JUNIOR CHEMISTRY CHALLENGE
2025

Time allowed: 45 minutes

Instructions:
e Answer all the questions.

e 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.

To administer the Junior Chemistry Challenge, your name, academic year, school, and
score will be securely recorded in a database. After certificates and prizes are awarded,
all entries will be anonymised. By taking part in the Junior Chemistry Challenge you
consent to your data being handled in this manner.

Name: Year:

Question: 1 2 3 Total

Max: 10 15 15 40

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

(a) The general formula of an alcohol is C, Hy, ;1OH, where n is a positive whole-number.
When an alcohol undergoes complete combustion it produces carbon dioxide and water.
What is the minimum number of oxygen molecules needed for one molecule of a generic
alcohol to undergo complete combustion?

A 3n+1
B. %n
C. n-f—%
D. 3n
E. %n-i—%

(b) Copper chromate is an ionic compound with the formula CuCrO,. What ions are
present in copper chromate?

A. Cu®" and CrO2
B. Cr’" and CuO/
C. CuCr®* and O*
D. Cu*", Cr%", and O*
E. CrtO2" and Cu®>”

(c) An element has the following properties:

e Its oxide has a melting point of 1710°C
e Its chloride does not conduct electricity when liquid.

What is this element?
A C

B. Na

C. S

D. Fe

E. Si

(d) Which of the following is the smallest?
A. 0%

B. F

C. Ne

D. Na*t

E. Mg?"
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(e) Fractional distillation is used to separate liquids with similar boiling points. The
equipment for a fractional distillation is shown below with the fractionating column
labelled. Which of the following statements best describes how a fractionating column

works?

Fractionating

Column
W

. The fractionating column uses a series of filters to separate liquids based on

their molecular size, allowing smaller molecules to pass through while larger
ones condense at lower levels.

. The fractionating column directly separates liquids by breaking the inter-

molecular bonds of the higher boiling point component, forcing it to con-
dense.

. The fractionating column provides a series of condensation and re-evaporation

steps, creating a temperature gradient where components with lower boiling
points rise further up the column.

. The fractionating column uses a catalyst to speed up the evaporation of

certain components, ensuring they rise faster and separate from the mixture.

. The fractionating column removes impurities from liquids by trapping heavier

molecules at the base of the column while lighter molecules evaporate quickly.

(f) In the following equation a, b, ¢ and d are smallest whole numbers when the equation
is balanced.

IQ"‘CLCIQ"‘bHQO" CHIOg+dHCl

What is the value of a?

A.
B. 4
C. 5
D.

E. 10

2

6
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(g) Hydrochloric acid is reacted with excess calcium carbonate in the following reaction
and the time for the reaction to produce the CO, was measured:

CaCO;(s) + 2HCl(aq) —= CaCl,(aq) + Hy,O (1) + CO4(g)

Which of the following would happen if the reaction were repeated with excess CaCOg5
and the same volume of HCI (aq) but with twice the concentration? 1]

[Concentration is a measure of the number of particles in a given volume.]

A.

Same amount of CO4(g) produced in same amount of time.

B. Same amount of CO,(g) produced in half the amount of time.
C.
D
E

Same amount of CO4(g) produced in twice the amount of time.

. Twice the amount of CO,(g) produced in same amount of time.

. Twice the amount of CO4(g) produced in half the amount of time.

(h) A sample of an element has two isotopes with the following properties:

e The isotopes have equal abundance.

e The lighter isotope has a mass number twice its atomic number.

e The difference in mass numbers of the isotopes is 2.

e The relative atomic mass of the sample is 25.
What is the element? 1]

A.

B

B. C
C. Mg
D.

E. Mn

Al

(i) Which of the following substances is NOT a molecule? 1]

A.

NH,

B. N,
C. HNO;
D.

E. NO,

NH,NO,
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(j) When a positive and a negative electrode is placed in an aqueous solution of sodium
chloride, NaCl (aq), and a current is passed through it, the following observations are

made:

e A gas is given off at the positive electrode which bleaches damp litmus paper.

e A gas is given off at the negative electrode which makes a lit splint go ‘pop’.

e The pH of the solution increases.

What are the products of this reaction?

Positive Electrode

A. Cl,
B. H,
C. Cl,
D. Cl,
E. H,
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Negative Electrode

H,
Cl,

Solution

HC1
NaOH
H,0O
NaOH
HCl1

Total for Question 1: 10



2. Mass spectrometry is a technique used to determine the masses and relative abundance of
isotopes of an element.

A sample, M, is placed into the mass spectrometer and it is turned into a gas and ionised:

vapourisation ionisation

M (s) M(g)

M™ (g)

The ionisation step forms 14 ions, but a small number 2+ ions can be formed.

