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SECTION A: MULTIPLE-CHOICE QUESTIONS

Instructions for Section A

response that is correct or that best answers the question.

Answer all questions in pencil on the answer sheet provided for multiple-choice questions. Choose the

A correct answer scores 1, an incorrect answer scores 0. Marks will not be deducted for incorrect
answers. No marks will be given if more than one answer is completed for any question.

Question 1

Some properties of the elements that change across a period in the Periodic Table are:

I electronegativity
II atomic radius

II'  metallic character

Moving across Period 3 from sodium to chlorine, which of these properties increase?

A. Tonly

B. TIandIIonly
C. Il and III only
D I, IT and IIT
Question 2

Hydrides are compounds of hydrogen with another element. The letters P, O, R and S represent the hydrides
of elements in a group of the Periodic Table in order of increasing molar mass. The graph shows the

variation in boiling temperature of the various hydrides.

A
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The hydrides of which of the following groups of the Periodic Table are most likely to be represented in

this graph?

A. Group 1

B. Group 14

C. Group 16

D.  Group 17
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Question 3

Alkynes are the homologous series of hydrocarbons which have one triple bond per molecule. The general
formula of alkynes is C,H,, _, where n is an integer.

The number of structural isomers of the alkyne with four carbon atoms is

A. 1
B. 2
C. 3
D. 4
Question 4

The table below shows the relationship between a number of quantities, indicating whether the quantity in
the first column is greater than (>) or less than (<) the quantity in the second column.

Which statement is incorrect?

A. radius of an aluminium atom > | radius of an aluminium ion

B electronegativity of chlorine > | electronegativity of bromine

C. radius of an oxygen atom < | radius of an oxygen ion

D number‘of valence electrons in a S number‘of V?llence electrons in a
magnesium atom magnesium ion

Question 5

The table below shows the electrical conductivity of two compounds in different states.

Electrical conductivity

Compound Solid Molten Aqueous solution
HBr very low very low high
NaBr very low high high

Which of the following is a correct statement concerning the data presented?

A.  In NaBr, electrons become delocalised only in the molten state and aqueous solution.
B.  When each substance conducts electricity, electrons must be free to move.

C.  There are no ions present in solid samples of either NaBr or HBr.

D.  When HBr reacts with water, a solution containing ions is produced.

Question 6

Which of the following correctly shows the approximate diameter of the F atom and its nucleus?

atomic diameter (m) nuclear diameter (m)
A. 1070 1077
B. 10" 107"
C. 107 107"
D. 10717 107"
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Questions 7 and 8 refer to the following information.

The diagram below shows some particle interactions when a drop of water is placed on a solid surface.

surface

Question 7
The range of interactions between different particles includes:
I covalent bonding
II hydrogen bonding
IIT  dispersion forces
IV ion-dipole bonding

Which of these interactions are depicted in the diagram above?
A. TandIIonly

B IT and III only

C. I, IT and I only

D IL, III and IV only

Question 8

It can be deduced from the diagram that surface energy of the solid surface is

A.  greater than water’s surface energy and the solid surface is hydrophobic.
B. less than water’s surface energy and the solid surface is hydrophobic.

C.  greater than water’s surface energy and the solid surface is hydrophilic.
D. less than water’s surface energy and the solid surface is hydrophilic.
Question 9

Listed below are four metallic compounds with their molar masses (shown in the brackets).

Which of these compounds contains the metallic element with the highest percentage by mass?
A.  U30q (M =842 gmol )

B. Fe,0, (M=159.6 gmol )

C. Cu(NOy), (M=187.5 gmol ™)
D

-1
CrBry (M =291.7 gmol )
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Question 10
Which of the following molecules contains the largest F-C—C bond angle?

A. GHF
B. CHF
C. C,HF
D. CH,F

Question 11
The relative isotopic masses of the two isotopes of copper are 62.95 and 64.95.

In a sample of 150 copper atoms, how many are likely to be the lighter isotope?

A. 30
B. 45
C. 73
D. 109

Question 12

The electronic configuration of a particle is 15725
A. anatom of iron in its ground state.

22p6.'<‘>s2.'<‘>p63d8. This particle is most likely to be

B. an atom of cobalt in an excited state.
C. adoubly charged nickel cation.
D. adoubly charged chromium anion.

Question 13

The total number of oxygen atoms in 0.53 g of sodium carbonate (Na,CO,) is closest to

A 3x10°
B. 6x10"
C. 9x10”
D. 2x10%

Question 14

Two molecular structures are shown below.

