
Junior Chemistry Challenge
2024

Time allowed: 45 min

Instructions:

� Answer all the questions.

� Answer in blue or black ink.

� Diagrams and graphs should be drawn in pencil.

� 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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Question: 1 2 3 Total

Max: 10 15 15 40

Mark:





1. Please circle the correct answer. There is only one correct answer to each question.

(a) An oxide of copper has the formula CuxO4 and contains only Cu+, Cu2+, and O2– ions.
What is smallest possible value of x? [1]

A. 3

B. 4

C. 5

D. 6

E. 7

(b) Which of the following atoms requires the smallest amount of energy to form a 1+ ion? [1]

A. Li

B. F

C. He

D. I

E. Cs

(c) One molecule of toluene needs to react with nine molecules of oxygen to undergo
complete combustion. What is the molecular formula of toluene? [1]

A. C4H6

B. C7H8

C. C6H14

D. C6H6

E. C5H14

(d) On the pH scale, each unit on the scale represents a 10× dilution. For example, a
solution of pH 2 is 10× more dilute than a solution of pH 1. [1]

How many times more dilute is a solution of pH 1.5 compared a solution of pH 1?

A. 0.5

B. 5

C.
√
10

D. 1.5

E. 101.5
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(e) The table below gives the boiling points of first three elements in Period 3.

Element Boiling Point / ◦C

Na 883

Mg 1091

Al 2470

Which statement best explains this trend? [1]

A. The intermolecular forces get stronger from Na to Al and more energy is
needed to overcome stronger intermolecular forces.

B. From Na to Al the metals get less reactive, so more energy is needed to boil
them.

C. Al forms three bonds, Mg forms two, and Na forms one and more energy is
needed to break more bonds.

D. From Na to Al an additional electron is lost to the delocalised electrons
increasing the attraction between the electrons and the metal cations.

E. The atoms get heavier from Na to Al so more energy is need to make them
move apart and boil.

(f) Which of the following is the formula of zinc sulphide? [1]

A. ZnS

B. ZnSO4

C. Zn2S

D. Zn2SO4

E. ZnS2

(g) Consider the following reaction where a, b, c, and d are the smallest whole-numbers
when this equation is balanced.

H2SO4 + a HI b I2 + c S + d H2O

What is the value of b? [1]

A. 1

B. 2

C. 3

D. 4

E. 5
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(h) Which of the following best describes this hazard symbol? [1]

A. Highly flammable.

B. Reacts vigorously with oxidising agents.

C. Explosive.

D. Extinguishes fires.

E. Reacts vigorously with reducing agents.

(i) A mixture of dyes were separated using paper chromatography. Dye X moved 1.2 cm
up the chromatogram when the solvent moved 2.0 cm.

The experiment was repeated with the same mixture of dyes and the same solvent.
This time the solvent moved 3.0 cm up the chromatogram.

How far did Dye X move in the second experiment? [1]

A. 1.2 cm

B. 1.8 cm

C. 0.8 cm

D. 2.0 cm

E. Cannot tell with the information given.

(j) Uranium is found as two isotopes: 235U and 238U. Part of the process to separate these
two isotopes involves reacting uranium with fluorine to form uranium hexafluoride. To
one decimal place, how much heavier is uranium-238 hexafluoride than uranium-235
hexafluoride? [1]

(Ar of F = 19)

A. 1.3%

B. 1.2%

C. 1.1%

D. 1.0%

E. 0.9%

Total for Question 1: 10
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2. Many batteries are made by reacting metals together and allowing the electrons which
transfer between them to go through a circuit, thus transforming their chemical energy into
electrical energy.

(a) Reactions which involve the transfer of electrons are called redox reactions. The ele-
ment which loses electrons is oxidised and the element which gains electrons is reduced.
These can be shown as ‘half-equations’, for example in the reaction between Zn(s) and
CuSO4 (aq), which contains Cu2+ ions:

Zn(s) + Cu2+ (aq) Zn2+ (aq) + Cu(s)

Oxidation of Zn half-equation:

Zn(s) Zn2+ (aq) + 2 e–

Reduction of Cu2+ half-equation:

Cu2+ (aq) + 2 e– Cu(s)

In the following reactions give the two half-equations showing the reduction and oxi-
dation taking place.

i. 2Ag+ + Mg 2Ag + Mg2+ [2]

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

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

ii. 2Al + Fe2O3 Al2O3 + 2Fe [2]

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

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

iii. 2Na + 2H2O 2NaOH + H2 [2]

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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To force the electrons to go around a circuit rather than transfer directly from one atom
to another, the metals are placed in two separate beakers. The beakers are connected by a
‘salt bridge’, a piece of filter paper soaked in an unreactive salt so ions can move from one
beaker to the other. The metals are connected to a circuit. This is called an electrochemical
cell.

The diagram below shows the electrochemical cell for the reaction:

Zn(s) + CuSO4 (aq) ZnSO4 (aq) + Cu(s)

(b) On the diagram above draw arrows on the wires in the circuit showing the direction
the electrons are travelling. [1]

(c) Suggest two observations about the metals and/or the solution of ions which could be
seen as the reaction proceeds and the electrochemical cell produces current. [2]

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

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

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

Since electrochemical cells are used as batteries, the voltage which the cell produces is often
measured. Voltage is a measure of the energy per unit charge (J/C) of each transferred
electron.

(d) The Zn/CuSO4 electrochemical cell produces 1.10V. The battery transfers 1.204×1024

electrons when it is used. The charge on an electron is −1.602 × 10−19C. How much
energy in J does this battery release? [1]
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(e) If the amount of Cu, Zn, CuSO4 (aq), and ZnSO4 (aq) in the electrochemical cell were
doubled, what would happen to the voltage of the cell and why? [3]

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

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

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

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

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

Different electrochemical cells were made. The beaker with the Cu metal and Cu2+ (aq)
was kept the same and the metal and solution in the other beaker were changed. The table
below lists the voltages recorded on the voltmeter when different metals were combined
with Cu in the electrochemical cell:

Metal/Ion solution Voltage (V)

Li/Li+ +3.37

Ca/Ca2+ +3.21

Al/Al3+ +2.00

Zn/Zn2+ +1.10

Cu/Cu2+ 0.00

Ag/Ag+ −0.46

(f) Suggest a voltage for the electrochemical cell if the other beaker contains Mg and an
Mg2+ (aq) solution. Justify your answer. [2]

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

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

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

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

Total for Question 2: 15
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3. Organic chemistry is the chemistry of molecules which contain C and H and can contain
other elements.

Carbon can form many complex molecules; therefore, chemists have invented a way of
quickly and concisely drawing organic molecules, called the skeletal formula.

To draw the skeletal formula:

� The symbols for C and H are not drawn but symbols for other elements are.

� Bonds to H are not drawn.

� The molecules are drawn with a 120◦ angle between the bonds.

Example of skeletal formulae are shown below:

(a) Draw the skeletal formula in the boxes for each of the following molecules. [3]

(b) Give the molecular formula of the following molecules. [4]
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Isomers are molecules with same molecular formula but with different structures.

(c) For the eight molecules below, draw lines matching up pairs of isomers [4]

(d) Hexane (C6H14) has five isomers; one is given below. Draw the skeletal formulae of
the four other isomers of hexane. [4]

Total for Question 3: 15

End of Paper
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