(a) Is the ionisation step an oxidation or reduction? [1]

A magnetic field separates the ions based on their mass-to-charge ratio (m/z). A detector
calculates the relative abundance of particles at each m/z and plots a graph called the mass
spectrum.

(b) The mass spectrum for a sample of magnesium is shown below. Use it to calculate the

relative atomic mass of magnesium in this sample. 3]

100

80 +
8
=
<

S 60|
=
Q
<
2

= 40 ¢
=
Q
~

20 +

0 . . . f f . . . {
20 21 22 23 24 25 26 27 28 29 30
m/z
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(c) Copper is found as two isotopes: 9*Cu with a 70% abundance and ®*Cu with a 30%

abundance.
i. On the graph below predict the mass spectrum of copper.

100
80 |
60

40 |

Relative abundance

20 |

0 : : : : : : : {
30 35 40 45 50 55 60 65 70

m/z

ii. The mass spectrum of copper also has peaks with an m/z of 31.5 and 32.5. What
ions are responsible for these peaks?
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Diatomic elements like Bry can also be put in a mass spectrometer. When a molecule is
placed into a mass spectrometer it breaks apart into fragments. Both the molecular ion and
ion fragments are detected in the mass spectrum. For example with Bry:

ionisation fragmentation

Bry" (g) Br* (g) + Br(g)

Br, (g)

This means Br, gives the following mass spectrum:

100 1
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8
=
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]
Q
o]
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5 40 +
=
]
ot

20 |

0 t t t t t t t t {
70 80 90 100 110 120 130 140 150 160 170
m/z
(d) Bromine has two isotopes: '°Br and 8!'Br. Explain how this mass spectrum shows they
have equal abundance. 1]
(e) Identify the ions responsible for the peaks with a m/z of 158, 160, 162. (3]

(f) Explain why the peak at the m/z of 160 is twice the relative abundance of the peaks
at 158 and 162. 3]

Total for Question 2: 15
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3. Ammonium nitrate, NH,;NOs3, is an extremely important industrial compound used mainly

as a fertiliser.
Ammonium nitrate is made from nitrogen, oxygen, and hydrogen.

(a) Nitrogen and oxygen are obtained from air. Suggest how pure nitrogen and pure oxygen
can be separated from gaseous air.

In the first step to make ammonium nitrate, nitrogen is reacted with hydrogen to form
ammonia at 300x atmospheric pressure:

Ny (g) + 3Hy(g) — 2NH;(g)

(b) Suggest why this reaction is conducted at such a high pressure?

Then the ammonia is turned into nitric acid by the Ostwald process. The first step is the
reaction of ammonia with oxygen to form nitrogen monoxide.

...NHy(g) +...05(g) — ...NO(g) + ...H,0(g)

(c) Balance the above equation.

The nitrogen monoxide is then oxidised to form compound X which is further reacted with
water to form nitric acid.

3X + 2H,0 — 4HNO; + 2NO

(d) What is the formula of compound X?

Finally the nitric acid is reacted with the ammonia for form ammonium nitrate.

NH; (g) + HNO3(g) — NH4NO;(s)

(e) What type of reaction is this?
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Fertilisers are ranked on now much nitrogen they contain by mass. This is calculated as
the percent of relative formula mass which is from the nitrogen.

(f) Calculate the percent of nitrogen by mass in ammonium nitrate. 2]
[You may find the following A, values helpful: H =1, N = 14, O = 16]

Ammonium nitrate is often mixed with phosphorous (V) oxide (P,05) and potassium oxide
(K5,0) to also provide crops with vital phosphorous and potassium nutrients.

g) NH,NO3;, P5,05, and K,O were mixed together in a 1:1:1 ratio. What would be the
3 5
percent of nitrogen, phosphorous, and potassium by mass in this mixture? 3]

[You may find the following A, values helpful: P = 31, K = 39]

Ammonium nitrate must be stored carefully because if it is heated it can violently decompose
forming nitrogen, oxygen, and water.

(h) Write a balanced chemical equation for the decomposition of ammonium nitrate. 2]

(i) In 2020, a warehouse in Beirut with 2750 000 kg of ammonium nitrate caught fire and
exploded. Ammonium nitrate releases 1673 J of energy per gram when it decomposes.
Calculate the total energy released in this explosion. 2]

Total for Question 3: 15

End of Paper
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