CHj,
CHj,
CH—CH,
and CHz3—CH—CHz—CH—CHj,
CH; CH—CH, |
| CHy
CHj,

This pair of molecular structures are

A.  different isomers of the same compound.

B.  members of an unsaturated homologous series.

C.  different compounds that are not isomers of each other.
D. different representations of the same compound.
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Question 15

The number of electrons and the mass number of a series of particles are shown in the table below (the

symbols used, U to Z, are not the correct symbols for the elements).

Particle Electrons Mass number
U 12 24
\A 10 19
w* 10 23
X 10 20
y>* 10 24
Z 10 22
Which two particles are isotopes?
A. X and Z
B UandY
C. WandY
D V and X

Question 16

Which of the following shows the substances in order of increasing melting temperature?
A. F,; CF,; NaF

B CF,; F,; NaF
C. F,; NaF; CF,
D NaF; CF,; F,

Question 17

An ionic compound of formula Q,R; forms from the elements Q and R.

If the electron configuration of one of the elements is lsz2sz2p63s23p1, then the electron configuration of the

other element is most likely to be
A, 1s%2s!

B. 1s%2s%2p"

C. 1s22s22p63s2
D

1522522p63 s23p5
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Question 18
In 1808, an atomic theory proposed by John Dalton included the following ideas:
I Atoms are indivisible and cannot be created or destroyed.
II Atoms of the same element are identical and have the same mass.
I Chemical reactions occur when atoms are separated, joined or rearranged.

IV Atoms of different elements can combine with one another in simple whole number ratios to
form compounds.

Which of these ideas are still part of modern atomic theory?

A. Il and IV only
B. Il and III only
C. IIandIV only
D. LI, IITand IV

Question 19

The diagram below shows water rising up a narrow capillary tube. The height to which the water rises is
given by the letter 4. The water rises in the tube until the attractive forces between the water and the material
of the tube are balanced by the weight of the column of water.

—_—1 | capillary rise, h

Assuming that the water wets the material of the capillary tube, which of the following combinations of
conditions would result in the largest value for h?

A.  amaterial with high surface energy in a capillary tube of large diameter
B a material with high surface energy in a capillary tube of small diameter
C. amaterial with low surface energy in a capillary tube of large diameter
D a material with low surface energy in a capillary tube of small diameter

Question 20

Which of the following statements about nanoparticles is correct?

A.  The different properties of nanoparticles compared to bulk materials are usually due to the ability to
form hydrogen bonds.

B.  The fraction of atoms present at the surface of a particle increases with decreasing particle size.

e

Nanoparticles have sizes ranging from one to one thousand nanometres.

D.  One thousand nanoparticles with the same total volume as a larger particle have a surface area one
thousand times greater than the larger particle.
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SECTION B: SHORT-ANSWER QUESTIONS

Answer all questions in the spaces provided.
To obtain full marks for your responses you should

Instructions for Section B

give simplified answers with an appropriate number of significant figures to all numerical questions;
unsimplified answers will not be given full marks.

show all working in your answers to numerical questions. No credit will be given for an incorrect
answer unless it is accompanied by details of the working.

make sure chemical equations are balanced and that the formulas for individual substances include an
indication of state; for example H,(g); NaCl(s).

Question 1

Molecules of carbon dioxide (CO,) and dimethyl ether (C,H,O) both contain two carbon to oxygen bonds.
The carbon—oxygen bond length in carbon dioxide is 0.12 nm, while the carbon—oxygen bond length in
dimethyl ether is 0.14 nm. Carbon dioxide sublimes at a temperature of —78°C, while the boiling point of
dimethyl ether is —25°C.

a. In the spaces below, draw structural diagrams showing the arrangement of atoms and all bonds in each
of these molecules.
carbon dioxide (CO,) dimethyl ether (C,HO)
2 marks
b. Account for the difference in the carbon—oxygen bond lengths in these two molecules.

1 mark

c. Account for the much higher boiling point of dimethyl ether, compared with that of carbon dioxide.
2 marks
Total 5 marks
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1. Periodic Table of the elements
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2. Physical constants

Avogadro’s constant (N, ) = 6.02 x 10% mol™

Charge on one electron = —1.60 x 10" c

Faraday constant (F) = 96 500 C mol !
Gas constant (R) = 8.31J K 'mol™!

