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QUESTION ONE

Two boiling tubes both contain 10 mL of nitric acid, HNO,. Boiling tube A contains a 0.1 mol L™
solution of nitric acid and boiling tube B contains a more concentrated 1.0 mol L™! solution of nitric
acid. A piece of marble chip (calcium carbonate, CaCO,) with a mass of 0.5 g is added to each
boiling tube and the reaction is observed and photographed.

The temperature of the acid in both boiling tubes is 20°C.

Boiling tube A Boiling tube B

More concentrated:
1.0 mol L™" nitric acid, HNO,

Less concentrated:
0.1 mol L' nitric acid, HNO,

0.5 g calcium carbonate, CaCO, 0.5 g calcium carbonate, CaCO,

(a)  Write the word equation AND the balanced symbol equation for the reaction between the
nitric acid and calcium carbonate.

Word equation

Balanced symbol equation

(b) Explain the effect of using a higher concentration of nitric acid on the rate of this reaction,
compared to using a lower concentration of acid.

Your answer should refer to particle collisions.
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In a second investigation, two different boiling tubes each contain 10 mL of the same
concentration 1 mol L™! nitric acid, HNO;. The nitric acid in boiling tube A is at 20°C and the
nitric acid in boiling tube B is at 40°C. A piece of marble chip (calcium carbonate, CaCO,)
with a mass of 0.5 g is added to each boiling tube, and the reaction is observed.

Explain the effect of increasing the temperature of the nitric acid from 20°C to 40°C on the
rate of reaction.

Your answer should refer to particle collisions.
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QUESTION TWO

The diagram shows models of two atoms.

(a)

(b)

Calcium Chlorine

Write the electronic arrangement of the two atoms.
Calcium atom, Ca:

Chlorine atom, CI:

Calcium and chlorine atoms both form ions with the same electron arrangement.

(i)  Write the electronic arrangement of the two ions.
Calcium ion, Ca?*:
Chloride ion, Cl:

(ii)  Explain how each ion, Ca?>" and CI-, is formed.
In your answer you should:

. explain why these elements form ions

. explain the charges on both ions in terms of electron arrangement of atoms and
ions, number of protons and number of electrons, and charge.

Calcium ion, Ca?*:
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Chloride iOl’l, Cl: ASSESSOR’S
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(c) Calcium reacts with chlorine, forming the ionic compound calcium chloride, CaCl,.

Explain the ratio of calcium ions to chloride ions in CaCl,.
In your answer you should explain:
. how the ratio is related to the charge on the ions

. the number of electrons gained or lost by each atom as it forms the ionic compound.
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QUESTION THREE

(a) Three unlabelled bottles containing different colourless solutions are known to be:

hydrochloric acid, HCI
sodium chloride, NaCl
sodium hydroxide, NaOH.

These unlabelled solutions can be identified using red litmus paper and baking soda, NaHCO,.

(@

(i)

Complete the table

Unlabelled solution

Observation (if any)

with red litmus paper

with baking soda, NaHCO,

hydrochloric acid,
HCl

sodium chloride,
NaCl

sodium hydroxide,
NaOH

Explain how the observations allow you to identify each solution, giving reasons for any
changes or reactions occurring.
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(b) Inan investigation, copper sulfate can be made by reacting solid copper carbonate with T
sulfuric acid, H,SO,.

(i) Name the type of reaction occurring.

(i)  Write the word and the balanced symbol equation for this reaction.

Word equation

Balanced symbol equation

(ii1)) Describe how you could make solid copper sulfate crystals in a school laboratory.

In your answer, include how you would know the reaction had been completed.
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Extra paper if required.
Write the question number(s) if applicable.
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