TEACHER NOTES Nuffield practical collection 14-16 years

Available from rsc.li/4qE7ZMPh

The composition and formula of water

This investigation is part of the Nuffield practical collection, developed by the
Nuffield Foundation and the Royal Society of Chemistry. Delve into a wide range of
chemical concepts and processes with this collection of over 200 step-by-step

practicals: rsc.li/43bjGal

Learning objectives

1 Describe how water is formed during the redox reaction of copper oxide with
hydrogen.
2 Accurately record experimental observations and data.

3 Determine the formula of water from the experimental data.

Success criteria

e Apply previous learning about oxidation and reduction to this demonstration. This
will be demonstrated by answering questions 1 and 2 correctly.

e Correctly complete the tables during the demonstration. Learmers may do this
initially on mini whiteboards and copy it up later.

e Apply numeracy skills and knowledge of mole calculations to correctly
determine the formula of water. This will be demonstrated by answering
questions 8—10 correctly.

Infroduction

In this experiment, students observe as a known mass of heated copper(ll) oxide is
reduced in a stream of hydrogen gas. The water formed by this reaction is then
absorbed by sulfuric acid or anhydrous calcium chloride granules.

The loss in mass of the oxide is equal to the mass of the oxygen in the water, while
the gain in mass of the whole apparatus is equal to the mass of the hydrogen in the
water. From these results, students can work out the percentage by mass
composition of water and deduce its formula.

This demonstration extends the investigation of the volumes of hydrogen and
oxygen that combine (see this experiment exploring the combustion of hydrogen in
air: rsc.li/4cAjuHp) to a more quantitative level involving reacting masses. It requires
careful rehearsal to obtain results approaching the expected values for the
composition of water.

Learners can use the ratio of the reacting masses to deduce a relative atomic mass
for oxygen, based on hydrogen. They can also use the reacting masses to deduce
the formula for water and the balanced equation for its formation. This can also be
calculated using moles.
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The time required for carrying out the demonstration is 30-40 minutes.

Scaffolding

Two versions of the worksheet are available: scaffolded (&) and unscaffolded (&&).
The scaffolded sheet offers more support to allow learners to access the questions.
The answers to the worksheets are at the end of this document.

During the demonstration, frame your questions so that they are accessible to all
learners in the class. Encourage learners to note down their answers on a mini
whiteboard during the demonstration so that they can use this information when
answering the questions on the student sheets.

The questions on the worksheet are also available on the presentation.

Technician notes

Read our standard health and safety guidance (rsc.li/3zyJLkx) and carry out a risk
assessment before running any live demonstration.

Equipment

Apparatus

e Eye protection for demonstrator

o Safety screens

e Side-arm fest tubes, 140 x 22 mm, x 2

o Test tubes, x 2

¢ One-hole bung, to fit side-arm tubes, x 2
e Right-angled glass delivery tubes, x 2

e Short length of glass tubing, to fit bung

o Combustion tube, about 15 cm long

e Dryingtube

¢ One-holed bung, to fit drying tube

e Right-angled glass tube with jet

e Short lengths of rubber tubing

e Glass or ceramic wool

e Dropping pipette teats, to seal glass tubes, x 2
e Bunsen burner

e Accessto abalance

e Boss, clomp and stand
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Chemicals

« Copper(ll) oxide, wire form, (HARMFUL, DANGEROUS FOR THE @
ENVIRONMENT), 25- 30 g

e Concenfrated sulfuric acid (CORROSIVE), about 20 cm3
e Anhydrous calcium chloride granules (IRRITANT), enough to fill drying
tube

e Access to asupply of hydrogen (EXTREMELY FLAMMABLE), cylinder or
chemical generator - see these standard techniques for generating,
collecting and testing gases: rsc.li/3MNXhLg

®

Safety and hazards
e Wear safety goggles throughout.

o Copper(ll) oxide, CuO(s), purchased in wire form (HARMFUL, DANGEROUS
FOR THE ENVIRONMENT) — see CLEAPSS Hazcard HC026, refer to SSERC or
contact your local safety advisory body. The copper(ll) oxide should be
thoroughly dried by heating at 300-400°C for a few minutes and stored,
when cool, in a desiccator.

e Concentrated sulfuric acid (CORROSIVE) — see CLEAPSS Hazcard HC0%8a,
refer to SSERC or contact your local safety advisory body.

e Anhydrous calcium chloride, CaCl;(s), (IRRITANT) — see CLEAPSS Hazcard
HCO019a, refer to SSERC or contact your local safety advisory body. The
anhydrous calcium chloride must be freshly opened or thoroughly dried
by heating in a Bunsen flame and stored, when cool, in a desiccator.

e Hydrogen, Hz(g), (EXTREMELY FLAMMABLE) — see CLEAPSS Hazcard HC048,
refer to SSERC or contact your local safety advisory body. Using hydrogen
from a gas cylinder will be more efficient in flushing the air out of the
apparatus, which has a considerable total volume.

