of hydrogen bromide formed per second.

experiment concentration of concentration of Bro | initial rate of reaction
no. CeHsNH, / mol dm? / mol dm™ / moldm3s?
1 0.001 0.001 0.007
2 0.001 0.002 0.014
3 0.001 0.003 0.021
4 0.002 0.001 (d)
5 0.002 0.003 0.084

(@) Describe the general relationship between the concentrations of the reactants
and the rate of reaction. [1]

(b) Using collision theory, explain your answer in (a). [2]
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(c) Does the increase in concentration of C¢HsNH, and Br, have an equal effect
on the rate of reaction? Explain your answer using results from the table,
stating clearly which experimental data you are using. [4]

(d) Determine the initial rate in experiment 4 and explain how you derive your
answer. [2]

Total [9]

A4  Carbon nanotubes (CNT) is an allotrope of carbon that consists of two-dimensional
hexagonal lattice of carbon atoms, bent and joined so as to form a hollow cylinder. The
diagram below shows the structure of CNT.

e carbon atom

CNT can exhibit 200 times the strength of steel and an electrical conductivity 5 times that
of the current capacity of copper.

(@) With reference to the bonding and structure of CNT, determine why it is able to
conduct electricity and has high strength. [3]
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(b) State the electronic configuration of carbon, in spdf notation. [1]

Total [4]

A5 100% gold is called '24 carat’ gold. The percentage of gold present in a gold alloy
depends upon the carat value.

carat value alloy
22 carat 91.6% Au, 5.6% Ag, 2.8% Cu
18 carat 75.0% Au, 12.5% Ag, 12.5% Cu
14 carat 58.5% Au, 20.5%Ag, 21.0% Cu
9 carat 37.5% Au, 31.25% Ag, 31.25% Cu

An analyst was trying to determine the composition of a gold alloy comprising gold, silver
and copper. He warmed 15 g of finely powdered alloy with excess concentrated nitric acid.
This forms a suspension where copper and silver components are dissolved and the
insoluble gold is collected by filtration.
The equations of the reactions are as shown below.

3Cu(s) + 8BHNO3 (aq) — 3Cu(NO3), (aq) + 2NO(g) + 4H.0(I)

3Ag(s) + 4HNO;3 (aq) — 3AgNOs(aq) + NO(g) + 2H20(1)

(@) Warming of the alloy with excess concentrated nitric acid must be done in the
fumehood as nitrogen monoxide is produced. Explain why. [1]

(b) Describe a chemical test that could be carried out to confirm the presence of
copper components in the gold alloy. [2]

(c) The pure gold obtained was weighed and its mass was found to be 8.77 g.
Determine the carat value of the gold alloy. [1]

Total [4]
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A6  Carrie is given three flasks labelled Q, R and S. Each flask contains one of the following
solutions, Pb(NO3),, KCI or Na,COs.

Carrie is also given two other flasks containing solutions X and Y. One of these flasks
contains AgNO3 and the other contains BaCl,.

She then carried out four tests to find out the identity of the solutions.

tests reactants observations
1 solution Q + solution X precipitate seen
2 solution Q + solution Y precipitate seen
3 solution Q + solution S precipitate seen
4 solution Q + solution R no precipitate seen

(@) Aqueous Pb(NO3), can be used to identify solution X and Y. Stating the

observations clearly, explain how this can be carried out. [2]
(b) Using the information given above, identify solutions R and S. [2]
R:
S:
(c) Identify the precipitate formed in test 3. [1]
Total [5]

End of Section A
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Section B
Answer all three questions from this section on the writing paper provided.
The last question is in the form of either/or and only one of the alternatives should be attempted.

B7 Bond length is the distance between the nuclei of two atoms that are covalently bonded to
each other. The table below lists the bond length and bond energy of some covalently-
bonded atoms.

bond bond length / x 10~" m bond energy / kJ mol™
H-H 0.074 435
H-CI 0.127 431
CI-Cl 0.198 243
H-C 0.109 414
C-Cl 0.177 328
c-C 0.154 331
c=C 0.134 590
C=C 0.120 812
c-O 0.143 326
c=0 0.120 803
Cc=0 0.113 1075
N—N 0.145 159
N=N 0.125 473
N=N 0.110 941

@ () Deduce the relationship between the number of bonds between two
atoms, and the bond energy. [1]

(i)  List one set of bonds, consisting of 2 or more bonds from the table, that
you had used in order to make your deduction in (a)(i). [1]

(b) @ What is the relationship between bond length, and the number of bonds
between the same type of atoms? [1]

(i)  Suggest a reason for your answer to (b)(ii). [2]

(c) Generally, the length of the bond between two atoms is approximately the sum
of the covalent radii of the two atoms.

Hence, use effective nuclear charge to explain general trends for bond lengths
across a period, for bonds between the same type of atoms. [3]

Total [8]
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B8

(@) A reaction was carried out between magnesium ribbon and excess hydrochloric
acid. The diagram below shows the setup of the experiment.

side-arm flask !

