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a)

b)

d)

lon analysis is essentially chemical detective work where we use specific tests to uncover the identity
of unknown compounds by revealing the unique positive and negative ions within the substance.

Circle the letter of the correct answer for each of the following questions.

A student carries out a flame test on an unknown solid. The flame turns a crimson colour.
Which ion is present in the solid?

C —is the only correct answer. 1 mark
Total: 1 mark

An agueous sample of an unknown material is heated with aqueous sodium hydroxide and a few
pieces of calcium. A gas is given off which turns damp red litmus paper blue.

5 cm?3 of sodium hydroxide solution is added to a second aqueous sample of X.
A green precipitate is then seen. Use this information to identify the unknown material.

A —is the only correct answer. 1 mark
Total: 1 mark

Sodium hydroxide solution is added to a solution containing an unknown metal ion.
A white precipitate is formed.

When excess sodium hydroxide solution is added, the precipitate dissolves to form a colourless
solution.
What is the identity of the metal ion?

D —is the only correct answer. 1 mark
Total: 1 mark

Which two chemicals are used to test for the presence of sulfate ions, SO4>~?

A —is the only correct answer. 1 mark
Total: 1 mark
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e) A mixture containing two different anions was tested and the results are shown in the table below.

Chemical test Result

Effervescence of a gas which turned
limewater milky

Dilute nitric acid added

Dilute nitric acid added, followed by

. . Cream precipitate formed
aqueous silver nitrate

Which two anions were present?

B —is the only correct answer. 1 mark
Total: 1 mark

f) A student observes a yellow precipitate forming in a test tube during an ion analysis test.
Which chemical test was likely used on the sample, and which ion caused this result?

0
0
~—

Yellow precipitate

> ~ A
~ ~
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~ ~
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~ ~
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@Gl

B —is the only correct answer. 1 mark
Total: 1 mark

(Total for Question 1 is 6 marks)
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2. A student carries out a flame test on a solid compound and observes a green-blue flame.

She then adds dilute sulfuric acid to a fresh sample of the solid. Rapid fizzing is observed, and the gas

produced causes limewater to turn milky.

confirms this.

a) State which anion is present in the compound and explain how the observation with limewater

Anion: carbonate ion or CO3%~

1 mark

Accept any one of the following observations:

e Gasis produced.
e A white precipitate forms.

Allow: forms a white solid or limewater becomes cloudy.

1 mark

Total: 2 marks

not dissolve. State the chemical name or the formula of this blue solid.

b) The student adds aqueous sodium hydroxide to the reaction mixture. A blue solid forms which does

Copper(ll) hydroxide. Allow: Cu(OH)2

1 mark

Total: 1 mark

c) When barium chloride is added to a solution containing sulfate ions, an insoluble white solid is created.

Write the ionic equation for this specific precipitation reaction, including the correct state symbols.

Ba?*(aq) + SO4%~ (aq) — BaSOa4(s)

Award 1 mark for the correct ions. 1 mark
Award 1 mark for the correct product. 1 mark
Award 1 mark for the correct state symbols. 1 mark

Total: 3 marks

d) Anunknown sample is suspected to contain a halide ion.

Plan a chemical test to identify which specific halide (chloride, bromide, or iodide) is present.

Your answer should include:
e The names of the chemical reagents used.

e The observation expected for each of the three ions.

A plan to include the following:

Add dilute nitric acid 1 mark

Add silver nitrate (solution) 1 mark

Results: award 1 mark for one correct colour and 1 mark for the use of the word

precipitate.

e Chloride gives white precipitate.

e Bromide gives cream precipitate.

e |odide gives yellow precipitate 2 marks
Total: 4 marks

(Total for Question 2 is 10 marks)
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3. Alab technician analyses a sample containing a mixture of sodium ions and potassium ions.
When performing a standard flame test, only a yellow flame is visible.

a) Explain why a simple flame test might fail to detect the potassium ions, and suggest an instrumental
method that could define exactly which metal ions are present.
An explanation to include:
The flame test fails as the yellow flame of sodium 1 mark

Accept: masks / hides the lilac / purple (flame) of potassium.
Allow: cannot see the potassium flame.