SARCER S,

®

Method

1. Place 25-30 g of dry wire-form copper(ll) oxide in the combustion tube and
secure it in place with tufts of glass or ceramic wool. Fit the bung and glass tube.
Measure the mass of the tube and its contents.

2. Place afew cm? of concentrated sulfuric acid in each of the side-arm test tubes
and fit the bungs carrying the delivery tubes. Make sure that the ends of the
tubes are below the level of the acid. Connect one of the side-arm tubes to the
exit end of the combustion tube, as shown in the diagram below. Seal the ends
of this assembly with pipette teats and measure its mass.
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. Attach the second side-arm tube to the end of the combustion tube, where the
hydrogen gas enters, to capture any moisture in the gas. Fill the drying tube with
anhydrous calcium chloride granules using a plug of glass or ceramic wool to
hold them in position. Add the tube carrying the jet and join the drying fube to
the rest of the apparatus, as shown in the diagram above. Seal the apparatus
with the teats again.

. Clamp the apparatus in position, remove the teats and connect it to the
hydrogen supply, set beforehand to deliver a steady stream of gaos.

. It is most important to test the gas passing through the apparatus before you
begin heating. As the apparatus has a considerable volume, it will take time to
flush out all the air. Take samples of the gas issuing from the jet using an inverted
test tube. Attempt to ignite the hydrogen by passing the mouth of the test tube
through a Bunsen flame situated at a safe distance from the apparatus. If it
ignites with a pop, then there is still air in the mixture. If it merely ignites and burns
smoothly, this indicates that the gas is almost pure hydrogen. You should then be
able to use the burning gas to light the hydrogen jet.

Now, heat the contents of the combustion tube with a medium-sized Bunsen
flame until all the copper oxide has been reduced to copper. It will change
colour from black to a bright, pinkish-coloured solid. Water will condense inside
the combustion tube. It is important to reduce all the oxide and to continue
heating until no more moisture comes out of the combustion tube and is
absorbed by the sulfuric acid or the drying tube.

. Continue the flow of gas until the combustion tube has cooled down. Stop the
gas flow and disconnect it from the apparatus. Remove the first side-arm tube
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and the drying tube then seal the combustion tube and second side-arm tube
assembly using the two teats. Measure the mass the whole apparatus before
removing the combustion tube and weighing it separately.

Teaching notes

The redox reaction is simply: CuO(s) + H2(g) — Cu(s) + H20(1)

Use the masses of the combustion tube before and after heating to work out the
mass of oxygen lost by the copper(ll) oxide and now present in the water formed.

Use the mass of the whole apparatus before and after heating to work out the mass
of water formed and hence the mass of hydrogen in it, by subtracting the mass of
oxygen. As the oxygen is only transferred from the copper oxide to form water inside
the apparatus, any gain in mass is due to hydrogen combined with the oxygen to
form water.

The ratio of the two masses enables learners to calculate the mass of oxygen
combining with 1 g of hydrogen. It will be close to 8 g if all has gone well. Point out
that this would give oxygen a relative mass of 8 on a scale where H =1, if the
formula of water was HO.

However, as the relative mass of an oxygen atom is 16, this mass ratio is in
accordance with a formula for water of H,0.

Answers

1. copper oxide + hydrogen — copper + water

2. In aredoxreaction, oxidation and reduction occur at the same time.
Reduction occurs when a substance loses oxygen. Oxidation occurs when a
substance gains oxygen.
In this experiment, the copper oxide is reduced and the hydrogen is oxidised.
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4. Concentrated sulfuric acid was added to the left-hand arm to dry the hydrogen
gas.
It was added to the right-hand arm to collect the water produced during the
reaction.

5. Anytwo of:

e Wear safety goggles
e Light the exhaust gas to stop flammable hydrogen gas going into the room
e Wear gloves when handling concentrated sulfuric acid

6. Use experimental data to complete the table.

Observation Explanation

Before | The solid in the combustion tube Copper oxide was present
heating | was black

o Water formed during the
A colourless liquid was seen on | reqction. It then turned into
the side of the combustion fube. water vapour when it got hot

It then disappeared and evaporated

During
heating

After The solid in the combustion fube Copper metal was present
heating | was a pink colour
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8. Use experimental data to calculate. Example results:

(a) The mass of oxygen lost from the copper oxide (M5) = M1 - M2 = g
(b) The mass of water formed during the reaction (Mé) = M4 - M3 = g
(c) The mass of hydrogen in the water formed (M7) = M6 — M5 = g

9. Use experimental data to calculate. In part (c), the mole ratio of H to 0 should be
close to 2:1. Example results:

(a) The number of moles of oxygen in the water = M5/16 = mol
(b) The number of moles of hydrogen in the water = M7/1 = mol
(c) The mole ratio of H:0 in the water = mol

10. H;0

A molecule of water is made up of two atoms of hydrogen chemically bonded
to one atom of oxygen.
11. CuO(s) + H,(g) = Cu(s) + H,0(l)
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