Tonic product for water (Ky,) = 1.00 x 107 mol® L2 at 298 K (self ionisation constant)

Molar volume (V) of an ideal gas at 273 K, 101.3 kPa (STP) =224 L m0171

Molar volume (V) of an ideal gas at 298 K, 101.3 kPa (SLC) =24.5 L mol !

Specific heat capacity (c) of water =4.18 J zgf1 K

1

Density (d) of water at 25°C = 1.00 g mL™!

1 atm = 101.3 kPa = 760 mmHg

0°C=273K

3. Sl prefixes, their symbols and values

SI prefix Symbol Value
giga G 10°
mega M 106
kilo k 10°
deci d 107!
centi ¢ 107
milli m 107
micro 7, 10°°
nano n 107
pico p 1072
END OF DATA SHEET
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Question 2

Knowledge about the structure of the atom, and the development of the modern Periodic Table, have been
the result of the work of scientists over the last two centuries. This question concerns some of those
scientists and their experiments.

a. In 1911, Ernest Rutherford conducted an experiment (shown below) to test the accuracy of the
accepted atomic model of the time.

gold leaf

source of
alpha particles

i. Alpha particles were detected in many locations including points A, B and C.

List the points A, B and C in order from where the lowest number of alpha particles was
detected to the highest number.

ii. From the results of this experiment, what did Rutherford conclude about the structure of
the atom?

1 + 2 = 3 marks

b. William Ramsey discovered a number of elements at the beginning of the 20th century. In one
experiment, a sample of air, with oxygen, carbon dioxide and water vapour removed, was passed
repeatedly over red-hot magnesium until there was no further change in the gas volume. The final gas
volume was one eightieth of the original volume of air.

i. Give the formula of the compound formed during the reaction using this technique.

ii. = Ramsey found that the remaining gas would not react with any substance.
In what group of the modern Periodic Table is this gas located?

ili.  Using modern atomic theory, explain why this remaining gas is so unreactive.

1+1+2=4 marks
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In 1915, Henry Moseley studied the X-ray spectrum of ten elements which were placed consecutively
in the Periodic Table. He concluded that ‘there is in the atom a fundamental quantity which increases
in regular steps as we pass from one element to the next’.

i. Identify the ‘fundamental quantity’.

ii. = Moseley’s findings moved chemists to change the arrangement of the elements of the Periodic
Table from the method used by Mendeleev.

What property of the elements did Mendeleev use to place the elements in order?

1+ 1 =2 marks
Total 9 marks

Question 3

When paraffin oil is heated strongly in the presence of steel wool, the larger hydrocarbon molecules can be
split apart to produce smaller saturated and unsaturated molecules.

a. One hydrocarbon in paraffin oil is C;H;.
Identify the homologous series to which this compound belongs.
1 mark
b. In one experiment using this heating process, ethene and one other product was formed.
Write a balanced chemical equation for this reaction, using C,;H; as the reactant. Symbols of state
are not required.
1 mark
c. The following types of reactions were performed on the samples of ethene collected.
Write a balanced equation for each reaction. Symbols of state are not required.
i. Complete combustion of ethene.
ii.  Ethene reacted with chlorine gas.
1 + 1 =2 marks
d. One product collected in another experiment using the heating process is a saturated hydrocarbon with
82.8% carbon by mass.
Give the name and molecular formula of this saturated hydrocarbon.
2 marks
10 TEVCHEMU1_QA 2010.FM Copyright © 2010 Neap
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e. The usual method of collecting the hydrocarbons produced in the heating reaction relies on their
insolubility in water.

Explain why hydrocarbons are not soluble in water.

2 marks

f. The steel wool used in this heating process is a catalyst, allowing the chemical reaction to occur
at a lower temperature. Steel is an alloy, consisting mostly of iron with a small percentage of
carbon added.

i. State one reason why metals are alloyed.

iil.  Using the metallic bonding model, explain why the metal can be drawn out into the fine wires
that compose steel wool.

1 + 2 =3 marks
Total 11 marks
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Question 4

The element phosphorus is prepared industrially by heating calcium phosphate, Ca;(PO,),, with silicon
dioxide, SiO,, and carbon. A series of chemical reactions occurs in the furnace which eventually produces
P, vapour.