Instrumental method: flame emission spectroscopy. 1 mark
Total: 2 marks

b) The technician then moved on to trying to identify three unknown salt solutions labelled solution X,
solution Y, and solution Z.

He performs two specific tests on a separate sample of each solution:
Test A: Addition of dilute nitric acid followed by silver nitrate solution.

Test B: Addition of sodium hydroxide solution, followed by heating the mixture.

His results and subsequent hypotheses are recorded in the table below.

Salt Solution | Observation for Test A Observation for Test B Technician’s Conclusion
X White precipitate No‘preC|p|ta.te formed. Ammonium Chloride
Solution remains colourless
Y White precipitate White precipitate formed Aluminium Chloride
Z No visible change Dark green precipitate Iron(ll) Sulfate
formed

Evaluate the technician’s conclusion.
In your answer, you should:
e Explain which parts of the hypotheses are supported by the observations.
e |dentify which parts are not fully proven.
e Describe the specific further tests needed to confirm the identity of each substance.

Marking guidance
Level Marks Descriptor
Simple statements are made matching observations to the ions (e.g. "X is
chloride because it is white"). There is little evaluation of validity
he student evaluates the conclusions for at least two solutions.
Level 2 3-4 | Some correct extra tests are suggested, though they may lack full detail (e.g.
missing named reagents)
The method and analysis are evaluated in detail.
The student correctly identifies which ions are proven, which are not, and
suggests specific relevant chemical tests to resolve the uncertainty.
Logical links are made between observations and conclusions.

Level 1 1-2

Level 3 5-6
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c)

Indicative content:

Evaluation of the technician’s conclusions

Solution X (Ammonium chloride):

e The white precipitate with silver nitrate correctly identifies the presence
of chloride ions.

e Thelack of precipitate with sodium hydroxide suggests it is not a common metal
ion (like Cu, Fe, Ca, Mg), which is consistent with ammonium salts (or Group 1
metals), but this negative result does not definitively prove it is ammonium.

Solution Y (Aluminium Chloride):
e The white precipitate with silver nitrate correctly identifies the presence
of chloride ions.

e The white precipitate with sodium hydroxide indicates aluminium, calcium, or
magnesium ions. The technician cannot confirm it is aluminium based solely on
this result; it could be Ca or Mg.

Solution Z (Iron(ll) Sulfate):

e The dark green precipitate with sodium hydroxide correctly identifies the
presence of iron(ll) ions.

e The negative result with silver nitrate only proves the absence of halides
(chloride, bromide, iodide). It does not prove the presence of sulfate ions.

Further tests required for confirmation

To confirm ammonium (solution X):

e Warm the mixture of the solution and sodium hydroxide.
e Test any gas produced with damp red litmus paper.

e If the litmus turns blue, ammonium ions are present.

To confirm Aluminium (solution Y):

e Add excess sodium hydroxide solution to the white precipitate.

e If the precipitate redissolves to form a colourless solution, aluminium ions are
confirmed. (If it remains, it is Ca or Mg).

To confirm Sulfate (Solution Z):

e Add dilute hydrochloric acid (or nitric acid).

e Add barium chloride solution (or barium nitrate).

e If a white precipitate forms, sulfate ions are confirmed.

Total: 6 marks

In Test A, the technician added dilute nitric acid before adding the silver nitrate solution.

Explain why the addition of acid is essential for a valid conclusion.

An explanation to include the following:

to remove (other) ions that react with silver ions. 1 mark
Allow: to remove carbonate
(which would) form a precipitate / give a false positive. 1 mark

Total: 2 marks

(Total for Question 3 is 10 marks)
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4. Copper is a useful metal that can be used to make salts.

A student prepares a sample of copper(ll) chloride by reacting copper carbonate with dilute

hydrochloric acid.

a) Complete and balance the equation for this reaction.

CuCOs3 + 2HCI = CuCl; + H,0 + CO;

Accept correct multiples of the equation if they are given.

Award 1 mark for a 2 in front of HCI

1 mark

Award 1 mark for a molecule of CO..

1 mark

Total: 2 marks

b) Calculate the percentage by mass of copper in copper(ll) chloride, CuCl,.

Relative atomic masses (Ar): Cl =35.5 Cu=63.5

Mr of CuCl, = 134.5 1 mark
(63.5 =+ 134.5) x 100 1 mark
=472 % 1 mark

Total: 3 marks

c) A student analyses another solution of copper(ll) chloride.