—
—
hydrochloric
acid
A\ magnesium

' gas syringe
S =

LUl
|
tile nbbon 0:0000

stopclock

The following results were collected and recorded, by reading off the
volume of gas in the syringe every 10 seconds for 90 seconds. All
volumes were recorded at room temperature and pressure.

time/ seconds 0|10 |20 |30 |40 |50 |60 | 70 |80 | 90
volume of hydrogen 0|18 |30 |40 |48 | 53 | 57 |58 |58 | 58
gas gollected in syringe

/cm

Note: The gas syringe used had an instrumental precision of 1 cm® i.e.
readings are taken to the nearest cm?®

(i)

(ii)
(iii)

(iv)

If the mole ratio of magnesium to hydrogen gas is 1:1, calculate the
minimum mass of magnesium used in this experiment. [2]

Why is it important to record the volume of gas reading at zero seconds? [1]

The rate of a reaction over a period of time, measured in cm® s™, can be
calculated by dividing the change in a quantity by the change in time.
Using the data in the table, calculate the rate of reaction, to one decimal
place, for:

1. the first 10-second period of the reaction [1]
2. the second 10-second period of the reaction [1]
3. the average rate for the entire reaction [1]

Why is the average rate of a reaction less “useful” than the rate of the
reaction at small intervals ? [1]
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(v) A different dependent variable was measured to monitor the rate of the
same reaction in a new setup, resulting in the following graph:

dependent variable
A

»
»

time

By considering the apparatus used for this new setup, suggest how this
new method of measuring the rate of reaction might lead to results with a
higher precision than in the original experiment. [1]

(b) The following tests were carried out on an unidentified colourless
solution, and their observations recorded:

test observations

1. Add aqueous sodium | White precipitate formed; precipitate soluble
hydroxide to a portion of | in excess NaOH(aq) to form a colourless

the solution. solution.

2. Add aqueous White precipitate formed; precipitate soluble
ammonia to a portion of | in excess NHz(aq) to form a colourless

the solution. solution.

(1) Write the ionic equation for the formation of the white precipitate in test
2. [1]

After carrying out tests 1 and 2, Student A carried out test 3 as shown below:

test observations

3. Add aqueous barium | White precipitate formed.
chloride to a portion of
the solution.

She then correctly identified the anion in the solution.

(i)  Why was it not necessary for the student to acidify the solution when
performing test 3, in order to make correct deductions? [1]

(iii)  If the student had performed only Test 3 instead, (i.e. without tests 1
and 2), and obtained a similar observation of a white precipitate forming,
suggest two possible identities of this white precipitate. [2]

Total [12]
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B9 EITHER

(@) 20 cm?® of 0.10 mol dm™ of aqueous sodium hydroxide is added to 30 cm? of
0.20 mol dm™ of sulfuric acid.

(1) Using calculations, deduce the identity of the excess reactant, and its

concentration in the final solution. [4]
(i) By consulting the tables below, deduce the pH of the final solution. [1]
concentration of H* / | pH concentration of OH™ pH
mol dm™ / mol dm™
0.05 1.3 0.05 12.7
0.10 1.0 0.10 13.0
0.20 0.7 0.20 13.3

(b) Five students each dissolved an indigestion tablet, containing sodium
bicarbonate, in 100 cm® of water. They pipetted 25.0 cm? of their solutions
into a conical flask, and reacted it with dilute hydrochloric acid in a burette
using the same indicator. The results are shown in the table.

student 1 2 3 4 5

volume of dilute

hydrochloric ag:id titrated | 19.40 19.55 19.45 19.60 | 21.00
/ cm

For two named pieces of apparatus, suggest a rinsing error for each one that [2]
could explain the inconsistent result obtained by student 5.

(c) Compounds containing the chromate(VI) ion, CrO,* , have the following
solubility rules:

soluble in water insoluble in water
chromate(VI) salts of ammonium; | all others
ion, CrO4* Group 1 cations
(1) Suggest two reagents that could be used to prepare a sample of zinc
chromate(VI), ZnCrO,. [2]
(i) What is the name of the process used to prepare ZnCrO, in (c)(i) ? [1]

Total [10]
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B9 OR

(@ A sample of 0.0200 mol of an oxochloride of sulfur, SO,Cl,, reacted
completely with 250 cm? of water according to the following equation. Assume
that the volume of the final solution is 250 cm?.

SO.Cl;, () + 2 H,0O (I) » H2S0O4 (aqg) + 2 HCI (aq)

(i) What are the number of moles of H,SO,4 and HCI respectively, in 10.0
cm?® of the above resulting solution? [2]

(i)  What would be the volume of 0.100 mol dm™ aqueous sodium
hydroxide required to neutralise 10.0 cm® of the above resulting
solution? [3]

(b) You are tasked with determining the basicity of a strong acid X. You have the
following chemicals and apparatus:

- 0.100 mol dm™ acid X

- 0.100 mol dm™ KOH

- Suitable titration apparatus i.e. burette, pipette, conical flask,
indicators, retort stand etc

Describe and explain the type of results you would expect to obtain if acid X

were dibasic. You do not have to show any specific volumes and calculations

in your description. [2]
(c) Compounds of iodine have some physical properties similar to those of

chlorine. This includes the colours of their Group 1 compounds and

solubilities in water.

(1) Suggest two reagents that could be used to prepare a sample of
sodium iodide, Nal. [2]

(i)  What is the name of the process used to prepare sodium iodide in
(c)()? [1]
Total [10]

END OF PAPER
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