Cay(PO,),, SiO,

and C solids enter \

P, and CO gases
— exitandgoto
the condenser

1400°C — | reaction mixture
> e —— \carbon
/ St Sl electrodes
silicate slag /
is removed

a. The substance used for the carbon electrodes is graphite.

i. Using a labelled diagram, explain how the atoms are arranged in graphite.

ii. = Which feature of the structure of graphite allows it to conduct electricity?

3 + 1 =4 marks
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b.

Silicon dioxide is liquefied in the reaction mixture which is heated to 1400°C by electricity.

Explain why such high temperatures are needed to liquefy silicon dioxide.

2 marks

Phosphorus reacts readily with the Group 17 elements. One compound formed is phosphorus
trifluoride, PF,.

What shape is the PF; molecule?

1 mark
A phosphorus atom can be ionised to form the phosphide ion, Sp3
i. How many neutrons are in the nucleus of this ion?
il.  Write the electron configuration of the ion using subshell notation.

1 + 1 =2 marks

Calculate the mass, in grams, of one P, molecule.

1 mark
Total 10 marks
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Question 5

One method to determine the empirical formula of a compound of lead and chlorine is to dissolve the solid
in hot water and then add aluminium powder. A chemical reaction occurs that causes solid lead metal to
form and aluminium ions to be produced. The results from such an experiment are shown below.

mass of lead chloride compound 1213 ¢
mass of aluminium powder added 3384 ¢
mass of lead metal recovered 0.902 g

a. Some of the aluminium powder remained unreacted. The unreacted aluminium powder was dissolved
using sodium hydroxide solution.

Explain why this step was necessary.

1 mark
b. Calculate the amount (in mol) of lead recovered.

1 mark
c. Calculate the amount (in mol) of chlorine in the sample of lead chloride compound used.

1 mark
d. Determine the empirical formula of the lead chloride compound.

1 mark

e. The situations shown in the table could occur during this experiment.

By ticking one box in each row, show the effect that each situation would have on the calculated
amount of chlorine in the compound.

Calculated No effect on Calculated
Situation amount of the calculated amount of
chlorine would amount of chlorine would
be too low chlorine be too high
The lead metal was not
completely dry before
weighing.
A greater mass of
aluminium powder
was used.
2 marks

Total 6 marks
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Question 6

Many familiar addition polymers are made by polymerising derivatives of ethene. These ethene derivatives
are formed when one or more hydrogen atoms in the ethene molecule are replaced by another atom or group
of atoms. One such derivative is styrene, produced when one hydrogen in ethene is replaced by a benzene
ring (C4H). The benzene ring is often represented by the symbol @ for simplicity. A sketch of the

styrene molecule is shown below.

Polystyrene is one of the most widely used kinds of plastics, for example in disposable cutlery and DVD

cases. Foamed polystyrene is also common, for example in foam drink cups and packing materials.

a. i. Draw a small section of the polystyrene polymer.

ii. Give the empirical formula for polystyrene.

ili.  Would you expect polystyrene to be thermosetting or thermosoftening? Explain your choice.

1+1+2=4 marks
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b. Two of the forms of polystyrene produced are atactic and syndiotactic. In the atactic form the large
benzene rings are distributed randomly on both sides of the hydrocarbon backbone. In the syndiotactic
form the benzene rings are produced on alternating sides of the hydrocarbon backbone.

Which form of polystyrene, atactic or syndiotactic, would be expected to have the higher melting
point? Explain your choice.

2 marks

c. Styrene is also used as a monomer in the production of the copolymer styrene-butadiene rubber
(SBR). SBR is a copolymer of approximately 25% styrene and 75% butadiene. A section of the
copolymer is shown below.

——CH,CH—CH,CH=CHCH5z—CH,CH=CHCHz—

Give the molecular formula for butadiene.

1 mark

d. Like natural rubber, SBR molecules contain double bonds which can be cross-linked by vulcanisation.
In this process the polymer is reacted with sulfur, resulting in a small number of crosslinks as shown
in the diagram below.

SBR molecule

Explain the effect of this cross-linking on the properties of SBR.

2 marks
Total 9 marks

END OF QUESTION AND ANSWER BOOKLET
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