Describe chemical tests to show the presence of copper(ll) ions and chloride ions in the solution.

Give the expected positive result for each test.

A description to include:

Test for copper(ll) ions: add some sodium hydroxide (solution). 1 mark
Positive result: a blue precipitate forms. 1 mark
Test for chloride ions: add some dilute nitric acid and then some silver nitrate. 1 mark
Positive result: a white precipitate forms. 1 mark

Total: 4 marks

Phytomining and bioleaching are alternative methods used to extract copper from low-grade ores.

d) Describe how phytomining and bioleaching are used to extract copper, and evaluate the advantages

of using these methods compared to traditional mining.

In your answer you should include:
e Adescription of the phytomining process.
e A description of the bioleaching process.
e An advantage and disadvantage of using each of these methods.
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Marking guidance

Level Marks Descriptor

Level 1 1-2

evaluation

Simple statements about growing plants or using bacteria. Little or no

Level 2 3-4

Some evaluation is attempted.

Both processes are described but may lack some detail (e.g. burning plants).

A detailed description of both processes is given.

traditional mining.

Level 3 5-6 | The answer includes valid advantages and disadvantages compared to

Indicative content:

Phytomining process

Plants are grown on land containing low-grade copper ores.

The plants absorb copper ions through their roots and concentrate them in
their tissue.

The plants are harvested and burnt.

The ash contains soluble copper compounds.

Copper is extracted from the ash by dissolving it in acid (to make a solution).
Pure copper is obtained from the solution by electrolysis or displacement using
scrap iron.

Bioleaching process

Bacteria are mixed with low-grade copper ores.

The bacteria carry out chemical reactions that break down the ore.

This produces a solution containing copper ions, known as a leachate.

Copper is extracted from the leachate by displacement using scrap iron or by
electrolysis.

Evaluation (comparison with traditional mining)

Advantage: it allows copper to be extracted from low-grade ores (which are not
economical to mine traditionally).

Advantage: it conserves the limited supply of high-grade copper ores.
Advantage: it avoids large-scale mining (digging/quarrying), which reduces
damage to the landscape and visual pollution.

Disadvantage: both processes are very slow compared to traditional mining.
Disadvantage: phytomining depends on weather conditions for plant growth.

Total: 6 marks

(Total for Question 4 is 15 marks)
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5.

a)

b)

c)

The figure below shows a glass bottle containing substance Q, Barium chloride.

;e<—

Substance Q
BaCIZ

;e—
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A student adds dilute sulfuric acid, H2SO4, to a solution of barium chloride, BaCl,.
A white precipitate is formed.

Give the name of the white precipitate formed.

Barium sulfate 1 mark

Total: 1 marks

Write the ionic equation for the formation of this white precipitate.
Include state symbols in your equation.

Ba?*(aq) + SO4%~ (aq) = BaS0x4 (s)

Award 1 mark for the correct ions. 1 mark
Award 1 mark for the correct product. 1 mark
Award 1 mark for the correct state symbols. 1 mark

Total: 3 marks

A student uses solution Q to test an unknown solid for sulfate ions.
The student uses the following method:

Step 1: dissolve a small amount of the solid being tested in water.
Step 2: add some dilute sulfuric acid.

Step 3: add a few drops of solution Q.

Step 4: observe whether or not a white precipitate forms.

The method the student used to determine whether the solid contains sulfate ions will not work.

Explain a change that needs to be made to step 2 to allow this method to work.

An explanation to include the following:

Sulfuric acid contains sulfate ions / SO4% 1 mark

Allow: adding acid adds the same ion you are testing for.

Use hydrochloric acid or nitric acid instead. 1 mark

Allow: HCl or HNOs3

Total: 2 marks
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A student analyses a sample of a Group 1 carbonate, X,COs.
The student determines that the relative formula mass of the substance is 230.

d) Calculate the relative atomic mass of X and suggest the identity of the element.

(Relative atomic masses: C =12, O = 16)

Mr of CO3; = 60 1 mark
(2xX)=230—-—60=170 X =85 1 mark
Rubidium / Rb 1 mark

Total: 3 marks

The student dissolves 11.5 g of the carbonate, X2COs, in distilled water to make 500 cm? of solution.

e) Calculate the concentration of this solution in mol/dm?3.

Moles of carbonate = 11.5 + 230 = 0.05 mols 1 mark
Volume = 0.5 dm3 1 mark

Concentration = mols + volume (dm3)
Concentration = 0.05 =+ 0.5
Concentration = 0.1 mol/dm?3 1 mark

Total: 3 marks

(Total for Question 5 is 12 marks)
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6. A student is given a sample of a common fertiliser.
The student is told that the fertiliser is ammonium sulfate, (NH4)2SOa.

The student dissolves the solid in distilled water to make a solution.

a) Give the formula for an ammonium ion.
NHa* 1 mark
Total: 1 mark

b) Describe a chemical test to show that the solution contains ammonium ions.
A description to include the following:

Add some sodium hydroxide solution 1 mark
Warm or gently heat the mixture. 1 mark
Damp or moist red litmus paper turns blue. 1 mark

Total: 3 marks

c) Describe a chemical test to show that the solution contains sulfate ions.
A description to include the following:

Add some dilute hydrochloric acid. 1 mark
Add some barium chloride solution. 1 mark
A white precipitate forms. 1 mark

Total: 3 marks

d) Write the ionic equation, including state symbols, for the reaction that occurs during the test for
sulfate ions.

Ba?*(aq) + SO4%~ (aq) = BaS0x4 (s)

Award 1 mark for the correct ions. 1 mark
Award 1 mark for the correct product. 1 mark
Award 1 mark for the correct state symbols. 1 mark

Total: 3 marks

(Total for Question 6 is 10 marks)
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7. A chemist investigates a sample of a powder used in fireworks.
The figure below shows some fireworks exploding.
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The powder is known to be a mixture of two different salts.
The chemist performs a standard flame test on the solid mixture. A bright yellow flame is observed.

The chemist concludes that the mixture contains sodium ions, but suspects another metal ion might
also be present.

a) Explain why the flame test might not identify the second metal ion in the mixture.
The yellow flame (of sodium) masks the colour of the other ion. 1 mark

Accept: any answer that explains that the individual colours would be much harder
to see to.

Total: 1 mark

b) The chemist dissolves the mixture in distilled water and adds sodium hydroxide solution.

A white precipitate is formed. Suggest two metal ions that could cause this result.

Calcium or Ca®* 1 mark
Aluminium or AI3* 1 mark
Total: 2 marks

c) Use the figure to identify the two metal ions that are present in the mixture.

Explain how you reached your conclusion.

Sodium or Na* 1 mark
Calcium or Ca®* 1 mark
because the lines in the mixture 1 mark
match the lines of sodium and calcium. 1 mark

Total: 4 marks

d) Compare flame emission spectroscopy with the standard manual flame test.

Give two reasons why flame emission spectroscopy is a better method for this specific analysis.
Any two from:
e More sensitive. Allow: it can detect smaller amounts.
e More accurate.

Faster / Rapid.

Can identify multiple ions in a mixture.

Total: 2 marks

(Total for Question 7 is 9 marks)
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8. A student is provided with three colourless solutions in beakers labelled A, B, and C.

The student is told that the solutions are:

Potassium chloride
Potassium bromide
Potassium iodide

However, the student does not know which solution is in which beaker.

Describe a chemical test the student could carry out to identify the halide ion in each beaker.

Marking guidance

Level Marks Descriptor

Level 1 1-2 e
results to specific ions.

Simple statement of a test (e.g. "add silver nitrate") without clear linking of

Level 2 3-4 . )
or have one incorrect observation colour.

The plan includes the correct reagents but may miss a step (like adding acid)

Level 3 5-6

valid chemical reagents and clear expected results

The plan would lead to the correct identification of all three solutions with

Indicative content:

e Add dilute nitric acid (HNO3) to all three beakers.
e Add silver nitrate solution (AgNO3) to all three beakers.
e Observe the colour of the precipitate formed.

e Potassium chloride will form a white precipitate.
e Potassium bromide will form a cream precipitate.
e Potassium iodide will form a yellow precipitate.

Total: 6 marks

(Total for Question 8 is 6 marks)
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